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article interference in aggregates is caused by an 

excess of one or more size groi.ps which results in the par- 

ticles of these groups being spaced so closely together that 

smaller particles cannot move freely in the mix. Such a 

condition causes enlarged void pockets arid a decrease in 

stren-th Df the finished product. 

The average clear distance between particles of a size 

group is computed by the formula: 

t = do/da)] D 

in which t is the clear distance between particles of the 

same size and d0 the bulk density, da the relative density, 

and D the average diameter of the size roup under consid- 

eration. 

This paper presents the theory of particle interfer- 

ence aid develops the above formula. It also contains a 

discussion of the theory, including the work of C. A. G. 

Weyrnouth (the author of the theory) and of T. C. Powers, 

and tests erformed by the author, 



The principal part of this paper includes the anal- 

ysis of seven distinct m'rtar and concrete mixes fr each 

of thirty sands. The results show the size ::roups in which 

particle interference occurs in each mix and iaximum ab- 

solute volure oi each sand per unit volume of mortar that 

is permissible if particle interference is not to be 

present, Sieve analysis and comperssive-strength curves 

are included. 

As a result of this study the author concluded that, 

theoretically, the method of particle interference is a 

powerful tool for design and analysis of concrete and mor- 

tar mixes, but that it has not yet been sufficiently sub- 

stantiated by experimental work, Several subjects for 

future study are sug:ested. 
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AN INVESTIGATION OF PARTICLE INTERFERENCE IN THE 

CONCRJTE SANDS OF OREGON 

PART I - INTRODUCTION 

This investigation was undertaken in connection with, 

arid as a part ai, the Cooperative Sand Research krogram 

sponsored by the Bridge Department of the Oregon state High- 

way Commission, and noii being conducted òy the Engineering 

Experiment Station of Oregon State College. 

Tie theory of particle interfererme presents a conven- 

ient method of analyzing concrete and mortar mixes, and may 

be applied, as well, to the problem of designing mixtures. 

This study is ot an attempt to provo or disprove the 

validity of the theory of particle interference as a ente- 
nomi for the grading of aggregates, )ut is an investigation 

.2 determine the preseiee or ausence of particle interfer- 
ence in the mortar amid concrete mixes involved in the above 

mentioned sand research. 
However, other investigators have done some work in the 

field and their results, together with a few simple tests 
performed by the author, are presented and discussed in part 

II-E of this paper. 

because of the imltiplicity of variables affecting the 

strength of concrete and mortars, it is too much to hope 

that particle interference will explain all the puzzling 
phenomena encountered in coxcrete physics, :ut it appears 
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to be the partial solution of some, and it would not be 

surprising if future investigations proved this theory 

invaluable in the design and anal,-sis of concretes and 

mortars. 
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iLkT II - 

II-A THEORY ? PARTICLE INTEFEiE10E: The theory of 

particle interference in concrete aggregates was developed 

by O. A. G. Wemouth and published by him In February, 

:I933. (7) 

Briefly, particle interference in concrete aggregate is 

defined as a condition that exists when one size group 

!. present in such u guantity that the average clear dis- 

tance between the Individual particles of that group ___ 
inuff1c1ent to permit the free passage of the par- 

tides 2: next smaller size group. p1astii mixes the 

clear distance necessary for the free movement of the small- 

er group is equal to the average diameter of the particles 
of the smaller group, and, for stiff mixes, is equal to the 

average diameter of the particles of the smaller group plus 

a distance equal to twice the thickness of the adhering 

cement film. (Plastic mixes are those having a 100%, or 

more, flow when tested on the flow table - 30 drops in 30 

seconds - and stiff mixes are those having considerably 

less than 100% flow. The exact boundary between stiff and 

plastic mixes is very difficult to determine.) Particle 

interference may occur between an; two groups of successive 

* C orisulti ng .ngineer; Los Angeles, Cali forni a 

ttSi grouptl in this paper means the particles between 

two adjacent sieves ol' the Tyler Series. 
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sizes of aggregate, from finest to coarsest, when the larger 

group s in excess. 

As a constJ(t to provide for the adhering cernent fi].m 

in stiff mixes, .ieymouth recommends 0.051 millimeters on 

(a) tJl t:jì (C) t<j)1 
Pig. i - Two size groups in a dry mix, 

each side of the particle, r total of U.102 millimeters. 

