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SYNOPSIS: 

CONCRETE AND AGGRIDATE RES.EABO'H 
INVESTIGATIONAL PRO~ 

NO. 100-B ---
THE LOS ANGELES RATTLER 

11811 GRADING .ABRASION TEST 

Before the completion, in 1937, of Concrete Research Investigational 
Project No. 100, titled "The Los Angeles Rattler Abrasion Test," the writer 
recognized the need of an abrasion test applicable to aasregate sizes smaller 
than the smallest'sizes which could be tested accordins to A.A.S,H,O, Method 
T-96. It was not, however, until the latter part of 1938 that the develop
ment of such a test, which constitutes this investigation, was oegun, 

Several preliminary decisions, determining the course of the investi
gation, were made prior to the beginning of the actual work, It w~a decided 
that the "S" grading test should be correlated with the standard. Ice Angeles 
Rattler abrasion test; that the "S" grading test charge should be com.posed of 
3/8-inch to No. 10 sieve material; that "S 11 grading test values were to be ap
proximately equal to, rather than in some ratio to, the respective standard 
values; that the standard "B" grading test should be considered as the stand
ard for correlation; that crushed limestone be used for the wQrk of correla
tion; and, that all stones be crushed in the same crusher, 

Five limestones were selected and sampled for the work of correla
tion. The range in resistance to abrasion of these five lim.eetonea covered, 
and slightly overlapped, the present Texas Highway Department aoraaive loss 
specification range for aggregate for use in asphaltic construction and main
tenance. A very tough stone and a very friable stone were selected and sam
pled so that extreme conditions, or end-points, might be observed. Thirteen 
stones of varying physical and petrographic characteristics were selected and 
sampled. These stones were used as a check upon the correlation. Each sam
ple was carefully crushed, blended, screened, and stored so that quality and 
particle size segregation would be minimized, 

Daily checks on equipment and testing procedure were made and record
ed so that maximum accuracy might be secured. 

Five hundred and ninety-five abrasion tests were made in the regular 
teat aeries. A complete sieve analysis was made on each of the degraded test 
charges. Numerous incidental abrasion tests also were made, 

The various possible variables in the development of the new teat 
included the total size, or weight, of the test charge; four different abra
sive charge ball weights; the number of balls comprising, or the total weight 
of, the abrasive charge; the sieve to be used for determining the per cent 
wear; and, the number of revolutions of the Rattler. In the correlation of 
the "S" grading test with the standard "B 11 grading test, ea9h of these var!,.. 
ables was investigated singly and in all pertinent combinations with one or 
more of the others. In this manner the undesirable combinatioqs were elimi
nated and the optimum test evolved, 
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The degree of correlation obtained, or the ability of the "S" grad
ing test to duplicate standard test values, was checked by means of tests on 
thirteen stones of varying characteristics with a wide range in resistance to 
abrasion. 

Special factors in the development of the "S" grading test were in
vestigated. These factors included the effect of particle angularity on the 
correlation; the degree of correlation of the standard "A" and "B" grading 
tests; the accuracy of duplication of "S" grading test values. 

The "S" grading test as applied to crushed stone was demonstrated by 
argument to be equally applicable to gravel. 

Conclusions and recommendations follow. 

CONCLUSIONS: 

Many negative conclusions leading to positive answers were developed 
in the course of the investigation. Many minor, or subsidiary, conclusions 
also were developed. As these negative and subsidiary conclusions are avail
able in the discussion they will be omitted here. The chief positive conclu
sions are as follows: 

l. In the correlation of the "S" grading test with the standard Loa 
Angeles Rattler abrasion test, it was found that: 

a. The best grading of the test charge is as follows: 50 per cent 
by weight of 3/8-inch (round-hole screen) to 1/4-inch (round-hole screen) size, 
and 50 per cent by weight of 1/4-inch (round-hole screen) to No. 10 (square
mesh sieve) size. 

b. The optimum total weight of the test charge is 5000 grams. 

c. The optimum abrasive charge consists of fourteen 1-7/8-inch 
steel balls. Each ball shall weigh 422.5 ± 17.5 grams, and the total abra
sive charge shall weigh 5834 ± 25 grams. 

d~ The No. 20 sieve (U. s. Standard sieve series) is the beat sieve 
for determining the per cent wear. 

e. . The beat testing procedure, with the above exceptions, complies 
with the procedure specified in A.A.S.H.O. Method T-96. 

Therefore, the optimum "S" grading teat, or the "S" grading teat 
which yields the closest numerical and actual correlation with the standard 
teat, combines the foregoing features. 

2. Concerning the optimum "S" grading teat (as in Conclusion 1), the 
standard "A" grading test, the standard "B" grading teat, and the interrela
tion of these teats: 

a. The average numerical deviation (per cent wear) of 11A11 teat 
values from respective 11B11 teat values, of "S" test values from respective "B" 
teat values, and of 118 11 teat values from respective "A" test values is as 
follows: 
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Average Deviation) 
(Per Cent Wear) ) 
"A" from "B" ) 

Average Deviation) 
(Per Cent Wear) ) 
"S" and "B" ) 

Average Deviation 
(Per Cent Wear) 
11 8 11 from "A" 

)' 
) 
) 

Eighteen stones <one rhyolite, 
five quartzitic stones, and 
twelve limestones and dolomit
ic limestones) with a range in 
standard "B" we·ar values of 
20,84 to 49,65 per cent 

1.05 

1.50 

1.25 

Preceding eighteen stones 
plus Trap (standard "B" 
wear equals 9.43 per cent) 
and Cordova Cream lime
stone (standard "B" wear 
equals 72,44 per cent) 

1,14 

1.80 

1,67 

b. On the basis of the average behavior of a number of stones, the 
smaller'sizes of a· particular stone may be actually more resistant, or actually 
less-resi'~:tant to abrasion than are the larger sizes, Thus, the actual corre
lation of the 118 11 grading test with the standard test may be, and usually is, 
much better than the .rum.erical correlation. 

c, Allowing for the initial average test charge particle size dif
ferential the complete 118 11 grading test charge degradation is very similar in 
all phases to the complete "A" and "B 11 test charge degradation. 

d, The "S" grading test duplicates test values more accurately than 
do either of the two standard tests. 

e. The relative angularity of 11811 and "B" grading test charge parti
cles does not affect the relative wear to an appreciable extent. 

3. The 11S" grading test as applied to crushed stone is equally applicable 
to crushed, or uncrushed, gravel. 

4. Taking into consideration the foregoing conclusions, the major conclu
sion is that the 118 11 grading test as developed in this investigation is an emi
nently satisfactory abrasion test for the aggregate sizes for which it is in
tended. 

RECOMMENDATIONS: 

It is unhesitatingly recommended that: 

1, The 118 11 grading test as se.t forth in Conclusion 1, and, in more de
tail, in section E of "Procedure," be made the standard Texas Highway Depart
ment abrasion test for aggregate smaller than that which can be tested ac
cording to A1A.S,H,O. Method T-96, 

2, "S" grading test values be given precedence over standard "A" or "B" 
arading test values, should both be'available, where grading specifications for 
the aggregate clearly require the- IIS" grading test, 
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PURPOSE: 

The standard Los Angeles Rattler abrasion test (A.A.S.H.O. designa
tion: Method T-96) perm.its a choice between two gradings for the test charge: 
"A" grading (1-1/2 inches to 3/8-inch); 11B" grading {3/4-inch to 3/8-inch). 
As the smallest size used in either of these two test charges is retained on 
the 3/8-inch square mesh sieve, it is apparent that material smaller than that 
retained upon the 3/8-inch sieve, or, approximately, the 1/2-inch round-hole 
screen, cannot be tested according to the standard method. 

The Texas Highway Department uses a very large amount of aggregate 
smaller than 1/2-inch in size in the construction and maintenance of asphaltic 
concrete and asphaltic surfa,;;e course roads, (The term. "seal-coat size," or 
"seal-coat material" as hereinafter used, shall be understood to designate ma
terial smaller than 1/2-inch in size,) So far, the only method of testing 
seal-coat material for resistance to abrasion is to make the standard Los 
Angeles Rattler abrasion test on the larger sizes of the material in the quarry 
or pit in question, and then make the very questionable assumption that tfie 
smaller sizes are of the same quality as the larger, (The term "resistance 
to abrasion, " as used in this report, shall be understood to mean ''resistance 
to the Rattler abrasion test," which subjects aggregates to impact as well as 
to abrasion,) 

If the aggregate to be used be crus~d stone, the problem of sampling 
depends upon two chief methods of production of the seal-coat size •. 

(1) Should the quarry stone be totally reduced to this size, the stone in 
the quarry must be sampled, crushed, and tested using either the "A" or "B" 
grading test charge. The greatest fundamental deficiency in the antiquated 
Deval abrasion test for stone was that the test could not be applied to the 
finished product, The gradings required of the standard Los Angeles Rattler 
test charges bring us face to face with the same old problem when seal-coat 
sizes are being produced, Quarry sampling is satisfactory only when the 
stone is of uniform. quality throughout the quarry. Unfortunately, this con
dition is the exception rather than the rule, In many quarries in this state 
the most conscientious sampler could not hope, with any number of quarry sam
ples, to adequately represent the quality of the finished product, 

(2) Should the seal-coat material be produced simultaneously with, or as 
a by-product from, larger sizes of crushed stone from which an "A" or "B" 
gradi1ng test charge could be obtained, these larger sizes would be tested. 
While more satisfactory than quarry sampling, this method of sampling leaves 
much to be desired, When crushing stone of non-uniform toughness, the more 
friable portions are naturally further reduced in size than are the tougher 
portions, Thus, except when produced from a very uniform quarry, the seal
coat sizes are very likely to differ in quality from the larger sizes, 

If the aggregate to be used be gravel, the onl;y available check upon 
the quality of the seal-coat material is to make an "A" or "B" grading test on 
the larger sizes of gravel in the deposit from which the smaller sizes are J:>e .... 
ing produced. In case the seal-coat material consists almost wholly of gravel 
crushed from the larger sizes this method is fairly satisfactory, Where the 
seal-coat material is the product of screening, rather t~n of crushing, this 
method is very unsatisfactory. Few gravel pits produce material which is uni
form in toughness. Most gravels are a heterogenous mixture of two or more of 
the chief types of pebbles; siliceous, calcareous, arenaceous, argillaceous, 
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ferromagnesian igneous and feldspathic igneous. In a mixed gravel these types 
are seldom, if ever, distributed. evenly throughout all sizes. Therefore, _the 
average toughness of the smaller sizes is almost sure to differ from that of 
the larger. 

It is frequently the case, both with crushed stone and gravel, par
ticularly in maintenance work, that orders for seal-coat material are placed 

.subsequent to the production of the material. If no tests were made on the 
stone or gravel at the time of production, there would be no way to secure any 
abrasive test result. 

Thus, it may be seen that there is no satisfactory abrasive test 
wherewith to control the quality of the aggregate used for base preservative, 
seal-coat, and single, double, or triple asphalt surface treatment, nor can 
the smaller sizes of the blended aggregates used in the construction of asphal
tic concrete pavement be tested. 

The purpose, therefore, of this investigation was to develop a satis
factory abrasion test for aggregate with a grading finer than the grading re
quired by the standard Los Angeles Rattler "B" grading test charge. 

MATERIALS. AND ~UIPMEN~: 

Correlation stone samples: Five large samples (approximately one 
ton each) of limestone in the practical specification range of resistance to 
abrasion. 

End-point stone samples: Two large samples of stone, one extremely 
tough, the other extremely friable. 

Correlation-check stone samples: Thirteen smaller samples .of stone 
of varying physical and petrographic characteristics. 

A complete description of these various stones will be given later 
under "Procedure." 

Abrasion machine: The standard Los Angeles Rattler abrasion machine, 
which conforms in all essential respects to the machine recommended in 
A.A,S.H,O. Method T-96. For a detailed description of this machine see Con
crete Research Inv-estigational Project No. 100. 

Crusher: Universal Jaw crusher, capable of. receiving 4-inch stone. 

Miscellaneous: :Equipment incidental to abrasion tests, equipment 
incidental to sieve analyses, microscope, and camera. 

PROCEDURE, TEST RESULTS AND DISCUSSION: 

.A. Preliminary Decisions: 

1. "S" Grading Test to Be Correlated with Standard 
Los Angeles Rattler Abrasion Test: 

The proposed test was named the "Los Angeles Rattler 1 8 1 Grading Abra
sion Test." The first problem was to determine the best method of developing 
this test. It was decided that the "S" grading test should be correlated with 
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the standard Los Angeles Rattler abrasion test for the following reasons: 

(1) The standard test is understood and accepted by engineers and 
producers as the authoritative test for measuring the abrasive resistance of 
aggregates. 

(2) Standard test values have been correlated with service values, 
not only in Texas, but in many other states. Thus, although abrasive wear 
limits may vary widely in different sections of the country, the standard 
test values have a very definite meaning for engineers, producers, and con
tractors, and it would be undesirable to introduce an alien series of test 
values, 

(3) The standard test has proved itself to be a good measure of 
the service value of aggregates, 

2, Grading of the Teet Charge: 

It was essential to select the most practicable and useful grading 
for the test charge. 

Tables lA and B show some of the various items (Texas State Highway 
Department Standard Specifications, 1938) which require the Los Angeles 
Rattler abrasion test, All of the items shown specify gradings which cannot 
-be represented adequately by an "A" or "B" grading test charge, . All of the 
screen sizes shown are round-hole screens with the exception of the numbered 
sieves, 

Table lA shows the complete specified gradings for aggregate for as
phaltic surface courses and rock asphalt pavement, Items 301- are for base 
preservative, 303- for seal coat, 304- for single asphalt surface treatment, 
305- for double asphalt surface treatment, 306- for triple asphalt surface 
treatment, 313 for cold mix blended rock asphalt pavement, and 315 for Duraco 
pavement. 

Table lA 

Complete Specified Gradings for Aggregate for 
Asphaltic Surface Courses and Rock 

Asphalt Pavement 

Specification 
Item No. 

S ecified Gradi (Per Cent Retained) 

301,2 & 306,2, No, 3 
501A,2 
503,2 & 505A,2 
504.2 & 504A,2 
505,2, No. 1 
505,2, No, 2 
305 & 6A.2, No, 2 
306.·2, No, 2 
306Ar2, No, 3 
313,2 
315,2 
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3 4' 1 2" 3 8" 

0 
0 

0 0-10· 
0 5-20 
* 0-10 

0 
0 0-10 
0 0-20 

0 
**0-10 
**0-10 

1 4" , No. 10 No, 20 

70-100 
2-20 

65-85 
80-100 

0-20 

40-60 

50-90 
50-90 
95-100 
95-100 
95-100 
70-100 
90-100 

85-100 
25-55 
55-70 

98-100 
95-100 

95-100 
98-100 

98-100 

* 0 Retained 5/8° ** 0 Retained l" 
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Table lB a.hows a ·portion of the specified gradings for aggregate for 
aaphaltic concrete pe.vement. The specified sizes with a particle diameter 
greater than 1/2-inch are not shown here as these sizes can be included in an 
"A" or "B" grading test charge. The specified sizes smaller than the No. 40 
sieve opening,are not shown here as it was considered impracticable to apply 
an abrasive teat to these sizes. Thus, all but one of the gradings shown in 
this table are complete only for the 1/2-inch to No. 40 range. The specified 
amount passing the No. 10 is also shown. Items 309- and 311- are for cut 
back aaphaltic concrete pavement, 310- for emulsified aaphaltic concrete pave
ment, and 317- and 318- for hot mix aaphaltic concrete pavement. The letters 
in parenthesis refer to the respective types under each specification item. 

Table lB 

Portions of Specified Gradings for A8gregate 
for Aephaltic Concrete Pavement 

Specified Grading (Per Cent 
Specification between Screen and Sieve Sizes) 

Item No. 1Z2"-1Z4" 3Z8"-10 lZ4 11 -lO 10-40 

309.3 (J) 10-25 10-20 3-10 
309.3 (K) 20-40 10-20 5-20 
309.3 (L) & 310.3 (T) 25-40 10-25 5-20 
309.3 (M) & 310 .3· (U) 30-60 20-40 5-20 
310.3 (R) 10-20 10-20 5-15 
310.3 (S) 20-40 10-25 5-20 
311.3 (N) 10-20 10-20 
311.3 ( 0) 20-40 10-20 
311.3 (P) 20-40 10-25 
311.3 (Q) 30-60 20-40 
317.3 (A) 10-25 7-20 3-12 
317.3 (B) & 318.3 (W) 10-50 10-25 
317.3 (C) & 318.3 (X) 15-30 5-20 5-15 
317.3 (D) & 318.3 (Y) 10-30 15-30 10-25 
317,3 (F) & 318.3 (ZZ) 60-75 3-10 
317.3 (E) & 318.3 (Z) 0-5 15-40 

Pass. 10 

10-35 
10-35 
10-35 
15-35 

20-35 

. One of the variables in the Rattler test is the particle aiz~ of the 
material being tested. In order to limit this variable the teat charge is 
composed of definite percentages of c~rtain sizes. The problem here was to 
select a grading which would be beet adapted to the greatest number of cases, 
as shown in Tables lA and B,"and, at the same time, present the least number 
of technical difficulties. Due consideration was given to each of the follow
ing points: 

(1) Each individual item in Tables lA and B. 

(2) At least twice as much material is used (construction and main
tenance) under the specification 1tems listed in Table lA as is used under the 
items listed in Table lB, 

(3) With the exception of Item No. 311.3Q, all of the gradings shown 
in Table lB comprise only a portion, and, in some cases, a relatively small por
tion, of the respective total gradings. 
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(4) In all specified gradings a relatively small a.mount of material 
will pass the 3/8-inch square mesh sieve (the lower limit for the standard "A" 
and 11B11 grading test charge) and be retained upbn the 3/8-inch round-hole 
screen. 

(5) Texas State Highway Department specifications require the use 
of round-hole screens down to, and including, the 1/4-inch screen. 

These points being taken into consideration, it was decided that the 
118 11 grading test charge should be composed of equal portions, by weight, of 
3/8-inch (round-hole) to 1/4-inch (round-hole) size, and 1/4-inch (round-hole) 
to No. 10 (square-mesh) sieve size. 

' 3. 118 11 Grading Test Values to Be Approximately 
Equal to the Respective Standard Test Values: 

It was decided that the 118 11 grading test should be correlated with 
the standard test so that "S" grading test values should be approximately 
equal, numerically, to the respective standard test values, rather than in 
ratio to the standard values. In other words, it was considered desirable 
that with standard test values of 20 and 40 per cent the respective 118 11 grad
ing test values should be approximately 20 and 40, rather than, for example, 
10 and 20, or 40 and 80 per cent. 

4. "B" Grading Test as Standard for Correlation: 

The standard test permits a choice of two gradings of the test 
charge. The "A" and "B" grading tests are supposed to yield equal test val
ues. This correlation, though good, is not perfect. (See Concrete Research 
Investigational Project No. 100.) As the "S" grading test was to be corre
lated with the standard test, very concise standard test values were essential. 
Totally unnecessary complications would have been sure to ensue had the corre
lation been attempted using both the "A" and "B" grading test values. It was 
therefore'decided that the "S" grading test should be correlated with the "B" 
grading test only. The "B" grading test was selected in preference to the 
"A" grading test because the "B" grading test charge (passing the 3/4-inch 
sieve and retained on the 3/8-inch sieve) is more nearly representative of the 
bulk of the aggregate (larger than the 3/8-inch round-hole screen opening) 
used for asphalt surface courses and asphaltic concrete than is the 11A11 grad
ing test charge (passing the 1-1/2-inch sieve and retained upon 3/8-inch sieve). 

5. Crushed Limestone Used for Correlation: 

The chief consideration in the selection of :materials to be used in 
the correlation were uniformity within each sample and ~ange in resistance to 
abrasion. It is obvious that it would be useless to correlate the "S'~ ·grading 
test with the "B" grading test if the particles in the "S" grading test charge 
were not known to be of the same toughness, or equally as resistant to ab
rasion, as the particles in the "B" grading test charge .. 

Uncrushed gravel was, therefore, immediately eliminated from consid
eration. There is absolutely no way'of guaranteeing that the finer particles 
of any given uncrushed gravel are of the same toughness as the coarser parti
cles. In fact, most gravels are co:rnposed. of particles of varying petrographic 
and physical characteristics, the petrographic types obviously being distributed 
disproportionately according to size. 
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Crushed gravel was also eliminated, but for different reasons, By 
crushing selected gravel smaller sizes could be obtained which would be com.
parable in toughness to the larger sizes, but this method of securing material 
was deemed entirely impracticable because: (1) the cost, in time and labor 
required to hand-pick a sufficient amount of gravel, was prohibitive; (2) the 
accessible gravels in this state do not present the range in toughness, or re
sistance to abrasion, demanded by this investigation. 

· Thus, crushed stone, from the outset the most logical choice, like
wise became the only alternative. By careful selection samples of stone of 
requisite'uniformity and toughness could be procured, It was decided to use 
various limestones for the main group of experimental correlations for the 
following reasons: 

(1) A very high percentage of both commercial and non-commercial 
crushed stone aggregate production in this state is composed of limestone. 

(2) Limestone presents a wide range in structural characteristics 
(dense, or compact, granular, etc.) and a very wide range in resistance to 
abrasion; 

(3) Stones other than limestones {qua;tzites, sandstones, igneous 
stones, etc.) could be used as a check upon the correlations whenever deemed 
necessary. 

6, All Stones Crushed in Same Crusher: 

It is the opinion of some engineers that the shape of the particles 
in the test charge exerts a great influence on the Rattler test results. (It 
is the writer's opinion that the influence of particle shape on test values is 
considerably overestimated, but no definite statement can be made prior to the 
completion of Concrete Research Investigational Project No. 100-D, titled 
"Causes for Variation in The Los Angeles Rattler Abrasion Test.") It is fur
ther held that the manner of fracture of a given stone will vary as the crusher 
type and jaw setting varies. 

However great or slight the influence of particle shape on test 
values, or however large or small the effect of the crusher type on the par
ticle shape, it'was considered desirable to eliminate this "crusher type vari
able" as far as possible. Accordingly, all stones used for correlation (later 
note Chico stone as a partial exception) were procured in large blocks and put 
through the same crusher with identical jaw settings. 

B. Stones for Correlation: 

1. Selection, Sampling, and Description of: 

a. Correlation Stones: 

The 1938 Texas Highway Department Specifications limit the per cent 
of wear of aggregates to be used in asphaltic construction and maintenance to 
27.5, 30.0 and 35.0, depending upon the specific use to which the llll;l.terial is 
to be put. It was decided to procure large samples of five different stones 
whfch would effectively cover, and slightly overlap, this range in resistance 
to abrasion. 
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After a review of hundreds of routine laboratory Rattler test results, 
and after some preliminary tests, always keeping in mind the vital prerequisite 
of uniformity within each sample, the following stones were selected in the 
order in which th;ey are named: 

Chico Limestone: A dense, highly compacted, somewhat fossiliferous 
(fossils mostly microscopic), yellow-gray limestone produced by the Southwest 
Stone Company two miles southeast of Chico, Texas. This stone, one of the 
Concrete Research standard aggregates, already crushed (approximately 100 per 
cent passing the 2-inch round-hole screen), was available at the laboratory. 
A 2500-poun~ sample of this stone, all of which was. retained on the 3/8-inch 
sieve, was taken from the bin, 

Courchesne Limestone: A dense, highly compacted, dark gray, dolo
mitic limestone produced by A. Courchesne near El Paso, Texas, The writer, 
with the assistance of Mr. Carroll R. Stevens, Jr., Resident Engineer at El 
Paso, secured an 1850-pound sample of this stone from the quarry, Ea.ch chunk 
was hand-picked, 

Maryneal Limestone: A semi-granular, yellow-white limestone from an 
old abandoned quarry site near Ma.ryneal, Texas, The writer secured a 2400-
pound sample of this stone from the quarry. Ea.ch chunk was hand-picked, 

Dudley Limestone: A dense;highly compacted, dark blue, dolomitic 
limestone produced by the Dudley Stone Company from the south face of :Franklin 
Mountain near El Paso, An 1830-pound sample of this stone was secured from. 
the quarry by Mr, Carroll R. Stevens, Jr,, Resident Engine~r. Ea.ch chunk was 
hand-picked. · 

O'den Limestone: A semi-granular, highly fossiliferous (fossils 
microscopic , white limestone produced by the Servtex Materials Company from 
the.Ogden quarry twelve miles southwest of New Braunfels, A 2500-pound 
sample of this stone was secured from the quarry by the writer and members of 
the Concrete Research Section personnel, Each chunk was hand-picked. 

These five limestones will be hereinafter referred to as "correla
tion stones," 

b, End-Point Stones: 

~t was further decided to procure a sample of a very tough a.tone and 
a sample of a very friable stone so that extreme conditions, or end-points, 
might be obtained. The following stones were selected: 

Trap: A black, ferromagnesian igneous stone produced by the Uvalde 
Rock Asphalt Company near Blewett, Texas, The writer, with the assistance of 
Mr. Cooney Timberlake, general foreman for the company, secured a 680-pound 
sample of this stone from the production site, This material is so uniform 
that sampling was an easy matter, 

Cordova Cream Limestone: A very granular, loosely compacted, highly 
fossiliferous {fossils microscopic), white limestone, produced by the Texas 
Quarries, Inc., at Cedar Park, Texas, · Members of the Concrete Research per
sonnel secured a 2000-pound sample of this stone from the Texas Quarries stone 
mill in Austin, Texas. 
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These two stones will be hereinafter referred to as "end-point 
stones." 

c. Correlation-Check Stones: 

It was further decided to procure samples of stones of varying physi
cal and petrographic characteristics for the purpose of amplifying and checking 
whatever correlation might be obtained with the five correlation atones and the 
two end-point atones. These various atone samples were secured at the request 
of the writer. The samplers were instructed to secure uncrushed atone, each 
sample to be of uniform character throughout. It was made clear to the sam
plers that these were to be type samples, and were not to be considered neces
sarily representative of the quarry, or locality, from which they were taken. 
The following atones, named according to their respective geographic locations, 
were received by the Concrete Research Section: 

Allam.ore Rbyolite: A light, pink-brown, feldspathic igneous stone 
produced by the Gifford-Rill Company at Allam.ore. (Sample: 251 pounds) 

I 

Beckmann Limestone: A very fine grained, though rather poorly com
pacted, white limestone produced by McDonough Brothers at Beckmann. (Sample: 
331 pounds) 

Brownwood Limestone: A very dense, highly compacted, fossiliferous 
(fossils microscopic), yellow limestone produced by the H. & H. Rock Company 
at Brownwood. (Sample: 318 pounds) 

Denison Limestone: A fairly dense, well-compacted white limestone 
produced by J.C. Field at Denison. (Sample: 238 pounds) 

Dittlinger Limestone: A granular, porous, highly fossiliferous 
(fossils microscopic), white limestone produced by the Servtex M9.teriala Com
pany at Dittlinger. (Sample: 230 pounds) 

Hamlin Limestone: A fairly dense, well-compacted, gray, dolomitic 
limestone produced by the Acme Stone Company at Hamlin. (Sample: 338 pounds) 

Huntsville Quartzite: A fairly fine-grained blue-gray quartzite pro
duced by the Walker County Stone Company near Huntsville. (Sample: 353 
pounds) 

Huntsville Quartzitic Sandstone: A fairly fine-grained, light gray 
quartzitic sandstone produced by the Walker County Stone Company near Huntsville. 
(Sample: 430 pounds) 

Palo Pinto Limestone: A very dense, highly compacted, fossiliferous 
(fossils barely microscopic), light yellow-gray limestone produced by R. W. 
Briggs & Company in Palo Pinto County. (Sample: 257 pounds) 

Quitaque Quartzite: A very fine-grained, pink quartzite, containing 
very hard, calcareous concretions, from Briscoe County ~ear Quitaque, 
(Sample: 257 pounds) 

Servtex Limestone: A dense, highly compacted, li~ht gray limestone 
produced by the Servtex M9.terials Company from the Ogden quarry twelve miles 
southwest of New Braunfels. (This stone is designated "Servtex," rather than 
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600T-6523 

600T-4764 

600T-6885 

Dudley Limestone 
(Very dark blue) 
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600T-6516 

600T-4780 

600T-6796 

Chico Limestone 
(Yellow-gray) 



600T-6512 

600T-4765 

Courchesne Limestone 
(Dark gray) 
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600T-6506 

600T-4 776 

600T-6799 

Maryneal Limestone 
(Yellow-white) 
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600T-6507 

600T-4 772 

600T-6887 

Ogden Limestone 
(White) 
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600T-6522 

600T-4783 

600T-6787 

Trap 
(Dead black) 



600T-6509 

600T-4767 

600T-6805 

Cordova Cream Limestone 
(White) 
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600T-6504 

600T-4768 

600T-6788 

Allamore Rhyolite 
(Pink-brmm) 
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600T-6508 

' ~ 
\ 

600T-4 770 

600T-6803 

Beckmann Limestone 
(White) 

• I 
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600T-6517 

600T-4 779 

600T-6886 

Brownwood Limestone 
(Yellow) 



SOOT-6503 

600T-4 773 

SOOT-6802 

Denison Limestone 
(White) 

17 

SOOT-6510 

600T--4 771 

SOOT-6801 

Dittlinger Limestone 
(White) 
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600T-6711 

600T-4 777 

600T-6793 

Hamlin Limestone 
(Gray) 
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600T-6502 

600T-4782 

600T-6791 

Huntsville Quartzite 
(Blue-Gray) 



600T-6514 

600T-4778 

600T-6797 

Huntsville Quartzitic Sandstone 
(Gray) 
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600T-6505 

600T-4766 

600T-6795 

Palo Pinto Limestone 
(Light Yellow-gray) 
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600T-6521 

600T-4769 

600T-6798 

QuitaQue Quartzite 
(Pink) 
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600T-6511 

600T-4 774 

600T-6804 

Servtex Limestone 
(Light gray) 



600T-6518 

600T-4781 

600T-6792 

Trinity Quartzite 
(Gray) 

21 

600T-6515 

600T-4762 

600T-6794 

Trinity Quartzitic Sandstone 
(Dark gray) 
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"Ogden," so that it will not be confused with the "Ogden correlation stone.") 
(Sample: 348 pounds) 

County. 
Trinity Quartzite: A fine-grained, gray quartzite from Trinity 
(Sample: 216 pounds) 

Trinity Quartzitic Sandstone: A fairly coarse-grained, gray, quart
zitic sandstone from Trinity County. (Sample: 292 pounds) 

(The two stones from Huntsville are not very widely different in 
physical and petrographic characteristics, but are designated as "quartzite" 
and "quartzitic sandstone" in order to avoid confusion, the description being 
applied on the basis of visual inspection without the aid of a microscope. 
The same is true of the two quartzitic stones from Trinity County except that 
the difference is more marked.) 

These thirteen stones will be hereinafter referred to as· "correla
tion-check stones. 11 

Photographs of representative pieces of these twenty stones are 
presented in order that some idea may be had of their textures and general ap
pearances, The top picture is exactly natural size, The middle picture, 
taken through a small hand lens, is 2.7 times natural size. The bottom pic
ture is a photomicrograph of a polished face, taken with reflected light. 
The enlargement is approximately twenty-four diameters. 

Representative samples of these stones are being held in the Concrete 
Research Section. 

2. Preparation of: 

Each of the correlation stones and the end-point stones were prepared 
as follows: 

Universal 
stone.) 
stones. 

(1) The chunks were sledged to sizes suitable for crushing. (The 
jaw crusher used throughout this investigation will ·take 4-inch 
Identical jaw settings were used in each crushing phase for all 
This was done in order to secure the greatest possible uniformity. 

(2) The initial crushing was made with the jaws wide open. This 
produced material which contained a small percentage of particles retained 
upon the 1-1/2-inch sieve. This oversize was recrushed with a slightly 
smaller jaw setting so that all the material passed the l-l/2~inch sieve. In 
all crushing phases the jaws were originally set so that a small percentage of 
the material would be retained upon the sieve, or screen, through which the ma
terial was to be passed, and the overs.ize recrushed. This was done so that 
each size would contain its normal quota of material which would barely pass 
the sieve in question. 

(3) The material passing the 1-1/2-inch sieve was passed over the 
3/8-inch sieve, that which passed being discarded. This, although entailing 
a great waste of expensive stone, was done so that the seal-coat sizes should 
not contain any material not adequately represented by the standard tests. 
With such uniform stones this was doubtless an unnecessary precaution, but it 
was desired to obviate the argument that the seal-coat sizes contained materi
al from the initial crushing which might possibly be slightly more friable 
than the coarser material from which the standard wear samples were taken. 
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(4) The 1-1/2 to 3/8-inch material was blended very thoroughly and 
"pancaked" in thin layers on the floor to facilitate sampling. 

(5) This blended material was. sampled systematically for six "A" 
and six "B" grading teats. The excess of material retained on the 3/4-inch 
sieve in this sample was re-crushed so that it would pass this sieve. Thus, 
the "B" grading tests represented all the blended material and not merely the 
smaller sizes. An additional sample of approximately one hundred pounds was 
sacked and held pending unforeseen contingencies. 

(6) The remainder of the blended material was crushed to pass the 
3/8-inch round-hole screen. The material passing the 3/8-irtch screen was sepa
rated into two sizes; 3/8 to 1/4-inch (round-hole screens) size and 1/4-inch to 
No. 10 sieve size. All sieving and screening operations in the preparation of 
all stone samples were made carefully by hand. 

(7) Each of. these two gradings of stone (3/8 to 1/4-inch and 1/4-inch 
to No. 10), together constituting the 118 11 grading material, were blended very 
thoroughly, thus securing the maximum possible uniformity in both quality and 
particle size distribution. Both gradings were stored very carefully so that 
size segregation would be minimized. 

The only exception to this procedure occurred with Chico stone 
(paragraph (1) above) which was already crushed to pass the 2-inch screen, 
Thus, part of the Chico "A" grading teat charges, and a small part of the "B" 
grading test charges, contained particles which were not crushed in the labora
tory crusher. 

Each of the correlation-check stones was prepared in the same ma.nner 
as were the correlation stones and end-point atones except that a quantity of 
the sizes sufficient to prepare only t,hree ''A," t'hree ''B," and three· "S" grad
ing test charges were prepared, The remainder of each blended sample (passing 
the 1-1/2-inch sieve and retained on the 3/8-inch sieve) was sacked and stored. 
(The correlation-check stone samples were prepared subsequent to the completion 
of the teats on the correlation and end-point atones.) 

3. Preliminary Tests on:· 

a. Specific Gravity and Absorption: 

The specific gravities and total absorptions of representative samples 
of all atones used for correlation were determined.. The samples were immersed, 
boiled for four hours, and immersion continued for twenty or more hours in order 
to secure complete saturation. Apparent specific gravities (weight of atone 
plus water to fill permeable voids/volume of stone plus permeable voids) were 
determined with the samples in a saturated, surface-dry condition. Bulk speci:t'ic 
gravities (weight of bone-dry stone/volume of atone plus permeable voids) we.re 
calculated from the respective apparent gravities and total absorptions. The 
total absorption (bone-dry to saturated, surface-dry) were calculated on the 
basis of bone-dry weights. 

Table 2 shows the results of these tests. F.ach value is the average 
of two test results. 
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Stone 

Correlation 
Stones 

End-Point· 
Stones 

Correlation
Check 
Stones 

Table 2 

Specifi? Gravities and Absorptions of 

Stones for Correlation 

Specific Gravity 

(Dudley 
(Chico 
(Courchesne 

. ( Ma.ryneal 
(Ogden 

(Trap 
(Cordova C. 