(7) 

Figs. la, l, and le illustrate dr;r mixes of a to- 
size group. In the first, the larger particle8 ae limited 

in quantity to provide cleai' distance zeteen them great- 

er than the diameter of the s1!!1er particles. In this cc- 

dition, ditributioìi of the particles is uniform and all the 

void pockets are about the same size. In Fig. lb, the lars- 

er particles bave been increased in quantity until this 

average olear distance just eqwals the diameter of the small- 

er particles. Th critical point has een reached, but the 

distributIon of particles has romaiid uniform and the void 



?ig. 2 - Voids resulting fr3m particle 
interference. 
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pocicet2 are still about the same size. In Fig. le, the 

cle&r ditaice between the larger particles is lesa than 

th9 diameter of the smaller pieces, aSAd these are no longer 

able to move freely relative to one another. The result is 

a disposition for the larger and the smaller particles to 

segregate into roups, each tQ it3 Own kind, causing uneven 

void pockets. These two tendencies are the effect of par- 

tide i. terferece, ion-unifor void pockets ar.d segrega- 

tion 
.2. 

sizes. It should be oted here that the over-all 

density in the third case may be as great as when no par- 

tide interference exists, but some of the void pockets are 

many times larger tha the average, causing a marked loss 

of strength of the concrete or mortar. Fig. 2 is a photo- 

graph of mix such as illustrated in Fig. le, and in which 

the group interference, the uneven voids, and size sogrega- 

tien are all clearly visible. 

is soon as co.crete is placed forms, the weight of 

the mix forces out the excess water and the whole masa set- 

ties, or shrinks. If, however, particle Interference is 

present, the aggregate can.ot follow the shrinking because 

of the hindrance to free movement, and arch action is apt to 

result. The area immediately beneath the "arch" villi be 

filled with water,and, consequently, will become a void 

pocket when the concrete cures. 

Obviously, the theory of particle interference requires 

a method of computing the average clear distance cetween 

particles of any size group as they lie in the mix, nd the 

method developed by Weymouth is presented here.* 

* This derivation is taken directly from Weymouth's paper. 
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The following nomenclature is adhered to in this papex 

t = average clear distance between adjacent par- 

tides of the same size group as they lie in 

the mix. 

do..: density (solid volume per unit bulk volume) 

of a size group. 

da : relative density 

id volume as corn 

to the group. 

i.) = average diameter 

size group under 

: average diameter 

of a size group, or the sol- 

Dared to the space available 

of the particles of the 

considerati on. 

of particles of the size 

group next smaller than the group under con- 

sideratioi. (i?or stiff mixes, DA is the 

value just given plus a constant - 0.102 

millimeters - to allow for adhering cement 

paste.) 

For his derivation, Mr. Ve,mouth takes as a starting 

point the well established fact that the volume of voids in 

all similarly compacted aggregations of particles of uniform 

size depends on the shape, but not on the size of the par- 

ticles. (3 For example, a dry-rodded volume of 3/8" to 3/4' 

particles will contain the same volume of voids as an equal 

** The space available to ny size group is the total vol- 

urne of the mix minus the absoluto volume of all larger par- 

ticles. 
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volume of No. 26 to No. 14 prtic1.es. But, obviously, 

there are many more of the smaller particles in u unit 

volume, and, likewise, a greater number of voids. 

If a container of unit volume is filled with particles 

a 

Fig. 3 - Relation of t to D and D1. 

of approximately the same size, having a mean diameter D, 

the average distance center to center of adjacent particles 

is also D, since the particles are in point to point con- 

tact (Fig. 3a). If, when compacted, N pai'ticles are re- 

quired to fill the container, then their total volume will 

be the product of their number and the volume of an average 

particle. The density (solid volume per unit bulk volume), 

d0 will be: 

= NgD3 ------------ ----- - ( 1) 
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in which g is a proportionality factor between the daixneter 

and volume of a particle. (ff/6 for spheres) 

Fig. 3b represents the particles of Fig. 3a with an 

imaginary, symmetrical enlargement, such that the corree 

sponding particles now have the same shape but greater 

average daimeter, D1. A smaller number, NA, of them will 

be required to fill the container, but the total voids out- 

side the imaginary boundaries of the enlarged particles will 

be the same as before*, and so will the proportionality f ac- 

tor, g, since the shapes of the particles remain unchanged. 

Thus besides equation (1), d0 ha also the equality: 

d0NgD13 --------------------------------- (2) 

If the particles are now considered to have the imaginary 

growth removed, but otherwise remain unchanged, the clear 

distance, t, between adjacent particles will be the differ- 

ence between the real diameter, D, und the imaginary diame- 

ter, D1, or: 

t:D1-D ----------------------------------- (3) 

The relative density (solid volume as compared to space 

available to group), da, will be: 

da1,Äg D3 --------------------------------- (4) 

* By law of equal voids. 
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Dividing (2) by (4) gives: 

or 

the n 

do/da NAgD3/NgD3 
(D]./D)3 

D1/D (do/da)l"3 

D1-D/D (do/da) 1/3 

By equation (3) 

D1-D :t 

or 

t Edo/da)1/3_ D ------------------------ (5) 

which is the equation for computing the average clear dis- 

tance between adjacent particles of the same size n terna 

of particle size nd the degree of concentration relative 

to that in the dry-rodded condition. 