(Allam.ore 
(Beckmann 
(Brownwood 
(Denison 
(Dittlinger 
(Hamlin 
( Huntsville ( Q) 
(Huntsville (QS) 
(Palo Pinto 
(Quitaque 
(Servtex 
(Trinity (Q) 
(Trinity (QS) 

Apparent Bulk 

2.74 
2.70 
2.72 
2.54 
2.46 

3.15 
2.22 

2.60 
2.42 
2.71 
2.59 
2.30 
2.67 
2.31 
2.37 
2.65 
2.38 
2.62 
2.31 
2.34 

2.73 
2.68 
2.10 
2.46 
2.33 

3.13 
1.92 

2.57 
2.26 
2.70 
2.51 
2.11 
2.58 
2.19 
2.27 
2.62 
2.29 
2.57 
2.19 
2.26 

b. Actual Particles Per Pound: 

Total Ab
sorption(%) 

0.37 
o. 71 
0.58 
3.36 
5.56 

0.48 
15.90 

1.24 
7.11 
0.42 
3.21 
9.18 
3.50 
5.64 
4.45 
1.27 
3. 77 
2.08 
5.27 
3.38 

As the number and angularity of the particles comprising the test 
charge are factors, however large or small they may be, in the Rattler test, 
it was decided to make actual particle counts on each size of all the stones 
used for correlation, These particle counts were made on large, representative 
samples, Screen ~nalyses of the 1/4-inch to No. 10 cuts were also made using 
two intermediate round-hole screens, the 5-millimeter (0.197-inch) ~nd 3-
millimeter {0.118-inch), 

Table 3A shows the results of the particle counts {expressed in 
particles per pound) on the "A" and "B" grading test charge sizes. 
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Table 3A 

Actual Number of Particles Per Pound 
in the "An and "B II Grading Teat 

Charge Sizes 

Actual Particles Per Pound 
Stone 1-1/2" - l" l" - 3/4" 3/4" - 1/2" 1/2" - 3/8" 

Dudley 13.45 32,04 83.51 233.7 
Chico 11.94 30,43 80.00 191.2 
Courchesne 12.46 29.89 89.29 263.9 
Maryneal 12,96 31,22 90.95 242,5 
Ogden 13,98 31,84 92,95 253.9 
Trap 10,17 25,97 70.37 195.2 
Cordova C. 15.06 34,59 102,6 269.6 
Allamore 12.89 24.80 79.53 210.6 
Beckmann 13.63 37,59 93.82 272.8 
Brownwood 12.98 28,19 85.45 209.0 
Denison 12.91 32,36 84. 77 250.9 
Dittlinger 16.80 37,35 108,8 274.5 
Hamlin 12.22 26.89 81.88 219,3 
Huntsville ( Q) 14.92 35,45 120.2 282,3 
Huntsville ( QS) 14.33 33,27 108,2 280.7 
Palo Pinto 12.05 27,23 85.83 248.6 
Quitaq_ue 15.98 35,92 102.7 306.8 
Servtex 13.38 30,14 102.2 295,3 
Trinity (Q) 15.47 34.90 109,3 321,5 
Trinity (QS) 14.35 35.49 100,8 266.0 

Table 3B shows the results of the particle counts on the "S" grading 
teat charge sizes. The screen analyses of the 1/4-inch screen to No, 10 sieve 
materials (expressed in per cent by weight) are likewise shown. (In Table 3B 
all screens are round-hole with the exception of the No, 10 sieve.) 

Stone 

Dudley 
Chico 
Courchesne 
Maryneal 
Ogden 
Trap 
Cordova C, 

Table 3B 

Screen Analyses of, and Actual Number 
of Particles Per Pound in, the "S" 

Grading Test Charge Sizes 

Screen Analyses 
1 4" - No. 10 Size Actual Particles Per Pound 

1 4"-5m 5m-3m 3m-10 3 811 -l 4" 1 4"-5m 5m.-3m 3m-10 

41.5 47,5 11.0 1185 3409 10996 28468 
37,0 48,3 14,7 1168 3077 9462 27659 
36.6 51,2 12.2 1265 3195 9552 26913. 
37,3 47,9. 14.8 1268 3106. 9432 26891 
39.4 48,7 11.9 1392 3345 9542 25472 
39.3 48.6 12.1 1123 2832 8719 22370 
37.0 48,3 14.7 1602 3853 10833 32551 

(Continued next page) 
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Table 3B (Continued) 

Screen Analyses 
1 4" - No. 10 Size Actual Particles Per Pound 

Stone 1 4'1-5m 5m-3m 3m-10 3 8"-1 4" 1 4"-5m 5m-3m 3m-10 

Allam.ore 39.6 48.4 12.0 1337 3077 10227 26612 
Beckmann 31.6 52.6 15.8 1526 3905 12463 29719 
Brownwood 42.5 46.6 10.9 1180 3360 9959 25492 
Denison 39.9 48.7 11.4 1425 3247 9235 24984 
Dittlinger 39.6 47.9 12.5 1532 3577 10369 28359 
Hamlin 42.2 46.5 11.3 1200 3288 9655 29628 
Huntsville (Q) 37.0 49.9 13.1 1461 3998 13057 30562 
Huntsville (QS) 37.6 49.3 13.1 1653 3859 12366' 30589 
Palo Pinto 32.5 53.2 14.3 1532 3172 9286 23411 
Quitaque 36.0 51.2 12.8 1516 3898 11402 31628 
Servtex 32.5 51.5 16.0 1594 3733 11365 28716 
Trinity (Q) 38.7 50.5 10.8 1765 4404 12409 33755 
Trinity (QS) 32.3 51.9 15.8 1590 3807 10474 28236 

The relation of the number of particles per pound to the angularity 
of the particles will be demonstrated and discussed later. 

c. Test Methods: 

1. Daily Checks: 

Each and every day that Rattler tests were made the following checks 
were made and recorded: 

(1) The accuracy of the 5000-gram capacity Toledo scales, adjust
ments being made when necessary. 

(2) The condition of all sieves and screens used, repairs and re
placements being made when necessary. 

(3) ~he accuracy of the revolution-counter on the Rattler: the 
counter functioned perfectly throughout this investigation. 

(4) The efficacy of the gasket on the Rattler door, repairs and re
placements being made when necessary. 

(5) The rate of revolution of the Rattler: the rate was constant 
at thirty-one revolutions per minute throughout this investigation. 

(6) The weight of the abrasive charge: the weight of each indi
vidual ball was taken, replacements being made when the balls ceased to meet 
specification requirements; the. total weight of each abrasive charge was 
taken and recorded (see Appendices - Test Data). 

2. Abrasion Tests: 

a. Preparation of the Teet Charges: 

Ea.oh test charge was prepared as follows: 

(1) The proper amount, plus a small excess, of each of the required 
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··-ei-zeB-was-· sampled·from the blended material (see B,: 2,). Each size was washed 
thoroughly aµd dried to constant weight (twenty to twenty-four hours) at a tem
J'M'atuT'e ·of '230°F,. 

( 2) The 118 11 grading siz·es were rescreened after- washing and drying 
so that small particles broken- off during the washing process would be removed, 
The '3/8 to 1/4-inch size was passed over the 1/4-inch screen and the 1/4-inch 
to No-, 10 size was passed over the No, 10 sieve.· 

( '3) Using·· 5000-gram capacity Toledo scales, eensi ti ve to less than 
0,5-gram., the washed, boJ:le-dry sizes were combined exactly in the following 
proportions (by cumu.lati~e we:i;ghte) accorcUng to the grading desired: 

Grading of Sieve Size 
Test Charse PaesinS Retained Per Cent Grams 

(1-1/2 11 l" 25 1250 
"A" (l" '3/4" 25 1250 

(Standard) ('3/4" 1/2 11 25 1250 
(1/2 11 '3/8" 25 1250 

"B" (3/4" 1/2 11 50 2500 
(Standard) (1/2 11 '3/8" 50 2500 

"S" (*'3/8"0 *1/4 110 50 (Deperid, size 
(*1/4 110 No. 10 50 test charge) 

*Round-hole screen 

b, "Abras±ve Char5es: 

Four classes of steel balls were used in this investigation; 1-7/8, 
1-1/2, 1-1/4, and 1-inch diameters. For convenience these classes were named, 
according to their respective approximate weights, as follows: 420, 225, 1'30, 
and 65-gram balls, 

A,A,S,H.O. Method T-96 limits the weight qf the individual 420-gram 
balls, to 422,5± 17.5 grams, and also limits the total weight of the abrasive 
·charge for the standard "A" and "B" grading teats to 5000 t 25 grams (12 balls) 
and 458'3 ± 25 grams (11 balls), respectively •. These specifications were com
plied wi th·"'wlren .. ma.king ··standard tests. 

In this investigation specification requirements were. set up arbi
trarily for the weight of the individual balls in t4e abrasive charges used 
when making "S" grading tests. The following speci~ications were complied with 
throughout this investigation: 

Claes of ~eigqt of In-
Ball diviq.ual Ball 

420-gram. 422.5 + 17.5 grams 
225-gram 220.Q + 10.0 " 
1'30-gram 128,0 + 5,0 II 

65-gram. 64,0 + 5,0 " 
i 
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Table 4 (Continued) 

Sieve _Nominal Open- Norn. Wire Di-
Size 'in6 (Inches) a.meter (Inches) Maker 

1/4"0 0.250 Humboldt 
No. 10 0.0787 0.0299 Precision 

II 12 0.0661 0.0212 Humboldt 
II 16 0.0460 0.0257 Tyler;,, 
II 20 0.0331 0.0165 Humboldt 
II 30 0.0232 0.0130 PrecieJon 
II 40 0.0165 Q.0098 Humboldt 
" 50 0.0117 0.0014 II 

" 60 0.0098 0.0064 . II 

II 80 0.0070 0.0047 Precision 
11 100 0.0059 0.0040 Humboldt 
II 200 0.0029 0.0021 II 

All sie"\escomplied with the standards prescribed in A.A.S.H.O. Method 
T-27-38 and A.S.T.M. Designation Ell-38T, with the following exceptions: the 
1-inch sieve opening was 0.02-inch too large; the 1/2-inch sieve opening was 
0.01-inch too large. These discrepancies were, however, inconsequential. 

Later it will be desired to discuss the reduction in particle size of 
the various original test charges and also to deal with the various particle 
diameters. It also will be desired to present certain data graphically. 

For these purposes the nominal sieve openings appearing in Table 4 
will not suffice. Were spherical particles being tested the nominal opening 
of a square mesh sieve, which is measured square across the opening, would 
serve as the effective opening. Because of the angularity of the particles, 
however, the effective opening of a square mesh sieve is regarded as the aver
age of the square and the diagonal measurements. This is not strictly true in 
any one case but approaches correct results on the average more nearly than 
does the assumption that the nominal opening is the effective opening. 

The average diameter of the particles between two sieve sizes is re
garded as the antilog of the average of the log of the effective opening of 
the sieve through which the material passed and the log of the effective open
ing of the sieve upon which the material is retained. This is in keeping with 
the fact that, oetweezL two screen sizes, ,less than half of a normal material 
will be retained upon the half-way screen. While not strictly true in any one 
case,' this assumption is more accurate than assuming the average particle 
diameter to be a straight average of the two effective sieve openings. 

I 

Table 5 presents the effective' openings of the sieves used in the 
sieve analyses, and the average particle diameter of the various particle 
sizes. The "Nominal Opening (d) 11 (from Table 4) indicates the measurement 
square acr'?ss the opening. The "Effective Opening (d1 ) 11 (except for the round
hole screens) was derived as follows: d1 = d + 1.4142 d . The "Particle 

Size 11 is indicated by the sieve through which the2particle passed followed by 
the sieve upon which.it is retained. The "Average Particle Dia.meter (d2) 11 

indicates the average diameter of the particles in the corresponding "Particle 
Size" and was calculated as follows: d2 = antilog log 1st d1+log 2nd 9:J.z._ 

2 
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vlhere lat d1 equals the effective opening of the sieve through which the mate-· 
rial passed, and 2nd d1 equals the effective opening of the sieve upon which 
the material is retained. 

Sieve 

1-1/2" 
l" 
3/4" 
1/211 

3/8" 
3/8110 

1/4110 

No. 10 
*5mmo 
*3mm0 

No. 10 
No. 12 
It 16 
It 20 
It 30 
It 40 
It 50 
It 60 
It 80 
It 100 
II 200 

Table 5 

Effective Sieve Openings and Average 
Particle Dia.meters 

Nominal Effective 
Opening(d) Opening(d1) Particle 
(Inches (Inches) Size 

1.50 1.811 
1.05 1.267 1-1/2" - l" 
0.742 0.896 1 11 - 3/4" 
0.525 0.634 3/4" - 1/2 11 

0.371 0.448 1/2 11 - 3/8" 
0.375 0.375 3/8" - 3/8"0 

0.250 0.250 3/8110 - 1/4110 

0.0787 0.0950 1/4"0 - 10 
0.197 0.197 *1/4"0- 5mmO 
0.118 O.ll8 *5mm0 - 3mm0 

0.0181 0.0950 *3mm0 - 10 
0.0661 0.0789 10 - 12 
0.0460 0.0555 12 - 16 
0.0331 0,0400 16 - 20 
0.0232 0.0280 20 - 30 
0.0165 0.0199 30 - 40 
0.0117 0.0141 40 - 50 
0.0098 0.0118 50 - 60 
0.0010 0.00845 60 - 80 
0.0059 0.00712 80 - 100 
0.0029 0.00350 100 - 200 

Average 
Particle 
Dia.m.eter(d2) 

(Inches) 

1.515 
1.065 
o. 754 
o.533 
0.410 
0.306 
0,154 
0.222 
0.152 
0.105 
0.0871 
0.0666 
0.0471 
0.0335 
0.0236 
0.0168 
0.0129 
0.00999 
0,00776. 
0.00499 

*The millimeter screens and the respective "particle sizes" 
are used only in connection with the "actual particles per 
pound" data (see Table 3B) 

It will be understood that the procedure described under "Teat 
Methods" applies to all teats subsequently enumerated unless. it is specifi
cally stated to be otherwise. 

D, Correlation of the "S" Grading Teat with the Standard "B" 
Grading Test: 

Concrete Research Investigational Project No. 100 showed the stand
ard Loa Angeles Battler abrasion test to be a very good, though not a perfect, 
measure cf the quality, or service value, of mineral aggregates, (The "B" and 
"D" grading teats in Inveatigational Project No, 100 are respectively iden
tical with the "A" ud "B" grading teats in this investigation.) The problem 
here being to evolve a satisfactory abrasion teat using the new and untried 
"S" grading teat charge, it is essential to have a very definite starting 
point, or base of operations. For the time being, therefore, the standard 
teat, or, to be moreC:•:tplicit, the standard ''B" grading test (see Section A:4), 
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will be considered to be the perfect measure of quality. In other words, it 
will be assumed, temporarily, that the closer the "S" grading test values ap
proach the "B" grading test values the more satisfactory the test. 

In considering the problem graphically the "B" grading test values 
constitute the base-line. Figure 1 illustrates the nature of this base-line. 
Five stones, "V, W, X, Y and Z" are assumed to have standard "B" grading test 
values of 22, 26, 31, 34 and 39, respectively. Using the same vertical and 
horizontal scale, the wears (per cent) are plotted along the abscissas against 
the service values (hypothetical values temporarily assumed to be equal to the 
respective "B" wears) along the ordinates. The reeulting curve is, of neces
sity, a 450 straight line. 

Should the 11 8 11 wears be plotted along the ordinates (using the same 
scale) in place of the service values, the standard base-line would become the 
locus of all points where 118 11 was equal to "B." Thus, the less the total ver
tical deviation of all plotted 118 11 values from the "S==B" line the more perfect 
the correlation, and,:axiolllatically, the more perfect the test. 

1. Standard "A'' and "B" Grading Tests: 

Four standard "A" and four standard "B" grading tests were run on 
each of the five correlation stones and the two end-point stones. The results 
of these tests appear in Appendices I and II. 

Tables 6 and 7 pr~sent., the average sieve analysis data on the corre
lation stones and end-point stones test charges after the ''A" and "B" grading 
tests, respectively. F.a.ch value in these tables ia the average of four test 
values, as shown in the Appendices. In these and similar tables the correla
tion stones are indicated as follows: Dudley - "D, '' Chico .:. "Ch," Courchesne -
"C, 11 Ma.ryneal - "M," and Ogden - "O"; the end-point stones are indicated as 
follows: Trap - "T," and Cordova Cream - "CC." The per cent retained upon 
the.No. 12 sieve is shown correct to two places, the complements of these 
values constituting the respective standard wears (per cent). 
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Table 6 

Average Sieve Analysis Data on 
Correlation Stones and End Point 

Stones Test Char5es after Standard "A'' Grading Test 

Avera5e Per Cent Retained (Clll!l.ulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

l" 7.3 9.4 6.3 4.9 4.6 16.3 0.4 
3/4" 25.0 21.9 21.8 21.3 18.9 36.l 2.7 
1/2 11 35.8 30.3 30.1 27.9 25.1 53.4 4.0 
3/8" 51.1 41.6 40.0 36.1 32.5 69.4 5.7 
3/8"0 55.7 46.3 44.6 39.5 35.5 73.6 6.4 
1/4"0 64.6 56.0 53.6 47.7 44.3 81.4 9.0 
No. 10 77 .o 71.9 69.9 63.0 59.1 88.9 22.4 

*No. 12 78.54 73.41 71.63 64.54 60.84 89.52 24.58 
No. 16 81.6 76.8 75.7 67.4 64.3 90.9 29.4 
No. 20 84.2 79.5 79.0 69.7 67.2 91.8 32.9 
No. 30 86.5 82.0 81.8 71.6 69.8 92,6 35.5 
No, 40 . 88.4 84,0 84.2 73.4 72.0 93.3 38.6 
No. 50 90.2 85.8 86.4 75.4 74.3 94,0 41. 7 
No, 60 91,0 86.4 87.3 76.3 75.5 94.3 43.7 
No. 80 92.2 87.7 88.9 78.0 77 .5 94.8 47.5 
No. 100 92,8 88.3 89.7 79.2 78.8 95.2 50.7 
No, 200 94.2 90.1 91.8 83.0 82.0 95.9 62.3 

*Wear(%) c:l .46 26,59 28,37 35.46 39.16 10.48 75.42 

Table 7 

Average Sieve Analysis Data on 
Correlation Stones and End Point 

Stones Test Charses after Standard "B" Gradi~ Test 

Average Per Cent Retained (Cumulative) 
Correlation Stones E, P. Stones 

Sieve D Ch C M 0 T cc 

1/2 11 9.8 4.9 3.7 4,0 3.6 24.7 o.o 
3/8" 34,5 22.2 16,7 17 .1 15,3 59.0 0,6 
3/8"0. 44.1 30.0· 24.6 22.9 20.1 67.8 1.1 
1/4"0 59.5 46.7 40.8 38.4 35.9 80.3 4,0 
No. 10 77.5 71.2 68.0 63.7 59 .5' 89.9 24.5 

*No. 12 79.16 73.20 70.18 65.94 61.67 90,57 27.56 
No, 16 82.6 77 .2 75.4 69,5 66.0 91.8 33.0 
No. 20 85.3 80.5 79,2 71.9 69.2 92.7 36.6 
No. 30 87.6 83,0 82.4 73,9 71. 7 93.5 39.0 
No. 40 89.4 84.9 84.9 75.5 73.8 94.1 41. 7 
No. 50 91.0 86.6 87.0 77 .2 75.9 94.7 44.5 
No. 60 91. 7 87.2 87.9 77 .9 76.8 95.0 46.2 
No. 80 92.7 88.2 89.3 79.4 78.6 95.4 49.4 
No. 100 93.3 88.8 90.0 80,3 79,6 95.7 52.3 

. No. 200 94.5 90.2 91.9 83.4 82.5 96.3 63.1 

*Wear (1,) 20.84 26.80 29.82 34,06 38,33 9.43 72.44 
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Figures 2 and 3 present the data in Tables 6 and 7, respectively. 
The average c1.UD.ulative per cents retained on, or passing, the various sieves, 
or screens, are plotted against the respective effective sieve openings (see 
Table 5), wh.ich are plotted logari thm.ically. 

Figure 4 is intended merely as an aid in comparing certain features 
of Figures 2 and 3. The two data lines on this figure represent the average 
degradation of the 11A11 and 11B11 test charges of the five correlation stones 
(taken from Tables 6 and 7). Cordova Cream was omitted from this average be
cause the progressive degradation of this stone so obviously is abnormal. Al
though the degradation of Trap is quite normal this stone also was omitted from 
the average because it occupies the extreme in our toughness range opposite to 
that of Cordova Cream. 

A comparison of Figures 2 and 3, supplemented by Figure 4, shows that: 

(1) The degradation of the 11B11 grading test charge particles is very 
similar to the degradation of the 11A 11 grading test charge particles, except for 
the natural difference in the amount of the larger particle sizes occasioned by 
the difference in the initial average particle diameters. (From Table 5: in
itial average particle diameters of the 11A11 and 11B11 grading test charges equal 
0.967-inch and 0.643-inch, respectively.) This similarity, with minor varia
tions, holds good for all seven stones from the toughest (Trap, with a "B" wear 
of 9.43 per cent) through the most friable (Cordova Cream, with a 11B11 wear of 
72 .44 per cent). 

(2) The additional ball used in the abrasive charge in the 11A 11 grad
ing test gradually overcomes the initial average particle size differential un
til, in the particle size range of 0.06 to 0.2-inch (Figures 2 and 3), the per 
cent of material larger, or smaller, than a given size is equal for both 11A" 
and 11B11 gradings with a given stone. The No. 12 sieve, with an effective open .. 
ing of 0.0798-inch, falls within this particle size range. The two standard 
wears (per cent passing the No. 12) t.herefore are approximately equal. Note, 
in Figure 4, that an average of the five correlation stones shows the progres
sive degradation of the 11A11 and 11B11 test charges to be equal at a point some
where between the No. 10 and No. 12 sieve, or approximately at the 0.086-inch 
particle size point. 

(3) Having finally overcome the initial average particle size differ
ential, the additional ball used in the "A" grading test naturally causes some
what more degradation of the 11A 11 grading test charge than is occasioned in the 

11B11 grading test charge. 

(4) For all stones except Cordova Cream limestone the rate of pro
gressive degradation into the finer sizes decreases regularly. (Nota bene: 
while the rate of progressive degradation decreases regularly for each stone 
the rate of decrease is by no means constant for all six stones.) 

(5) the rate of degradation of Cordova Cream limestone, which is very 
friable, does not decrease regularly. Note, in Figures 2 and 3, the triple 
curve in the Cordova Cream line as opposed to the single curve of all other 
lines. Two theories have been evolved to account for this phenomenon, but as 
these theories are tedious and cannot be substantiated by test results no ex
planation will be offered. 
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In the succeeding discussion only Figure 3 will be considered. In 
the first place, the figures, with the exceptions noted above, are very similar, 
and in the second place, the "B" grading test results are of primary interest 
in this investigation, 

A study of Figure 3 is extremely instructive. The most important 
general feature to be observed is that the lines not only do not parallel each 
other, but tend to converge at widely different rates. There is even diver
gence of some of the lines through certain particle size ranges. In other 
words, the progressive degradation of one stone is not necessarily similar to 
that of another stone, This general fact is of vital importance in the in
terpretation of subsequent results. Besides the wide difference in the rate 
of progressive degradation of the two end-point stones (Trap and Cordova Cream) 
the following specific points should be noted: 

(1) The Ogden and Ma.ryneal lines tend to converge rapidly in sizes 
less than 0.08-inch, This means that the difference in the resistance to ab
rasion between Ma.ryneal and Ogden stones is less in the finer sizes than in the 
larger sizes. 

(2) The degradation of the Courchesne stone is similar to that of 
the Ma.ryneal stone in the 3/8-inch sieve size and is approaching that of the 
Dudley stone in the finer sizes. Thus, it might be said that in the beginning 
of the particle degradation Courchesne simulates the action of a friable stone, 
becoming progressively tougher as the particle degradation progresses. 

(3) The Courchesne and Chico lines actually cross at the No. 40 
sieve point, This is a very drastic departure from that which might norm.ally 
be expected, and means that the Courchesne is more friable than the Chico in 
the larger sizes and less friable in the smaller sizes. It is impossible to 

. say just where the dividing line between these "larger" and "smaller" sizes 
may be. The progressive degradation of the original test charge particle 
makes the question very complicated, but this theoretical dividing line is, of 
c0urse, at some point greater than 0.02-inch, and is probably at a point some
what greater than 0.2-inch. 

(4) There is a general tendency for all the lines, irrespective of 
individual idiosyncrasies, to converge as the particle size decreases. This 
trend apparently begins at about the 0.25-inch particle size point, and is a 
result of the natural tendency for the numerical differences in the per cents 
passing a given sieve (in the smaller sieve size range) to decrease as the 
sieve size decreases, although the relative differences between three or more 
stones may be maintained. This must be borne in mind when interpreting sub
sequent results, 

Figure 5 presents the data on the correlation stones in Tables 6 and 
7 in a different light. The per cent retained on, or passing, each sieve, or 
screen, for each stone, is plotted against the per cent wear of that stone. 
Thus, the No, 12 sieve, being the sieve through which the wear is determined, 
is a straight line. In this figure the sieves larger than the 3/8-inch screen 
have been omitted from the "A" grading analysis and the sieves larger than the 
1/4-inch screen have been omitted from the "B" grading analysis. 

The chief dissimilarity between the "A" and "B" grading curves is 
occasioned by the difference in the "A" and "B" wears (per cent passing the 
No. 12), 
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Considering the 11Bll grading only, the following points should be 
noted: 

(1) The horizontal spacing of the five stones on the basis of the 
standard "Bil wear test makes it possible to view the degradation of these stones 
into sizes both larger and smaller than the effective opening of the No. 12 in 
relation to the resistance to abrasion of these stones as measured by the llBll 
test. 

(2) There is a greater range in the resistance to abrasion between 
Dudley, Chico and Courchesne atones as evidenced by the 1/4-inch screen than is 
evidenced by the No. 12 sieve, while Courchesne, Maryneal and Ogden present 
less range. 

(3) As the sieve size decreases, the behavior of two of the stones, 
as judged on the basis of the No. 12 sieve line, becomes highly erratic. 
Courchesne stone becomes increasingly tougher and Maryneal stone.becomes in
creasingly more friable. 

(4) By employing a straightedge it may be seen that the Dudley, 
Chico, and Ogden points form a practically straight line for any given sieve 
size (not including the 1/4-inch screen). Note that the angular digression of 
this straight line from the horizontal becomes slowly but surely less as the 
sieve size decreases. Thia trend already has been noted in Figure 3. (See 
paragraph (4), page 48, in the discussion of Figure 3.) 

(5) Again employing a straightedge it may be seen that, in the finer 
sieve siz~s, there is no straight line system coupling either Courchesne or 
Ma.ryneal points with each other, or with other points, which is conaistant with 
the general trend explained in the preceding paragraph. 

Thus, an analysis of our standard llBll grading test data furnishes us 
with some advance information as to what may be expected from the "Sil grading 
test, which will employ a sieve smaller than the No. 12 for determining the per 
cent wear. It is evident that very close ntlmerical correlation of "Sil and llB" 
test values for all stones will be very difficult, if not impossible. It may 
be possible to obtain a fairly close numerical correlation with Dudley, Chico 
and Ogden stones, while with Courchesne and Maryneal stones the numerical corre
lation will probably be poor. The abnormal degradation of Cordova Cream makes 
it impossible to predict the results which may be obtained with this atone. 

2. Preliminary Decisions: 

a. Sieve for Determining Per Cent Wear: 

At the outset of the work of correlation it was necessary to select 
the sieve wherewith to determine the per cent wear. It was considered desir
able that the degree of symmetry between the proposed test and the standard 
test be as high as possible. The average particle diameter (see Table 5) of 
the llB" grading test charge is 0.643-inch, and the effective opening of the 
No. 12 sieve is 0.0798-inch. This means that, on the average, the particles 
must be reduced to 12.4 per cent of their original diameters before they are 
regarded as loss. The average particle diameter of the "Sil grading test charge 
is 0.230-inch. If the same ratio were maintained the wear, or loss, would be 
,letermined by the amount of material passing a sieve with an effective opening 
of 0.0285-inch, or, approximately, the No. 30 sieve. Preliminary teats (not 
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recorded in the Appendices), however, showed that the weight of the abrasive 
charge required to make "S" test values, determined as loss through the No. 30, 
equal to the respective "B" test values was tremendously in excess of the 
standard "B" grading abrasive charge. Were the No. 16 sieve made the basis 
for determining wear, the average "S" grading particle would have to be reduced 
to only 24.l per cent of its original diameter in order to be regarded as loss. 
Thus, as a compromise, the No. 20 sieve, with an effective opening of 0.0400-
inch, was selected as a starting point with the full realization that test re
sults might later indicate a change. The use of this sieve requires a reduc
tion of the average particle to 17.3 per cent of its original diameter before 
it is regarded as loss, and, though considerably more abrasive charge weight is 
required with the "S" test than with the standard "B" test, the situation in 
this respect is much better than with the ·No. 30. 

b. Abrasive Charge Ball Sizes: 

The ratio of the average "B" grading test charge particle diameter to 
the weight of one of the standard balls is 0.643 (inches) to 420 (grams), If 
the same ratio were maintained in the 11 8 11 grading test the 'ball should weigh 
150 grams, It appears reasonable to suppose that the closest correlation 
would be obtained by using "S" grading abrasive charge balls approximately in 
ratio to the average particle diameter. · Realizing, however, that nothing was 
actually known of the action of the smaller test charge particles, particularly 
of the cushioning effect, it was considered advisable tq use balls of three 
different weights in addition·· to the s~~rd 420-gram balls. It was decided 
to use ball bearings of standard (hardware) sizes so that replacement might be 
easy. Accordingly, 65-gram (1-inch), 130-gram (1-1/4-inch), and 225-gram 
(l-l/2~1nch) $8,lls were selected. 

3, Correlation with the Following Constants: 
5000 Gram Test Charge; 500 Rattler .Revolutions; 
Wear Equals Per Cent Passing the No. 20 Sieve: 

It will be understood that all of the "S" grading tests in this 
series had the above-mentioned constants. 

a. Varying the Number of Balls of F.ach Class : 

The end-point stones (Trap and Cordova Cream) were not included in 
the following series of tests. While it was desirable to observe the action 
of the 118 11 grading test in cases of extreme toughness and friability it was 
considered undesirable that these extreme cases, so far removed from the ac
tual specification range, should influence the evolution of the test. 

11 8 11 grading tests were run on each of the five correlation stones 
with each of the four classes of balls. In each of these twenty cond~tions 
the number of balls were varied until an average value for three "S" tests of 
identical character was obtained, which was closer to the "B" test value (see 
Table 7) in question than could be obtained with any other number of balls. 
(Two possible exceptions to this state!llent may be noted: the average 11 8 11 

value for Maryneal stone using the 65-sram balls differed from the· "B" value 
by 0,65 per cent; the average 11 8 11 value for Ogden stone using the 130-gram 
balls differed from the "B" value by 0,57 per cent.) As one 420-gram ball 
caused a considerable spread in the 11S" wears, particularly with the softer 
stones, the averages of three ''S" values, both above and below the "B" value 
in question, were obtained for both Maryneal and Ogden stones using the 
420 .. gz,t,lll balls • 
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This series comprised one hundred and forty-two tests, the results of 
which appear in Appendix III. Results were very uniform throughout with a 
very few isolated exceptions and one notable exception. Erratic results were 
obtained with Ogden stone using 65-gram balls, No explanation can be offered 
for the peculiar behavior of this sub-group of tests. 

Tables 8A, B, C, and D present the results of this series of tests. 
Each of the values in these tables is an average of three test values except 
those for M9.ryneal stone with eleven 420-gram balls (not shown in its actual 
form in Table 8D) and Ogden stone with eighty-nine 65-gram balls, which are 
averages of five and four test results respectively. In case it is desired to 
refer to the individual test results, the following list of Appendix III test 
series numbers shows the individual tests which were averaged to secure the 
data for Tables 8A, B, c, and D. 

Correlation 
Stones 

Dudley 
Chico 
Courchesne 
Maryneal 
Ogden 

Appendix III - Test Series Numbers 
65-Gm. Balls 130-Gm. Balls 225-Gm. Balls 420-Gm. Balla 

3,4,5 
39,40,41 
67,68,69 
110,111,112 
159,165,6,7 

12,13,14 
47,48,49 
79,80,81 
121,122,123 
176,178,179 

23,24,25 
54,55,56 
91,92,93 
132,135,136 
186,187,188 

32,33,34 
62,63,64 
99,103,104 
(See follow
ing paragraph) 

Note in Table 8D that the number of 420-gram balls used with Maryneal 
and Ogden stones are shown as 11.39 and 13.70, respectively, and the per cent 
wear in each case exactly equal to the respective "B" wear. The average re
sults on M9.ryneal stone using eleven balls (tests No. 143, 144, 145, 146 and 
148) and twelve balls (tests No. 142, 147, and .JJ.49) were interpolated, on the 
basis of the plus and minus variation of the two average "S" wears from the "B" 
wear, to secure the data as shown •. The average results on Ogden stone using 
thirteen balls (tests No. 194, 195 and 197) and fourteen balls (tests No. 193, 
196 and 198) were interpolated on the same basis to secure the data as shown. 
(Also see page 53.) 

Table SA 

Average Sieve Analysis Data on Correlation Stones 
5000-Gram Test Charges after "S" Grading 

Test with 65-Gram Balls 

Correlation Stones 
Item D Ch C M 0 

No. of 65-Gm. Balls 108 103 123 81 89 

( 1/4"0 12.6 9.2 6.8 7.4 4.4 
( No. 10 58.4 50.2 47.7 45.2 39.6 

Sieve ( No. 12 64.6 54.5 53.4 50.9 44.8 
Analysis ( No. 16 73.6 67.3 63.5 59.4 54.7 
(Average (*No. 20 79.21 73.43 70.39 65.34 61.54 
Cumulative ( No. 30 82.9 76.9 75.l 68.9 65.8 
'/:, Retained) ( No. 40 86.1 81.1 79.7 72.6 70.1 

( No. 50 88.5 83.6 82.9 75.3 73.2 
( No. 60 89.4 84.6 84.2 76.4 74,6 

(Continued next page} 
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Table SA·· ( Continued) 

Correlation Stones 
Item D Ch C M 0 

( No. 80 90.7 86.0 85.9 78.0 76.3 
( No. 100 91.3 86.6 87.0 79.1 77. 7 
( No. 200 92.7 88.1 89.0 81.8 80.8 

*"S" Wear ('fo) 20.79 26.57 29.61 34.66 38.46 

Table SB 

Average Sieve Analysis Data on Correlation Stones 
5000-Gram Test Charges after "S" Grading 

Test with 130-Gram Balls 

Correlation Stones 
Iteni D Ch C M 0 

No. of 130-Gm. Balls 49 46 57 36 43 

( 1/4110 12.0 6.7 5.4 4.6 3.3 
( No. 10 60.4 51.6 46.6 45.4 37.6 
( No. 12 65.8 · 56.7 52.4 50.6 43.4 

Sieve ( No. 16 73.9 67.5 62.7 60.0 53.9 
.Analysis (*No. 20 79.36 73.53 70.00 65.97 61.10 
(Average ( No. 30 83.5 78.2 75.6 70.3 65.8 
Cumulative ( No. 40 86.5 81.5 79.7 73.3 70.3 
'fo Retained) ( No. 50 88.8 84.l 83.1 76.0 73.5 

( No. 60 89.6 84.9 84.3 77 .o 75.0 
( No. 80 91.1 86.3 86.4 78.7 77 .o 
( No. 100 91.7 87.0 87.4 79.7 78.1 
( No. 200 93.1 88.5 89.6 82.5 81.1 

*"S" Wear ( 'fo) 20.64 26.47 30.00 34.03 38.·90 

Table SC 

Average Sieve Analysis Data on Correlation Stones 
5000-Gram Test Charges after "S" Grading 

Test with 225-Gram Balls 
-·· 

Correlation Stones 
Item D Ch C M 0 

No. of 225-Gm. Balls 27 26 31 21 24 

( 1/4"0 11.8 6.0 5.0 3.8 3.1 
Sieve ( No. 10 59.8 51.3 45.9 44.1 39.8 
Analysis ( No. 12 64. 7 56.5 51.9 49.4 44.8 
(Average ( No. 16 73.2 66.6 62.7 59.3 55.2 
Cumulative (*No. 20 79.33 73.21 70.17 65.57 62.05 
'fo Retained) ( No. 30 83.5 78.1 75.8 70.1 66.9 

( No. 40 86.6 81.5 79.9 73.4 71.3 

(Continued next page) 
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Table 8C (Continued) 

Correlation Stones 
Item D Ch C M 0 

( No. 50 89.0 84 .. 1 83.3 76.2 74.6 
( No, 60 89.9 85.0 84.6 77 .2 76.0 
( No,. 80 91.3 86.5 86.6 79.0 77 .8 
( No. 100 91.9 87.,2 87.6 80.1 79.0 
( No. 200 93.3 88.8 89.9 83.0 81.9 

*"S" Wear (%) 20.67 26. 79 29.83 34.43 37.95 

Table 8D 

Average Sieve Analysis Data on C.:orrelati.on Stones 
5000-Gram Test Charges after "S" Gradi.ng 

Test with 420-Gram Balls 

Correlation Stones 
Item D Ch C M 0 

No. of 420-Gm. Balls 13 14 16 11.39 13 .. 70 

( 1/4 11 0 10,8 7,5 5.8 4,0 3.3 
( No. 10 61.0 52,6 47.5 44.9 39.5 
( No. 12 65.9 57.8 52.3 50.3 44.3 

Sieve ( No., 16 74,3 67.0 63.2 59.9 54.9 
Analysis (*No. 20 79.57 73.35 70.47 65.94 61.67 
(Average ( No. 30 83.2 78 ,.1 76.1 70.2 66.8 
Cumulative ( No., 40 86,8 81,5 80.2 73.4 71.1 
% Retained) ( No. 50 89.2 84.2 83.6 76,l 74.5 

( No. 60 90.1 85 .. 1 84.8 77 .1 75.9 
( No, 80 91.4 86.5 86.9 79.0 78.0 
( No. 100 92,1 87.3 87.8 80.0 79.1 
( No. 200 93.6 88.9 90.1 82.8 82.1 

*"S" Wear (%) i?O .43 26.65 29.53 34.06 38.33 

Figures were prepared presenti.ng the data i.n Tables BA, B, C, and D 
graphically. Any one of the four resulting sets of curves i.s almost identical 
with each of the other three. A comparison of Tables 8- show this to be a 
fact. Because of this similarity only one of the four figures is presented 
here. Figure 6 is a graphlcal representation of the sieve analysis data in 
Table 8B, selected at random from T~bles 8-. 

It must be borne in mjnd that the number of balls were varied so 
that, with any given stone, the per cent passing the No. 20 s:i.eve was approxi
mately equal regardless of the class of balls. It Js signifi.cant that the de
gradation of each of the fjve stones j s almost identical., not only at the No. 20 
point, but at all other points as well, for all ball sizes. It was expected 
that such a wide var:iation in the ball sjze would cause a marked d:i.fference in 
the progress1ve degradation, but such js not the case. 

A comparison of Figure 6 (which for all practical purposes represents 
the data in Tables 8A, c, and D, as well as B) and Figure 3 shows that the 
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degradation of the "S" test charge is very similar to that of the "B" test 
charge except for the natural difference occasioned by the initial average 
particle diameter differential. For each stone the per cent passing the No. 20 
(Figure 6 is, of course, approximately equal to the per cent passing the No. 12 
(Figure 3). Keeping this balance point in mind note that the relative positions 
of the lines are very similar in both figures. 

Thus it may be seen that the progressive degredation of the "S" test 
charge is very similar to that of the "B" test charge regardless of the size of 
the balls used in the "S" test. 

It now becomes necessary to study the actual difference in the total 
weight of abrasive charge required to make "S" wears approximately equal to the 
respective "B" wears. 

Table 9 presents a summary of results secured by varying the abrasive 
charges. The standard "B" wears are taken from Table 7. The "S" wears and the 
number of balls used are taken from Table 8. The weight of the abrasive charge 
is, in each case, the average weight of the abrasive charges (see Appendix III) 
used in the tests comprising the average result in question. The values oppo
site the item "Difference 'B' and 'S' (%)" are the numerical differences 
between the "S" wears and the respective "B" wears, indicated as"+" on the 
basis of the standard "B" value. The actual values for Maryneal and Ogden 
stones using 420-gram balls are shown in this table rather than the interpolated 
values as shown in Table SD. 
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Item 

Table 9 

Abrasive Charges Required to Make "S" Wear 
Approximately Equal to Respective 

"B" Wear 

Stone 
- Dudlel Chico Gour. 

Standard "B" Wear (%) 20.84 26.80 29.82 

65-
Gram 
Balls 

130-
Gram 
Balls 

225-
Gram 
Balls 

( "S" Wear (%) 20.79 26.57 
(Diff. "B II & "S II (%) -0.05 -0.23 
(No. of Balls 108 103 
(Wt. of Ab.Chg.(Gm.) 7097 6767 

( "S" Wear ( % ) 20.64 26.47 
(Diff. "B" & "S II ( 1,) -0.20 -0.33 
(No. of Balls 49 46 
(wt. of Ab,Chg.(Gm.) 6279 5917 

( "S" Wear ( % ) 20.67 26.79 
(Diff. "B" & "S" (cf,) -0.17 -0.01 
(No. of Balls 27 26 
(wt. of Ab. Chg. (Gm.) 6061 5834 

(Continued next page) 
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29.61 
-0.21 
123 

8083 

30.00 
+0.18 

57 
7304 

29.83 
+0.01 

31 
6958 

Marl· Osden 

34.06 38.33 

34.66 38.46 
+0.60 +0.13 

81 89 
5322 5847 

34.03 38.90 
-0.03 +0.57 

36 43 
4623 5527 

34.43 37.95 
+0.37 -0.38 

21 24 
4715 5387 



10 

0 
C 

9 

8 

7 

·; 6 .,, 
C, 
Q. 

-C 

5 

r,"> -
0 

0 

0 

0 

0 

~4 0 

0 

2 0 
0 
M 

0 
Ch 
C 
D 

('J -

Degradation of 11 S 11 Grading Test Chages 

( Correlation Stones; Using 130-Gram Balls) 

8 
0 

I 

Effective Sieve Opening ( Inches) 
g " -C? ~ 0 
0 od 0 

I I 111 
I 

No. 
Balls 

St2n1 Used 
Dudley 49 
Chico 46 
Courchesne 57 
Maryneal 36 
Ogden 43 

I 

i 

• 0 
0 

CD CD 
C? 0 -: 

IC) 0 0 0 

I I I Total Wt. J Abrasive 
Charge (Gm.) 

7/j 6279 

I ~ 5917 
7304 
4623 ! ///;/ 5527 

YI// 
/ /// / 

/ /, 

k ~ 
/ V I ~ I 

/ ~ ~/ 

V ~ V ~ ' K ' ') 

/ 
I'--

' '--Ogden 

V V ~ ' '--Maryneal ' ~ ' ~Courchesne 

-~ ~ ~ V V ' ' 
V ' "-Chico ' 0 '--Dudley 

~ t:: - / -::: ---
-~ 

..... V 
~ / 

-

I I I I I I I I I 

8 uo 00 0 0 2 co NC v. 
U CD co ., • .., - - - • "' Sieve No., or Size 

0~ 

M 
C 

10 Ct 
0 

20 

30 

A,n ·-
50 

60 

70 

80 

90 

"O 

• C -C, -cu 
0:: -C 
cu 
0 

~ 

• Q. 

10 0 

Figure 6 



Table 9 (Continued) 

Stone 
Item Dudle;y Chico Gour. Mar;y. Os;den 

( 11S11 Wear(%) 20.43 26.65 29.53 32.76 36.83 
(Diff. "B" & 118 11 (%) -0.41 -0.15 -0.29 -1.30 -1.50 

420- (No. of Balls 13 14 16 .11 13 
Gram (Wt. of Ab. Chg, (Gm.) 5480 5905 6794 4623 5428 
Balls ( 118 11 Wear ( ';(>) 36.09 38.97 

(Diff. "B" & "S" (%) +2.03 +0.64 
(No. of Balls 12 14 
(Wt. of Ab. Chg. (Gm.) 5053 5867 

Figure 7 presents the data in Table 9 in graphical form. The 118 11 

grading test values (per cent wear) are plotted against the total weight of 
abrasive charge used, The d0tted lines indicate the standard "B" wear values 
of the five stones. Note that the 11 8 11 wear points for Maryneal and Ogden 
stones have been placed squarely upon the respective "B" wear lines. The 
ordinate values for these points were secured by interpolation on the basis 
of the plus and minus variation of the "S" wears from the respective "B" wears, 
as were the sieve analyses in Table 8D. The horizontal deviations of the 
plotted 118 11 test points from the respective "B" wear lines are equivalent to 
the+ differences shown in Table 9. 

An analysis of Figure 7 discloses several interesting features: 

(1) With the exception of the 420-gram balls with Dudley stone (an 
unaccountable variation) the total weight of the 130, 225, and 420-gram ball 
abrasive charges varied a maximum of 510 grams (Courchesne st9ne). The de
creased abrasive action of a smaller ball apparently is compensated for by the 
increased spread of the abrasive charge consisting of a larger number of small 
balls. 

(2) The 65-gram ball abrasive charge required considerably more 
total weight than did the other abrasive charges, except for Ogden stone. It 
is not at all clear why the difference in total weight of the charge was much 
greater between the 65-gram balls and the other ball sizes than between any of 
the remaining three sizes. It is presumed that there is a critical point in 
the ball size (somewhere between 65 and 130 grams) at which the smaller ball 
suddenly becomes much less destructive. This theory is substant~ated by the 
fact that the difference in the total weight of the 65-gram ball charges and 
the other three charges becomes markedly less when testing the more friable 
stones (Maryneal and Ogden). 

(3) Except for the 65-gram ball points, the Dudley, Chico, and 
Ogden points, in comparison with Courchesne and Maryneal points, lie roughly 
on a horizontal line, which, on this figure, would signify a constant ab
rasive charge. The Courchesne points lie considerably above this line and the 
Maryneal points considerably below. This is consistent with the observations 
made on Figure 5, It is increasingly evident that the 118 11 and "B" tests on 
Courchesne and Maryneal stones will not offer a close numerical correlation. 

b. Best Average Abrasive Charges: 

Having determined the abrasive charges required to make the "8 11 wear 
of each of the correlation stones approximately equal to its respective "B" 

41 (70) 



wear, it became necessary to determine the number of balls of each class moat 
likely to give the best average results with all stones. All of the one 
hundred and forty-two test results secured in the preceding test series were 
used in order to determine the approximate "wear per ball" (in the critical "B" 
wear range) for each stone with each class of balls. After considering and 
balancing these data the following abrasive charges were selected: 

Class of Balls 

65-gra.m 
150-gram 
225-gram 
420-gram 

Optimum Number Balls 

99.-· 
45 
25 
14 

(One hundred 65-gram balls were selected at first, but the results of 
the first run (teats No. 6, 42, 70, 113, 168, 199 and 212, in Appendix III) 
indicated a change to ninety-nine.) 

Using these abrasive charges three "S'' grading teats were run on each 
of the five correlation stones and each of the two end point atones. Thia 
series comprised seventy-five·teats, the results of wnich appear in Appendix III. 
(SOine of the teats required in this aeries had already been run in the preceding 
series in which the number of balls in each class were varied.) 

Tables lOA, B, c, and D present the results of this series of tests. 
Each of the values in these tables is an average of three test values. In case 
it is desired to refer to the individual test results the following list.of 
Appendix III teat se'riea numbers shows the individual tests which were averaged 
to secure the data for Table 10. 

Stones 

Dudley 
Chico 
Courchesne 
Maryneal 
Ogden 
Trap 
Cordova c. 

Sieve 

. 1/4110 

No. 10 

(70) 

Appendix III Teat Series Numbers 
Ninety-nine Forty-five · Twenty-five Fourteen 
65-Gm..Balls 150-Gm,Balls 225-Gm.Balls 420-Gm..Balla 

7,8,9 
43,44,45 
71,72,73 

114,115,116 
169,170,171 
200,201,202 
213,214,215 

16,17,18 
50,51,52 
83,84,85 

125,126,127 
180,181,182 
205,204,205 
216,217,218 

27,28,29 
57,58,59 
95,96,97 

138,159,140 
*185,189,190 

206,207,208 
219,220,221 

*From preceding teat aeries, 

Table lOA 

Average Sieve Analysis Data on 5000-Gram Teet 
· Charges after "S" Grading Teat With 

· Ninety-nine 65-Gram Balla 

*31,55,56 
*62,*63,*64 
*98,105,106 

150,151,152 
*193,*196,*198 
209,210, 211 . 
222,223,224 

Average Per Cent Retained (Cumulative) 

D 

15.4 
61. 7 

Correlation Stones E. P. Stones 
Ch C M O T CC 

lb,l 
53.9 

10,6 4.8 
55.8 58.9 

•. 1 
57.5 

(Continued next pae;e) 
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Table lOA (_Continued) 

Averase Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

No. 12 67.l 59.l 61.8 44.l 42.3 78.8 8.8 
No. 16 75.5 68.7 70.8 53.7 52.5 84.6 15.7 

*No. 20 80.97 74.85 76.75 60.43 59.71 88.14 22,47 
No. 30 84.2 78.5 80.4 64.5 64.l 90.0 27.5 
No. 40 87.3 82.l 84.l 68.9 68.8 91.9 32,6 
No. 50 89.4 84.4 86.5 72.l 72.l 93.l 37,0 
No. 60 90.4 85.5 87.6 73.5 73.6 93.6 39.6 
No, 80 91.3 86.6 88.8 75,5 75.6 94.2 43.7 
No, 100 92.l 87.4 89.7 76.9 77.0 . 94. 7 48.0 
No. 200 93.4 88.9 91.5 80,8 80.6 95.6 61.2 

*Wear(°/,) 19 .03 25.15 23.25 39.57 40.29 11.86 77.53 

Table lOB 

Average Sieve Analysis Data on 5000-Gra.m Test 
Charges after "S" Grading Test with 

Forty-five 130-Gra.m Balls 

Average Per Cent Retained ( Cumulative ) 
Correlation Stones E. P, Stones 

Sieve D Ch C M 0 T cc 

1/4 11 0 14.7 8.5 10.0 3.3 2,5 19.9 0.1 
No. 10 59.7 54.8 57.3 38.l 36.2 72. 7 8.3 
No. 12 68.5 60.8 62.4 44.0 42.0 77 .4. 12.0 
No. 16 76.3 68.8 70.3 54.0 51.9 83.l 19.4 

*No. 20 81.49 75.09 76.35 60.99 59.41 86.87 26.29 
No. 30 84.6 78.6 80.0 65.l 63.9 89.0 30.5 
No. 40 87.6 82.2 83.6 69.4 68.7 91.0 35.4 
No. 50 89.7 84.6 86.2 72.7 72.l 912.4 39.3 
No, 60 90.6 85.5 87.2 74.l 73.5 93.0 41.5 
No. 80 91.6 86.7 88,5 76.l 75.5 93,7 45.3 
No. 100 92.2 87,5 89.4 77 .5 76.9 94.2 49.l 
No. 200 93,4 88.9 91.0 80.9 80.0 95.0 61.0 

*Wear ('/o) 18.51 24.91 23.65 39.01 40.59 13.13 73,71 

Table lOC 

Average Sieve Analysis Data on 5000-Gra.m Test 
Charges after "S" Grading Test with 

Twenty-Five 225-Gram Balls 

Averase Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

l/4"0 13.0 8.1 8.9 3.3 3.1 18.0 0.1 
No, 10 62.7 53,7 55.9 39,0 37.3 72.4 10.5 
No. 12 67.7 59.3 61.0 45.0 43.9 76.3 14.9 

43 (70) 



Table lOC (Continued) 

Averase Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

No. 16 75.6 63.3 69.6 55.0 53.9 82.3 23.2 
*No, 20 80.97 74.86 75.98 62.06 61.27 86.28 29.73 

No. 30 84.3 78.6 79.8 66.2 66.l 88.6 33.8 
No. 40 87.4 82.4 83,8 70.6 70.5 90.8 38.3 
No. 50 89.7 84.9 86.4 73.8 73.8 92.2 41.9 
No, 60 90.6 '85.9 87.5 75.3 75.2 92.9 44.0 
No. 80 91.7 87.1 88.9 77.2 77.2 93.6 47.6 
No. 100 92.4 87.9 89,9 78.6 78.6 94.2 51.4 
No, 200 93.7 89.4 91. 7 82.0 81.3 95.2 62.5 

*Wear(~) 19.03 25 .14 24.02 37.94 38,73 13.72 70.27 

Table lOD 

Average Sieve Analysis Data on 5000-Gram Test 
Charges after "S" Grading Test with 

'Fourteen 420-Gram Balls 

Average Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

1/4 11 0 11.4 7.5 8.1 3.2 3.0 14.3 0.1 
No, 10 58.6 52.6 51.8 39.8 38.7 65.9 10.5 
No. 12 64.9 57.8 58.7 45.5 43.4 73.7 14.8 
No. 16 73.0 67.0 67.8 55.3 54.2 80.4 24.0 

*No. 20 78.81 73.35 74.21 62.21 61.03 84.81 30,83 
No. 30 82.9 78.1 79.0 66 .6 66.3 87.4 34.6 
No, 40 86.2 81.5 82.8 70.7 70.7 89.8 38.8 
No, 50 88.7 84.2 85.6 73.9 74.1 91.5 42.3 
No. 60 89.6 85.1 86.8 75,3 75.5 92.2 44.3 
No. 80 91.0 86.5 88.5 77 .3 77. 7 93.1 47.7 
No, 100 91. 7 87.3 89.4 78.7 78.8 93.7 51.5 
No, 200 93.1 88.9 91,2 82.0 81.8 94.9 63.2 

*Wear (i) 21.19 26.65 25 .79 37.79 38.97 15.19 69.17 

Figures 8 and 9 are graphical representations of the correlation 
stones data in Tables lOA and Band Tables lOC and D, respectively. The per 
cent of the "S" grading test charge (after degradation) for each stone retained 
on, or passing, each sieve is plotted against the "B" wear values (per cent) of 
that stone, (The 1/4-inch screen bas been omitted from these figures.) Thus 
the degradation of the "S" grading test charges may be viewed in relation to 
the resistance to abrasion of the stones as measured by the "B" wear test, and 
the degradation of the "S" test charges may be compared directly with that of 
the "B" test charges (Figure 5). 

Note in Figures 8 and 9 that the actual per cent of any one stone 
passing a particular sieve may vary slightly as the ball size is. varied. This 
is because the average abrasive charges (see D,(b)) :f'or;a.11::r1ve.etones could 
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not be selected in exact balance, 
of Figures 8, 9 and 5 shows that: 

Discounting this condition, an e.xa.mination 

(1) The "S" grading test charges are degraded in almost identical 
fashion regardless of the weight of the individual balls in the abrasive 
charges. (Note one exception to this general trend: Courchesne stone with 
420-gram balls in sizes larger than the No, 20 sieve.) 

(2) The "S" grading test charges are degraded. in a manner similar to 
the "B" grading test charges, The similarities are obvious, The differences 
are occasioned by the initial average test charge particle size different"ial, 

Figures 8 and 9 will be found to be extremely useful as the investi
gation progresses. 

Having acquainted ourselves with the background we are now in a posi
tion to observe intelligently the actual degree of correlation tb.,rn far obtain
ed, 

Table llA presents a summary of the correlation of the "S" and "B" 
tests obtained using four ball weights, a constant 5000-gram test charge, 500 
Rattler revolutions, and the No. 20 sieve for deter.mining the "S" wear. The 
standard "B" wear values are taken from Table 7, and the "S" wear values 
from Tables 10-. 

Table llA 

Summary of Correlation Data 
(C nstants for "S" Grading Test: 5000-Gram Test Charge; 500 

Rattler Revolutions; "S" Wear Equals Per Cent Passing 
No. 20 Sieve.) 

"S" Wear (Per Cent) 
"B" 99 45 25 14 
Wear 65-Gm., 130-Gm.. 225-Gm.. 420-Gm. 

Stones (~) Balls Balls Balls Balls 

(Dudley 20.84 19.03 18,51 19.03 21.19 
Corre- ( Chico 26.80 25.15 24.91 25,14 26.65 
lation (Courchesne 29,82 23.25 23.65 24.02 25.79 
Stones (Maryneal 34.06 39.57 39.01 37,94 37,79 

(Ogden 38,33 40.29 40.59 38.73 38.97 

E • p • (Trap 9.43 11.86 13.13 13.72 15.19 
Stones (Cordova Cream 72.44 77 .53 73, 71 70.27 69.17 

Table llB presents the deviations of the "S" values from the respec
tive "B" values as shown in Table llA. The plus values are the numerical de
viation:i(per cent wear) where "S" is greater than "B," and the minus values are 
the numerical deviations where "S" is less than "B," The "Total Deviation" is 
the arithmetic sum of the "Total+" values and the "Total-" values. The 
"Average Deviation" is the '.'Total Deviation" divided by the number of stones 
under consideration. 
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Table llB 

Deviation of "S" Wear from "B" Wear 
(Data taken from Table llA) 

Deviatfon ("S" from "B") 
99 _ 45 · 25 14 

65-Gm. 130-Gm. 225-Gm. 420-Gm. 
Item Balls Balls Balls Balls 

(Dudley -1.81 -2.33 -1.81 +0.35 
Correlation (Chico -1.65 -1.89 -1.66 -0.15 
Stones (Courchesne -6.57 -6.17 -5.80 -4.03 

(Ma.ryneal +5.51 +4.95 +3.88 +3.73 
{Ogden +1.96 +2.26 +0.40 +0.64 

End-Point (Trap +2,43 +3.70 +4.29 +5. 76 
Stones (Cordova c. +5.09 +1.27 -2.17 -3.27 

(Total(+) 14,99 12.18 8.57 10.48 
Correlation (Total(-) 10.03 10.39 11.44 7.45 
& End-Point (Total 25.02 22.57 20.01 17.93 
Stones (Average 3.57 3.22 2.86 2.56 

(Total ( +) 7.47 7.21 4. 28 4.72 
Correlation (Total (-) 10,03 10.39 9.27 4.18 
Stones (Total 17.50 17.60 13.55 8.90 

(Average 3.50 3.52 2. 71 1. 78 

Figure 10 presents the data on the correlation and end-point stones 
in Table llA graphically. The "S" wears are plotted against the respective 
"B" wears. The "S" = "B'' line includes no actual "S" values. It is the 
standard base-line as demonstrated in Figure 1. The vertical deviation of the 
plotted points from the base-line constitute the numerical deviation of the 
"SIi test values from the respective "B" test values. The total plus, the total 
minus, the total, and the average deviations (from Table llB) are shown in 
tabular form on this figure for convenience. 

' 

Figure 10 shows that: 

(1) Ninety-nine 65-gram balls give rather poorly balanced results, 
the total plus deviation exceeding the total minus deviation by 4.96 per cent 
(wear). Ninety-eight balls would have yielded a better balanced correlation. 
It must be understood, however, that the actual degree of correlation (the 
total and/or the average deviation) would be affected very little by such a 
change, as a reduction of the total plus deviation would be accompanied by an 
approximately e~ual increase of the total minus deviation. 

(2) The 130, 225 and 420-gram ball abrasive charges give better 
balanced correlations than could have been obtained with any other than the 
number of balls usea. 

(3) Giving e~uai weight to all seven conditions (stones), including 
the extremes in toughness and friability, the average deviations show the · 
correlation to improve uniformly as the ball weight increases. The 65-gram 
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ball charge offers the poorest average numerical correlation (average deviation 
equals 3.57 per cent), the 130-gra.m ball charge being somewhat better (3.22 per 
cent), and the 225-gra.m ball charge being still better (2.86 per cent). The 
420-gra.m ball charge offers the best average numerical correlation (average 
deviation equals 2.56 per cent) in spite of the fact that the deviation in the· 
case of Trap is considerably greater than with any other class of balls, and 
the deviation in the case of Cordova Cream is greater than with the 130 or 225-
gra.m balls. 

Figure 11 presents the data on the correlation stones in Table llA. 
It is merely an enlargement of the section indicated on Figure 10. The devi
ations (from Table llB) are shown in tabular form. Temporarily excluding the 
end-point stones from consideration, Figure 11 shows that: 

(1) The 65 and 225-gra.m ball charges probably would have yielded 
somewhat better balanced correlations had one more ball been used in each 
case, The actual degree of correlation, however, would have been affected only 
slightly, as a reduction of the total minus deviation would be accompanied by 
an approximately equal increase of the total plus deviation. 

(2) An almost perfectly balanced correlation was obtained with the 
420-gra.m ball abrasive charge, the total plus deviation exceeding the total 
minus deviation by only 0.54 per cent. 

(3) Giving equal weight to all five conditions (stones) the average 
deviations show that the 65 and 130-gra.m ball charges offer the poorest numeri
cal correlation (average deviations equal 3,50 and 3.52 per cent, respectively), 
the 225-gra.m ball charge being considerably better (2.71 per cent). The 420-
gra.m ball charge offers decidedly the best cor~elation, the average deviation 
for the five stones being 1.78 per cent. 

Considering Figures 10 and 11 together, it is clear that the best 
correlation of the 118 11 and "B" tests (using a 5000-gram test charge, 500 Rattler 
revolutions, and the No. 20 sieve for determining the per cent wear) is ob
tained by using an abrasive charge of fourteen 420-gram balls, 

It is true that, on the average, 118 11 test values obtained with this 
abrasive charge present the widest deviation from the respective "B" test 
values for the two end-point stones. Both of these stones, however, represent 
conditions so far removed from the practical specification range that this is 
a theoretical, rather than a practical, objection. (The "B" wear of Trap is 
approximately one-third of the lowest wear limit specified, and the "B" wear of 
Cordova Cream is approximately twice the highest wear limit specified.) 

Giving equal weight to all seven stones, including the extremes of 
resistance to abrasion, the 420-gra.m ball abrasive charge clearly is superior 
to the other charges, though not a great deal better than the 225-gram ball 
charge. Excluding the extremes, and considering only the practical specifi
cation range, the 420-gra.m ball charge is greately superior to the other 
charges. 

Having decided that the 420-gram balls constitute the best abrasive 
charge it will be well to observe the complete degredation of all of the 118 11 

grading test charges using this abrasive charge. Figure 12 presents the data 
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in Table lOD in a form with which we are already familiar. This figure is.a 
representation of the graphical data in Figure 9 (420-gram ball chart), except 
that in this case the end-point stones are included. In comparing Figures 3 
and 12, it is very important to bear in mind the initial particle size differ
e.ntial! The larger sizes (retained upon the 3/8-inch sieve) being redu.ced to 
an average particle diameter of' 0,230-inch (average 118" grading test charge 
particle) before the abrasion test is begun, the trends apparent in Figure 3 
naturally are accentuated in Figure 12, Note the similarity in all major trends, 
An undesirable exception is furnished by Trap, which, on the basis of the degra
dation of the ''B" test charge, is degraded disproportionately by the 118 11 grading 
test, As the per cent wear of Trap, however, is far below the lowest specified 
abraeiV'e wear limit, this is not a very practical objection. 

c, Sieve for Determining Per Cent Wear: 

Using the No, 20 sieve to determine the 118 11 wear, an abrasive charge 
of fourtee:n 420-gram balls yielded a good average numerical correlation. The 
following question immediately arises: "Would some sieve other than the No, 20 
yield a better average pumerical correlation?" Fortunately no tests need be 
run to answer this question. The data are ready at hand. It is unnecessary to 
analyze the situation in detail with numerical values. A glance at the 420-
gram ball degradation chart (Figure'9) shows that all segments of the No, 16 
sieve line parallel the respective segments of the No. 20 sieve line almost 
exactly, Thus it is evident that approximately the same degree of correlation 
would be obtained with the No. 16 sieve as was obtained with the No, 20 sieve 
should an abrasive charge decreased by the proper a.mount be used. In addition 
to the fact that the use of the No. 16 in place of the No. 20 would improve 
the numerical correlation only slightly, if at all, there would be an obvious 
disadvantage in the substitution. The average "B" grading tes:t charge particle 
must be reduced to 12.4 per cent of its original diameter (0.643-inch) before 
it will pass the No. 12 sieve (effective opening of 0,0798-inch) and be regard
ed as loss. The use of the No. 16 sieve {effective opening of 0,0555-inch) 
would require that the average 118 11 grading test charge particle be reduced to 
only 24,1 per cent of its original average diameter (0.230-inch) to be con
sidered loss, Thus, in order to maintain some degree of symmetry between the 
"B" and 11811 tests, a sieve with an effective opening smaller than that of the 
No. 16 should be used if possible. 

Again referring to Figure 9 (420-gram ball chart) it may be seen that 
all segments of the No. 30 sieve line parallel the respective segments of the 
No, 2.0 sieve line almost exactly. Thus, approximately the same degree of corre
lation would be obtained with the No. 30 sieve as was obtained with the No. 20 
sieve should an abrasive charge increased by the proper amount be used, The 
substitution of the No. 30 for the No. 20 sieve would entail an obvious dis
advantage. The "B" grading test requires a 5000-gram test charge and a 4583-
gram (approximately) abrasive charge, The fourteen 420-gram ball abrasive 
charge _weighed approximately 5880 grams, Were a sieve smaller than the No. 20 
used to determine the per cent wear, the disproportion in the weight of the 
test charge and the abrasive charge would be increased still further. 
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Thus it is evident that the numerical correlation could not be 
materially improved by making some sieve other than the No. 20 the basis for 
determining the per cent wear. Furthermore, such a substitution would de
crease, in one respect or another, the degree of symmetry between the "B" and 
118 11 grading tests. 

Figures 8 and 9 show that the above remarks a~ply equally as well to 
the 65, 130, and 225-gram ball abrasive charge results. Therefore, any combi
nation of any one of these three abrasive charges with some sieve other than 
the No. 20 for determining wear would not yield as good a correlation as has 
been obtained with the 420-gram. balls and the No. 20 sieve. 

d. Actual Correlation Better than 
Numerical Correlation: 

The best average numerical correlation thus far obtained was secured 
with a 5000-gram teat charge, a fourteen 420-gram ball abrasive charge, 500 
Rattler revolutions, and the No. 20 sieve for determining the per cent wear. 
The average deviation of the 11811 wear from the "B" wear, including Trap and 
Cordova Cream, was 2.56 per cent (Figure 10), and, in the practical specifi
cation range (excluding Trap and Cordova Cream) (Figure 11), 1.78 per cent. 

It is now proposed to show that the actual correlation is better 
than this numerical correlation. 

Had an exact numerical correlation been obtained (still assuming the 
standard "B" test to be perfect), the 118 11 grading test would have been ob
viously in error. This is not the non sequitur it might appear to be. One 
point must be thoroughly understood. The "B" grading test degrades particles 
with an initial average diameter (0.6435-inch) 2.4 times the size of the "S" 
grading particle (average diameter of 0.230-inch). In other words, the initial 
average particle size differential must be borne in mind. 

If the rate of progressive degradation of two atones decidedly is 
dissimilar, the two 11 8 11 values should not have the same numerical relation as 
the two "B" values, and therefore "S" should not be equal to "B 11 in both cases. 

Considering only the standard "B" test, the. most obvious example of 
dissimilarity in the rate of progressive degr•dation of two stones is furnished 
by Chico and Courchesne stones. (Review discussion of Figure 3.) Note, in 
Figure 3, that the loss through sieves larger than the No. 40 is greater for 
the Courchesne than for the Chico, and the lose through sieves smaller than the 
No. 40 is greater for the Chico than for the Courchesne. This does not mean 
that, in relation to Chico, all Courchesne particle sizes with a diameter 
greater than 0.02-inch are more friable and that all particle sizes with a 
diameter less than 0.02-inch are tougher. Remember that the degradation is 
progressive, beginning with particles larger than 0.448-inch diameter. The 
relative difference in resistance to abrasion must begin at a point, or in a 
parti~le size range, considerably greater than the 0.02-inch size. It is 
impossible to say just where this point, or range, may be, but it is esti
mated to begin in a size range greater than 0.2-inch. Such a change in 
resistance to abrasion would, of necessity, be overcome gradually, so that it 
would become obvious in sizes considerably SI11aller than the sizes in which the 
relative change in toughness occurred. 
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Now let us take Chico and Courchesne 11S11 grading teat charges •. In 
this·case the particles already have been reduced to an average diameter of· 
0.230-inch, or a particle size range of 0.375-inch (3/8-inch screen) to 0.095-
inch (No. 10 sieve), Therefore the relative difference between the two atones, 
on the basis of resistance to abrasion, actUJ:1.lly has been changed, and should 
be, and is evidenced by the two pairs of "S" and 11B" values. 

Thus far only the specific case of. Chico vs Courchesne ha·a been con
sidered. Now, if it can be demonstrated that the smaller sizes of a stone are 
more, or leas, resistant to abrasion than the. larger sizes, relative to the 
average behavior of a number of stones, then it will be yet more evident that 
all 11811 test values should not be numerically equal to their respective "B" 
test values. 

Figure 5 ("B" grading chart) furnishes an excellent medium for this. 
demonstration. In this figure the No. 12 sieve, being the basis for de
termining the per cent wear, produces a straight line. On the basis of the 
standard wear teat this represents the average behavior of the five corre
lation stones. It now is desired to analyze the behavior of each of the atones 
in Pelation to the average behavior of all five atones in particle size ranges 
less than 0.0798-inch (effective opening of the No. 12). The No. 20, so, and 
200 sieve data were selected for this purpose, the other data being omitted .in 
order to avoid confusion in interpreting results. (Figure 5 shows that sieves 
other than the No. 20, 50, and 200 follow-the general trend almost exactly.) 

Figure 13 presents these data. The plotted points are the complements 
of the res~ective values in Table 7, and are identical with the respective 
points in Figure 5. The solid straight lines are linear curves of regression, 
and are fitted to the plotted points mathematically by the method of least 
,ciuares, thus assuring the best fit in each case. The linear equation, 

:y=bx+a, is derived from the simultaneous equations I..y = na + bix, and 
i..x:y = a Ix + b ! x2• In this case the per cent of a given· stone passing a 

given sieve constitutes they value, and the "B" wear (per cent) of that stone 
constitutes the x value. Thus each linear curve of regression expresses the 
aver.age behavior of the five atones on the sieve in question. 

Figure 13 shows that: 

(1) Chico and Ogden follow the average behavior of all five stones 
almost exactly, irrespective of the particle size. 

(2) Dudley loses somewhat more than the average through sieves 
smaller than the No. 12, but follows the average·behavior of all five atones 
fairly closely. Thie shows that the smaller sizes are slightly leas resistant 
to abrasion than are the larger sizes. Note that this difference is not 
cumulative, or progressive. This is demonstrated by the fact that the deviation 
from the average is approximately constant irrespective of the sieve size. 

(3) Courchesne loses considerably less than the average through 
sieves smaller than the No. 12, Thus the smaller sizes are more resistant to 
abrasion than are the larger sizes. Note that this difference increases through 
the No, 50 (and possibly further) as the sieve size decreases. 

(4) Maryneal loses considerably more than the average through sieves 
smaller than the No. 12. Thu.a the smaller sizes are leas resistant to ab-

. raaion than are the larger sizes. Note that this difference increases through 
the No. 50 (arid possibly further) as the sieve size decreases, 
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( 5) The slope of the average lines becomes slowly but surely 1J'je· 
as the a.ieve size decreases. ( See Section D, atti.dy of Figure 3, paragraph 4 
and "B" grading, paragraph 4.) 

Thus it may be stated that, on the basis of the average degradation 
. of the standard "B" grading teat charges into sizes Eimaller than the No, Hf. 
·. sieve size, Chico· and Ogden react normally, Dudley reacts in an approximately. 

no:rmal manner, and Courchesne .and Ma.ryneal react abnor.n:ially, Courchean.e amailer 
sizes actuali, being tougher than the larger size·s, and Maryneal smaii•r sites 
actually being more friable than the larger sizes, 

Therefore, it is eviderit that each and all Of the: "S" ~aluee should 
not be numerically equal to the respective "B" values, On the basis of the 

.... data in Figure 12, Chico and Ogden ''S" values .should be approxi!Qately eq~l 
to the "B" values, Dudley 118 11 should be somewhat higher than Dudley "B~'" 
Courchesne "S" should be considerably lower than Courchesne ''B," and: Maryne~l 
"S" should. be considerably higher than Maryneal "B. " :Figure 11 · shows that·,· · 
with one exception, · this is exactly the case. Dudley provides the exoepti,on, 
the ''S" value beins :equal almost exactly to the "B" value. 

4. Special "S" Grading .Teets with Chico Trial Stone: 

Inasmuch as the average diameter of the. "S" grading test charge 
particle is considerably smaller than that of the "B" gradins test charge 
particle, it was a distinct surprise to the writer that the 420-gram ball ab
rasive charge produced the best average correlation. Apparently the increased 
cushioning, or shook-absorbing action of the larger number of smaller particles 
partially compensates the effect of the decreased particle diameter. 

It was decided to investigate the effect of a smaller teat charge 
uppn the correlation, Should better results be secure~, well and good; should 
poorer results be· secured, th~ . excellent correlation a.+ready obtained · would be . : 
strengthened greatly by ~he negative a.newer. 

It was further decided to use all four classes of' abrasive charge 
balls, as nothing was known relative to the. action of a test charge of less 
than 5000 grams. 

. Some preliminary tests were deemed necessary. Ill o:rder to conseITe .., 
the original blended samples an add.iti:ona.11500 po:unds of Chico stone was · 
secured from the Concrete Research bin and 118 11 grading sizes were prepared and 
carefully blended in the same manner as were the origin.al correlation samples, 
except that no standard test charge sizes were prepared, Thia stone herein
after will be referred to as "Chioo Trial Stone." 