The.density or vieight per unit volume In dry-rodded 

condition, à0, can be measured dIrectly. The particle size 

is the mean of the two sieve sizes between which the group 

lies. 

To determine the relative density, da, it I considered 

that each size group is dIstributed throughout that portion 

of the volume not occupied by larger particles. Therefore, 

da is equal to the absolute volume of the size group divided 

by the space available to it. 

The practical application of this method can best be 

illustrated. by the following example taken from Series 
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Three, Plastic Mix, Portland Cement Mortars.* 

Sample ì.. 5 

sp. gr. 2.58, s/c = 2.28, vi/e 0.60 
Absolute volume sand per unit volume mortar 0.339 

(1) (2) (3) (5) (6) (7) (8) Se 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group mm. 

0-100 0.6 .0020 o3? .0030 .569 0.395 
100-48 5.0 .0169 .6806 .0248 .597 0.416 .084 
48-28 29.6 .1010 .7816 .1292 .584 0.2e? .220 
28-14 5u.5 .1910 .9726 .1963 .528 0.342 .441 
14-8 '7.8 .0264 .9990 .0265 .514 2.96 .877 
8-4 0.3 .0010 1.0000 .0010 .512 24.8 1.764 

Column (2) is determined by a sieve analysis of the 

sand. 

Column (3) is the absolute volume of sand per unit 
volume mortar (0.339 in this case) times column (2), or the 
per cent of that size group in the mix. 

Column (4) is obtained by subtracting the absolute 

volumes of all larger size groups from unity. 
Column (5) Is obtained by dividing () by (4). 
Column (6) is determined from direct density tests on 

the sand. 

Column (7) 13 computed from equation (5) 

Column (8) is the average diameter of the next smaller 

size group, and is the minimum value of t if particle 

* See Sample 5, Serles 3 of Appendix 
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interference is not to exist. In the above example, there 

is particle interference in the No. 28 to No. 14 size group 

because the clear distance between the p articles of this 

group (No. 28 to No. 14) is less than the diameter of the 

particles of the next smaller group (No. 48 to No. 28). 

As stated previously, this method can be applied also 

to the design of mixtures, or gradations. In such a design, 

the first step is to decide on the minimum allowable clear 

distance between pa'ticles, which for the first case, will 

be chosen as the diameter of the next smaller size group, 

or: 

t : D1 

From equation (5) 

t = D do/da)h/3.. 

or D1/D (do/da)h/3_1 

when using the Tyler sieve series, D1/D is 1/2, hence, 

1/2 = (do/da) 1/3_i 

(do/da)1/3 = 3/2 

do/da 27/8 = 3.38 

da = 0.296 d -------------------------------- (6) 

For gap gradings, in which i size group is left out, 

the minimum clear distance required is the diameter of 

the second smaller size group, and 

1/4 
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therefore: 

da Z 0.512 d -------------------------------- (7) 

For stiff mixes, the clear distance must be increased 

by a constant to liow for the adhering film of cernent 

paste .* 

D1$C Z D Jdo/da) l/3_j 

D1/D+C/D (d0/d)1/3..1 

(3/2sC/D)3 Z do/da 

da d0A3/2+C/D)3 --------------------------- (8) 

For a gap graded stiff mix in which i group is missing, 

da d0/(9/8+C/D)3 --------------------------- (9) 

Equations (6) to (9) inclúsive show the relation of da 

(relative den3ity of individual size grou) to d0 (bulk 

density of individual size groups) for various conditions 

grading nd consistency, nd are directly applicable to the 

design of . rnixtin'e in which particle interference is to be 

absent. 

For example, consider that it is desired to utilize 

sand No. 5 for a plastic mortar in which there is to be no 

particle interference. The problem is to determine the mix 

of maxinm leanness that can be used under these conditions. 

(Refer to example, page 11) A study of the sieve analysis 

* C = 0.102 millimeters 
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indicates that the critical size group is the No. 28 to 

No. 14 and that the relative density of this group will 

control the proportions of the mix. 