Twenty-six 118 11 grading tests were made on th.h stone for various 
purposes. The size of the test charge and the abrasive charges were,~aried. ·. 
The data obtained will not be analyzed; but the test results are given in 
A,Ppendix IV. 

A special test series ( comprising forty-eight tests) also was .. run . 
in order to obs.erve the action of smaller test charges. The total weight · of :; . 
the test charge was va.riep. as follows: 5000, 4000, 5000, 2000, 1000, and 500 
grams. The four abrasive· charges selected for the correlation with the 5000-. 
gram.test charge were used in this series, each abrasive ·charge being a 
constant throughout th,e range of test charge sizes. Two tests ,r~re made for 
an ave:rage for each conditi.on. The results of these tests app.ea.i' in Appendix v •. 
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Tables 12A, B, C, and D present these data. Each value is the 
average of the two respective teat values in Appendix v. (To designate the 
lose through any given sieve as "per cent wear" would be meaningless and mis
leading under these circumstances.) 

Table 12A 

Average Sieve Analysis Data on Chico 
Trial Stone Test Charges of Varying Size, 

Usins Ninet1-nine 65-Gra.m Balls 

Size of Teet Char5e (Grams} 
Sieve 5000 4000 3000 2000 1000 500 

(l/4 110 7.8 4.0 2.2 l.l o.4 0.1 
(No. 10 5'·~0 42.l 28.7 18.3 6.1 0.6 
(No. 12 59,9 48,l 35,9 23,5 8,4 0,8 

Avg. (No, 16 69.l 59,3 47,7 34,6 14,4 1.1 
~ Re- (No. 20 75,3 67,3 57,1 44.8 22,8 l. 7 
tained (No. 30 79,2 72,6 64,1 53,l 31.9 4,,0 
(Cumu- (No, 40 82,6 77,2 70,1 60.7 41,l 10,9 
lative) (No. 50 84.9 80.5 74,7 66.6 49,4 20,8 

(No, 60 85.9 81.8 76;7 69,5 53~9: 27,l 
(No, 80 87,0 83.5 79,1 72,9 58,9 \ 35,l 
(No.100 87.8 84.7 so.a 75.4 62.8 41.4 
(No.200 89,3 86.9 84.l 80,0 70,9 54.6 
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Table 12B 

Average Sieve Analysis Data on Chico 
Trial Stone Teat Charges of Varying Size, 

Uai!!S Fortl-Five 130-Grrun. Balla 
1,1, 
,j'» 

Size of Test Charge (Grams} 
Sieve 5000 4000 3000 2000 1000 500 

(1/4"0 7.7 3.9 2.5 2.0 1.1 0,2 
(No, 10 54,. 7 43,2 35,3 30.6 14.8 1.9 
(No. 12 60.3 49.6 41.9 36.4 18.5 2.4 

Avg. (No. 16 69.4 60.9 53.6 47,3 27.9 4.6 
~ Re- (No. 20 75.6 68.7 62.6 56.5 38.0 10.1 
tained (No. 30 79.4 73.6 68.1 62.9 45.6 17,1 
(Cumu- (No. 40 82.9 78.3 73.9 69.3 54.6 28.8 
lative) (No, 50 85.2 81.5 77 .9 73.7 61.3 39.3 

(No. 60 86.2 82.9 79.6 76.0 64.6 43.9 
(No. 80 87.2 84.5 81.6 78.4 68.6 so.a 
(No.100 88.1 85.6 83.1 80.2 71.6 55.9 
(No.200 89.5 87.7 85.9 83.7 77.4 65.7 

Table 12C 

Average Sieve Analysis Data on Chico 
Trial Teat Stone Charges of Varying Size, 

Using Twentl-five 225-Gram Balls 

Size of Test Char~e (Grams) 
Sieve 5000 4000 3000 2000 1000 500 

(1/4110 6.3 4.4 .4.3 3.3 1.3 0.2 
(No. 10 53.0 45.4 43.5 40.5 18.9 3.3 
(No. 12 59;4 50.9 48.5 46.1 22.s 4,7 

Avg. (No. 16 68.0 61.4 59.2 56.1 33,0 10.1 
~ Re- (No. 20 74.6 69.0 66.8 63.8 43.2 19.2 
tained (No. 30 78.5 73.9 71.9 69.0 50.7 28.2 
(Cumu- (No. 40 82.2 78.4 76.7 74.1 58.6 39.8 
lative) (No, 50 84.6 81.6 80.l 77 .8 64.6 49.1 

(No. 60 85.7 82.9 81.5 79.4 67.6 53.9 
(No. 80 86.8 84.5 83.3 81.4 71.2 59.7 
(No.100 87.7 85.6 84.5 82.8 73.8 63.7 
(No.200 89.3 87.8 87.0 85.6 79.1 72.3 
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Table 12D 

Average Sieve Analysis Data on Chico 
Trial Stone Test Charges of Varying Size, 

Ust~ Fourteen 420-Gram. Balla 

,..;;,·--·~- Size of Teat Char5e ( Gram.a ) 
Sieve 5000 4000 3000 2000 1000 500 

(1/4"0 6.lll 6.8 6.6 4.8 1.1 o.o 
(No. 10 52.9 50.5 50.2 43.0 21.9 3.9 
(No, 12 58.0 55.l 55.3 48,7 26.2 6.5 

Average (No. 16 67.2 64.6· 64.2 58.4 37,9 15.8 
'1, Re- (No. 20 73,9 71.6 70.8 65,8 48.0 28.4 
tained (No, 30 77 .9 76.l 75,4 70. 7 55,2 39,l 
( Cumu- (No. 40 81. 7 80.0 79,4 75.6 62.6 50.1 
lative) (No, 50 84.2 82.8- 82.2 79,0 68.1 58.4 

(No. 60 85.3 84.0 83.5 80.5 70.7 62.5 
(l'lo, 80 86.5 85.4 85.0 82,4 74.0 67.2 
(No, 100 87.3 86.4 86.0 83,7 76,3 70.6 
(No. 200 89 .o· 88.5 88,1 86,3 80,9 77 .5 

Figures 14, 15, and 16 are semi-logarithmic presentations of portions 
of the data in Tables 12-, 

Figure 14 (data from Table 12A) shows the degradaUon of the various 
size teat charges using an abrasive charge of ninety-nine 65-gram. balls. 
There naturally :i.s increased degradation as the size of the test charge is de
creased, but the increase is by no means regular in all phases of the degrada
tion, The rate of progressive degradation changes radically, 

Figure 15 (data from Table 12D) shows the degradation of the various 
size test charges using an a~rasive charge of fourteen 420-gram. balls. There 
is relatively little difference in the degradation of the 5000, 4000, and 3000-
gram test charges, the rate of progressive degradation changing more rapidly 
as the size of the teat charge is ~urther decreased, 

Similar figures representing the data in Tables 12B and C were like
wise made, but as the trend of the data was intermediate between those shown 
in Figures 14 and 15 only the two extremes in abrasive charge ball sizes are 
shown. 

A comparison of Figures 14 and 15 shows, in brief, that the 65-gram. 
balls cause a much more rapid increase in degradation, as the size of the test 
charge decreases, than do the 420-gram. oalla, The ~egradation of the 2000-
gram test charge with 65-gram. balls almost is identical with the degradation 
of the lOOQ-gram. test charge using 420-gram balls, 
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It is clear that the decreased cushioning, or shock-absorbing, action 
in the smaller test charges changes the progressive degradation radically. It 
is equally clear that the difference in degradation occasioned by 65 and 420-
gram ball abrasive charges (with intermediate stages furnished by 130 and 225-
gram ball charges) is much greater in the smaller test charges than in the 
larger. 

Figures 14 and 15, and the discussion thereof, confirm the opinion 
that the correJ.ation of 118 11 valuea,dth "B" values, using a test charge smaller 
than 5000 grams, should employ all four classes of balls. 

It now becomes necessary to select the optimum size test charge, Fig
ure 16 (data from Tables 12-) shows the degradation of the 1000 and 3000-gram 
test charges with each of the four classes of balls, The broken line repre
sents the average degradation of the 5000-gram test charge with the four abra
:aive charges, Each point on this line is the average of the four respective 
values in Tables 12-, The maximum deviation of any single value from this 
average is 1.2 per cent. Therefore, for practical ·purposes, the broken line 
represents the degradation of the 5000-gra.m test charge with any one of the 
four abrasive charges. 

Figures also were prepared showing the degradation of the 4000, 2000, 
and 500-gra.m test charges with each of the four abrasive charges, The trends 
of the 4000 and 2000-gra.m test cl:ia.rge data were intermediate, respectively, to 
the trends of the 5000 and 3000-gram data, and the 3000 and 1000-gram data. 
The trend of the 500-gram test charge data was an accentuation of the trend ap
parent in the 1000-gram test charge data, as may be seen, in part, in Figures 
14 and 15, 

Two chief factors were considered in selecting the size of the test 
charge for further investigation: (1) The degradations with the different ab
rasive charges should differ markedly from each other and from that of the 5000-
gram test charge; should there be no marked differences there could be no marked 
change in the correlation, either for better or for worse, (2) The degrada
tion should maintain the same general characteristics as that of the "B" grading 
(Figure 3), Were the 118 11 grading test charge degradation too radically differ
ent from that of the "B" grading test charge (as an extreme example note the 
500-gram test charge in Figure 14) the entire spirit of the correlation would be 
lost, even though, by varying the total weight of the abrasive charge, results 
with one stone on any one sieve could be made to check, 

It was realized that, by reducing the total weight of the abrasive 
charge so that the smaller "S" test charge loss through the No, 20 would be ap
proximately equal to the "B" wear, the degradations would not deviate so radi
cally from the normal (the "B," or the 5000-gram "S," test charge) as those 
shown in the three preceding figures, 

The ratio of the average "B" grading test charge particle, diameter to 
the weight of the test charge is 0,643 (inches) to 5000 (grams), If the same 
ratio were maintained in the ''S" grading test the test charge should weigh 1788 
grams, 

Considering the above mentioned factors, and the data in Figure 16, a 
2000-gram "S" grading test charge was selected for further correlation with the 
"B" grading test, 

55 (70) 



5, Correlation with the Following Constants: 
2000-Gram Test Charge; 500 Rattler Revolutions; 
Wear :Equals Per Cent Passii?B the No. 20 Sieve: 

It will be understood that all of the "S" grading tests in this 
series had the above-mentioned constants. 

a. Varying the Abrasive Char5~: 

"i" grading tests were run on each of the five correlation stones 
with the 65-gram. ball abrasive charge. The number of balls were varied until 
the sum of the plus deviations of the "S" values from the respective "B" val
ues ("S" greater than "B") was, as nearly.as possible, equal to the sum of the 
minus deviations of the "S" values from the respective ":S" values ("S" less 
than "B"). 

balls. 
This procedure was repeated with the 130,.the 225, and the 420-gram. 

The optimum number of balls of each size was found to be as follows: 

Claes of Balla 

65-Gram. 
130-Gram. 
225-Gram. 
420-Gram. 

<?J?timum Number of Baile 
I 

40 
27 
18 
11 

After the optimum number of balls had been asqert~ined each test was 
repeated twice so that an ave.~ge of three test values 11/,ight be obtained. 
Three teats also were made on Trap and Cordova Cream with each of the four ab-
rasive charges. · '. 

This aeries comprised one hundred and twenty-four tests, the results 
of which appear in Appendix VI. 

Tables 13A, B, C, and D present the results of this test series. 
Each of the values in Tables 13- is an average of the three respective test 
values in Appendix VI. (The individual tests may be identified by the number 
of ~alls in the abrasive charge.) 
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Table 13A 

Average Sieve Analysis Data on 2000-
Gram Test Charges after "S" Grading 

Test with Forty 65-Gram Balls 

Average Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

1/4"0 13.8 9.8 9.8 3.9 3.6 29.7 o.o 
No. 10 60.7 53.4 53.7 36.7 36.2 76.6 1.3 
No. 12 66.9 60.3 60.6 43.5 42.8 80.l 2.6 
No. 16 75.3 69.5 70.l 53.7 53.4 85.1 7.6 

*No. 20 80.63 75,43 76.00 60.40 60,55 88,03 14.60 
No. 30 84.6 80.2 80.6 65.9 66.4 90.2 21.9 
No. 40 87.5 83.4 83.8 69.7 70.5 91.7 27.9 
No. 50 89.6 85.8 86.3 73.0 73.8 92.8 32.9 
No. 60 90.7 86,9 87.5 74,6 75.6 93.4 35,8 
No. 80 91.8 88.2 88.8 76.9 77 .5 94.1 40.8 
No. 100 92.4 88.9 89.6 78.0 78.7 94.4 44.2 
No. 200 94.0 90.6 91.4 81.8 82.4 95.3 58.6 

*Wear(%) 19.37 24.57 24.00 39.60 39.45 11.97 85.40 

Table 13B 

Average Sieve Analysis Data on 2000-
Gram Test Charges after "S" Grading 
Test with Twenty-Seven 130-Gram Balls 

Averase Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

1/411 0 15.1 10. 7. 11.0 3.5 3.8 26.8 o.o 
No. 10 63.1 54.0 55.8 36.6 36.7 73.7 0.4 
No. 12 68.2 60.2 61,8 42.7 42.5 77.7 1.0 
No. 16 75.4 68.6 69.8 52.4 52.6 83.1 4.3 

*No, 20 80.12 74.13 75.35 59 .07 59.17 86.37 10.47 
No. 30 84.0 78,8 79.9 64.7 65.0 88.9 17 .9 
No. 40 86.9 81.9 83.2 68.6 69.1 90,6 24.4 
No. 50 89.1 84.4 85.7 71.9 72.6 91.9 29.7 
No. 60 90.0 85,5 87.1 73.6 74.2' 92.6 32.8 
No. 80 91.4 86,8 88.5 75.8 76.6 93.4 37.9 
No. 100 91.9 87.5 89.4 77 .2 77 ,8 93.8 41.7 
No. 200 93,5 89.3 91,5 81.6 81.4 94.9 56,4 

*Wear(%) 19.88 25.87 24.65 40,93 40.83 13,63 89.53 
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Table 130 

Average Sieve Analysis Data on 2000-
Gram Test Charges after "S" Grading 

Test with Ei6hteen 225-Gram Balls 

Averase Per Cent Retained (Cumulative) 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

J./4"0 19.0 13.5 12.8 3.6 4.0 26.9 o.o 
No. 10 65.0 58.7 58.7 38.2 39.2 74.4 0.2 
No. 12 69.9 64.0 63.8 44.5 45.5 78.0 0.5 
No, 16 76.3 70.6 71.4 53.2 53.6 83.l 3.0 

*No. 20 80.90 75.67 76.53 59.27 59.88 86.32 8.45 
No, 30 84.5 79.9 80.3 64.4 65.0 88.9 16.0 
No. 40 87.0 82,9 83.3 68.3 69.0 90.5 22.6 
No. 50 89.l 85.0 85.7 71.6 72.3 91.9 28.3 
No. 60 90.l 86.2 86.7 73.2 74.0 92.6 31.5 
No. 80 91.3 87.4 88.2 75.4 76.l 93.4 37.l 
No,100 92.0 88.l 88.9 76.7 77 .4 93.8 40.6 
No,200 93.4 89.9 90.6 80.9 81.0 95.l 54.8 

*Wear ('%,) 19.10 24.33 23.47 40.73 40.12 13.68 91.55 

Table 13D 

Average Sieve Analysis Data on 2000-
Gram Test Charges after "S" Grading 
Test wit.h Eleven 420-Gram Balls 

Averase Per Cent Retained ( Cumulative ) · 
Correlation Stones E. P. Stones 

Sieve D Ch C M 0 T cc 

1/4110 16.9 11. 7 12.0 3.1 3.4 25.9 o.o 
No. 10 64.4 55.5 57.0 35.6 37.0 72.4 0.1 
No. 12 69.1 61.0 63.4 41.9 43.1 76.6 0.4 
No. 16 75.6 68.7 69.8 51.6 52.5 82.0 2.7 

*No, 20 80.20 73.83 75.08 58.08 58.92 85.52 8.22 
No. 30 83.7 78.3 79.5 63.3 64.5 88.1 15.3 
No. 40 86.5 81.4 82.8 67.4 68.7 89.9 21.8 
No. 50 88.6 83.8 85.4 70.8 72.1 91.4 27.6 
No. 60 89.7 85.0 86.6 72.6 73.9 92.1 30.6 
No. 80 90.9 86.3 88.3 74.9 76,l 93.0 36.3 
No.100 91.6 87.0 89,l 76.2 77 .4 93.5 39.9 
No,200 93.3 88,9 91.1 80,7 81.2 94,8 54,3 

*Wear(%) 19,80 26.17 24,92 41,92 41.08 14.48 91. 78 
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Figures 17 and 18 present the data (omitting the 1/4-inch·screen) in 
Tables 13A and B, and Tables 13C and D, respectively. As the stones are plot
ted along the abscissas according to their respective "B" wears these figures 
may be compared directly with Figures 5, 8, and 9. Without going into detail, 
it may be seen, by a comparison of Figures 17 and 18 with Figures 8 and 9, that 
the degradation of the 2000-gram test charges is very similar to that of .the 
5000-gram test charge. In view of the data obtained from the special tests on 
Chico Trial stone (Section D:4) the similarity is surprising. The similari
ties in the degradation of the 11B11 test charge (Figure 5) and the 2000-gram "S" 
test charge (Figures 17 and 18) are apparent; the differences are, for the most 
part, occasioned by the initial particle size differential. 

Table 14A presents a summary of the correlation of the "S" and "B 11 

tests obtained using four ball weights, a 2000-gram test charge, 500 Rattler 
Revolutions, and the No. 20 sieve for determining the "S" wear. The standard 
"B" wear values are taken from Table 7, and the "S" wear values from Tables 13-. 

Table 14A 

Summary of Correlation Data 
(Constants for "S" Grading Test: 2000-Gram Test Charge; 500 

.Rattler Revolutions; "S" Wear Equals 
Per Cent Passing No. 20 Sieve) 

"S" Wear (Per Cent) 
"B" 40 27 18 11 
Wear 65-Gm. 130-Gm. 225-Gm. 420-Gm. 

Stones <i) Balls Balls Balls Balls 

(Dudley 20.84 19.37 19.88 19.10 19,80 
Corre- (Chico 26.80 24.57 25.87 24.33 26.17 
lation (Courchesne 29,82 24,00 24.65 23.47 24.92 
Stones (Maryneal 34.06 39.60 40.93 40.73 41,92 

(Ogden 38.33 39,45 40.83 40.12 41.08 

E. P. (Trap 9,43 11.97 13.63 13.68 14.48 
Stones (Cordova c. 72.44 85.40 89,53 91.55 91.78 

Table 14B presents the deviations of the "S" values from the respec
tive "B" values as shown in Table 14A, 
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Table 14B 

Deviation of "S" Wear from 11B11 Wear 
(Data Taken from Table 14A) 

Deviation ( "S" from 11B11 ) 

40 27 18 11 
65-Gm. 130-Gm. 225-Gm. 420-Gm. 

Item Balls Balls Balls Balls 

. (Dudley -1.47 -0.96 -1.74 -1.04 
(Chico -2.23 -0.93 -2.47 -0.63 

Correlation (Courchesne -5.82 -5.17 -6.35 -4.90 
Stones (Maryneal +5.54 +6,87 +6.67 +7,86 

(Ogden +l.12 +2.50 +l,79 +2.75 

End-Point (Trap +2.54 +4.20 +4.25 +5,05 
Stones (Cordova c. +12,96 +17,09 +19.11 +19.34 

(Total(+) 22,16 30.66 31.82 35.00 
Correlation (Total(-) 9 .52 7.06 10.56 6.57 
and End-Point (Total 31.68 37.72 42.38 41.57 
Stones (Average 4.53 5.39 6.05 5,94 

(Total(+) 6.66 9,37 8.46 10.61 
Correlation (Total(-) 9.52 7.06 10.56 6,57 
Stones (Total 16.18 16.43 19.02 17.18 

(Average 3,24 ..3 .29 3.80 3.44 

Figure 19 presents the data on the correlation and end-point stones 
in Table 14A graphically, Figure 20 presents the data on the correlation 
stones in Table 14A. It is merely an enlargement of the section indicated on 
Figure 19. The deviations (from Table 14B) are shown in tabular form on these 
figures for convenience, 

A comparison of Figures 19 and 10, which include the extreme con
ditions, shows that: 

(1) When testing the extreme condition of toughness (Trap) the 2000-
gram test charge yields approximately as good a numerical correlation as the 
5000-gram test charge, but when testing the extreme condition of friability 
(Cordova Cream) the 2000-gram test charge is radically in error. 

(2) The best average numerical correlation (the lowest average devi
ation) secured with the 2000-gram test charge (average deviation equals 4.50 
per cent wear with an abrasive charge of forty 65-gram balls) is considerably 
worse than the worst average numerical correlation obtained with the 5000-gram 
test charge (average deviation equals 3.57 per cent with an abrasive charge of 
ninety-nine 65-gram balls). 

Figure 20 shows that there is very little-difference, in the degree 
of numerical correlation obtained with the 2000-gram test charge, between any 
two of the four abrasive charges. 

A comparison of Figures 20 and 11, which exclude the extreme con
ditions, shows that: 
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(1) The best average numerical correlation (the lowest average de
viation) secured with the 2000-gra.m test charge (average deviation equals 3.24 
per cent) is only slightly better than the worst average numerical correlation 
obtained with the 5000-gra.m test charge {average deviation equals 3.52per 
cent). 

(2) The lowest average deviation with the 2000-gra.m test charge 
(3.24 per cent) is almost twice the lowest average deviation obtained with the 
5000-gram. test charge (1.78 per cent). 

Thus, taking into consideration both the practical specification 
range and the extreme conditions of resistance to abrasion, it is clear that 
the 2000-gram "S" grading test charge is much inferior to the 5000-gra.m charge. 
Furthermore, it is not reasonable to suppose that a test charge intermediate 
in weight between 2000 and 5000 grams would improve the 5000-gram test charge 
correlation materially, if at all. 

b. Sieve.for Determining Per Cent Wear: 

Using the No. 20 sieve to determine the per cent wear the 2000-gram 
test charge was found to be inferior to the 5000-gram test charge. Would 
some sieve other than the No. 20 yield a better correlation? Figures 17 and 
18 answer this question. Note that each segment of the sieve lines adjacent 
to the No. 20 sieve line is almost exactly parallel with the corresponding 
segment of the No. 20 sieve line. Therefore, the correlation could not be 
materially improved by substituting any sieve (within reason) in place of the 
No. 20 for determining the per cent wear. 

6. Rattler Revolutions Kept Constant at 500: 

The following possible variables in the correlation of the "Su grad
ing test with the "B" grading test have been disposed of: (1) grading of the 
test charge; (2) total weight of the teat charge; (3) sieve for determining 
wear; (4) size, or weight, of the individual abrasive charge balls; (51) number 
of balls constituting, or total weight of, the abrasive charge. 

But one possible variable remains; namely, the number of revolutions 
of the Rattler. 

It was decided that the "S" grading test should employ 500 Rattler 
revolutions for the following major reasons: 

(1) A good numerical correlation has already been obtained, the ac
tual correlation being much better than the numerical. It is almost certain 
that the numerical correlation could not be improved materially by varying the 
number of Rattler revolutions. 

(2) Should the "S" teat employ a different number of revolutions 
than is used for the standard test, dissatisfaction and misunderstanding would 
be certain to ensue. Producers and engineers alike would ask ''why?" The 
only answer which could be given to this question would be "to improve ·the 
numerical correlation between the two tests." The logical, and very evident, 
rebuttal to this answer would be that such action was unjustifiable on the 
grounds that the spirit of the standard teat was violated. An amplification 
of this statement will constitute the third point. 
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(3) The standard abrasion teat measures the resistance of an aggre
gate to a specified amount of abrasion. Thus, aggregates may be evaluated on 
the basis of their service value, or in comparison with one another, As it 
is not the purpose of this investigation to question the accuracy of the stand
ard teat as a measure of quality, WEj are interested only in comparative values. 
Standard test values may show stone "X" to have a wear of 20 per cent and atone 
"Y" to have a wear of 40 per cent. Thus, in comparing "X11 and "Y," we may 
say that: (1) "Y" wears 20 per cent more than "X"; (2) "Y'' wears twice as much 
as "X." This numerical difference, or this ratio, depending upon the purposes 
of the comparison, should not be altered. Should the number of Rattler revo
lutions be varied the test values of two stone would not bear a constant rela
tion to each other, A simple demonstration of this statement follows: 

A ''B" grading teat charge of Dudley limestone was run 300 revolutions 
in the Battler. The charge was removed and shaken thoroughly over the No, 12 
sieve. Care was taken to lose no dust, The material retained upon the No, 
12 sieve was weighed and the per cent wear calculated, The entire test charge 
(that retained, and that passing, the No. 12) was returned to the Battler and 
the test continued, the per cent wear being obtained in like manner at the end 
of 500, 750, 1000, and· 2000 revolutions, A second sample was run in identical 
fashion so that an average value might be obtained. The above teat was re
peated using Ogden Limestone, (The test charges were not washed prior to de
termining the per cent wear, but as both stones received the same treatment 
this is not objectionable.) (The standard "B" grading abrasive charge was em
ployed in all tests.) 

Table 15 presents the results of this teat series. F.ach value is 
the average of two test values. The "Ratio" was secured by dividing the per 
cent wear of Ogden by the per cent wear of Dudley. 

No, of 
Rattler 
Revolutions 

300 
*500 
_750 
1000 
2000 

*Standard Test, 

(70) 

Table 15 

Effect of Varying the Number of 
Rattler Revolutions 

Per Cent Wear Numerical 
Dudley Ogden :Difference 

120 7 24.6 11.9 
20.7 38.1 17,4 
30. 7 51.9 21,2 
39,7 64,l 24,4 
68.9 95,7 26.8 
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1.8 
1.7 
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Table 15 shows that the relationship (as measured by abrasive test 
values) between two stones may vary markedly as the number of Rattler revolu
tions varies. It is clear, therefore, that a factor which so qbvioualy alters 
the basic principle of the standard test should not be introduced into the "S" 
grading test. 

E. The Standard "S" Grading Test: 

In view of the results obtained, the following Los Angeles Rattler 
test was selected as the standard "S" grading test: 

Test Charge: The test charge shall consist of 2500 grams of 3/8-inch 
(round-hole screen) to 1/4-inch (round-hole screen) material and 2500 grams of 
1/4-inch (round-hole screen) to No. 10 (squa:re mesh sieve) material, The 
screens and sieve shall comply with the requirements listed in A.A.S,H.O. Method 
T-27-38 and A.S.T.M 1 Designation Ell-38T, 

Abrasive Charge: The abrasive charge shall consist of fourteen 1-7/8-
inch steel balls, The weight of each ball shall be 422,5 + 17.5 grams, and 
the total weight of the charge shall be 5834 t 25 grams, -

(This ball is the standard Los Angeles Rattler abrasive charge ball 
as specified in A.A,S.H.O, Method T-96. The standard "A" and "B" grading ab
rasive charges of 5000 + 25 grams (twelve balls) and 4583 + 25 grams (eleven 
balls) indicate an average ball weight of 416.7 grams, The "S" grading abra
sive charge of 5834 + 25 grams assumes the same average ball weight and allows 
the same tolerance. -Note, in Appendix III, that some of the fourteen ball 
charges exceeded this tolerance by a small amount (maximum of 61 grams), Total 
abrasive charge weights had not been specified at that time, In addition to 
the fact that the variation was not great, note that.the average numerical car~ 
relation could have been affected only slightly, as a decrease of the plus 
deviations would have been accompanied by a corresponding increase of the minus 
deviations,) 

Sieve for Determining Wear: After the abrasion test, that portion of 
the test charge, expressed as a percentage by weight of the total test charge, 
which passes a No. 20 sieve (U. s. standard sieve series) shall be known as the 
per cent wear. The sieve shall comply with requirements listed in A,A.S,H.O. 
Method T-27-38 and A.S.T.M. Designation Ell-38T, 

The standard 118 11 grading test shall conform with the procedure given 
in A.A.S.H.O. Method T-96 with the above exceptions, and the following excep
tions: 

(1) The degraded test charge shall be sieved over the No. 20 after 
washing. This is important. In some types of stone the dust binds relatively 
large particles together. While washing may remove the very fine dust it will 
not remove these larger particles which will pass the No, 20, (If desirable, 
the degraded test charge may be sieved over the No. 20 prior to washing that 
which.is retained, but in this case the material must be sieved on the No, 20 
again after washing and drying.) (Care should be taken not to overload the 
sieve, nor should very large pieces be shaken on the sieve.) 
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(2) The parenthetical note in Method T-96 regarding the loss after 
100 revolutions should be ignored. Our conclusions (see Concrete Research 
Project No. 100) show the 100-Revolution loss to be worthless as an indicator 
of the uniformity of the sample, 

F. Check on Accuraci of Correlation: 

In order to check the accuracy of the correlation of the standard 11B" 
and 11S11 grading tests the thirteen correlation-check stones were tested. Three 
11A," three "B," and three "S 11 grading teats were made on each stone. The 
standard "S" grading test (Section E) was employed. These test results appear 
in Appendices VII, VIII, and IX, respectiveiy. · 

Tables 16A, B, and C present, respectively, the sieve analysis data 
on the various "A," ".B," and "S" grading test charges after testing. Each value 
in these tables is the average of the three respective values as shown in the 
Appendices. 

It was necessary to designate the various stones by symbols, as 
follows: 
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Correlation-Check Stones 

Allamore Rhyolite 
Beckmann Limestone 
Brownwood Limestone 
Denison Limestone 
Dittlinger Limestone 
Hamlin Limestone 
Huntsville Quartzite 
Huntsville Quartzitic Sandstone 
Palo Pinto Limestone 
Quitaque Quartzite 
Servtex Limestone 
Trinity Quartzite 
Trinity Quartzitic Sandstone 

Table 16A 

Average Sieve Analysis Data on 
Correlation-Check Stones Test 

Charges after Standard "A" Grading Teet 

Symbol 

AR 
BL 
BrL 
DL 
DtL 
HL 
HQ 
HQS 
PPL 
QQ 
SL 
TQ 
TQS 

Aver~Per Cent Retained {Cumulative) 
Sieve AR BL BrL DL DtL HL 

l" 5.4 3. 2 7.1 9.2 2.8 4,1 
3/4" 24,2 10.9 22,6 21.9 14.0 16,2 
1/211 37.l 17,2 30.7 31. 0 19.6 23;1 
3/8" 49.0 23~0 42.7 38.8 23.9 29.9 
3/9110 53.0 2.6,1 46.9 42,l 26,0 32.5 
1/4110 62.6 36.4 57,1 51.2 32.9 39.6 
No. 10 75.9 56.4 71.0 65,9 47.2 53.5 

(Continued next page) 
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HQ 

4.9 
20,4 
27.6 
37,2 
40.6 
48.9 
63.3 



Table 16A (Continued) 

Averase Per Cent Retained (Cumulative) 
Sieve AR BL BrL DL DtL HL HQ 

*No. 12 77.44 58.57 72.71 67.97 49.19 55.75 65.26 
No. 16 80.4 65.0 76.1 71.4 52.6 59.4 68.6 
No. 20 82.8 66.5 78.8 74.2 55.3 62.'5 71.4 
No. 50 85.0 69.l 81.l 76.4 57.8 65.0 74.1 
No. 40 86.9 71.8 85.2 78.6 61.l 67.5 77 .3 
No. 50 88.6 74.0 85.1 80.5 64.5 69.5 81.6 
No. 60 89.5 75.1 86.0 81.2 66.4 70.5 85.7 
No.· 80 90.6 76.6 87.5 82.5 69.2 71.5 86.7 
No.100 91.5 77.6 88.0 85.2 n.o 12.2 88.2 
No.200 95.l 80.5 90.1 85.4 76.8 74.5 92.7 

*Wear (i) 22.56 41.45 27.29 32.05 50.81 44.25 54.74 

Averase Per Cent Retained {Cumulative} 
Sieve HQS PPL QQ SL TQ TQS 

' 
l" 4.9 6.4 4.5 5.9 4.7 5.7 

3/4" 20.4 22~8 22.0 19.1 19.1 17.2 
1/211 28.3 31. 7 32.2 26.5 27.7 25.5 
5/8" 57.7 40.8 45.2 55.l 56~5 29.9 
5/8110 40.9 44.7 47.4 58.6 40.0 52.5 
1/4110 49.2 55.9 58.7 49.4 49.5 59.l 
No. 10 65.5 68.l 75.9 66.0 65.l 52.5 

*No. 12 65.57 70,27 75.86 68.21 67.25 54,51 
No. 16 68.8 75.6 79.1 72.5 70.9 58.6 
No. 20 71.9 76~6 82.0 75.7 75.6 62.7 
No. 30 75.0 79.l 84.0 78.6 76!0 67.0 
No. 40 78.6 81.5 85.9 81.2 78~5 73.5 
No. 50 82.6 85.4 87.6 85.4 so.a 79.2 
No. 60 84.6 84.4 88.5 84.5 82.1 81.6 
No. 80 87.6 85.8 89.9 86.0 85.5 85.0 
No.100 89.0 86.6 90.8 86.8 87.l 86.8 
No,200 93.6 89.l 95.4 89.2 92.2 91.9 

*Wear (i) 54.65 29.73 24.14 31. 79 32.77 45.49 
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Table 16B 

Average Sieve Analysis Data on Corre-
lation-Check Stones Test Charges af-

ter Standard "B" Grading Teet 

Average Per Cent Retained ~Cumulative) 
Sieve AR BL BrL DL DtL HL HQ 

1/2 11 12.4 2.3 7.4 6.1 1. 7 3.7 5.0 
3/8" 32.5 9.8 25.2 18.3 7.6 13.5 18.2 
3/8110 39.7 14.1 32.9 24.7 10.7 18.1 23.7 
1/4110 57.5 30.2 50.2 40.9 22.s 32.2 39.5 
No, 10 76.9 57.1 71.1 65.6 47.0 57.4 62.4 

*No, 12 78. 77 60.07 73.46 68.03 50.35 60.27 64.81 
No. 16 82.1 64.9 77.2 72.5 54.1 64.6 69.1 
No. 20 84.1 68.5 80.1 75.5 57.2 67.6 72.3 
No, 30 86.6 71.4 82.5 78.0 60.3 69.8 75.1 
No. 40 88.4 7'3. 7 84.5 80.0 63.1 71. 7 78.2 
No, 50 89.9 75.6 86.2 81.5 66.2 73.0 82.4 
No. 60 90.6 76.5 86.9 82.2 67.9 73.7 84.4 
No. 80 91.5 77. 9 88.0 83.3 70.5 74.3 87.2 
No.100 92.0 78.5 88.6 83.9 71.9 74. 7 88.5 
No.200 93.5 81.0 90.4 85.5 77 .2 75.8 92.8 

*Wear(%) 21.23 39.93 26.54 31.97 49.65 39.73 35.19 

Average Per Cent Retained (Cumulative} 
Sieve HQS PPL QQ SL TQ TQS 

1/211 3.7 6.1 6.6 2.7 3.4 3.1 
3/8" 14.9 19.5 24.0 15.4 16.3 11.0 
3/8110 20.7 26.4 32.8 22.0 21.9 14.6 
1/4110 35.9 43.5 51.4 39.4 38.5 26.9 
No, 10 60.8 67.5 74.3 64.8 63.1 50,5 

*No, 12 63.59 70.17 76.65 67,92 66.55 53,61 
No. 16 68,5 74.5 80,4 72.8 71.1 58,9 
No. 20 72,2 77 .8 83.3 76.5 74.2 63,6 
No, 30 75,6 80.3 85.4 79.7 76.7 68,5 
No. 40 79,5 82.5 87.4 82.2 79.1 74.8 
No. 50 83.4 84,3 88.9 84,4 81.4 80.5 
No. 60 85.2 85,1 89.8 85.3 82,8 82.9 
No, 80 88.1 86.4 90.9 86.7 85.9 86.1 
No,100 89.5 87,0 91.6 87.4 87.9 87,6 
No,200 93,9 89,1 94.0 89.5 92.4 92,6 

*Wear(%) 36,41 29. 83. 23,35 32.08 33,45 46.39 
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Table 16C 

Average Sieve Analysis Data on Corre-
lation-Check Stones Test Charges 
After Standa:rd "S" Grading Test 

Average Per Cent Retained {Cumulative) 
Sieve AB :BL .. BrL DL Dt:L HL HQ 

1/4"0 6,8 2.1 7.1 4.9 1.1 1.0 2.7 
No. 10 52.6 36.6 48. 7 44.6 25. 3 28.6 :38.7 
No. 12 59.4 43:5 55.5 51.6 31.8 36.7 45. 7 
No. 16 69.0 54.1 65.6 62.l 41,8 49~1 56.Q 

*No. 20 75.41 61.08 72.04 68.74 48,85 57.03 62.93 
No. 30 80.4 66.4 76.7 73.8 54.7 62,9 68.2 
No. 40 83.8 70.6 80.7 77.5 59,9 67,:3 73.7 
No. 50 86.5 73.7 83,6 80,1 64.7 70.3 79,9 
No. 60 87.6 75.0 84.8 81.3 67.0 71,4 82,7 
No. 80 89!1 76.7 86.5 e2.s 70,1 72. 7 86,1 
No.100 89.8 77.6 87.1 83.2 71. 7 73.2 87.8 
No.200 91.8 79.9 89.0 84,9 76,6 74.4 92.4 

*Wear (i)24. 59 38.92 27.96 31,26 51.15. 42.97 37,07 

Average Per Cent Retained {Cumulative} 
Sieve HQS PPt gQ SL Tg TQS 

1/4110 2.2 5.4 7,7 5,1 3.7 1.0 
No. 10 37.4 45.8 56.3 45.0 43.1 27.1 
No. 12 44.7 52,6 62.7 52.4 50.3 34.6 
No. 16 55.5 . 63~0 71:6 62~7 60.1 46.5 

*No. 20 62.93 69.81 77~28 s9;59 66.15 54.82 
No. 30 69.l 74.7 81.1 74,9 70.6 62.7 
No. 40 75,3 78,8 84,5 79.l 74.8 71.8 
No. 50 81.0 81.8 86.9 82.3 . 78,2 79.0 
No. 60 83,6 93:2 88,2 83,6 80,2 81.8 
No. 80 87.0 84.8 89.7 85.4 84.3 85.3 
No.100 88'. 7 85.6 90,7 86!2 86.3 87,1 
No.200 93,5 87.2 93.5 99;5 91.6 92.6 

*Wear (i) 37.07 30,19 22.12 30,41 33.85 45.18 

Figures 21, 22, and 23 present, respectively, the data in Tables 16A, 
B, and c. We already are familiar with this method of graphical presentation 
of degradation. In each case the stones are plotted along the abeissas ac
cord.ing to the.· actual wear values obtained! whether "A,(' 11B, n or "S" • (In 
previous graphs .of this nature depicting the degradation of·"s" grading test 
charges the stones have been plotted along the abeissas according to their 
respective "B" wear values.) Thus the progressive degradation of the test 
charges may be viewed in relation to the resistance to abrasion as measured. 
by the particular test under consideration. 
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In order that the meaning of these figures may be interpreted correct
ly it must be unde+stood clearly that the chief dissimilarities are occasioned 
by the horizontal spacing of the stones according to their wears. (As an ex
treme case note the unfortunate deviation of the "A" and "B" wears for Hamlin 
limestone.) 'l'aking into account t4is condition it may be seen that the pro
gressive degradation of all stones is very similar regardless of the test to 
which they are subjected. 

The "A" and 118 11 grading test charge degradations (Figures 21 and 23) 
are presented only for the purpose of demonstrating that the degradation is 
similar regardless of the test. The "B" grading test charge degradation 
(Figure 22) alone will be considered fro.tn this point on, 

Having become accustomed, in analyzing "B" grading test charge degra
dation, to the appearance of Figures 5 and 13, Figure 22 is rather startling. 
Taking the apparently discordant features we see that~ 

(1) The excessive al.ope of the lines connecting the Denison and 
Servtex points is occasioned chiefly by the very slight difference in the per 
cent wear. Thus, a small difference in the per cent passing a given sieve 
other than the No. 12 causes a large difference in the slope of the line. The 
same is true for the Hamlin and Beckmann points. 

(2) Excessive irregularities are caused by the quartzitic atones. 
These atones have much less passing the finer sieves than do limestones with ap
proximately equal wears. This effect is not nearly so pronounced with Quitaque 
quartzite because it is so resistant to abrasion (23.35 per cent wear) in the 
larger, as well as in the smaller sizes. The general effect would have been 
even more irregular had one or more limestones chanced to fall between Trinity 
quartzite and Huntsville quartzitic sandatone. 

The chaotic appearance of Figure 22 makes it difficult to visualize 
the actual uniformity of the results, Limestones and quartzitic stones, being 
inherently different, should be considered separately. Figure 24 presents the 
degradation of the correlation-check limestones and Allam.ore rhyolite. Figure 
25 presents the degradation of the correlation-check quartzitic stones. 
(Rhyolite might have been included in either group or omitted altogether, Re
sults would not have been affected.appreciably,) 

In Figure 24 note again the excessive slope of the Denison-Servtex 
and Hamlin-Beckmann lines, In addition to the cause already noted, it is evi
dent that Denison becomes increasingly less resistant to abrasion than Servtex -
as the particle size.decrf?S,ses, and/or Servtex becomes increasingly more re
sistant to abrasion than Denison. The same may be said for Hamlin and Beckmann 
limestones. 

Tb@ general trend of the data in Figure 24 is almost identical with 
that in Figl.ll'es 5 and 13. 

What a different picture is presented by Figure 25. The data has a 
remark~bly uniform trend. The essential difference between the degradation of 
limestone and quartzitic stQne is appar~nt. 
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It has already been observed that, given two limestones of unequal wear, the 
numerical difference in the amount passing a given sieve tends to decrease as 
the sieve size decreases. (See discussion of Figures 5 and 13.) With the 
quartzitic stones this trend is accentuated greatly. It is, in fact, so pro
nounced that Trinity quartzitic sandstone, with a wear of 46.39 per cent, has 
only 1 0 4 per cent more passing the No .• 200 sieve than has Quitaque quartzite, 
which has a wear of 23.35 per cent. Considering all five quartzitic stones, 
it may be seen that the maximum difference in the amount passing the No. 200 is 
only 1.6 per cent. This phenomenon cannot be satisfactorily explained by the 
writer. 

The accuracy of the actual correlation, or the ability of the standard 
"S" grading test to duplicate "B" grading test values, will not be ascertained. 

Table 17 presents a summary of the correlation-check data. 
wears are taken from Table 16B and the "S" wears from Table 16C. 

The "B" 

Table 17 

Summary of Correlation-Check Data 

Correlation-Check Stones 

Allam.ore Rhyolite 
Beckmann Limestone 
Brownwood Limestone 
Denison Limestone 
Dittlinger Limestone 
Hamlin Limestone 
Huntsville Quartzite 
Huntsville Q. Sandstone 
Palo Pinto Limestone 
Quitaque Quartzite 
Servtex Limestone 
Trinity Quartzite 
Trinity Q. Sandstone 

Wear (Per Cent) 
"B" "Sit 

21.23 
39.93 
26.54 
31.97 
49.65 
39.73 
35.19 
36.41 
29.83 
23.35 
32.08 
33.45 
46.39 

24.59 
38.92 
27.96 
31.26 
51.15 
42.97 
37.07 
37.07 
30.19 
22.72 
30.41 
33.85 
45.18 

Total(+) 
Total(-) 
Total 
Average 

Deviation 
"S" from "B" 

+3.36 
-1.01 
+1.42 
-0.71 
+1.50 
+3.24 
+1.88 
+0.66 
+0.36 
-0.63 
-1.67 
+0.40 
-1.21 

12.82 
5.23 

18.05 
1.39 

Figure 26 presents the data in Table 17 graphically. The total and 
average deviations (per cent wear) are shown in tabular form on the figure for 
convenience. 

The plus deviation exceeds the minus deviation by 7.59 per cent wear, 
but as thirteen stones are being considered this is not excessive. No better 
balanced correlation could have been obtained. An abrasive charge of thirteen 
420-gram. balls would result in a tremendous increase of the total minus devia
tion, and would have decreased the total plus deviation to approximately zero. 

The average deviation of 1.39 (per cent wear) is considered to be an 
excellent result,··· The physical and petrographic characteristics of the stones 
varied widely, and. the wears ( "B" test) ranged from 21.23. to 49 .65 per cent. 
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The average numerical deviation of 11 S11 values from 11B11 values is leas than had 
been anticipated. The opinion that a satisfactory "S" grading test hae been 
developed now amply is confirmed. 

No attempt will be made to analyze in detail the major numerical dis
crepancies between the "S 11 and "B 11 test values on the basis of the "B" grading 
test charge degradation as was done with the correlation stones. The number 
and variety of the correlation-check stones makes the question a complicated 
one. It may be remarked, however, that Figure 24 furnishes an explanation for 
the 11S" wear of Hamlin and Dittlinger limestones, and partially accounts for 
the "S" wear of Allamore Rhyolite. It is fortunate for the numerical correla
tion that the peculiar trend of progressive degradation of the quartzitic stones 
did differ widely from that of the limestones in sieve sizes larger than the No. 
30, 

In order to obtain the final numerical correlation value, all of the 
twenty stones which have been used should be considered as one group. The av
erage numerical deviation (per cent wear) of all 11S" test values from the re
spective "B" test values, including the extreme conditions (Trap and Cordova 
Cream), ia 1.80. In the more practical specification range (excluding Trap and 
Cordova Cream) the average deviation is 1.50. 

G. Special Factors to Be Considered in Connection 
with the Correlation: 

An attempt to explain all the major discre~cies in the correlation 
of the "S" and "B" values would doubtless involve a large number of complex 
factors. Such an attempt will not be made. It is considered desirable, how
ever, to demonstrate one general factor, and to discuss one special case of 
discrepancy in the correlation. 

1. Effect of Test Charge Particle Angularity: 

It was considered possible that certain discrepancies in the correla
tion might be occasioned by variation of the test charge particle angularity, 
In order to investigate this possibility an index figure was evolved, and named 
"Factor of.Angularity." This factor was derived as follows: 

(1) All test charge particles were assumed to be spheres and the 
theoretical number of particles per pound were calculated for each size of each 
teat charge (including the 1/4-inch to 5nnn., the 5nnn. to 3nnn., and the 3nnn. to No. 
10 sizes in the 1/4-inch to No. 10 portion of the 11S11 grading teat charge) for 
each atone. The following formula was revolved and employed for this purpose: 

theoretical particles per pound= 52.804, where G = the bulk specific gravity 
Qd.3 

(Table 2), and d = the ~verage particle diameter (Table 5). 

(2) The theoretical number of particles per pound (each particle 
size) was divided into the respective number of actual particles per pound 
(Tables 3A and B). Thia ratio constituted the factor of angularity for the 
particular size under consideration. The thinner, the flatter, and the more 
angular a particle, the leas will be the volume of that particle in relation to 
its diameter. Thus, the higher the factor of angularity, the thinner,. flatter 
and more angular the particles. (An unavoidable error is introduced into the 
results by prismatic fracture, but ordinarily this error is small.) 
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(3) The complete factor of' angularity f'or the "A," the "B," and the 
"S'' test charge f'or each stone was obtained by averaging the factors of' angu
larity of' the various particle sizes employed in the test charge, (A weighted 
average f'or the 1/4-inch to No. 10 size was secured by applying the screen 
analysis data in Table 3B). 

Thus the factor of angularity furnishes a relative measure of' the 
angularity of' various sizes of' various stones. 

Table 18 shows the results of' these calculations, The angularity 
of' the "A" grading test charges will not be analyzed, but the results are :pre
sented f'or those who may be interested, The two end-point stones are not 
considered. The values under "Deviation ("S" f'rom "B")" are the numerical 
deviations of' 118 11 f'rom "B," designated as :plus where 118 11 is greater than "B" 
and as minus where "S" is less than "B." 

Table 18 

Relative Angularity of' Test Charge Particles 

Factor of Angularit;r Deviation 
Stone ''A" ''B" hsn ( "S" f'rom "B") 

Dudley L. 2.025 1.840 1.845 +0.005 
Chico L. 1.796 1.605 1.692 +0.087 
Courchesne L. 2.015 2.000 1. 789 -0.211 
Ma.ryneal L. 1.846 1,763 1.618 -0.145 
Ogden L. 1.824 1. 727 1,635 -0.092 
Allam.ore R. 1.712 1.605 1.761 +0.156 
Beckmann L. 1.865 1,744 1.833 +0.089 
Brownwood L. 1.885 1.745 1,762 +0.017 
Denison L. 1.694 1,590 1,585 -0.005 
Dittlinger L. 1.915 1. 762 1.617 -0.145 
Hamlin L. 1.749 1.668 1.578 -0,090 
Huntsville Q. 1.859 1.754 1.813 +0.059 
Huntsville Q. s. 1.922 1.910 1.918 +0.008 
Palo Pinto L. 1.851 1.846 1.895 +0.049 
Quitaque Q. 2.054 1.961 1.821 -0.140 
Servtex L. 2.086 2.154 2.064 -0.090 
Trinity Q. 1.985 1.981 1.979 -0.002 
Trinity Q. s. 1.886 1.786 1.778 -0.008 
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It may be seen that the numerical range in the factors of angularity 
does not appear to be great, but, so far as the writer knows, there are no 
criteria available for judging these data. 

In this case we are interested only in the relative angularity of 
the "B" and "Sn test charges. It is presumed that increased angularity re
sults in decreased resistance to abrasion. Therefore, with a given stone, 
all other things being equal, an. "S" test charge with.a given fact;or of angu
larity should show more wear than a "B" test charge with a lower factor of an
gularity, and vice versa. 

Figure 27 presents the average effect of relative angularity on the 
relative wear. · The numerical deviations of the "S" wears from the respective 
"B" wears (from Tables 11-B and 17) are plotted along the absissas. The 
numerical deviations of the factors of angularity of the "S" test charges from 
the factors of angularity of the respective "B" test charges (Table 18) are 
plotted along the ordinates. The linear curve of regression expresses the 
average behavior of the eighteen stones. "r" is the "measure of correlation" 

and is derived as follows: · r = ... / a I):+ b I :xy - nc2 where c 
V y2 - nc2 . 

mean of they values. Thus r-may range from one, signifying 
tion, to zero, signifying no correlation. 

is the arithmetic 

perfect correla-

The linear curve of regression shows a slight trend in the direction 
which might be anticipated, but the excessively low value of r (0.07) shows 
the correlation to be of absolutely no value. There are by far too many ex
ceptions. It is not intended to imply that the particle shape exerts no in
fluence on resistance to abrasion, but these data make it clear that the ef
fect of particle shape is sufficiently small so that it may be discounted, or 
counteracted, by other inherent characteristics of stone. 

2. The Special Case of Courchesne Limestone: 

The standard "B" wear of Courchesne Limestone is 29.82 per cent and 
the standard "S" wear is 25.79 per cent. It has been demonstrated thoroughly 
that the smaller sizes of Courchesne are more resistant to abrasion than are 
the larger sizes. Examination of the unpolished stone disclosed nothing, but 
when a piece of Courchesne stone was polished and e.xa.mined under the microscope 
it was found that a vast number of fine lines covered the surface. There was 
no particular pattern to be observed. The lines ran in every conceivable di
rection and intersected each other at all angles. Thinking that this particu
lar piece might be the exception, other pieces were polished and observed. The 
same condition was apparent in every case. The photomicrograph of Courchesne 
atone (page 19) gives some idea of what was observed under the microscope. Be
sides the very apparent lines, close observation will disclose numerous faint 
lines. The photomicrograph is as representative as it was possible to secure. 
Some areas were not as heavily lined as the section shown, while other areas 
were more heavily lined. 

These lines are actually the surface indications of cracks which ex
tend in all directions through the stone. This was definitely ascertained by 
observing right-angle faces on the same piece of stone, and also by identify
ing the same crack-line (only applicable to the larger cracks) on opposite 
sides of a thin section (not the petrographic "thin;.;section") of stone. It 
is presumed that local diastrophic movement resulted in cracking this stone. 
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Courchesne is a very compact stone. Apparently the cracks are re
cemented thoroughly. The theory is, however, that, although well cemented, 
these cracks constitute irregular planes of weakness through the stone. (Thie 
weakness should be regarded as relative, and not as actual.) Thus, under im
pact, the stone particles would be fractured more easily through these planes 
of weakness than through the localities in which there were no planes of weak
ness. As degradation progressed, the number and extent of these weak planes 
would be decreased. Therefore, the smaller particles, containing relatively 
fewer weak planes than the larger particles, would be relatively more resistant· 
to impact, 

stone. 
This condition.was not observed in any other than Courchesne lime

(Occasional recemented cracks are comm.on in many atones.) 

The writer believes the above theory to be the correct explanation of 
the peculiar degradation of Courchesne limestone, but does not intend to imply 
that all similar degradations are attributable to the same cause. Recemented 
portions of stone can be stronger than the undisturbed portions. Various 
stones may have inherent characteristics of which nothing is, at present, known. 
For example, note the peculiar degradation of Ma.ryneal limestone, for which no 
explanation can be offered. 

H. Degree of Numerical Correlation of the Standard "A" and 118 11 

Grading Tests: 

The 118 11 grading test was correlated with the standard "B" grading 
test (see section A:3), but it now becomes desirable to observe the degree of 
correlation of the standard "A" and 118 11 grading tests. 

In order to better understand the "A" and "S" correlation, the numeri
cal correlation of the "A" and "B" tests should be observed. The average de
viation of the "A" test values from the "B" test values (Tables 6, 7, 16A, and 
16B) is 1.14 per cent (wear) for all twenty stones, and 1.05 per cent for all 
stones excepting Trap and Cordova Cream. Some "A" values are higher than the 
respective "B" values, and vice versa. No definite trend in the deviations 
could be observed. Therefore, almost anything in the way of numerical corre
lation, within a limited range, might be expected from the "A" and 118 11 tests. 

Table 19 presents the numerical deviation of the 118 11 test values from 
the "A" test values. The data were secured from the values in Tables 6, llA, 
16A, and 16C. The individual deviations are not shown. The "Total" devia
tion is the arithmetic sum of the "Total(+)" ( 118 11 values greater than "A" val
ues) and the "Total (-)" ( 118 11 values less than "A" values) deviations. The 
"Average" deviation is the total deviation divided by the number of stones 
under consideration. 
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Table 19 

Deviation of 11S" Wear from "A" Wear 

Item 

Total(+) 
Total(-) 
Total 

Average 

Deviation (Per 
Excluding End
Point Stones 

(Eighteen Stones) 

11.74 
10. 71 
22.45 

1.25 

Cent Wear) 
Including End
Point Stones 

(Twenty Stones) 

16.45 
16.96 
33.41 

1.67 

Table 19 shows that this correlation is almost perfectly balanced 
with respect to plus and minus deviations, and that the numerical deviation of 

11 S" values from "A" values is somewhat less than the numerical deviation of 
"S" values from 11B" values (1,50 excluding end-point stones and 1,80 including 
end-point stones). This excellent result is better than was anticipated. 
It must be admitted, however, that fortune favored this particular correlation. 
As the average deviation of the "A11 values from the "B" values was slightly 
more than one per cent, and as the individual deviations had no particular 
trend (regarding plus and minus deviation), the average deviation of "S" val
ues from "A11 values might just as easily have been slightly in excess of "S" 
and ttB" deviations. 

It is a practical, though not a scientific, point in favor of the 
standard "S" test that no dissatisfaction among producers and engineers is 
caused by the deviation of the "A" and "B" grading tests. 

I. Accuracy of Duplication of Standard "S" Grading Teet Values: 

A test must yield reasonably consistent results in order to be con
sidered a good test. It is necessary, therefore, to analyze the standard 118 11 

grading test results with the purpose of determining the accuracy of duplica
tion of test values. As the "S" test has been compared with the standard 
test throughout this investigation the accuracy of duplication of 11S 11 test 
values should likewise be compared with that of "A" and 11B" test values. 

Taking one stone, the numerical deviation (per cent wear) of each 
individual "A" test value from the average value was taken and the average of 
these deviations was secured, This average value .constituted the average 
numerical deviation (per cent wear) of individual values from the average 
value, As the magnitude of the numerical deviation naturally depends, to a 
considerable extent, upon the magnitude of the test values, the percentage 
deviation is a better measure, for this type of data, than is the numerical 
deviation. The average numerical deviation was, therefore, expressed as a 
percentage of the average test values, The value thus obtained constituted 
the average per cent deviation for the stone in question, 

This procedure was repeated with. all twenty sets of 11A11 grading 
tests, (Individual teat values from Appendices I and VII, and average values 
fr9m Tables 6 and 16A,) The twenty average per cent deviations were averaged. 
Thie value constituted the average per cent deviation for the standard "A" 
grading test. . 
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The above :procedure was repeated for the standard "B" grading test. 
(Individual test values f'rom Appendices II and VIII, and average test valuee 
from Tables 7 and 16B,) 

The above :procedure was repeated for the stan¥rd ''S" grading test, 
(Individual test values from Appendices III and IX, and average values from 
.Tables llA and 16C, ) 

Table 20 presents the results of these calculations. The "Average 
Per Cent Deviation" has been explained above. The "Maximum Per Cent Devia
tion'' is the greatest average per. cent deviation for one stone in each series 
of twenty, 

Item 

Average 

Maximum 

Table 20 

Per Cent Deviation of Individual Test 
Values from Average Test Values 

"A" Test 

1.58 

Per Cent Deviation 
0B" Test 

1.58 

4,19 

"s" Test 

1.11 

3,33 

The number of individual test values. comprising each average is not 
great (three or four "A" and "B" values and three "S" values), but the large 
number of conditions (twenty stones) gives weight to the results, The low 
values show that all three· tests yield individual values which are very close 
to the respective average values, Both the average and maximum deviations 
are considerably leas with the "S'1 test than with the "A" or "B" tests, 

J, Standard "S" Grading Test Equally.Applicable to Gravel: 

So far, the standard "S" grading test has been considered only in 
connection with crushed stone, The only real difference between a crushed 
stone and the respective petrographic type of gravel is the particle angularity. 
The effect of' particle angularity on abrasion test values is small. Assuming, 
however, that the effect were much greater, the standard "S" grading test still 
equally is applicable to gravel, whether crushed or uncrushed, and to crushed 
stone. The "S" grading teat charge was designed for testing aggregate for use 
in asphaltic concrete and, :particularly, asphalt surface courses, In these 
types of construction. the aggregate on the road receives strain, impact, and 
abrasion, Assume that the angular :particles of a crushed limestone have the 
same inherent strength as the rounded particles of' a limestone gravel, If' 
the :particle shape renders the crushed stone more liable to degradation than 
the gravel, then it is desirable, and not undesirable, that the abrasion test 
gives evidence of this fact, · · 

K, Final Argument in Favor of' the Standard "S" Grading Test·: 

A good numerical, and an excellent actual, correlation of the "S" 
grading test with the standard test has been obtained, Had two stones with 
approximately normal degradations been selected for the work of correlation in 
place of Courchesne and Maryneal limestones there is no doubt that the same "S'' 
grading test would have been developed, But how different would have been the 
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practical results after the adoption of the test into the specifications. 
Sooner or later marked numerical discrepancies between "S" test values and 
standard test values would have been noted. These discrepancies would have 
been inexplicable, and confidence in the test would have waned. The writer 
considers it extremely fortunate that Courchesne and Maryneal limestones were 
included among the correlation stones. 

All data, whether favorable or unfavorable to the standard "S" grad
ing test, have been presented. It is presumed that arguments previously pre
sented have been digested, and that a recapitulation is unnecessary, But one 
further point remains to be considered. 

The standard Los Angeles Rattler abrasion test has been assumed to 
be perfect throughout the work of correlation. This was done because it was 
essential to have a fixed base-line, but the assumption must now be questioned. 

The standard test has proved itself to be a good, though naturally 
not a perfect, measure of the service value of aggregates, Thus the standard 
"S" test, being correlated so closely with the standard test, must likewise be 
a good measure of service values. But let us assume a marked numerical dis
crepancy between an "S" test value and a standard test value on the same aggre
gate, and further assume the discrepancy to be inexplicable on the basis of a 
complete analysis of the degraded standard test charge. Would this situation 
constitute a point against the standard 118 11 grading test? Not necessarily. 
The situation would require further analysis. The standard test, not being 
perfect, might be the test which was in error. 

The standard test subjects particles of a certain size to impact and 
abrasion, and, after degradation, particles less than a certain size are con
sidered loss. The 11 8 11 grading test subjects much smaller particles to impact 
and abrasion, and, after degradation, particles must be much smaller than the 
degraded standard test charge particles in order to be considered loss. Con
sider these vital differences, and remember that the average 11 8 11 test value is 
very close to the average standard test value. Now., is it not logical to as
sume that with a given stone, the "S" grading test measures the abrasive value 
of the 118 11 grading particles more accurately than the standard "A" or "B" test 
measures the abrasive value of the 118 11 grading particles? In Figures 10, 11, 
and 26 the "Sn test values are shown as deviations from the "S" = "B" line, 
which is also (Figure 1) the "Service Value"= "B" base-line. It now is logi
cal to assume that an equally accurate, if not more accurate, picture of the 
situation would be obtained by showing nB" test values as deviations from the 
118 11 = "B" line where this line is also the "Service Value"= 118 11 base-line. 

It is not within. the scope of this investigation to correlate ngrr 
test values with service values, This will be done as soon as possible, As 
an abrasion test measures only the immediate structural strength of an aggre
gate, other quality specifications will be given due weight. Thus the most 
economically practicable abrasive wear limits can be specified for various 
types of construction and maintenance, 
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A P P E N D I X I 

---=..T!l.st_Data for StaJ:!d~arci. "A• Grading Tests on Oor:::-elatioyt_~e._s and End-Point Stones __ _ 

_ _ . Sieve .Analyses c;n Test Charges After Test;_ 
Ab.rasive Rattler *"A" Per Cent _Reta.i_q~:{Qumulativ'""e.._,l:.-c-----,=-------- ----
Char6e Test ~ear Nominal~ning ~Inches! Sieve No. 

Test {Gm,) Date (~) -1- 3/~-l 2· 3ZS 37§~/4° 10 *l2 · 16 20 ---30- li-0 50 $ 
Dudley A-i 5024 11/22/3?, 20,9S 7.5 2Ji:;9 3 ,2 51. 5b,95;6 71.3 79.02 S2.0 M.3 86.6 88.4 90,2 90.9 

1 A-2 5019 11/25/38 21.94 8,925.0 35,0 50.S 54.7 61.4 7b,S 78 06 81.4 84,2 86,5 88.4 90,3 91,l 
• A-3 5021 ll/26/38 21.12 8,326.9 36.6 51,3 56.4 64.3 76,9 78,8a 81,7 84.3 86.5 88.! 90,3 91,0 
• A-4 5019 ll/29/38.21.SO 4.5 23,2 35.4 50,854.6 65.0 77,0 78,20 81.4 83.9 86.3 88. 9Q,l 9Q,8 

Chico A-l 5016 10/25/38 25,80 ll,2 2E.3 34.4 44.9 48,757,572.8 74,20 77.4 80.2 82.4 84. 86.1 86.7 
• A-2 5016 10/25/J8 26.62 6.8 19,7 29.1 3~.7 ~5.~ 55.3 71.9 73.3S 77,0 79,7 82,2 84.2 86.o 86.6 
1 A-3 5017 10/26/38 26.84 10,3 21,4 28,6 4o,7 !i-5,7 5507 71.7 73,16 76,5 79,3 81,8 83.9 85.7 86,lj. 
• A-4 5015 10/27/38 27.08 9.5 20.2 29.2 41.1 45.6 55.4 71.2 72.92 76.2 79.0 81.6 83.7 85.4 86.1 

Courchesne A-l 5017 10/26/38 28.34 3,7 22,3 29.8 4o.l 44.5 53.3 69.7 71.66 75.5 78,9 81.8 84.2 86.3 87.2 
• A-2 5015 10/27/38 28.62 4.b 21.4 29.5 39.3 44.2 53.2 69.9 71.38 75.5 78.9 81,9 84.~ 86.6 87.5 
• A-3 5013 10/28/38 28.20 9.5 22.3 31.7 4o.5 Iµ:;,o 54.3 10.3 71.80 75.s 78.9 s1.7 84.o 86.2 87.1 
• A-4 5011 ll/ 1/;8 28.30 7,621.4 29,5 4o.2 lµj.,6 53,8 69.S 71,70 75,9 79,2 82,0 84.3 86.7 87.6 

llaryneal A-l 50l6 10/25/38 34.SO 6.9 18,9 27.0 35,139,347.6 63.6 65.20 68.1 70,5 72.4 74.2 76.1 77.0 
1 A-2 5017 10/26/38 35•50 2,521.8 28.2 38,2 4o.6 l!S.J 62.9 64.50 67,lj. 69.6 71.5 73•3 75.3 76.2 
• A-3 5015 l0/27/38 36.02 5.5 22.2 27.9 34,9-37.9 46.b 62.5 63.98 66.8 69.1 71.1 72.8 74.8 75.S 
1 A-4 5013 l0/28/38 35.52 4.S 22.2 28.7 36.4 4o.l 48.2 62.9 64.48 67.5 69.7 71.6 73.3 75.4 76.3 

Ogden A-1 5005• 1/25/39 39.80 3.118.2 24.o 30.s 34.1 43.1 5s.6 6o.20 63.s 66.8 69.4 71.6 74.o 75.1 
• .&-2 5004 1/26/39 38.30 3.9 19.7 26.1 33.5 36.1 45.1 59,8 61.70 65.0 67.9 70.3 72.5 74.g 75.9 
1 A-3 5001 1/27/39 39.16 3.6 17.5 24.2 31,935.0 44.2 58.9 60,glj. 64.4 67.2 69.7 72.0 74.3 75,4 
• A-4- 5001 1/28/39 39.36 7.7 20.1 26.3 34;0 36.7 44.s 59.2 60.64 64.2 66.9 69.7 71.9 74.3 75.5 

Trap A-1 5005 1/25/39 10.98 17.1 36.0 51.5 67.8 72,780.2 88.3 89.02 90.5 91.5 92.4 93.1 93.s 94.1 
• A-2 5004 1/26/39 10.74 12.2 34.9 54.9 69.3 73.4 81.3 88.7 s9.26 90.7 91.6 92.5 93.1 93.s 94.o 
• A-3 5001 1/27/39 10.26 15.2 34.2 52.1 69.3 72.9 81.7 89.0 89.74 91.0 92.0 92.7 93.4· 94.0 94.4 
1 A-4 5001 1/30/39 9.92 20.5 39,2 55.2 71,175,382.3 89.6 9().0~ 91,3 92,2 93,0 93.6 94.3 94.6 

Cordova c. A-1 5000 2/4-/~ 7?.•34 o.6 1.7 3.5 5.1 5,b 8.4 22.5 24.66 29.4 32.8 35.3 3e.4 41~4 43.3 
• A-2 ll-994 2/ 7/39 1~.10 o.6 4.2 5.0 7.0 7.e 10.4 23.0 25.39 30.0 33.6 36.2 39.3 42.5 44.5 
1 A-3 5019 2/ 8/39 75.66 0,0 2.7 4.0 5,7 6.5 9.1 22,5 24.34 29,3 }2,7 35•3 38.4 41.6 43.5 
• A-4 4999 2/ 9/39 75.98 o.4 2.3 3.6 5.2 5.9 e.o 21.7 24.02 28.9 32.6 35.1 38.2 41.4 43.4 

80 
92.2 
92.3 
92.2 
92.0 
S8.o 
87,g 
87.7 
87.3 
88,7 
89.0 
88.6 
s9.2 
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78.0 
77.5 
77.6 
77.1 
78.0 
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APP EB DIX II 

Test Data f~ Standard •j:1• Gra!ijJlg Tests on OorrelatiOQ Stones and J:qd-Point Stones_ 

Abrasive Rattler .. B• ----- -·-------~------Scr£tm.~;!:Si~taiiei f;'-~;!ti;!J• :est 
Charge Test Wear Nominal o.iien'i (Inches) <. -==-----:r-'Si..,e...,v""mit"'"o..__~--r:::~--.i:.:----:;=-~::. 