Assuming the required clear distance between particles 

of the No. 28 to No. 14 size group to be equal to D1 (diarn- 

eter of NO. 48 to No. 28 size group), it is seen from equa- 

tion (7) that the maximum value for da is 0.296 d0. Refer- 

ring again to the example on page 11: 

0.528 

by definition: da absolute volume of size group 
space available to group 

or: 

(0.296) (0.528) absolute volume of size group 
0.957 

Absolute volume : 0.1495 : maximum allowable for this 

size group. 

But the absolute volume of sand No. 5 per unit bulk 

volume equals 0.588. 

(0.588)(0.565)(') 0.1495 

where 0.565 is percentage of size group under consideration, 

taken from the sieve analysis of the sand, and P is the 

maximum allovab1e percent of sand (by weight) in the mix: 

p 0.45 45% 

or, assuming a water-cement ratio of 0.60 by weight (0.90 

by volume), the leanest allowable mix is i to 1.3. 

See sample 5, series one, appendix. 
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Since this is an extremely uneconomical mix to use, it 

is better to remove some of the excess sand of the IÇO. 28 

to Ido. 14 size group. The process of analysis is the samo 

as outlined above, except that, when part of any size group 

is eliminated, the sieve analysis of the entire sample 

changes, and the space available to the group under consid- 

eration rcn2st be re-computed. 

II-B DISCUSSI ON OF THEORY OF PARTICLE INTERFERENCE: 

Theoretically, particle Interference presents an almost 

ideal criterion for aggregate grading and certain experi- 

mental data tend to substantiate the theory. 

To determine the influence of particle interference on 

the voids of dry mixture of sand and coarse aggregate, 

bulk density measurements were made by the author on dry- 

rodded mixtures in which the percentage of sand in the ag- 

gregate was varied from 100 percent to zero. 

hunker run sand from the Corvallis Sand and Gravel 

Company was selected, and regraded in such a manner that 

particle interference would nover be present within the 

sand. The sieve analysis of the regraded sand is shown in 

Table I. The coarse aggregate consisted of 3/16" to 3/8" 

gravel from the Jorva1lis Sand And Gravel Company. 

To measure the voids of the several aggregate combin- 

atios, the mixtures were dry-rodded (A.S.T.M. specifica- 

tIos)(2a) Into a container of predetermined weight and 

volume. The quantity of each mixture ws limited to a 
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little more than the amount required to fill the container 

so as to eliminate, as nnich as possible, the error intro- 

duced by segregation of sizes. Fig. 4 shows the results of 

this test. In the upper curve the voids (V) of th coni- 

bined mixtures of sand and gravel are plotted in the usual 

Table I. Sieve Analysis of Regraded Corvallis Sand 

Sieve Size Grading Sieve Size Grading 
of O 

0-100 2,6 28-14 15.7 
100-48 15.5 14-8 20.1 
48-28 24.8 8-4 21.3 

manner. In the lower part of the figure (sand voids curve) 

Vm represents the voids in the sand referred to the space 

available to the sand. 

Vm: V (10) 
1-absolute volume of gravel 

The second curve in the lower half of Fig. 4 represents the 

average clear distance, t, between the individual gravel 

particles for various percentages of coarse aggregate in 

the mix. The significant fact is that the sharp increase 

in Vm occurs at the point where t i equal to the average 

diameter of the particles of the largest size group in the 

sand (t_c 3.5) or, where particle interference first appears. 

The slight increase in Vm for small percentages of gravel 

is due to the "boundary effect". (1) In other words, this 

slight increase in sand voids, due to the boundary effect, 

is proportional to the percentage of the gravel, or to t1t 

surface area introducea into the mix by the coarse aggregate. 
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Fig. 5 Is a reproductIon of a curve takei from Series 

186, Portlaiìd Cement AssocIatioi Labortory*, and is qìxite 
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__ 
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CEMENT-WATER RATIO 8Y ABSOLUTE VOLUME 

Fig.. 5 

interesting when analyzed with regard to particle Inter- 
ference.4* Since all the cases shown fall .thin the 

c1asIfIcation of plastic' mixes they may be eApected to 
o1low the water-ratio law (4), but a study of Fig. 5 

shows that they do not. For example, consider the i - 2.5 

mlx. At the more plastic oonsI.tencIes (farthest to the 
left of Fig. 5) the first two pbints show sufficient water 

content to hold the particles of the critical size group fa 

* Reproduced with permission of P.G... 
. Analyzed by C. A. G. Weyinouth 
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enough apart that no particle interference exists. Also, 

these two points follow, In general, the water-ratio lavi. 