Test (Gm.) Da.~ <i> -~/2 ~/S 0 1{!±0 10 •12 1°. ~ 0 
!Mdley B-1 4665 11/~S 21.36 10.b 34.§ ~5 5§;4 77•3 7§.64 g2.~ 5•' .5 9.3 9~.C 92.0 92.7 93.3 9 .5 5.5 

• s-2 4'i99 11/2~ 3g 20.sa 10.2 35., 44.9 6o.3 7~.1 79.42 83.0 85.t s7.7 89.~ 91.1 91.1 92.7 93.3 94.~ 5.5 
I B-• 4606 11/20/38 20.66 9•3 )3• · 43.7 58o2 77•1 79.34 82.6 85.3 g7.6 89.~ 9le0 91.6 92.7 93.2 94. · 5•b 
• B-~ ~9S 11/29/38 20.74 9.3 34.5 43.5 bo.1 77.6 79.26 82.6 85.2 87.6 s9.4 91.0 91.7 92.7 93.3 94.6 5.4 

Chico B-1 4592 10/25/38 26.14 4.b 20.8 2s.9 46.7 71.9 73.8b 78.0 81.1 83.5 85.4 g7.o g7.~ 88.6 s9.2 90.6 9.4. 
• :s-2 459110/26/3g 26.62 5.1 23.5 30.e 48.o 71.4 73.38 77.5 so.5 83.0 85.0 86.7 s7.3 ss.4 g9.o 90.4 9.6 
• ~~ 459110/27/3g 27.g4 4.3 21.1 29.0 45.2 70.5 72.16 76.7 79.8 g2.h g4.4 86.1 g6.7 g7.g 88.3 g9.g 10.2 
• .B-'1- 4590 10/28/3g 26.6o 5.5 23.3 31.~ 47.1 71.2 73.4o 76.5 80.6 g3.o g4.9 g6.6 87.2 8g.2 gg.g 90.2 9.8 

Courchesne B-1 4592 10/25/38 29.32 3.9 17.0 25.~ 41.3 68.6 70.68 75.9 79.5 82.7 g5.1 87.2 87.9 89.2 90.0 91.7 g.3 
• :s-2 459110/26/3s 30.co 4.1 17.0 24.6 41.1 67.8 70.co 75.2 79.1 82., g4.g g7.~ 87.s 89.3 90.0 92.0 s.o 
• B-3 459110/27/38 29.86 3.2 16.4 23.9 Jio.7 68.o 70.14 75.4 79.2 g2 •. g4.9 g7.o g7.9 89.2 90.0 91.9 g.1 
• :s-4 4590 10/28/38 30.08 3.s 16.6 24.6 4o.o 67.s 69.92 75.3 79.2 82.2 g4.g g7.o 87.9 89.4 90.1 92.0 8.o 

~aryneal B-1 ~91 10/26/3g 33.72 4.2 18.4 24.2 39.5 64.o 66.28 69.7 72.0 73.9 75.4 77.1 77.s 79.2 80.l 83.2 16.e 
• B-2 459110/27/38 34.5g 4.o 15.9 22.1 37.b b3.h 65.42 69.0 71.5 73.5 75.1 76.s 77.6 79.0 80.o 83.2 16.s 
• s-; 4590 10/28/38 33.90 4.7 17.0 22.s 3~.3 63.7 66.10 69.7 72.2 74.2 75.~ 77.6 78.3 79.1 80.6 83.1 16.} 
• B-~ 4590 10/29/38 34.04 3.3 17.3 22.b 38.l 63.6 65.96 b9.6 72.0 74.o 75.~ 77.3 7s.1 79.6 80.5 g3.6 16.~ 

Ogden B-1 4599 1/25/39 3a.30 2.7 13.6 19.0 34.9 59.5 61.70 66.o 69.4 71.9 74.1 76.2 77.~ 7s.9 so.o g2.~ 17.2 
• :s-2 4591 1/26/39 3s.co 3.g 1s.7 19.s >5-9 59.7 62.00 66.2 b9.3 71.9 74.o 76.0 76.~ 78.6 79.7 82.; 17.5 
• B-3 4"591 1/27/39 3s.;4 2.6 16.3 21.4 37.1 59.7 61.66 66.1 69.2 71.7 73.7 75.8 76.s 7s.5 79.6 s2.3 17.7 
• B-4 ~90 1/28/39 JS.bg ~.4 15.8 ?().2 35.6 59.5 61.32 65.7 69.0 71.5 73.6 75.b 76.5 78.3 79.3 S2.5 17.5 

Trap B-1 4599 1/25/39 9.36 25.2 56.3 b5.7 79.4 ~9.9 90.64 91.9 92.$ 93.6 94.2 94.8 95.1 95., 95.s 96.~ 3.5 
• s-2 4591 1/26/39 9.54 24.3 58.6 67., ~0.3 G9.s 90 • .1!6 91.7 92.1 93.~ 94.o 94.6 94.9 95 •. 95.7 J6.~ 3.1 
• B-3 4591 l/27/39 9.20 25.0 bl.9 b).9 01.5 90·~ 90.80 92.0 92.~ 93.~ 94.2 94.g 95.1 95.b 95.t 9(i.~ 3.6 
• B-4 ~90 1/2s/39 9.60 24.5 59.2 6ei.. so.1 89.~ 90.Jio 91.7 92.t> 93.h 94.o 94.6 94.9 95.3 95.6 96.2 3.g 

Cordova Cream B-1 45SS 2/ 6/39 72.30 o.o 0.3 1.6 4.o z4.2 27.70 32.S 36.6 39.0 41.7 44.~ 46.l 49.; 52.2 63.c 37.0 
• B-2 4588 2/ 7/39 72.14 o.o 0.7 1.1 4.3 25.6 27.e6 33.4 36.9 39.3 ~2.0 44., 46.5 49.c 52.5 63.1 36.9 
• :s-~ 4607 2/ 8/39 72.42 o.o 0.1 1.2 4.2 24.2 27.5s 32.9 36., 38.S 41.6 44.3 46.c 49.2 52.2 63.1 26.9 
• B-~ 45g3 2/ 9/39 72.ss o.o o.6 1.0 3.b 24.c 27.12 32.g 36.. 3a.g 41.6 44.~ 46.1 49.4 52.2 63.1 >6.9 



APPENDIX III 

Test De ta for "S" Ora.ding Tests 

(Constants: SCOO-Grarf Test C1'cr5e; 500 Rattler Revoluj;ions; W~r Equals Per Cent Passir..g No. 20 Sieve) 

Oba.racter of Test Screen Ane.lyses of Test Cha:rgee 1-. fter Test ______ ------
Size No. lbraaiye Rt·ttler .. s• Per Cent Reteine:a;:TCuraulc:.tive} ____ Pass 

Teet Balle of Charge R".m Test Wear ~ Sieve No. 200 
•o. Stone (Gm.) Balle (Gm.) ?;o. Date CS) ~ 10 12 16 •_go 30 4o ?c 60 ---------g;s--1--;JO zoo (%) 
1 Dudley 65 112 73)0 l 2/8/39 22.36 12.5 58.2 62.9 72.0 77.64 83.7 85.2 s7.7 §3.S 90,0 90.7 92.2 7,8 
2 • 65 104 6JOO l 2/10/39 19,lfO 12,4 62,l 66.8 75.l &>.6o 83,9 87.0 89.2 90,2 91.3 ~1.9 93,2 6,8 
3 • 65 10s 7104 1 2/18/39 20.96 10.8 57.4 6}.6 73.3 79.04 s2.7 s6.o C8.3 s9.3 90.7 91.2 92.6 7.4 
4 • 65 10$ 7087 2 2/20/39 20.94 14.2 57.9 6~.6 73.4 79.06 82.7 85.9 8b.4 89.• 90.7 91.3 92.7 7.3 
5 • 65 108 1099 3 2/21/39 20.1.Jg 12.8 59.8 65.6 74.1 79.52 83.g 86.5 8S,7 s9.t 90.s 91.5 92.7 7.3 
6 • 65 100 6569 1 3/10/39 19.52 13.8 62.0 67.5 74.8 so.4S 83.5 86.7 M. 0 ::;9.8 90.9 91.6 93.1 6.9-
7 • 65 99 6504 1 3/13/39 19.24 1~.~ 61.8 60.7 75.1 80.76 84.o 87.2 89.~ 90.3 91.3 92.0 93.4 6.6 
8 • 65 99 6504 2 3/1~/39 19.2g 15,0_ 61,4 66.9 75.3 ao.12 84.o 87.1 s9.1 90.1 91.1 91,9 93.2 6.8 
9 • 65 99 6504 3 3/lo/39 18.56 15.6 61.9 67.7 76.0 cil.411 S4.6 87,6 89,7 90.7 91,7 92.4 93.7 6.3 

10 • 130 53 6788 1 11/30/38 23.12 10.6 li6.o 61.2 70.7 76.88 s1.6 84,9 87.5 88.5 90.0 90.7 92.2 7,8 
11 • 130 41+ ~62s 1 12/1/38 1s.s4 12.4 63.1 67.9 75.9 81.16 85.0 87.5 89.8 90.6 91.7 92., 93.5 6.5 
12 • 130 ~ 62ao 1 12/2138 20.9s 12.3 60.6 65.3 73.3 79.02 83.4 86.3 88.6 89.5 90.9 91.t 93.0 1.0 
13 • 130 49 6279 2 12/ 6/38 20,52 10.6 60.1 66.6 74,1 79,1.Jg 83.4 86.4 Ba.8 89.6 91.0 91.7 93.1 6.9 
14 • 130 ~ 6278 3 12/7138 20,42 13,2 60.6 65.5 74,2 79.~ 83.7 86.7 89.0 89.8 91.3 91.9 93.3 6.7 
15 • 130 47 6011 1 12/14138 19.16 14.1 62.9 67.0 75,7 ao.84 84.9 87.5 89.9 90.7 92.0 92.6 93.9 6.1 
16 • 130 !1-5 5792 1 2/24/39 1s.4o 14.2 53,0 68.8 76,4 s1.60 84.5 87.5 89.6 90.4 91.5 92.1 93,3 6.7 
17 • 130 45 5791 2 2/23/39 18.68 14.5 61.1 67,9 75.9 81.32 84.7 87.7 89,8 90.7 91.6 92.3 93.4 6.6 
18 • 130 45 5791 3 3/3/39 18.44 15.5 65.1 68,9 76.7 81.56 84.6 s7.7 s9.7 90.6 91.6 92.3 93.6 6.4 
19 • 225 30 6733 l 11/30/38 23.22 _ 9.4 55.g 61.0 70.5 76,78 81,4 84.7 g7.5 8$.5 90.1 90.g 92.4 7.6 
2c • 225 2s 6286 1 12/1/3s 21.58 10.0 58.3 63.5 72.6 7s.42 82.s 85.8 8a.4 89.3 90.7 91.5 91.6 s.4 
21 • 225 28 6285 2 12/6/38 21.3g 9,9 58.7 65.6 73.0 78.62 82,7 85,9 8S.5 89.4 90,9 91.6 93.2 6.S 
22 • 225 28 6286 3 12/7/38 21.64 10.9 58.4 63.3 72.s 78.36 83.0 86.3 8s.7 89.6 91.1 91.8 93.3 6.7 
23 • 225 27 6061 1 12/9/3s 20.90 10.0 5s.8 64.5 73.2 79.10 s3.3 86.5 ss.9 s9.8 91.1 91.7 93.1 6.9 
24 • 225 27 6o61 2 12/12/.38 20.68 13.5 60.2 64.7 73.5 79,32 s3.6 s6.6 89.1 90.0 91.4 92.1 93.5 6.5 
25 • 225 27 6061 3 12/12/38 20.44 11,9 60.3 64.S 72.8 79.56 S3.7 86.7 89.1 89.9 91~4 92.0 93.4 6.6 
26 • 225 26 5336 1 12/14/3s 19.68 11.9 61.9 66.6 74.9 80.32 s4.5 87.3 89.5 90.5 91.8 92.4 93.8 6.2 
27 • 225 25 5610 1 2/27/39 19.42 12.6 62.1 67.h 75.2 ao.5s 84.1 87,3 89.6 90.5 91.6 92.4 93.6 6.4 
28 • 225 25 5610 2 3/l/39 13.74 12.6 63.7 67.6 76.0 31.26 S4.; 87.5 89.7 9C,5 91.6 92.3 93,5 6.5 
29 • 225 25 ~010 3 3/6/39 12.92 13.7 62.0 6s.1 75.7 81.08 s4.~ 87.5 s9.s 90,7 91.8 92.5 94.0 6.o 
30 • 420 16 0801 1 11/30/3s 24.44 10.h 5"·3 6o.o 69.3 75.56 so.6 84.1 86.9 87.9 89.6 90.5 92.2 7-.s 
31 • 420 14 5920 1 12/1/38 21.84 11., ;6,2 63.4 72.4 78.16 s2.6 $5.8 ss.4 89.3 90.8 91.4 92.9 1.1 
32 • 420 13 5480 l 12/2/3S 21.04 10.9 bO.O 64.~ 73.4 7s,99 81.5 86.5 89.0 S9.g 91.1 91.8 93.2 6.8 
·33. • 420 13 5~79 2 12/6/3s 20.26 10. 7 61.4 6~.6 74,9 79, 74 s3.9 a6.9 s9.3 90.2 91.6 92.2 93.8 6.2 
34 • 420 13 5'+'31 3 12/7/38 19.98 10.9 61.6 60.6 74.5 80.02. 84.1 s7.1 89.4 90.3 91.6 92.3 93.7 6.3 
35 • 420 14 5598 2 12/14/JS 21.38 10.6 59.0 64.3 72.6 7s.62 82.9 86.1 ss.7 89.6 91.1 91.8 93.2 6.8 
36 • 420 14 5e65 3 2/21/39 20,36 12.3 60.7 67.1 74.0 79.64 83.2 S6.6 88.9 g9.9 91,1 91!9 93.2 6.f 
37 Chico 65 105 6S54 l 2/!;/39 27.g6 7.2 49.3 55.8 .65.5 72.14 76.4 ao.3 s2.9 84.o 85.2 85.9 87.6 12. 
3s • 65 101 6603 1 2/1c/39 25.66 9.3 ~1.6 58.4 67.9 74.34 7s.3 s1.9 s4.4 85.3 86.5 s7.2 sa.7 11 J 

.39 • 65 103 6771 1 2/1s/39 27.1s 9,0 li.3.0 46.9 66.7 72.s2·77.2 so.7 83.3-84.3 85.7 86.3 87.s J.~.2 
1"> • 65 103 6757 2 2/20/39 26.82 s.6 53.2 57.6 66.9 73.1s 77.4 81.0 s3.6 84.6 s6.1 86.7 88.3 · 11.7 

-l-



Aff:;i1121x III (Ooutinuac.} 

Cb.arcoter of Test Boreen Am lyses of Test (.'he.rges e.fter Test --·----Size ----·---- -iio. Abrasive Be.ttler ••s• ---~ Cent __ Retainecl. IQu!:nlli:tiver . Pass 
Test Balls of Cbarge R.i."l Test :1eer ~ S:i.eve Mo. _ 200 
t~· St.one 'G!!i .. ) Ba.Us {G,J.) l'.o. ~'s,e 'f,l 1 .•- ·10. 1f-~ •20 to lki ~') -:~ oo 100 200 c0'.t 

Chioo 65 103 o7z4 3 221/39 2~.72 ~·l ,~-~ 5a.~ 6s.2 74.2$ ·1 .o s,~.6- c:>_.o s~.9 86.1 so.93~3-11. 
42 • 6i:; 100 '5 t 1 3/10~9 20.56 6. 5v • ., 57. 66.l 73.44 77.2 8 •• 0 g~·~ 84.~ gt.7 g6.4 So.l 11.9 
~ • 65 99 650 l 3/ll 39 24.so 10.2 55.1 5~-i 69. 1a.20 7s.g ~2.3 g. ~2· ~ .7 ~i· $2.0 11.0 • 65 99 6504 2 3/1 /39 2··.86 9.6 53.6 5~. 67.9 7 .14 77.9 ol.5 $i.9 oj.0 66.1 6 .9 80.5 11.1 
~-

• 65 99 64o4 3 3/16/39 2~.$0 10.5 42.9 5~.4 68.g 75.20 ·7g.9 82.5 S .S 85.C ~7.0 ~.S S9.3 10. 
• 130 ~ 6 39 1 10/26/3$ 28.SO 5.9 7.5 5 .o 64. 11.20 76.5 so.2 s2.9 s3.9 .,5.5 .2 s7.9 12.1 

47 • 130 5923 1 10/31/38 ~::6. 42 ~-S 50.3 56.6 6g.o 73.zs 7s.2 Sl.[ S4.2 g~.l Sb.5 sz.2 ss.s 11.2 
4g • 130 46 s:;02~ 2 ll/3/3S 26. 6 .7 52.2 5l.1 67.1 73.54 72:.2 s1. .sl.9 s·.s s6.2 ~- .s gc.; ~ 11.l .,., 

s~:Ji. 49 • 130 46 590 3 11/f3S 20.22 6.7 52.3 i:; .4 67.4 73.78 7S.3 81.6 S .1 S4.9 86.3 · Sb.9 11 • 
50 • 130 t 5792 1 2/2 /39 24.t 7.1 5i-7 bO.l 68.4 75.06 7&.3 s1.9 S4.3 s~.3 S6.5 87.2 ss.6 11.4 
51 • 130 5791 2 2/2:S/39 24. ·2 9.0 5 .2 61.5 69.5 14.r:;s 79.3 82.8 s4.1 S .o 87.2 S7.9 ::s9.2 . 10.s 
52 • 130 45 ~91 3 3_/j/39 25.3a 9.3 ~.6 60.9 68.5 7 ·.b2 7s.3 S2.o 8 •l ga·t Sb.5 si.3 ss.~ 11.1 

§l 
a 225 ~l 5sjl 

l lv1_2r./3S 27.92 ~-2 •.,.2 54.5 6~.2 72.os 76.a so.6 8•. s • i6.o s .s cS. 11.6-
• 225 l 10/3_l/3S 21:?· 76 .3 50.9 to6.2 60.6 73.2l:. 7s.li- s1.g 8Ji..5 8a.4 g6.9 87.7 ~ti 10.4 

§6 • 225 26 5836 2 11/4/38 2b,70 5.9 52.a 5l.4 6§.4 73.30 7s.1 81.4 s~.o 8 .9 8~.3 gl.o 11 • 
• 225 26 5s30 3 11/5/38 26.92 5.7 50. 5 .4 6b. 1i.os 77.7 81.2 s~.s s4.7 so.2 s .9 88.'l 11.6 

57 • 225 25 5610 1 2/27/39 25.£;0 7.s 51.1 57.9 67.4 7 .20 7s.o 81.l a .5 s5.5 86.7 87.6 89.c 11.0 
5S • 225 25 5610 2 3/f39 2,.18 8~2 5a-, ~9-9 6s.3 74.82 78.6 82. 84.9 86.9 87.0 s7.8 s9.1 10.9 

66 • 225 25 a610 3 3/,/39 2 ·.44 8.4 6 .7 o.o 64.1 75.i:;6 79.2 s2.8 35., s ·l s7.i:; 88.4 90.0 10.0 
a 420 10 195 l 10/20/3$ 20.52 10.4 1.0 65.9 l .3 l9.l+g S3.1 S5.7 87.b SS. 84.~ 89.9 91.1 s.9 

61 • ~o 16 6775 l 10/31/38 39·?2 5. 45.8 50.4 1.5 9.08 75.0 79.0 s2.1 s3.2 a .9 85.8 S7.7 12.3 
62 • ~o 14 5918 1 11/4/38 2t.. 2 7.3 53.1 53. 6l.3 73.58 7s.2 S1.a 84.l s4.1 S6.5 S7.2 S8.S 11.2 

ti • 420 14 592~ 2 - 11/5/38 26.94 7.5 52.4 57·[ 6 .8 73.06 7s.o 81. s4.o s .9 s6.3 87.0 88.6 11.4 
II 420 14 5157]j. 3 11/9/38 26.6o l•7 ~.4 57. 66.8 73.4o 78.2 81.7 ~4.4 S5.3 8~.S ~7.6 S9.2 :o.s 

tt Courchesne 65 121 19u 1 2/10/39 2$.66 .5 .6 53.9 64.1 i1.34 76.0 80.5 s3.4 85.0 So.7 Sl.7 89.9 10.1 
• 65 124 81 1 2/B/39 30.68 7.2 47.2 51.s 62.4 9.i2 74.6 79.1 s2. si.8 st.a s .5 sa.g 1.1.2 

67 • 65 123 iSOSl l 2/m/39 29.58 l·2 llt.h 5a.2 6~.5 70. 2 75.2 79.7 83.0 g .4 8 .4 s7.2 S9.; 10.7 
6S a 65 123 8os4 2 2/21/39 29.10 .4 47.b 5 .1 6 .1 zo.90 7~.8 So.3 S3.4 84.6 ~6.2 Cl·i 89. ·: 10.S 
69 • 65 123 $085 3 2/24/39 30.14 6.8 47.1 63.0 62.9 9.86 7 .4 79.0 S2.2 8~.6 35.2 g • 88.5 11.5 
70 • 6i:; 100 65~ 1 3/10/39 24.~ 9.s 54·3 1.3 69.6 76.70 79.2 ~2.9 ~-a g .6 s7.s gs.a 90.8 9.2 
71 • 6~ 99 65 1 3/13/39 23. 10.s 5 .9 61.1 70.5 7 .56 so.2 8l.9 • s7.4 83.l 89.6 9, .• 4 ·8.6 65 72 • 

6§ 
99 6504 2 3/15/39 23.10 10.5 57.1 62.3 71.0 76.90 so.4 s .o ,J6.3 s7.4- SJ •. 89.5 c1.2 8.S 

R • ~ 6504 3 3/16/39 ~l:~ 10.5 55.3 61.9 lo.a 76.80 so.6 84.l s6.7 s7.9 s9.1 90.0 31.8 8.2 
• 130 64~5 1 10/29/38 r-9 53.t 5~.9 i-2 75.46 so.a g3. 86.1 sr.1 88·. 7 89.t 91.3 $. 7 

l6 
• 130 50 

6934 
l 10/31/38 ~~:l~ .1 4o. 50.~ 6 .7 73.24 78.4 82.0 S5.o g .o si.7 88. 90.5 9.5 

• 130 54 1 11/3/3$ 6.2 9.0 54. 64.6 7*-~2 76.5 so.4 83.a s4.6 8 ·a c7.~ S9.5 10.5 
77 • 130 56 71d6 l 11/5/38 29.32 5.7 47.8 52.8 6,. 7v. 8 76.1 80.1 83. 84.5 86. s7., 89.5 10.5 
78 • 130 56 71152 2 11/7/38 2s.96 5.7 ~.4 53.8 64.1 71.04 76.5 so.4 83.8 84.4 86.4 s7.8 89.9 10.1 
79 • 130 57 7303 1 ll/lf3S 29.~ 5.9 45. 51.9 62.6 70.o4 75.7 79.7 83.2 S4. 86. &7.4 S9.6 10.4 
so • 130 57 7-296 2 ll/l ./3S 29. 5.3 41.8 53.0 63.2 b0.60 75.9 SO.l S3.4 84.6 S6.7 37.7 90.0 10.0 
81 • 130 i:;7 7307 3 11/16/38 30.64 ~-~ 46.5 ?2.2 62.2 9.36 I5·2 7~.4 s2.8 84.o 86.o 87.0 S9.3 10.7 
82 • 130 Ji.7 Goll l 12/1'1+/33 24.04 o.c: 56.1 oJ.8 70.0 76.96 ,o.6 s.,.9 86.7 87.6 89.2 90.0 91.9 8.1 

:a 
• 130 45 5792 1 ::/24/39 23.6S 9.0 5b.2 62.1 70.4 7 .32 79.9 S3.6 86.1 87.1 88.4 S9.3 90.8 9.2 
d 130 I 5791 2 3/1/39 23.72 10.4 5 .8 62.1 70.1 76.28 80.0 S3.6 S6.l S7.1 8S.3 S9.2 90.6 9.4 

~t • 130 5751 3 3/3/39 23.56 10.5 5S.o 63.1 bo.4 76.44 30.1 83.7 S6.3 87.4 SS.7 89.6 91.a 8.6 
" 225 6834 l 10/29/38 25.0($ 7.0 4ii.4 55.5 8.4 74.92 1i.1 83.2 86.o 87.1 j,l.8 89.6 91. 8. 

87 • 225 29 509 1 ll/l/3S 26.66 5.4 q 53.9 64.1 71.34 7 .9 so. 7 83.9 s~.o SL9 s7 .s g9.9 10.1 
gg • 225 30 6732 1 11/4/33 28.70 5.1 47.9 53.5 64.5 71.30- 76.5 io.4 83.6 s .8 1~.1 s7.7 89.8 10.2 
59 • 225 32 7177 l n/5/32, 3c.36 4.5 46.1 51.4 62.2 69.64 75.0 79.1 s2.6 s3.9 J~.9 ~6.9 89.2 10.s 

-2-



.LI' ..l l N D I X III Cgontinued) 

Obaracter o:f ieet Scrgg:g ~ees of Teet~ afJer 2~et 
Siae Bo. .. i\i"-•l !'t _; Rattler Pg :Ii R~:!ia.mgO. [ . tl,ve 

Teet Stene Bal.ls a! Obarge Teet S ve .o. 
te 10 l • 0 0 

ou.roheane 5 11 3 30•5 • •9 lo 9. ~- 9• • •g • • 90.0 '4V• 

91 • ·225 i~ 6§~ 
ll/lf38 29.76 4.5 l·o 62.9 70.24 7 .o 79.9 83.4 84.. 86.6 87.7 89.8 10.2 

92 • 225 11/1 gs 29.78 5·i -~ 62.i 10.22 15.s so.1 8!.4 84.4 s6.8 s1.4 90.1 9.9 
~I • 225 31 69~ 11/16 38 24.94 5. 46. 51.3 62. 70.o6 75.5 79.6 8 .2 el4. 86.5 g7. 89.8 10.2 

ii 225 26 5836 12/14/38 2 .88 7.0 54.i ~-3 6S.6 75.12 80.0 83.~ 86.2 87.4 89.1 90.0 91~8 !.2 
§6 • 225 25 5610 2/27/39 24.76 8.3 54. •4 6s.s 16.24 79.2 g3. s6.o 87.2 sg.6 s9.6 91.4 s.6 

• 225 25 5610 2 1~tH; 23.9g 9.2 §l·3 61. 69.4 7 .02 79.9 8!.8 86.4 87.5 88.8 89.8 91.5 8.5 
97 • 225 fa 5610 3 2l.32 9.2 .1 61.0 lo. 76.68 so.3 8 .2 86.8 8l·! 89.2 90.2 92.1 7.9 
9g lJaj ~m 1 10729/38 2 .04 7•7 41.4 5S.1 7.t 73.~ 1i.o 82.4 85.6 8 •. 1!!8.4 89.3 91.2 8.8 
99 Ji2o 16 1 1013.1g8 29.14 a-9 7.8 53.1 63. zo.'8£, 7 .3 80. 83.8 85.0 87.1 88.0 90.3 8.7 

100 42o 17 7211 1 ll/4 3g 31.20 .3 !15-i i1.o 61.i 8.80 74.7 78-a 82.5 83.8 8a-9 86.9 89.j 10.7 
101 42o 18 76SII, 1 11/5~8 34.02 4.t 4-2 •. :£·6 59. 66.98 72.g 77. 81.1 82.5 8 .8 st.8 ss. 11.7 
102 42o ~l 8125 l 11/7/ 8 3 .11j. 4. lj.1.1 .7 ~-6 65.86 72.lj. 77.0 81.4 82.8 86.2 8 .6 89.1 10.i 
1ol 420 6802 2 11/14~8 29 • .1!6 5.8 48.3 52.i 3.4 70.54 76.0 80.l 83. 84.6 8 .8 87. 89.8 10. 
10 42o 16 6804 3 11/1 38 ~-ig 5.7 46.~ 51. 62.6 70.gg 75.9 80.l 83.5 84.9 86.l 87.9 90.2. 9.8 

~~ 42o 14 5g~ 2 12/llf/38 • 1.0 50. 2b·I 66.s 13. 1s.8 s2.5 s5.5 86.1 88. 89.5 91.5 s.5 

4rs 111-
~3g 

3 2/28/;9 21j..~ t·l ~.8 • 6i.o z5.28 ii·1 g3.1 g5.g 81.o 88.4 s9.1 91.0 9.0 
107 llauneal 88 l 2/8/39 37. .• .9 46.2 2 .1 2.~ .5 70.4 1~·1 7 .8 76.6 77. 80.9 1i.1 
108 65 80 5230 1 2/11139 32.86 8.3 48.7 a;· 1.4 64.14 lo.s 74.1 7. 77.8 79.6 so. 83.1 1 .9 
109 t5 82 5496 1 2/18/39 3a-42 1-a ~-8 .s 58.8 6 .sa g.4 11.9 71j..7 12.9 11.4 78.6 81.5 18.5 
110 

6~ 
81 5315 1 2/2D/39 3 .59 7. .2 50.8 69.6 65.5Q 69.1 72.9 75.5 7 • 7 78. 79.3 82.2 17 .g 

111 81 5328 2 2z211ri 34.04 8.0 ~-a 51.a 0.2 6a-~ 69.6 73.2 1a.s 76.9 78.4 79.5 82.0 18.o 
112 65 g1 ~§; 3 

j~i~t3i 
!1·44 6.7 43. ao· 5s.a 6 .56 68.l ·zl.8 7 ·a 75.7 7{·1 7g.~ 81.3 1g~7 111 65 100 l .• 66 4-.o 35.7 1.! 51. i8.34 62.4 7.0 70. 12.0 7 • 7~· 79.! 20.2 

11 65 99 f5o4 l /l"f/-39 ~-62 4.I 39.7 44.2 53.7 o.~ 64.6 6S.9 72.1 73.5 1a·1 7 .9 so.g 19.2 
112 65 99 2 .52 4. J!.) 43.1 52.g g9· 63.5 67.9 71.2 72., 7. 76.1 80.2 19.g 
11 65 99 65 4 3 J~i6H~ ij•56 5.2 38.8 ~-l 4i.6 1.44 65.5 69.8 Z2•9 74. 76.g 77 • 7 81.5 18.5 
117 130 ~ 6~7 1 10/3.1/38 -~ 1. 1 31.9 t:9 .3 65.50 61.t 65.6 9.5 11.0 16• 75.0 79.0 . 21.0 
118 130 I l 11/2/ig 3s. 1·1 ~·l .2 24.7 1.52 66. 70.2 73. 74.4 7 ·t 77.7 so.9 ·19.1 
119 130 35 l 1113/ a 34.os .3 • 50. 7 0.3 6Z.~ 70.4 14.~ 75.9 76.9 7s. 79.5 a2.2 1i.s 
120 130 32 2 ll/m8 32.52 a·o 47.3 52.7 61.9. 6. 71.6 7. 77.1 78.1. 79.s so.z 83.a i ·2 
121 130 36 4624 l 11/1 ~ 33.zg .7 ~·1 50.8 60.0 6 .02 70.2 73.2 12-9 76.9 78.6 79. 82. 17. 
122 130 '6 4629 2 11/16 )8 3!· 4.9 • !i"~ 6o.5 66.6o zo.9 73.9 7 .5 1z-2 79.2 80.2 g2.8 17.2 
121 130 4611 

., 
1~2Ba 3 • 10 11-.1 44.6 • 51.s 65.:,, ?·I 12.8 15.5 1 • 1s.4 19.3 a2.2 11 .8 11 ., 

12 130 6ol 1 12/14~8 ~·%. 3.3 j8.9 ·l 5 .2 61.0II- 6. lo.1 p·3 74.4 n.o 78.1 81.2 1g.8 
122 130 ~ 5792 1 2/24 9 .i;>II, , 2.5 6.o 42. 52.6 29·~ 64-.o s.5 2.0 14. 12~4 76.8 80.2 19.8 
12 ljO 5791 2 2/2889 ls.~ 3·g 39.3 ~-1 ~-1 1. s ~.8 lo.1 73.3 7 .7 7 .7 78.1 81.2 18.s 
127 l 0 45 26~ J 3/8 39 8. 3. 39.0 .3 .4 61.: ~-5 9. 7 72., J4·i J6·t 1i.6 81.{ 18.8 
128 225 ~7 1 11/1/:,3 1.54 l., 38.4 a-8 51.0 is. 6 ;o 68.t 71. '?° i· 7 .7 so. 19.6 
129 225 23 ~ij l 11/2~ 3g.36 2. ij·6 .1 i5.o 1.64 66.8 10. 73.~ 7 • l 1 .s 77. 9 81.2 J;S.8 
lJO ~ 18 l 11/4/ 8 31.39 a·o .5 54.1 3.2 68.70 72.5 ra-3 77. 7s. 80.2 81.l ~-6 16.4 
lJl 20 4Ji9<> l 11/5 38 32.94 ·? ~-8 51.2 Go.9 67.66 71.3 7 .3 77.0 78.0 79.8 80.8 .6 J.6.4 
132 225 21 471i l 1}{9/38 32.92 4. ~-8 ~-8 61.0 64.oa zi.a 14.1 11.4 1s.4 80.1 81.2 g3.2 16.1 
13i 225 22 ~3 l 111az3a 32.24 3., 43.5 •7 58.4 6 .76 9. 72.7 1i.6 76.6 Jg.5 79.6 82. 17.·11-
13 225 22 ~~i 2 11/1 /38 3 .oo 3. lio.2 .48.o 51.4 61J..oo 68.1 71.a 7 .a 1i.9 1.9 p·o . 81..-7 1a.3 
13, 225 21 2 11/16/3g 34.~ 3.7 11-3.a 49.3 ~-9 ~-08 ,69. 72.9 75.4 7 .7 7s.5 9.6 a2.5 17.5 
13 225 21 471 J 12/2/38 35~ 3.3 "2.a 11,8.1 5a.o 6 ;54 69.1 72.5 71• 76.5 7s.5 79.6 a2.7 17.3 
137 225 26 5S36 l 12/14/38 37.86 3.5 37.a 44.8 54.9 62.14 67.1 70.? 7 .3 75.5 77.a 79.. a2.5 11., 
138 225 25 5610 l 2/27/39 3s.22 3.1 37 .6 44.4 5i.o . 61. 7g 66.o 70. 73.6- 75.1 77 .o rs.\ s1.6_ .1a. 
139 225 25 5610 2 3/1/39 38.18 3.3 39.a 11,sJI. 5 .6 61.82 65.a 10.3 73.6 75.0 76.9 7s.11- 81.5 1a.5 
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Teat 

~ i 
141 
142 

it 
i~ 
147 
148 
149 
150 
151 
1r:;2 
1i::3 
154 

i§2 
157 
15g 

i26 
161 
162 
163 
164 
165 
166 
167 
16g 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17g 
179 
11!0 
1g1 
1g2 

i~ 
1g5 
186 
1g7 
1~ 

Uoni. 
llaryneal 

• • • • 
• • • • • • • • 

Ogden 
• • • • • • 
• • • • • • • • • • • • • 
• • • • • 
• • • • • • • • 
• • 
• 

Oba:ie.cter of. Te~t-·~--:--
£!1ze xo. .lbraahe 
Balls of Charge 
(9!!).) Balls (Gm.) 
~ ~2 --- -- -[~fg 
420 12 5059 
42o 11 4635 
420 11 4620 
420 11 46os 
42o 11 4626 
420 12 5o€,o 
420 11 4624 
420 12 5040 
420 14 5$9S 
420 14 5g65 
42o 14 i:;gge 
65 95 bl95 
65 91 5953 
65 92 6152 
65 92 6o33 
65 92 6052 
65 91 59g5 
65 89 5g46 
65 90 5910 
65 81! 5779 
65 1!8 5779 
65 90 5910 
65 90 5910 
65 g9 581jg 
65 g9 5841! 
65 89 5841! 
65 100 6569 
65 99 6504 
65 99 6504 
65 99 6504 

130 35 450g 
130 40 5152 
130 44 5667 
130 42 531'.i 
130 43 5515 
130 ~ 5393 
130 43 5533 
130 43 5533 
130 !1,5 5792 
130 !1,5 5791 
130 45 5791 
225 20 4490 
225 23 5163 
225 25 5610 
225 24 5386 
225 24 53gg 
225 24 53gg 

-4-

Run 
Jro. 
3 
1 
1 
1 
2 

l 
2 
5 
3 
l 
2 
3 
1 
1 
1 
2 
3 
2 
l 
1 
l 
2 
2 
3 
2 

I 
1 
l 
2 
3 
1 
1 
1 
l 
l 
2 
2 
3 
l 
2 
3 
l 
l 
l 
l 
2 
3 

Rattler 
Test 
.Da-1~ 

J/6TJ9 
10/3.1/38 
11/2/31! 
11/4/38 
11/5/-Y, 
11/9/38 

11/13/31! 
ll/l~/3S 
11/10/38 
12/2/";S 

12/14/3S 
2/28/39 
3//3//39 
2 g 39 

2/11/39 
2/lS/39 
2/20/J9 
2/21/39 
2/24/39 
2/27/39 
5gH; 
31zizz39 
j/6/; 
5~!~§ 

37{gz~§ 
3/lf'J9 
5~i6z5§ 
2/1/39 
2/2/39 

~HHi 
2/S/39 

2/11/39 
2/18/39 
2/20/39 
2/24/39 
3/l/ 39 
3//7/39 
2 l/39 
2/2/39 
2/4/39 
2/6/39 
2/7/39 
2/8/39 

A P P E lI D I X III (Oant1nued) 

3T.-ii:2 
43.80 
36.12 
33.28 
32.18 
31.e:6 
32.98 
36.06 
33.52 
3b.10 
37.6S 
37.es 
3S.42 
39.78 
;_7. 74 
'tl.26 
38.86 
42.16 
41.64 
36.92 
39.40 
37.36 
37.66 
37.26 
36.94 
3s.54 
39.42 
3s.% 
41.16 
40. 7Q 
4o.i6 
4o.oo 
33.84 
36.5g 
39.92 
37.41! 
3S.86 
37.22 
39.64 
38.20 
40 76 
4o:6s 
40.34 
34.18 
36.70 
39.10 
37.94 
37.50 
3s.4o 

JS 
1.4 
1.1 
4.l 
5.5 
4.5 
3.9 
3.9 
5.0 
3.9 
3.2 
3.5 
2.e! 
4.1 
~:6 
Ji..o 
3.4 
3.1 
5.5 
4.3 
a·l 
5:t 
5.2 
3.9 
4.l 
4.3 
3.7 
3.9 
4.1 
4.2 
3.6 
4.o 
3.3 
3.3 
3.4 
3.2 
2.g 
3.6 
2.3 
2.8 
2.5 
3.6 3.6 
3.3 
3.4 
3.0 
2.8 

39. 
32.1 
4o.9 
~-7 
..-0.5 
4e!.5 
46.6 
40.6 
46.9 51.0 
42.0 47.5 
40.2 45.2 
39.3 !1,5. 7 
3;:? tta:I 
?1.1 45.6 
36.2 41.5 
38.9 42.9-
34.4 39.6 
34.2 41.1 
41.s 47.3 
3s.7 44.7 
41.9- 46.5 
4o.6 47 .o 
41.9 46.3 
42.1 47.6 
39.4 44.4 
3a.3 43.6 
3S.8 44.o 
35.7 41.9 
37 .4 41.g H.l 42.g 
6.3 42.3 
.o 51.3 

41.8 46.S 
37.2 42.6 
4o.5 45.6 
37.0 43.4 
41.6 46 • .l 
37.6 42.4 
3s.2 44.3 
35.8 42.2 
37.1 42.3 
35.8 41.4 
lj.4.2 49.6 
41.4 46.3 
36.4 JJ.3.7 
39.7 JJ.,.o 
4o.3 4"5.1 
39.5 44.3 

55.5 
~.g 
57.7 
60.7 
62.0 
62.4 
61.1 
57.5 
60.g 
57;6 
55.7 
55.7 
54.5 
53.6 
55.7 
51.6 
54.3 
50.7 
50.9 
56.7 
53.8 
56.1 
55.7 
56.1 
56.6 
54.5 
53.5 
54.1 
52.1 
52.2 
52.5 
52.7 
6o.2 
57.0 
53.2 
55.7 
53.8 
56.5 
53.1 
54.9 
51.5 
51.9 
52.3 
59.3 
56.5 
53.8 
55.2 
55.4 
54.9 

:.,2. 
56.20 
63.g8 
66.72 
67~82 
6g.14 
67.02 

fl:t 
63.90 
62.32 
62.72 
61.5t 
60.22 
62.26 
5s.74 
61.14 
57.84 
5s.36 
63.og 
6o.6o 
62.64 
62.34 
62.74 
63.06 
61.116 
6o.5g 
61.o4 
5g.84 
59.30 
59.84 
60.00 
66~16 
63.42 
6o.o8 
62.52 
61.14 
62.7g 
60.36 
61.80 
59.24 
59.32 
59.66 
65,g2 
63.30 
60.90 
62.06 
62.50 
61.6o 

eve tQ IIO ~ w -oo - so roo 
&6.9 11.2 74.2 75.r71-:o,9.1 
62.2 66.4 70.2 71.6 74.2 75.6 
(Mechanical shaker sample ruined) 
70.g 73.9 76.5 77.5 79.3 80.3 
71.6 74.5 77.1 7g.1 79.9 80.g 
72.2 7~.2 77.7 78.7 S0.4 g1.4 
11.3 1~.4 76.9 77.9 79. 7 go.6 
6s.5 71.s 74.7 75.g 77.g 78.s 
10.7 73,g 76.5 77.5 79.2 go.2 
68.7 72.0 75.1 76.2 78.1 79.1 
67.~ 71.2 74.3 75~7 77.9 79.1 
66.b 70.9 74.l 75.5 77.3 78.8 
65.g 70.l 73.3 74.8 76.7 73,2 
65.0 69.3 72.5 73.3 75.7 77.0 
67.3 11.4 74.7 76.0 7s.o 79.0 
63.7 6g.2 71.7 73.1 75.3 76.4 
65.5 70.1 73.3 74.7 76.9 77.g 
62.g 67.5 70.9 72.3 74.3 75.7 
62.9 67.5 70.9 72.3 74.2 75.6 
67.2 71.4 74.4 75.7 77.4 7S.8 
64.6 69.1 ,72.2 73.5 75.3 76.6 
66.6 70.9 73.1 75.1 76.s 7s.o 
66.3 70~5 73.4 74.7 76.4 77.s 
66.9 71.1 74.2 75.5 77.3 7g.6 
67.1 11.5 77.4 75.8 77.6 7s.9 
65.7 69.9 · 73.1 74.5 76.2 77.5 
65.0 69.4 72.5 73.9 75.7 77.0 
65.4 69.g 72.9 74.3 76.0 77~4 
63.1 67.9 71.3 72.s 74.S 76.3 
63.g 6S.4 71.7 73.2 75.2 76.6 
64.2 68.9 72.2 73.7 75.6 77.1 
64.4 69.1 72.5 74.o 76.0 77.4 
10.2 73.9 76.5 17.1 79.1 go,1 
6S.7 72.3 75.3 76.6 7S.5 79.6 
65.g 69.6 73.0 74.4 76.6 77.8 
67.2 71.5 74.7 76.0 77.7 7a.9 
65.7 70.2 73.4 74.9 76.7 77,9 
67.7 72.0 75.2 76.5 7g.6 79.4 
65.1 69.6 72.9 74.3 76.4 77.4 
66.5 71,l 74.3 75.7 77.9 7g.9 
63.5 6S.2 71.7 73.l 75.1 76.5 
63.g 68.6 72.0 73.4 75.4 76.8 
64.5 69.3 72.6 74.1 76.0 77.5 
69. 7 73.6. 76.4 77 .6 79.1 go.2 
6g.7 72.2 75.5 76.9 7g.9 SO.l 
66.J 70.3 73.6 75.0 77.2 78.4 
66.8 71.3 74.6 76.1 77.g 79.0 
67.3 71.6 75.0 76.4 7g.2 79.4 
66.6 70.9 74.2 75.5 77.4 7s.5 

83.0 
S3.7 
S4.l 
83.3 
g1.s 
g3.o 
82.2 
g2.1 
81.g 
S2.2 
go.o 
g2.o 
79.5 
80.9-
7s.o 
7~.5 
g1.5 
79.:, 
Sl.2 
81.0 
81.9 
82.2 
go.s 
so.2 
S0.6 
79.g 
so.1 
80.7 
81.0 
82.5 
g2.3 
go.3 
g1.g 
00.9 
g2.4 
so.5 
Sl.8 
79.4 
79.6 
s1.o 
82.7 
a2.7 
81.1 
g2.o 
82.3 
81.4 

11.0 
16.3 
15.9 
16. 7 
18.2 
17.0 
17.8 
17.9 
1s.2 
17.s 
20.0 
1S.O 
20.5 
19.1 
21.4 
21.5 
1s.5 
20.7 
1s.e 
19.0 
18.l 
17,g 
19.2 
19.s 
19.4 
20.2 
19.9 
19.3 
19.0 
17 .5 
17.7 
19.7 
18.2 
19.1 
17.6 
19.5 
18.2 
20.6 
20.4 
19.0 
17.3 
1.7 .3 
18.9 
1s.o 
17.7 
liS.6 



APPEliDIX III" (gontin:y,ed) 

Character at Test Screen Analyses of Test Cilarges.after Test 
Size l.o. Abra•iff. Rattler ••s• - Per Cent Retain-ed-(CuiiJylativ!!l Pass 

Test -BeJ.ls of Charge Test Wec.r Sere Sieve No. 200 
No. Stai Gm. Balls Gm. Date ~ l ff;.I 10 12 16 •20 0 'IO ~ 60 80 100 :!oo . Cf Ogden 225 25 5 10 2 27 9 3 -~ 3.1 37. :;z.• 5~· 1.i:;o O .o 70.g 7~2 75.6 7!•5 79.0 81.8 1 .2 

190 • 225 25 t10 3 3/,1?9 3g. [·o ~-0 . -~ 6 .o 61.lio 65.g 70.4 1i~1 75_.1 7 .9 78.3 81.l 1s.9 
191 n 420 11 23 l 211 39 33.76 .1 .g ao. o.o 66.24 70.5 74.2 7 .9 7a.2 79.7 go.7 g3.o 1r.o 
192 • 420 12 5050 1 2/2/39 35.00 4.4 44.5 9.4 59.0 65.00 !2·t 73.4 76.7 7g.o 79.4 s1.o s3.4 1 .6 
19? • 4a:> 14 r:,g70 l 2/4/39 39.4o 2.9 i7·7 42.9 5J·g 6o.6o • 70. 73.8 7~.2 77. 7g.6 s1.3 1g.7 
19 • 420 13 5430 l 2/6/39 3l.14 3.g 1.5 46.3 5b.3 62.86 67.g 72.0 75.3 7 .6 7s.4 79·2 g2.l 17 ·l 19i:; • 420 N 542s 2 2/7/39 3 .so 3.7 39.4 46.2 56.2 63.20 6z.g 72.1 14.3 76.4 1s.5 19. s2. 17. 
19b • 420 5g6g 2 2/3/39 39.04 [·o 4s. ~-2 53.9 60.~ 6 .o 70.~ 7 .o 7l. 77.3 1s.6 g1.7 1e:.3 
197 • 420 i4 5421; 3 2/11/39 36.~ .l 2.6 .s 57.1 63. 68.1 72. 1a.1 7 .1 79.2 so.2 S3.1 16.l 
19g • 420 ~g6Ji. 3 2/11/39 3e:. 3.2 4o.o 44.2 55.0 61.54 66., 71.1 7 -~ 7 .o 7s.3 1i.2 g2.4 11. 
199 Trap 65 100 564 1 3/10/39 12.42 22.6 7t.l 77.7 S3.6 87.5g S9. 91.3 92. 93.2 9l•g 9 .3 95.3 • 7 
200 • 65 99 650 l 3/13/39 11.42 2l.r:, 7 .5 79.7 s5.2 8S.513 90.4 92.2 93.3 93.8 9 .4 94.9 95. 7 4~3 
201 • 6- 99 6504 2 3/1r:./39 12.64 2 -~ 72.6 77.3 83.7 S7.~ S9.[ 91.3 92.4 93.1 9i.8 94.3 95.1 4~9 
202 • 6§ 

l§ 6504 3 3/lb/39 11.52 25.3 74.3 79.3 ~5.0 ss. 90. 92.2 93. 93.9 9 ·1 9a.o 95.9 4.1 
2or • 130 5792 . l 2/27/39 13.28 19.5 72.s 7l.2 83.0 86.72 gg.9 91.0 92.[ 93.0 93. 9 .2 95.0 a·o 20 • 130 ~ 5791 2 2/2~/39 13.16 F· l 70.3 7 .6 83.0 S6.84 89.0 91.0 92. 93.0 93.7 94.2 95.1 .9 ;; . 
20~ • 130 5p1 3 3/3/39 1:,,.94 20. 75.1 78.5 s3.4 g7.06 89.1 91.1 92.4 93.0 93.4 94.2 9[-0 5.0 
20 • 225 25 5_10 1 'i:./27/39 "..'+.12 17.0 71.6 16.1 Sl.8 S~.gg S8.2 90.4 91.9 92.6 93. 94.o 9 .9 a·-1 207 • 225 25 5bl0 2 s~tg; 13. 70 u.3 73.5 7 ,8 82.4 8 ·~ 8S.6 90.8 92.3 92.9 93.6 94.2 95.1 4:{ 208 • 225 il 5610 3 13.34 18.S 72.1 76.3 S2.8 86. 6 88.9 91 l 92.a 93.2 93.9 94.~ 9a.6 
209 • 420 58s3 1 s~tB; 15.24 17.2 ~9.1 74.2 so.3 84.76 87.3 s9~7 91. 92.1 92.9 93. 9 .6 a-4 210 • 420 14 5881 2 15.00 s.o 9.5 73.S So.7 sa.oo S7.5 9().0 91.6 92.4 93.3 93.9 9a.1 .9 
211 • 42o 14 ~8S2 3 

3giH; 
15.34 17.7 69.2 73.2 so.3 8 .66 87.3 89.7 91.4 92.1 ?3.1 ~·I ~-9 5.1 

212 Cordova o. 65 100 56? l 79.14 0.1 5.1 7.s 14.o 20.86 25..2 30.8 35.4 37.s 2.1 • .1 ~-9 
2li • 65 99 650 l 3/14/39 79.42 0.1 ~-3- 7.4 1i.9 20.~ 25.4 30.9 35. ~-1 42.2 46.5 i9-7 .3 
21 • 65 99 6504 2 3/17/39 76.36 0.2 .6 9.6. 1 .8 23. 28.8 33.8 3s.o .5 44.7 49.o 2.0 3s.o 
21i • 65 ~ 6504 3 ~~~tg§ 76.S2 0.2 6.4 9.4 16.4 23.1s 2g.2 33.1 ?1·5 4o.1 44.3 4g.1 61.8 3s.2 
21 • 130 5792 l 71.94 0.1 s.5 12.9 21.2 28.06 32.2 37.1 1.0 43.1 !tr·o ao. 61.1 3s.9 
217 • 130 ~ 5791 2 2/U,/39 75.z!e O.l 7.s 10.9 17.9 24.76 29.0 33.9 3s.o l!o.1 .o 7.9 60. 7 39.3 
21S • 130 5l9l 3 

2%1~~§ 
p.96 0.1 S.6 12.2 1i.1 26.04 30.4 35.2 !9.0 41.2 44.9 4a.S 61.2 3s.s 

219 • 225 25 5 10 1 09.34 O.l 10.6 15.6 2 .1 30.66 34.7 39.2 2.s 44.g 4,g·i 52.1 62.0 ~.o 
220 I 225 25 5610 2 3~M39 70.04 c.o 11.6 15.s 23.4 29.96 34.o js.5 42.1 44.1 :tz· 51.5 63.2 :,6.S 
221 • 225 fi 5610 3 3 39 p-42 0.1 9.2 13.3 22.0 2S.58 32.6 7,3 4o.i !:4•0 •1 50.5 62.4 3l.6 
222 • 420 5SS2 l 3a~9 !.~ o.o 11.4 15.3 24.2 31.10 34.8 39.1 42. .6 11$.0 51.7 63.4 3 .6 
221 • 420 14 5881 2 3 39 69. S 0.1 9.4 13.9 2i.4 30.32 34.1 ;a.3 41.l ~-I 41.2 51.0 62.6 31.4 
22 • 42o ~ 5881 3 3/s/39 68.92 0.1 10.7 15.1 2 .5 31.og 34.9 39.1 42. • 4a.o 51.g 63.5 3 .5 



APP J: B D 1 X IT 

Test Data for •s• Grading Tests 

,go!l•B:llts; OhigQ 'l'r!al Btgnu 5QQ Battler Buo!:!llionsi W!!r ljQ\l&ls Em: Q~t taH!!!g IS!• go gi,eTtl 

Character of Test 
Sise · Teat Siu 

Charge Balls . . \ I,._ . 
65 0 2 2 1 .o 11.5 o. 9.9 3.1 5. • .1 r.ra9.3 90.~--9. 

2 I 

6§ 
93 6o55 i~~p; 24.98 8.0 54.5 75.02 79.4 80.3 g .7 g5.6 86.9 g7.5 gg.8 11.2 

i I 103 6711 26.go I·5 ~-3 73.10 1z.9 81.5 g4.1 g,.1 g6.3 ~-o gg.6 11.4 
Jtooo 130 38 1tg75 2zg8, 28. 5 .9 .g z1.35 1 .3 80.3 g3.2 8 .4 85.7 .5 gg.2 11.s 

~ • 225 24 ~ :~~B; 30.50 2·1 47.4 ,.95 74.9 79.3 82.5 gj·7 g2.2 86.1 88.0 12.0 
I 225 20 2~.18 .3 a3.1 7 .g2 7e:.7 82.2 g4.7 I .7 g .9 s7.l g9.1 10.9 

l I 225 21 4~6 2/10/39 2 ·f 5.5 9.3 73.62 77.9 g1., g4.5 85.5 g6.8 87. · g9.2 10.s 
I 11m 13 

i6g ~}.lg~ 26. 3 g.2 52.3 z3.37 11-1 81. 84.o 85.0 86.3 8r.1 88.g 11.2 
9 3000 65 70 34.20 !•7 38.9 6g.o ~-7l 71. 76.g 80.4 81.8 g3.5 8 .5 g6.7 13.3 

10 I 65 52 3 80 ~~~H; 25.43 .7 ~-9 r·~ 7 ·2 7g.9 82.4 g5.1 86.1 87.3 88.o g9.5 10.5 
11 I 65 

§I 
3727 28.27 ~-1 -~ 53-i 6. 71. 6 76.3 80.5 83.4 84.6 85.9 86.8 88.5 11.5 

12 I 65 i~§ 2/10/39 26.90 .o ao· ~- 65.9 lt·oi 77.2 81.0 g3.7 84.7 85.9 86.7 8g.2 11.s 

il I 130 37 2/6/3.9 33.23 4.o 2.9 .o 6l·t .7 72.i 77•! so.7 g2.1 8i.s 84.g 86.9 13.1 
I 130 JO is65 2/IB9 ~-07 6.7 51.5 56.0 • 72.93 77. g1. g4.2 8,.3 8 .5 87.4 89.0 11.0 

i, I 225 21 71j ~~6/§ 
.90 s.g 52.g ~.4 66.7 73•ij 1z.6 !O.S 83.z 8 .7 86.3 87.1 88.4 11.6 

I 225 21 Jt.71 27.51 8.3 51.5 t·4 66.o 72. 7 • 7 80.6 8~. 84.8 86.2 87.0 88.8 11.2 
17 I 420 11 =as9 ~~~1; 22.5 13.1 59.2 4.9 z2.4 77.46 81.3 84.o 8 .1 ~.o g8.2 88.8 89.9 10.1 
18 I Jf20 13 ~JO 2r.s3 s.6 52.8 61.2 6.2 72.16 77.0 80.l s3.7 .8 86.1 87.0 88.z 11.i 
19 I 

~ ~ 2fZ39 2 .67 10.5 55.6 1.5 69.~ 75.33 79.2 82. 8,.o g6.1 ~-2 88.o 89. 10. 
20 2000 29l§ ~~g~; 26.15 6.9 i1.7 68.! 67. 73.85 7g.5 g1.s g .1 85.3 .5 87.4 89.1 10.9 
21 • 65 39 2a61 22.~ 7.2 1.1 4. 72.2 77.~ 81.2 84.1 86.2 g7.1 gg.1 gg.9 90.3 9.7 
22 I 130 ~4 ~~ ~zjgzji 

24.4<> 9.g 67.2 62.5 70.7 75. 79.6 g2.6 g4.7 85.7 86.9 87.7 g9.3 10.7 
:i I 1)0 21.50 10.4. 3.1 6z.5 13.1 7g.:;0 81.1 84.2 86.1 gl.o gg.o gg·I 90.0 10.0 

I 225 17 ~16 ~~~; 22.15 13.0 63..0 6 .8 z2.9 7,.85 g1.1 g3.7 85.7 g .6 8z.1 g3. 89.8 10.2 
~~ 

I 

~ 19 64 21.4<> s.6 5g.7 62.I l·1 1 .6o 78.4 g1.5 g3.g g4.l g .1 87.0 gg.7 11.j 
I 12 5033 3 • 39 2 .65 7.8 56.3 59. 6 .5 72.35 76.5 79.9 s2.3 g3. g4.9 g5.s 87.7 12. 



5000 = Jaooo = 2000 
1000 
1000 

i = 2000 
1000 
1000 

i 
3000 = 2000 
1000 
1000 
500 

§ 
= 1B 
~ 

.A.PPJ:•DIX T 

Teat Data for •s• Grading Testa 

(Ocmatanta: Ohioo Trial Stone; 500 Rattler ReTolut1ona; :nnety-nine 65-gram Ballas 
rorb-f1ve_l30-gzea Balla. TwentJ-five 225-gram Balla, and J'ourteen 426-g,:aa Balla 

ab&raotor of Teat 
11•• .lbzaaiTe 
Balla Charge 

5 
65 

f~ 
65 
,5 
65 
,5 

t~ 
65 

ii 
1)0 

ii 
130 
130 
130 
130 

m 
225 
225 :~ 
225 
225 
225 
225 
~; 
225 e 
ll20 
ll20 
Ug 

I 
Ji20 

6;.. 
6504 
6504 
6504 t= 6504 

t~ = 5791 
57,1 
5791 
5791 
5791 
5791 
5791 
5791 
5791 
5791 
5791 

~~ 
5610 
~10 
~10 
~10 
5610 
~10 
~10 

~
~10 

10 
10 

5610 
~82 
5880 
5882 

I 

I 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

i 
1 
2 

. l&T'J'J 

sHHJi 
j~H~3J 

s~ff~3; 
3//17/ 9 
3 17/J9 
3/119/ 
s~Hzsi 

3}7Zl39 
3/15 39 
3.7/7/J9 

3 15/J9 
73./71139 

3 }1/J 
311,589 

3. 7/J9 
3715/39 
3./7/J9 

3~}i~§ 

3~~~ 
3~~H; 
3720~9 3. g 9 
3r~zsi 
j~f~; 
)/20~9 3//13 9 
3 21 9 

s~~,Ji 
3~~?9 l·3~; 
ill 

.1 
7.2 
3.9 
4.2 
2.4 
2.1 
l~O 
1.2 
o.4 
o.4 
o.o 
0.2 
6.9 
8.5 
,·5 
2:Z 
2.4 
2.4 
1.7 
1.0 
1.2 
0.2 
0.2 
6.7 
6.o 
Jt..9 

!:l 
4.1 
3.6 
3.0 
1.6 
1.1 
0.2 
0.2 
6.t 
2:1 
7.0 
7.4 

t:J 
l:i o.o 
o.o 

.l 
54.o 
41.7 
42.5 
29.1 
28.4 
18.3 
18.3 
6.2 
6.1 
o.6 
o.6 

54.9 
a4:2 J.8 
35.3 
35.3 
Jg:J 
14.3 
li:i 
2.2 

53.7 
~:i 
'5.2 
~3.i:. 
Ji.3.t 
Jto.7 
llo.4 
19.8 
18.0 
3.0 
:,.6 

52.9 
52.9 
50.8 
50.2 
~7 
4i:l 
44.ll-
2i.2 
24:I 
3.2 

59:i ~l:l Tt9 
Jta.2 59.5 67.4 
48.1 59.2 i·3 36.4 Jta.2 .5 
35.5 47 .2 • 7 
23.5 34.6 .9 
23.6 34.6 44.7 
s.:, 14.4 22.s 
8.5 14.4 '22.9 
o.s 1.0 1.6 
o.8 1.2 1.8 

59.s 69.2 75.3 
60.9 69.7 75.9 
49.2 6o.6 68.3 
50.0 61.3 69.2 
41.1 53.0 62.0 
42.7 54.2 63.2 
36.2 11,7.0 56.1 
36.7 47.6 51.0 
17.5 26.8 36.6 
19.6 29.1 39.4 
2.0 4.o 9.0 
2.8 5..2 11.2 

58. 7 6!.i 74. 7 
5s.2 67. 74.5 
50.9 61. 69.0 
51.0 61.3 69.0 
JI.a.JI. 59.2 66.9 48.6 59.2 66.7 
Ji6.2 56.3 64.1 
Ji6.o 56.0 63.5 
22.9 33.6 43.8 
22.1 32.4 42.6 11,.2 9.6 19.2 
5.2 10.6 19.2 

58.5 67.5 74.2 
57.5 67.0 73.7 
55.0 611-.8 71. 9 
55.2 64.4 71.4 
55.5 64.5 71.2 
55.1 64.o 10.5 
118.0 58.l &5.7 
!t2·• ~-I ii·0 

~:i 'f,1:1 't:\ 7.8 1 .2 2 .tt 
5.2 1 .4 2 .o 

.:, 82.8 ~-1 86.0 87 .l ST., 
79.2 s2.5.8 s5.9 s7.o sI.8 !2.6 11.0 so.2 81.5 s3.1 s .3 
2. 7 .... 80.8 82.2 83.9 85.1 4.I lo.3 14.1 16.1 1,.0 80., 

63.9 10.0 74.7 76.7 79.2 81.0 
53.1 60.7 66.6 69.4 72.7 75.: 
53.2 6o.S 66.7 69.6 73.1 15.i 
31.7 41.0 49.2 53.6 58.5 62.3 
32.1 41.3 If;. 7 5'!.3 59.3 63.3 
3.8 10.2 20.0 26.4 34.4 Jto.6 
4.2 11.6 21.·6 21 .s 35.s 42.2 

79.1 s2.6 85.0 85., 87.0 s7.9 
79.7 83.2 85.4 86.5 87.5 88.3 
73.1 77.9 81.1 82.5 84.l ss.s 
74.1 7s.s 82.o 83.4 84.9 fli, 
67.4 73.3 77.4 79.1 81.l 82., 
6s., 14.6 78.5 ·so.2 82.2 83.7 
62.3 68.8 73.2 75., 7s.o 79.s 
63.6 69.8 74.3 76.5 78.9 so.7 
44.2 53.4 60.2 63.4 67.5 70.7 
47.1 55.9 62.5 65.9 69.! 7i.6 
15.8 27.2 3s.o ~.8 Jt.;.6 54.8 
18.4 30.4 Jto.6 115.o 52.0 57.0 
78.6 12.~ 84.S 85.9 17.0 17.9 
78.5 82.o 84.4 ~.5 86.7 s7.5 
73.9 78.6 81.S 8).0 84.6 85.7 
74.o 1s.3 81.4 82.8 84.4 ss.5 
71.8 76.8 80.2 Cl.6 83.3 SJl..5 
12.1 76.7 so.o 81.5 s3.3 s4.5 
69.0 74.2 78.0 79., 81.6 83.0 
69.0 74.o 11.6 79.3 s1.3 82.7 
50.7 5s.7 64.6 67.7 71.2 73.s 
~:I ~:~ ~:f ~:l li:5 Zl:8 
28.6 39.6 118.6 53.4 5.9.4 6:,.4 
78.0 81.9 84.4 s5.5 !6.7 87.5 
77.s 81.5 84.o s5.1 86.lf. 11.2 
76.2 80.3 s:,.o S4~2 85.5 86.5 
76.0 79.s 82.6 93.9 85.:, 86.:, 
75.6 79.7 s2.5 83.s ss.:, 86.:, 
15.2 79.2 82.o 83.3 8Ji..s ~5.8 
70.5 75.6 79.1 80.6 82.11- 83.7 
!!:i 1?:8 11:~ ~:a fl:; ~:! 
~-3 ii.~ i1., I~.s ~;.t z,.2 
3s:g i:~ ~:8 fi:I t!:o &f:t 

.3 .1,,111• 

89.\. 10. 
86.Jt. 13.6 
87.4 12.6 
83.8 16.3 84.i 15.6 9. 20. ij. 1,.i 
70.2 29.s 
71.6 28.4 
53.Jt. 116.6 
55.8 4Jl..2 
89.4 10;6 
89.7 10.3 
87.4 12.6 
SA.i 11.9 
~-1111-.; 
83: ~l:t 
84. 15., 
76.5 23.5 
78.4 21.6 
64.6 'i.4 66.S 3 .2 
&9.5 i .5 
89.2 10.1 
87.i 12.1 ff. 12.3 

• 13.0 .o 13.1 
85. 7 1\..3 
85.6 14.\. 
7'.0 21.0 
n:, n:1 
72.0 2s.o 
89.1 10.9 
ss., 11.1 
"·' 11.6 a.3 11.7 
as.:, 11.7 
S7.9 12.1 
S6.3 1:,.1 
So.\. 13.6 
so., 1~.1 so., 19.1 
J!:I ij:1. 



.l P P J; ll D I X VI 

Test Data for •s• Grading Tests 

(2!mJl!ntg i 2QQQ-!k!,m %!Bl !B!!:tai SQQ 11!:!U:e;i;: 1'!!!21llUS1!lB i '1!!!:t 19!&1! l!!t Qgt b§si!:lg l!h 2.Q !U,l!el 
O~acte;i;: sit T1st 

Size lio. .lbrasl.ve Rattler ••s• 
Teat Balls of Charge Run Test Wear S 
10. s1m1 'Isl Balls (Om.) No. ~te ,il 1~ 10 ;i,:r --;i,o ~ · 3cr~ ~lR> ~ ---1)() so 100 
l Dwll•J' 5 46 .3014 l ;11.39 22 • .35 l~ 59.1 6l.4 71.6 77.65 82.l 85.6 8~] g§.4 90-4 91.4 ~-.3 "• 2 • 65 41 2690 l 

4~2Bi 
20.10 14.6 29·; 6 • .3 74.2 79.90 g4.o g7.o g9.2 90.2 91. 92.0 9l.5 6.5 

' 
• 65 4o 2625 l 19.95 15.1 o. 67.1 75. 80.~ 84.9 g7.4 g9.9 90.l 92.0 92.6 9 .l g·9 • 65 4o 26~ 2 4/10/.39 19.lto 11.9 61 • .3 6z .2 75.4 so. 84.a 87. g9.5 90. 91. 7 92.4 94.o .o 

2 • 65 4o 262 .3 4411/.39 19.65 14.3 60.2 6 .4 75.0 so.35 84. 87.4 89.5 90.5 91.7 92.3 93.s 6.2 • 130 29 3729 l /3"/J9 21.30 13.5 62.8 66.S 73.2 78.zo 82.4 85.6 87.9 g9.1 90 • .3 91.1 92.i z.1 

' • 130 ~g 3215 l 
4~2/9 1s.35 1s.9 ~-4 70.7 77.1 81. 5 85.1 87.6 89.7 90.5 91.a 92.4 93. .6 • 130 3?45 l 1a.oo 20.3 .7 11.s 1z·4 82.00 ~-4 87.a a9.9 90·4 91.9 92. 93.7 6.3 

9 • 130 27 3 75 1 
4j{~~~ 

19.15 16.5 ~3.7 9.1 7. S0.$5 .6 8z.4 g9.5 90. 91.s 92.3 93.7 6.3 10 • 130 27 3475 2 20.60 12.9 61.8 67.1 74.a 79.lto a3.6 8 .5 sa.a 89.7 91.2 91.7 93-i 6.z 
11 • 1.30 27 lm 3 Jt:/12/39 19.90 lg.a 63.z 68.4 74.a 80.10 83.9 86.8 88.l 90.0 91.2 91.s 93. 6 • 12 • 225 20 1 3G~P9 22.30 l ·l 2s. 64.3 72. 77.70 82.l s2.1 s7. ts.a 90.1 91.0 92.s z-2 
~l • 225 18 llollo 1 

4/6/9 19.30 19. 4.7 zo.1 76.2 S0.70 84.2 8 .8 88.S 89.8 90.9 91.6 93.2 .8 • 225 18 4<>41 2 
4/7/~; 

19.90 15.9 61.s 7.5 75.2 80.10 84.o 86.l 89.0 90.0 91.2 91.s 9,.0 z.o 
~2 • 225 18 4<>41 3 18.10 21.5 6a.4 z2.1 77.6 a1.90 85.2 87. a9.6 90.6 91.7 92.5 9 .o .o • ~ 12 ~33 1 3'1tij§ 

21.~ 15.2 ~.1 5.2 73.0 7a.25 82.2 ~·i tfl.6 88.S 90.1 91.0 92.s z.2 11 • 11 15 1 19. 20.5 6. 69.7 75.a 80.55 s3. • 88.6 s9.6 90.s 91. 93.1 .9 
18 • "2o 10 4191 1 4/6 39 1a.1 19.8 66.2 z1.o 1z.1 81.90 ~.t 8z.9 s9.7 90.7 91.7 92.j 93.s 6.2 
19 • ~ 11 ~ 2 

4,{~Bi 
19.~ 1i.s 64.J 9·? 7 .2 80.~ .l g ~g 88.9 90·a 91.2 91.: 93.6 6.4 20 • 11 3 20. l .4 64. 6s. z4.s ~- s1.1 86.1 88.1 s1. 9Q.7 91. 93.2 6.8 

21 Ohico 65 116 3014 l /1/39 2a.10 9.0 48.1 54.s 5.t .90 1 .1 80.s 8l. 8 .7 86.1 8~.1 88.9 11.1 
22 • 65 41 2690 l 

J2B§ 
2a.80 8.5 51.~ gg•a 68. 74.20 79.3 Sf.6 8 .9 86.0 87.2 8 .S 89.5 10.5 :, • 65 JI() 2625 1 2 .25 9.s 52. • 69.6 1a.75 31.0 g .2 86.9 88.0 89.6 90.2 91.9 ~.l • 65 JI() 262a 2 4/10/39 2a.30 9.2 5{·0 26·1 68.9 7 .70 79.5 82.7 85.0 86.1 87 • .3 88.0 89.8 11.2 

~ • 65 4o 262 3 4,11/39 2 .15 10.5 5 .4 .7 zo.o 75.a5 so.1 s3.2 85.5 86.6 87.s 88.6 90.1 9.9 • 130 29 3729 1 
4aP9 28.10 8.3 53.2 gl,•7 5.8 11.90 76.9 80.5 83.1 84.4 85.s 86. 88.7 11.3 

27 • 130 :2 3215 1 
4/2?,9 23.85 13.1 58.8 .1 71.1 76.15 80.2 82.9 85.0 86.o 87.2 87.8 88.9 11.1 

28 • 130 '145 l 4/s/; 23.95 12.j 57.7 63.6 zo.s 76.05 so.1 82.9 s5.2 86.1 87.4 88.1 89.5 10.5 
29 • 130 27 3 75 1 

4/1089 
26.30 11. 53.a 60.3 9.3 74.70 79.3 82.5 ~.o 86.o 8I·5 88.2 89.s 10.2 

30 • 130 27 3475 2 2 .50 9.8 52.4 29.3 68.0 1,.50 78.3 g1.5 ~-9 85.1 8 .3 87.1 89.0 11.0 
31 • 130 27 ~ 3 4/12/39 25.80 11.0 a5·7 1.1 68.5 7 .20 78.z 81.8 .2 8a.4 86.5 :Z·3 89.1 10.i 
32 • :~ 20 1 341t.?; 

28.10 8.1 9.8 ~-1 65.7 71.90 76. SO.l 82.7 8 .o :2·2 .5 88.4 11. 
31 • 18 4040 l 24.50 12.6 58.1 .5 10.I 15.50 19.4 82.2 84.3 ss.4 • 87.2 89.0 11.0 • 225 18 IK>41 2 4/689 24.15 11·a 26·0 ~-0 70. 75.!5 so.9 84.o 86.2 87.4 88.7 89.5 91.3 8.7 J • 225 18 lk>41 :, 4/7/39 24.35 l. .4 .5 ~-7 75.65 12.5 82.4 84.6 S5.7 86.9 :1·7 89.5 10.5 
32 • Ji20 12 a233 1 3~~~ 28.15 9.6 51.1 ~-5 ·l 71.~ 7 .3 79.8 82.~ ~-8 :2·1 .2 88.2 11.8 
37 • 420 11 15 1 26.35 13.1 25·5 1.:, 68. 73.65 78.2 81.l ~- .7 .1 86 .• s 88.3 11.7 
38 • 420 10 4191 1 Jt./6/39 22.gg 15.7 o.1 65.7 ~-7 14.~ 81.8 84. .9 87.8 :2·2 89.8 91.{ 8.l 
~ • "2o 11 :m 2 

4/a~~; 
22· 10.1 56. 61.7 9.3 7. 78.8 81.9 84.3 ~-It- .7 :z.4 89. 10. • 420 11 3 2 .55 12.0 ~5 59.9 6a.1 73.45 77.8 81.1 a,3.5 .a 86.1 .9 89.0 11.0 



.l PP J: Ii DI I VI (Continued) 

C!l:l11.raote:r at Teal _ 
Size Io. .lb:ras1Te Rattler 
Jila].ls of Obarge Run· Teat 

t 10 2 •20 l -~ 
- ---- --- -- 5 301 l /J 39 2 • 0 • 51. .o • 2. .5 • .2 • • .2 ~·" 7• 

42 • 65 41 2690 1 4/5/39 25.05 9.6 53.6 .2 68.9 74.95 79.9 83.2 85.9 trr.o 88. 89.3 90.6 9.4 
~ • 665 ~ ~~25 1 4/6/J9 23.~ 10.4 53.9 6o.7 10.3 76.15 80.2 83.4 85.6 86.7 s7.s sa.5 90.1 9.9 

• 5 "IV .:025 2 4/10§9 24.Eio 9.2 52.9 59.7 69.4 75.IK> 80.4 S3.8 86.6 t!7.S 89.5 90.2 92.1 7.9 
1115 • 65 l!o 2624 3 4/11/ 9 2.3 .55 9.7 54.2 61.3 70.6 76.1!5 81.l 84.3 86.7 S8.0 89.2 90.0 92.0 8.0 
4& 1 130 29 3729 l ~/1 39 26.75 8.S 55.1 6o.1 67.2 73.25 78.2 81.9 84.7 86.l 87.7 88.7 91.0 9.0 !I • 130 25 3215 1 4/5/39 22.95 15.3 58.8 64. 11.1 11.05 81.0 84.o 86.3 87.4 88.6 89.4 91.3 8.7 
"'° • 130 26 3345 1 _ 4/6/)9 22.90 14.3 60.1 ~- 72.1 77.10 82.3 85.3 87.6 88.8 90.1 90.8 92.8 7.2 
119 • 130 27 3:75 1 4/8/39 24.55 11.5 55.5 61.4 70.0 75.1¥., 80.1 83.5 86.o 87.4 88.9 89.8 91.9 8.1 
50 • 130 27 3 75 2 4/10/)9 25.35 9.9 53.7 60.2 &9.0 74.65 79.4 82.9 85.5 86.9 88.4 89.3 91.6 8.4 
51 • 130 27 3~75 3 4/12/)9 24.05 11.7 58.2 63.9 70.4 75.95 80.1 83.2 gl;.6 86.9 88.2 89.0 91.0 9.0 
52 • 225 20 ~ 1 3/3.1/J9 26.95 10.1 53.5 58.6 67.3 73.05 77.9 81.7 84.4 85.9 87.5 88.7 90.8 9.2 
53 • 225 18 IIOIIQ 1 ~74/39 23.so 12.9 59.1 63.8 71.2 76.20 80.4 83.3 85.8 86.8 88.3 89.0 90.7 9.3 
54 • 225 18 l!o41 2 4/6/J9 23.20 12.3 58.4 63.9 71.6 76.l!O so.o 82.! s5.o 86.o 87.4 87.9 89.2 10.a 
55 • ~25 18 II041 3 4/7/39 23.Jio 13.1 58.7 63.8 11.3 76.6o l!0.5 83.7 86.2 87.4 88.9 89.7 91.9 9.1 
56 • i~ 12 5033 l 3'3.l/J9 27.45 11.2 56.8 62.6 66.3 72., 77.3 81.0 83.8 85.3 86 •. 9 88.0 90.3 9.7 
57 • -..:v 11 11615 l /4/39 25.05 12.6 56.9 62.3 69.6 74. 79.1 82.5 85.0 86.3 87.7 88.5 90.7 9.3 
58 • 420 10 4191 l 4/6/39 22.6<> 14.1 59.9 65.4 72.8 77. 81.3 83.9 g5.9 86.9 87.9 88.6 90.1 9.9 
59 • ~ 11 4';95 2 4/7/J9 24.6o 11.5 56.6 62.5 70.2 75.l!o 79.8 82.9 85.6 t16.7 88.5 89.3 91.2 8.8 
60 • ..-.:u 11 ~o 3 4,lO/J9 25.10 11.9 57.5 62.I!- 69.5 7I!-.90 79.6 83.o 85.6 86.7 88.6 89.I!- 91.lf. 8.6 
61 llaryueal ~ 46 3014 l /1/39 44.15 2.6 34.5 38.9 48.4 55.~ 62.0 66.6 70.2 72.2 74.4 76.4 80.8 19.2 
62 • ~ 41 2690 1 4/5/39 lio.Eio 3.3 35.2 41.8 51.8 59.l!o 64.9 68.8 72.4 74.o 76.6 77.6 l!0.8 19.2 
63 • 65 II() 2625 l 4/6/39 l!o.55 3.6 34.6 42.6 52.6 59.45 65.4 69.3 72.7 74.2 76.7 77.8 81.5 18.5 
64 • 65 II() 2625 2 4/10/39 39.30 4.o 37.9 43.6 54.1 60.70 66.1 ·69.9 73.2 74.7 11.1 78.2 s1.9 18.1 
65 • 65 IIO 2624 3 4/11/39 38.95 4.1 37.6 lµf.·i 5~-5 61.~ 66.2 10.0 73.1 74.8 76.8 78.0 82.1 17.9 
66 • 130 29 3729 l ~/ /39 46.a) 2.4 32.6 6. 4Q.4 3.80 9.4 64.1 67.7 6 .8 72.2 73.7 78.9 21.1 
61 • 130 25 3215 1 il.t§z39 38.90 4.5 39.3 ~- 5s.2 21.10 25.9 69.8 12.9 14.5 76.5 11.1 81.s 1s.2 
68 • 130 26 3345 1 4/6/J9 39.50 4.6 39.2 ~.2 54.4 6o.50 65.4 69.2 72.3 74.o 76.2 77.4 81.7 18.3 
69 • 130 27 3475 1 4/8/39 39.50 4.o 37.7 43.s 53.8 6o.50 66.5 10.3 73.4 75.1 77.3 78.5 82.s 17.2 
70 • 130 27 3475 2 4/10/39 42.oo 3.1 34.o lfo.6 51.1 58.00 63.6 67.7 71.0 12.8 75.0 76.5 l!0.9 19.1 
71 • 130 27 3475 3 '4/12139 41.30 3.4 38.1 43.6 52.2 58.70 64.o 67.9 71.2 72.9 75.1 76.5 81.o 19.0 
72 1 225 20 lj4gg l 3/3.1/)9 ~.00 2.1 33.7 38.l 47.4 55.00 6o.9 64.9 6S.6 70.6 73.0 74.9 79.6 20.4 
73 • 225 18 l!o4o 1 4Z4/39 41.65 3.3 36.3 42.9 §&.1 58.35 61.2 67.1 70.6 72.2 74.6 75.8 79.5 20.5 
74 • 225 18 4o41 2 '4/6/39 41.75 3.3 36.6 43.6 52.1 58.25 .6 .9 68.o 71.3 73.0 75.1 76.4 l!0.9 19.1 
75 • 225 18 l!o41 3 4/7/J9 )8.l!O Jt..3 41.8 47.1 55.Ji. 61.20 6 .1 69.8 12.8 74.5 76.6 77.8 82.2 17.8 
76 • 420 12 5033 1 3'3.l/J9 '5.35 1.7 33.0 38.5 41.2 54-65 6o.l 64.5 68.2 70.3 72.7 74.5 79.3 20~7 
77 • 420 11 11615 1 Z4/J9 42.l!!O 3.1 34.8 41.2 5Q.7 57.20 62.5 66.6 70.0 11.9 74.1 75.5 so.3 19.7 
7.a • "'2o 10 4191 1 ~/6/)9 3s.45 5.3 40.6 .116.5 56.0 61.55 66.7 10.2 73.4 74.8 11.1 78.2 81.3 18.7 
79 • "'2o 11 4'595 2 4/7/39 40.20 3.3 37.9 44.3 53.7 59.80 64.9 68.7 72.0 73.6 76.1 77.2 81.0 19.0 
so • 420 11 11600 3 4/10/39 42.75 2.9 34.o 4o.1 50.5 57.25 62.6 66.9 70.3 12.2 74.5 76.0 80.8 19.2 
81 Ogden 65 46 3014 1 4/J/39 ~-50 2.1 31.8 36.5 46.5 54.50 6o.5 65.3 69.2 71.2 73.5 75.0 79.5 20.5 
82 • ~ 41 2690 l 4/5/39 41.35 3.5 34.1 40.5 51.5 58.65 64. 7 69.1 72.5 · 74.3 76.II- 77 .7 81.5 18.5 
83 • ~ II() 2625 l '4/6/39 11().10 3.2 35.8 42.2 53.0 59.90 65.8 70.0 73.2 75.0 76.9 78.l 81.8 18.2 
glj. • 65 II() 2625 2 4/10/39 39.00 3.5 36., 43.4 54.o 61.00 67.2 71.4 74.8 76.5 78.5 79.8 83.6 16.4 
s5 • 65 l!o 2624 3 4/11/39 39.25 4.o 36.~ 42.9 53.3 60.75 66.1 70.2 73.4 75.2 77.1 78.3 81.9 18.1 

,-2-



APP EN LI X VI (Continued) 

______ 9)le.r!;CteLJ#Jea________________ ----------- U,ev1 ,tpa.17ses '1 ~t ~....r..gs after Test 
Size No. Aorasive Rattler .. 61 ___________ 2J:T.Qm Retained (Ou.mulettv£ ____ _ 

Test Balls of Cna.1·ge Run Test WeE.r .l2n.s . . Sieye lo, 
---Pass 

200 
100· · · ·200 ill.. h~ Stone (Gm.) Balls li!!!h} ~ ~ . (<£) ___JJ}!!_~ 10 -·12-~ . •20 _...31._ "4o -_____!iQ_ 60 80 

~-- Ogden 130 29 -- ----}129-- l -- '+/1/39-- --w.ro 2.2 -33.i:: 37.9 ~-55.~~-W.::f 70.1-72.1~5 
g7 • 130 25 3215 1 4/5/39 3g.e5 4.7 39.( lK,.1 55.1 b1.15 66.4 10.2 73.5 75.1 11.2 
gg I 130 26 3345 1 4/6/39 39.75 3,8 39ol 44.7 53•7 60.25 65,4 b9,3 72,@ 74.3 76,6 
89 • 130 27 3475 1 4/e/39 39.to 3.e 37.4 43.6 53.f 60.20 65.e 69.b 73.2 7~.e 77.2 
90 • 130 27 3475 2 4/10/39 4o.e5 3.4 36.1 42.6 52.e 59.15 65.4 69.6 73.2 74.7 77.3 
91 : 130 27 3475 3 4/12/39 41.85 4.1 36.6 .. ~.4 51.; 5<' .• 15 63.e 6is.o l1.4- 73.2 75.3 
92 225 20 4438 1 3/31/39 44.eo 1.e 33.0 36.c 47.0 55.20 61.2 66.1 9.9 71.9 74.1 
93 I 225 18 4Q4o 1 4/4/39 40.95 4.1 37.0 ~;.9 53.C 59.05 63,7 67.8 71,l 72.8 74.9 
94 1 225 18 4041 2 4/6/39 40.9() 2.9 37.4. lf-4.3 52.5 59.10 64.8 08.@ 72.3 73.9 76.3 
95 • 225 18 4041 3 4/7/39 3g.~ 5.1 43.; 4-;:;.3 55.li- 61.!;P. 66.4 70.4 73.5 75.2 77.2 
96 • 420 12 5033 1 3,31/39 44."'"? 2.0 33.b 3s.5 48.o 55.5~ 61.2 66.2 69.e 71.7 74.1 
97 • 42o 11 461, 1 /4/39 42.50 3.2 -35.e 42.5 50.9 57.~~ t3.1 67.3 70.8 72.5 75.0 
9g 1 420 10 4191 l 4/t/39 j8.6o 5.2 4o.6 i.6.5 lj"i.3 61.'IV 6b. ~ zo.1 73.1 74.g 76. 7 
99 • 420 11 4-i95 2 4/7/39 li0.05 3.2 3s.4 44.2 53.9 59.95 65.t, 9.7 72.9 74.8 76.e 

100 • 420 11 ~00 3 4/10/39 40.70 3.7 36.7 42.7 ~~.6 59.:,0 b4.~ 69.0 72.5 74.~ 7&.5 
lOl Trap 65 4o 2625 1 4/10/39 11.70 2s.7 76.6 IS0.6 85.5 88.:,0 90.4 91.e 92.9 93.4 94.1 
102 I 65 40 262~ 2 4/13/39 11.a) 30.8 77.l 80a3 8~.; 88.20 90.3 91•7 92e9 93.4 94.2 
103 1 65 4o 2624 3 4/14/39 12.40 29.7 76.1 79.4 8'+.'+ 87.6o 89.9 91.5 92.7 93.3 93.9 
104 • 130 27 3475 l 4/10/39 13.95 25.9 71.6 76.4 82.5 86.05 88.7 90•? 91.g 92.? 93.4 
105 • 130 27 3473 2 4/13/39 13.70 27.5 74.o 77.9 83.1 86.30 88.9 90.b 91.9 92.b 93.4 
106 • 130 27 3473 3 4/14/39 13.25 21.0 75.5 7g.e ~3.6 e6.75 89.1 90.7 91.9 92.6 93.3 
107 • 225 18 4o4i 1 4/11/39 13.65 26.0 73.1 77.~ 8J.l ~.~ 89.1 90.g 92.2 92.8 93.6 
108 • 225 18 4-04o 2 4/13/39 13.qo 28.9 75.9 78.9 ~J.7 8b.tiJ g9.o 90.6 91.Q 92.6 93.4 
109 • 225 18 4o4o 3 4/14/39 14.oo 25.8 74.1 77.7 82.6 86.oo 68.5 90.2 91.t 92.3 93.1 
110 • 420 11 l;6oo 1 4/10/39 14.6o 23.5 72.l 76.1 82.0 85.4o 88.0 89.g 91.~ 92.0 92.9 
111 1 42o 11 4600 2 4/11/39 14.60 24.l 69.9 75.3 81.~ 85.20 88.0 89.9 91.~ 92.0 93.0 
112 • 420 11 4600 3 4/13/39 14.05 29. 75.1 75.lf g2.b 85.95 88.4 90.1 91.5 92.2 93.1 
113 Cordova Cream 65 II() 2625 l 4/10/39 82.10 0.1 ~.2 4.l 10.6 17.90 25.0 3Q.5 35.1 37.9 42.~ 
114 • 65 4o 2624 2 4/13/39 87.15 o.o 'o.g 2.0 6.o 12.~ 20.1 26.7 31.7 34.g 39.b 
115 1 65 II() 2624 3 4/14/}9 86.95 o.o 0.9 1.g 6.2 13.95 20.5 26.6 32.0 34.8 4o.2 
11.6 1 130 27 3475 1 4/10/39 g7 .I() o.o 0.5 1.4 6.1 12.Go 20.2 26.5 31.J 34.4 39.3 
117 • 130 27 3473 2 4/13/39 90.65 o.o 0.3 0.7 3.~ 9.J5 16.5 23.~ 26.b 31.8 36.7 
11g : 130 27 3473 3 4/14/39 90.55 o.o 0.3 o.8 3.t 9.1!5 17.0 22.~ 29.2 3~.1 37.8 
119 225 18 4o4l 1 4/11/39 90.95 o.o 0.2 o.6 3.4 9.05 17.1 2.,.5 29.4 3.~.3 38.2 
120 • 225 18 404o 2 4/13/39 91.70 o.o 0.2 o.~ 2.9 8.30 15.7 22.4 27.e 31.1 3b.2 
121 • 225 18 4o4o 3 4/14/39 92.00 o.o 0.2 o.4 2.6 8.oo 15.3 22.0 27.e 31.0 36.e 
122 • 4a:i 11 4boo 1 4/10/39 69.55 o.o 0.2 0.7 4.o 10.45 17.6 23.8 29.4 32.2 35.0 
123 • 42o 11 4600 2 4/11/39 93.1, o.o o.o 0.2 2.0 6.1'; 13.9 20.9 ?.6.5 29.9 34.9 
124- • 420 11 %00 3 4/13/39 92.6~, o.o 0.1 0.3 2.2 7.35 14.3 20.7 26.8 ?9.~ 35.9 

-3-

"76.2 go~-----i9.5 
78.3 80.9 19.1 
77.f: 80.9 19.1 
78.3 81.7 18.3 
78. It- g1. 9 18.1 
76.7 80.7 19.3 
76.1 80.2 19.g 
76.~ 80.2 19.8 
77.4 80.~ 19.7 
78.5 82.'I 17.6 
76.1 80.1 19.9 
76.2 79.5 20.5 
77.g 81.5 18.5 
78.1 82.1 17.9 
77.8 82.0 1S.O 
94.5 95.3 4.7 
94.5 95.11 4.6 
94.3 95.3 4. 7 
93.g 94.9 5.1 
93.8 95.0 5.0 
93.7 94.9 5.1 
94.1 95.4 4.6 
93.8 95.0 5.0 
93.6 94.e 5.2 
93.4 94.8 5.2 
93.5 94.8 5.2 
93.5 94.9 5.1 
1!5.g 60.l! 39.2 
4}.4 58.5 41.5 
43.4 56.~ 43.?. 
43.2 58.b 41.'l 
40.7 56.3 43.7 
41.1 54.4 4-tj.f 
41.5 55.1 44.9 
40.1 55.6 44.4 
4o.l 53.7 46.3 
41.3 52-2 44.g 
39.1 5~.9 45.1 
.,9.2 52.9 47.1 



APP EID IX VII 

Test Data For Standard· •.11 Grading Tests on Correlation-Oheok StgnH 

,irt 
.W...ore 1.-1 50~ 5f2'J9 22.11 

: ~ ~t! 5Ji{~; ~::J~ 
Beclcman 1.-1 5018 5/2/39 41.24 

• 1.-2 5014 5/3/YJ 41.so. 
1 1.-3 5003 5124/39 41.26 

Bronwood A-1 50ll 5/18/)9 27.lj.4 
• A-2 5()06 5/l9/J9 27 .o4 
• 1.-3 5005 5/ZJ/39 27.~ 

Dmieon 1.-1 5007 . 5/22/)9 30.00 
• .A-2 5003 5/24/39 31.44 
1 1.-3 5005 5/31/39 34.64 

J>ittlinger 1.-1 5003· 5/24/J9 50.~ 
• A-2 5006 5/25/.39 ~-76 
1 1.-3 5005. 5/31/.39 51.72 

Hamlin 1.-1 5012 5/15/39 ll,3.32 
• J.-2 5009 5/17/39 44.!2 
• 1.-3 50ll 5/l8/J9 44.62 

amtsville(Q)A-1 5009. · 5/J.7/J9 34.116 
• Jr.2 50ll 5/i8/J9 34 •. ~~ • ,._ 5006 5/19 9 3 , ..... 

BlmtsT1ll.e(QS51.-1 500.9 5/11 3~·.84 
1 A-2 5011, 5/ · 9 3(.30 
• A-3 500l! ,z19 9 35.76 

Palo Pinto J.-1 5()06. 5/19/J9 29.54 
• J.-2 5007 5/22/J9 29.84 
• 1.-3 5005 5/23/YJ 29.go 

Quiaque A-1 5014 5/3/J'J 23.7g 
1 1.-2 5008 5/5/39 24.CI! 
• 1.-3 Soll 5/ll/J9 24.62 

servtex A-1 5008 5/51~ 30 .e2 
• A-2 5008 5/9/J9 31.96 
• A-3 5012 5/15~9 32.58 

Trinity(Q) 1.-1 5008 5/9/ 32.02 
• Jr-2 Soll 5/ll/J9 33. 72 
1 A-3 5012 5/J..5/39 32;! 

Trinity(QS).A-1 501.S 5/2/J9 !46. 4 
• .l-2 5008 5/5/39 44. 2 
• A-3 5008 5/9/39 45.10 

.o 25.4 39-.1 ;o~ 511,.1. bJ.3 ,.,. 
4.7 24.4 36.2 ~-1 52.9 62.4 75.8 
7.4 22.8 35.9 47.0 52.1 62.0 75.4 
2.3 8.415.7 21.5 25.4 36.3 56.6 
4.111.6 17.2 22.8 25.4 35.8 56.1 
3.3 12.7 18.8 24.6 27.6 37.2 56.6 
6.4 22.8 30.6 42.l 46.4 56.7 70.9 
8.2 21.2 28.6 42.3 46.7 57.3 71.4 
6.8 23.8 33.0 43.f; 47 .6 57 .2 70.8 

10.1 26.2 34.8 42.6 !1-5.8 54.1 68.0 
9.4 20.7 30.4 39.1 42.4 51.8 66.5 
8.C 18.9 27.7 34.6 38.2 47.7 63.3 
3.8 17.7 23.3 27.0 28.6 34.5 47.2 
2.5 12.2 18.2 23.526.212.8 4a.l 
2.l 12.1 17.3 21 •. l 23.3 1.3 46.J 
5.2 14.122.930.5 33.4 1.2 54.6 
2.2. 17 .5 24 •. 0 29. 7. 32.2 ij·9. 52 •. 8. 5.0 17.c 22.5 29.5 31.8 8.8 53.2 
5.2 20~5 28.0 37.5 lk>.8 .4 63.5 
3.9 20.8 28.8 38.0 41.6 ~.7 63.8 
5.6 19.9 25.9 36.1 39.3 47.7 62.5 
9.0 22.J 29.8 39.0 42.150.464.o 
4.4 22~0 3.0.3 39.1 42 •. 5 50.c 63 .1 
1.2 17.0 24.7 34.9 38.2 47.1 6"2.2 
9.6 25.132.942.9 46.2 54.g 68.) 
4.6 2.1· ... ·.4 30.9 3•9··· 8 43.f 53.3 6s •. o. 5.0 22.0 31.4 39.6 4). 53.5 68.0 
4.1 23.133.2114.2 .118 •. 59.7 74.2 
6.o 22.3 33.2 44.o 47.2 59.3 74.3 
3 .• 3 20.7 3. 0.3 4.1·3 46.~·57 •. o 13.2 
5.0 21.3 2s.3 36.7 -'lo • ., 51.2 67.3 
4. 7 17 .8 26,.! 34.5 37.8 "9.Q 65. 7 
2.0 18.3 24;4 34.1 37. 1 4-a.o 64.9 

· 5.2 20.0 19.5 Jl!.6 42.2 50.9 66.o 
2 •. 9 15 •. 9 24.o 33 .• 3 37 .2 47 •. 5 64.2 
6,.1.20.I! 28.5 37.0 40.5 50.1 65.2 
li-.4 15.7 21.6 28.2 30.4 37.4 51.4 
7.3 19.4 25.7 32.0 34.3 40.6 53.5 
5.5 16.5 23.1 29.6 32.1 39.2 52.7 

77."t;fi ~-.T-8J.-2- - lf"S" • .1 o,.... oo... 0.1• 

77.24 80.1 82.6 84.9 8b.8 88.5 89.3 
77.22 80.4 82.7 84.8 86.9 88.6 89.5 
58.76 63.3 66.8 69.2 71.9 74.o 75.2 

. 58.20 62.4 65.9 68.6 71.3 73.5 74.6 
58.74 63.3 66.7 69.5 72.2 74.4 75.6 
72.~ 75.9 78.7 81.l 83.1 85.0 g5.9 
72.96 76.3 79.0 81.3 83.3 85.1 85.9 
72.62 76.c 78.S so.9 s3.3 85.l 86.3 
o.oo 73.1 7 .8 77.8 80.0 81. 82.6 

l8.~6 12.c 14.7 11.1 79.0 80. 81.4 
65.~6 69.1 72.0 74.4 76.8 7g.7 79.7 
Jf.9.<>4 52.2 55.c 57.4 6o.8 64.2 66.2 
50.24 53.7 56.5 58.9 62.1 65.4 67.4 
~.2s 51.9 Si4.5 57.2 6o.4 63.8 65.7 
56.68 6o.3 63.1 65.5 67.g 69.g 70.8 
55.18 58.9 62.2 64.9 67.2 69.3 70.2 
55•31:!l 59.c 62.1 64.5 67.0 68.9 70.0 
65 •. 54 68.7 71.5 74.4 77.4. 81.6 g3.7 
65.68 69.0 71.8 74.4 77.7 82.0 84.J. 
64 •. 56 68.l 71.0 73 .. 5 76.9 81.3 i·.4 
66.16 69.~ 72.5 75.6 79.0 83.0 .o 
65. 70 69.1. 72.2 75.0 78.9 82.8 . .8 
64.24 67.s 11,.1 74.4 77.9 82.1 811-.o 
70.116 73.7 76.5 79.0 81.1 83.0 83.9 
70.16 73.6 76.8 79.4 . 81.-s:. 133.6 84.6 
70.20. 73.6 .·.·_ .. ··7. 6.l 1s.9 .131.Ji. 83.; 84.6 76.22 79.2 81.. S].7 85.7 87.3 M.2 
75.98 79 .. 3' 82. 84.9 86.6 88.3 g9.2 
75.38 78.8 81.6 8.3.5 85.5 tJ].2 !f·2 
~-18 72.9 76.2 79.1 81.5 83.6 O'T•7 
6a.o4 72.2 75.6 78•3' 81.l 83.Jt. 44.~ 
67.42. 71.s .J5.~ . -J8.4. so.9 83.} 84.~ 
67.9g 71.7 .74.2 76.4 78.9. gi.7 82.9 
66.28 70.1 72.7 75.2. 77.4 79.7 81.1 
67 .42 71.9 u,, · 76115 7$.6, go.9 82.4 
53.26 57.; 61.7 66.2 72,;~ 78.2 ao.6 
55·3.8 59.1 63.3 67.1 74.1 79.9 82.3 
54.90 59.3 63.0 67.6 73.6 79.5 81.9 

90.! 91". 
90.6 91.2 
90.5 91.2 
76.7 77.7 
76.1 77.0 
77.1 78.0 
87.2 g"f.8 
87.2 87.9 
g7.5 u.3 
s3.s 84.5 
82.7 83.2 
81..0 81.8 
69.1 70.9 
70.1 71.8 
68.5 70.3 
72.0 72.s 
71.5 72.1 
71.1 71.! 
86.8 88.2 
87.C 88.5 
86.4 87.9 
88.o 89.4 
g7.6 8.9 .• 1 
217.1 8!.5 
85.4 86.1 
86.1 86.9 
85.9 86.a 
89.6 90.6 
9P,;7 91.4 
sg.~ 90.4 
86.c 86.9 
85.9 86.s 
85.8 86.6 
8i.o 87.8 
84.7 86.2 
85.7 87.3 
84.2 ij·o 35.r; 8 .2 
85.Ii- .-5 

9,.2 
93.0 
93.0 
80.6 
79.9 
so.9 
90.0 
90.0 
90.4 86.l 
a:2 
76.1 
77.4 
76.2 
74.9 
74.1 
73.8 
92.g 
93.c 
9~.3 
94.0 
93.7 
93.2 

.88.6 
8.9·3 89.3 
93.2 
94.1 
93.c 
89.2 
39.2 
89.1 
92.s 
91.5 
92.11, 
91.i 
~:, 

• 7.0 
7.0 

19 ... 
20.1 
19.1 
10.0 
10.0 
9.6 

N:-l M·g 
22:l 
23.8 
25.1 
25.9 
26.2 
7.2 
7.0 
7.7 
:6.o 
6.:, 
6.s 

11.Jt. 
10.7 
10.7 
6.8 
5.9 
7.0 

10.s 
10.g 
10.9 
7.2 
8.5 
7."6 
9.0 
7.6 
7.7 
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• • 
Trmity ('8) 

• • 

AP p :I ID IX nu 

IMS· Pit& rs . fiapdard •a• 9J!4mc ·T1U1 m · aorrwuon-Qtot · Hau·-

sJ ~ 7l, s-, I 5,,ll~z 9 
B-1 5 2'6' 

~ 5~~z'' B-1 3 5,.48{J9 

• B,,2. I' 5~1'1'' ti 98 ~z:i~I 
tl i ,,~ 
w 7" ~~; ti ;~~; 
.., ai&oo 5z1f , 
,-, ~J 5z1s1J, 

~ ~ 5~tl9J' 
ti I i~ZBi 
B-2 -,J 5 18/J9 

ti ~J ~~ti~; 
B-2 ~ 5z22 , 
is-J ~98 5Z2Jf:,J 

1-1 ~ 5ml jt..z "'°l 5Z , 
B-) ~9i 511 9 
B-1 ~ 5/5 
:a-2 -~ 5/,tJ, 

ti = 57}i8' 
B-2 Ji,1;9,s 5~U; 
B-) 11500 5/15 . ' 
B-1 = 5/2 
~ mo ;~i1 

-~ 4t•7 '7.•0 ~,.-o 104 fVo~ fOo\lV 04e 20.;rr 1~.5 ~., ~1.) • 7 .~ 79,06 S2. 
20.so 10.9 J3.2 l&o.a 1.l 71.o 19.20 s2.5 
39.6() 2.5 lb.8 14.8 ., 57.6 60.llo 65.0 
iio.2, 2.6 ,·.4 14.1 .• 5 57.0 59. 72 6Jl..5 
)9 .. 9(} 1., ,.2 13.4 29.2 56.IJ 60.10 65.2 ,g.9 

.25.~ 7.0 25.8 ,,., 51.1 71.6 7Jt..04 77.6 8o.4 21.,, 7.4 24.7 32.2 "·' 70.9 73.14 77.0 so.o 
26.so 1.{ 25.0 32., Ji.9.7 10., 13.20 77.1 80.0 
30.52 6. 19.6 26.Ja. ~-3 67.4 69.118 73.9 76.8 it·'2 6.- 19.1 25.0 Ji.2.o 66.2 68.58 73.0 76.0 

.,s 5._2 16.3 22.6 38.J 1·.1 66.02_ 7p.6 .13.8 .se 1.s ,.o 11.1 22.i .6 50.12 ~.6 57.1 
118.06 1.5 1.8 10., 22 .... , .1 51.,it. 54., H.6 

.oo 1. 7 6., 10.3 22. .2 '9.00 .3 .2 
ij.22 3.5 13.7 18.5 JJ.f ;·o 61 •. 78 U.o ., ~ .. c,11. J.8 13.-2 18.l )2.0 .o 29.~ 611..Ji. 67.-4 ~.,a,. ,., 13.5 17.-6 31.-0 · .2 ,.06 ~.5 66.5 
34.n 5.9 19.11, 25.1 11e>.o ., 5.-a1 ~.! 72.7 i·" ,.8 17.8 23.5 39.3 62.4 6s.OII- ,,._ 72.5 

.ss '·f 17.5 22.6 39.e 61.9 ~.12 ,s. 71.s 

.18 • 1 .s 20.2 35. 61. 6 .S2 68.7 72. 
36.H ~. 1l._s 19.s 35J 60.l 6j.6S 68.3 12J 
36. 2 (.3 16.o 22.2 36.Ja. 6o.1 6).28 68., 72.2 
29• 7.\. 21.0 28.5 '5•5 68.-1'- 70.92 711,., 7S.O 
30.oa 5.-, 18.s 25.s 42.1 67.0 69.92 7as..2 77.1 
30.32 ,., 18.8 25.0 as.2.9 67.2 69.68 711,.4 77.6 
23.00 8.6 26.Ja. 34.0 52.2 711,.7 77.00 l!I0.5 8).7 
22.8' 6.S 23.g 33.8 52.S 711,.9 77.14 !O.S _83.6 
211-.20 ,.ia. 21., ,o.6 49.3 13.2 15.so so.o S2.7 
)1.~ ,., 16.0 22.s Ito.II, ~.6 6S.54 72.9 76.7 
,1.62 .2.5 15.,s 22.3 ~.2 ~.2 68.)~ 73.3 76.s 
)3.1' 1.7 1i.3 20.s 37., 63.5 66.84 72.2 76.0 
32.~ 1.5 17.1 23.4 ,,.1 "·' 67.52 ij·' H.o )4.-~ .3 15.S 21.-3 37• 662.s6 "1.52 0.2 .11-
33•"" .• 5 16.-0 22.0 )§. )• '5.60 .1 .1 
'6.12 2.f 10.1 14.3 26.6 51.-0 53.ss 59.1 1t.3.a 

.- • 11.1'- 1 .o 2 •• . 5fl..12 59.4 6Jl..1 ; .. = t 10., 14.5 ~-2 ~:l 52.82 58.2 63.0 
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APPJi:IDIX IX 

Test Ila.ta for Standard •s• Grading Tests on Correlation-Check Stones 

Sieve ,Analyses of Test ~a af~fr Test Abrasive Rattler us• .· ·~·· . . .. . . . . ... Per Cent Retained { ati Pass 
Clbarge Test Wear Screen S1eve~g, 200 

Teet . ·(~ Dat' !f) l/Ji.• 9 lr "fi,2 16 •20 · 30 ;! · ~ SO 100 200 'f) 
.&llamore S:1 5 · 5/2~9 2 .10 I·O 5 .2.4 69.6 75.90 80.8 84.1 :s !;l 89.4 90.0 92.0.0 

• s-2 5852 5./4/J9 24.ss .2 52.6 59.0 68.6 75.12 ao.3 83.7 86.4 87. 89.1 89.8 91.8 8.2 
• s-3 5841 5711/39 24.80 7.3 50.9 58. 7 68.8 15.20 80.o 83.5 86.2 87.3 88.8 89.5 91.5 8.5 

Beclollan S-l 5856 5/2/J9 38.64 2.2 38.5 lf4.6 54.4 61.36 67.0 70.9 74.o 75.3 77.1 77.9 80.3 19.7 
• s-2 5852 5./3139 39.10 2.0 35.1 43.1 54.o 6o.90 66.3 70.5 73.6 75.0 76.6 77.6 79.s 20.2 
• s-3 5841 5111/.39 39.02 2.1 35.6 42.7 53.8 60.98 65.8 70.3 73.6 74.8 76.5 77.4 79.7 20.3 

Brownwood S-1 5834 5/.18/J9 27.52 7.5 lf.9.6 56.0 65.9 72.48 76.7 80.9 83.7 84.9 86.3 87.1 89.0 11.0 
• S-2 5828 5/19/)9 28.22 6.6 47.9 55.0 65.4 71.78 76.5 80.7 83.6 84.8 86.3 87.l 89.0 11.0 
• S-3 5825 5/.23/39 28.14 7.2 Ji.8.6 55.l 65.4 71.86 77.0 80.6 83.6 84.7 86.3 87.0 89.0 11.0 

Denison s-l 5827 5/.22/.39 29.86 5. 7 46.6 53. 63.6 10.14 75.2 78. 7 81.2 82.3 83. 7 84.2 85.9 14.1 
• S-2 5823 5/.2~/J9 31.10 4.8 4-4.7 51. 62.2 68.9() 73.5 77.6 80.3 81.5 82.7 83.4 85.1 14.9 
• s-3 5823 5/31/J9 32.82 4.1 42.4 ~.s 60.5 67.18 72.6 76.2 78.S 80.o 81.4 82.0 8!.8 16.2 

Dittlinger S-1 5823 5/24139 50.62 1.0 26.1 32.6 42.4 ~.38 55.5 6o.6 65.4 67.6 70.7 .72.3 7 .2 22.8 
• 8-2 5823 5/26/.39 51. 70 1.1 24.3 30. 7 41.2 118.JQ 54.1 59.5 64.3 66.6 69. 7 71.3 7 .3 23. 7 
I 8-3 5823 5/31/)9 51.14 lol 25.6 32•1 41.9 48.86 54.4 59• 7 64.4 66. 7 69.8 71e4 76.3 230 7 

Baalin S-1 5837 5/.15/39 42.32 1.2 29.2 37.4 ~.6 57.68 63.1 67.9 10.9 72.2 73.4 73.9 75.1 24.9 
• S-2 5837 5/17/.39 43.32 0.9 28.5 36.4 49.0 56.68 62.8 66.9 69.9 70.9 72.3 72.7 73.g 26.2 
• s-3 5834 5/18/~ 43.28 o.8 28.o 36.2 118.7 56.72 62.8 67.0 70.0 71.2 72~5 73.0 74.2 25.s 

Huntsville (Q) S-1 58Y.I- 5/18/ 37.3Q 2.5 38.1 ,S.1 55.4 62. 70 68.o 73.6 79.g 82. 7 86.1 87 .s 92.3 7. 7 
• s-2 5834 5/18/J9 31.16 2.7 39.2 4iii.s 56.2 62.i!4 6s.2 73.6 79.s 82.6 86.1 87.s 92.\ 7.6 
• s-3 5828 5/19/39 36.76 2.8 38.9 116.1 56.5 63.24 68.5 73.9 80.1 82.8 86.2 87.8 92.4 7.6 

Huntsville (QS) 8-1 5837 5/.17{J9 37 .18 2.0 37.3 44.3 54.9 62.S2 69.1 75.2 80.9 83.5 87 .O 88.7 93.6 6.11-
• 8-2 5834 5/18/J9 36.94 2.3 37.0 44.9 55.6 63.o6 69.2 75.6 81.2 83.8 87.2 88.9 93. 7 6.3 
• S-3 5828 5/.19/J9 37 .10 2.i 37 .9 45.o 55.9 62.99 68.9 75.2 80.9 83.lt- 86.S 8S.4 93.1 6.9 

Palo Pinto S-1 5828 5/19139 29.86 5• 46.9 53.2 63.6 10.111- 71t-.9 79.1 82.0 83.3 81i-.8 S5. 7 !lj.8 11t-.2 
• S-2 5827 5/22/Y} 30.08 5• 46.l 52.6 63.2 69.92 74.8 79.1 82.2 8).6 85.2 Sb.O 8S.II- 11.6 
• s-3 5423 5/31/)9 30.64 5.0 44.5 51.9 62.3 69.16 74.j 78.3 81.3 82.6 84.4 85.1 87.11- 12.6 

Quitaque S-1 i 5/ 3/39 22.38 8.2 58.4 63.5 71.9 77.&2 81. 84.7 ll"l 88.2 89.g 90.8 93.5 6.5 · 
• 8-2 5Z 5§99 22. 72 7.3 1.1 E>2.2 11.4 17.28 81. 84.6 8 .o ss.3 89.8 90.g 93.6 6., 
• s-3 41 5z11z 9 23.06 1. 1 .3 62. 1.5 6.94 80. 84. • 88.o 89.·6 9Q.s 93.3 6.1 

Se:rvhx S-1 5g1tg 5/ 5/J9 30.22 5•3 .9 53-1 3.1 9.78 75.l 79.i 82.l 83.7 85.5 86.3 88.5 11.5 
• 1-2 5842 5/10/.39 30.32 5.3 ~.5 52.7 62.9 69.68 74.4 79.0 82.l 83.6 S5.2 86.0 8S.3 11.7 
• s-3 58)7 5/15/39 30.68 4.7 43.8 51.5 62.2 69.32 75.0 79.0 82.2 83.6 85.11, 86.2 88.6 11.lf. 

Trinity CQ) s-1 58'2 5/ 9/39 33.s2 3.8 43.0 50.3 59.7 66.is 70.4 .74.8 7s.2 l!I0.3 8lf..3 86.4 91.8 8.2 
• 8-2 5841 5/11/39 34.22 3.5 42.4 119.s 59. 7 ~5. 78 70.6 71f..4 77 .9 79.9 84.1 S5.8 91.3 8. 7 
• s-3 5837 5/15/J9 1·50 3.s 44.o 50.s 60.8 66.50 10.9 75.2 78.6 80.5 81i-.5 1!16.6 91.s s.2 

Trinity (QB) S-1 i;gs6 5/ 2/J9 .60 1.0 27.6 35.1 415.S ~.IK> 62.3 71;.·5 78.6 81.5. S5.0 86.!S 92.0 8.0 
• s-2 58118 5/. 5139 .os 1.0 26.9 34.3 116.4 54-9? 62.9 71.9 79.1 SJ,.8 85.J&. 87.2 93.2 6.s 
• s-3 5SlN? 5/10/39 .86 0.9 _26.s 34.4 46.6 55.14 63.0 72.0 79.2 82.o 35.6 87.3 92.5 7.5 



Photograph No. 18-24k-6362, taken by Frank Cawthorn, District 18, has 
been selecteQ as the picture of the week enQing May 13, 1939, anQ for 
the month of May. 

The angle at which the shot was maQe, with respect to the lighting, 
resulteQ in an unusually sharp picture. The principle point of inter
est is centrally locateQ anQ the picture has gooQ story telling ~uali
ties. 

• 
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