The third, fourth and fifth points, in which particle intex 

ference appears, have s1iht increases in streiith, but the 
negative effect of particle interference tend.s to offset 

the greater increase expected as a result of a decreased 
water content. At the sixth point, where a high degree of 

particle interference appears, the negative effect of an 

inufficient clear distance between the particles of the 
critical size group completely dominates the positive effect 

of the decreased water content und results in an actual 

decrease in strength. 

1iVhen the mortars are richer in cement, the sand par- 

tides are spaced farther apart, 

Interference appearing is less. 

strength Is affected principally 

Is shown definitely by the 1 - i 

ly by the 1 - 1.5 mix. 

In the mix just considered, 

and the chance of particle 

In such a case, the 

by the water content, as 

mix arid somewhat erratical- 

(1 - 2.5) the consistency 

varied from a lu" slump for the first point (farthest to 
the left) to a 0.5" slump for the sixt. point. The ques- 

tion immediately arises, is the decrease In strength 

actually a result of particle interference, or is it caused 

by a decrease of workability in the drier mixes. Before 
this question can be answered definitely more research Into 

the particular subject is necessary. 
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To check the validity of the theory of particle inter- 

ferei.1ce, Mr. T. C. Powers*, of the Heseareh Laboratory of 

the Portland Cement A8aoci.atioll, couducted a series of tests 

900( 
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Fig. 6 - ffect of particle interference on 
mortar strength 

with the results shown in Fig. 6.* Mine run sand was 

incorj,.orated in mortar thixes in such a manner that par- 

tide interference was present in all caae8. (Shown by 

s. lid points In Fig. 6) Sand from the same sairce was then 

regraded so that no particle interference appeared RIAd 

* Assistant to Director of Reseârch, Portland Cement 

As s oci att ou. 

** Reproduced with r188io of i.C.A. 
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identical mixes to those using mine run sand were made. 

(shown by open points in Fig. 6) 

Of particular interest in this test is the marked dif- 

ference in strength between the leaner mixes of the two 

groups, the strength of the leanest mix being nearly doubled 

by making no change except a regrading of the sand, but in 

the richest mix the change in gradation had no effect de- 

spite the presence of some particle interference in the 

mine run sand. 

e of the weak points of the theory of particle inter- 

ference is the fact that no consideration is taken of the 

extent of the interference. For example, consider sample 

twenty-pne, Portland Cement, Plastic Mix Mortar*, the per- 

tinent parts of the analysis being shown in Table II. 

Table II - Analysis of Sample 2, Portland Cement, 

Plastic Mix Mortar. 

Size group Grading t D1 
% mm. mm. 

O-loo O.]. 

100-48 0.4 
48-28 4.0 0.736 0.220 
28-14 29.3 0.421 0.441 
14-8 52.7 0.618 0.377 
8-4 13.5 4.10 1.764 

Oomputatiox shows particle interf"e ;e in two groups, 

the No. 28 to No. 14 and No. 14 to No. 8,. It may be seen 

* See amplè twenty-one, series three of appendix. 
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from an inspection of the sieve analysis that the NO. 14 to 

No. 8 size group Interferes with 29.3 percent of the sand 

while the No. 28 to No. 14 group interferes with only 4 

percent. In spite of this difference in the degree of in- 

terference, Weymouth's theory places equal significance on 

each case. 

Mr. T. C. Powers, of the Portland Cement Association, 

suggested (5) that, in cases where the amount of the small- 

er of two succeeding size groups is less than 1/5 the amouflt 

of the larger, it be coidred a gap-graded mix, in which 

case the m1niwim clear distance between particles of the 

larger group should equal the diameter of the second smaller 

size group. If this suggestion is applied to sample twenty- 

one, the particle interference disappears from the No. 28 

to No. 14 size ;roup. In a more recent papery Mr. Veymouth 

commented on Mi'.. Power's suggestion, but he neither agreed 

nor disagreed. Neverthe1ss, the method has been used 

throughout this investigation. 

An analysis of series three, Portland Cernent, Plastic 

Mix Mortars (described in section III-A of this paper) in- 

dicated that particle iLterference was present in nine of 

the sands and absent in t\venty-one. In an effort to de- 

termine the effect of particle interference on the strength 

Unpublished 
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of mortars, all the s.mples were reraded (with the excep- 

tion oi' numbers 8 and 13 whIch had been used up) in such a 
maer that those conta1nin particle interference in the 
original mlx contained none in the reraded sands, and 

4 

those, in which particle interference was originally lack- 
i.ng now shovied the preseice of it. Using the regraded 
sands, mixes ideìtical to the oriial Port]aid Cement, 
Plastic Mix Mort&rs a regards water-cement ratio and con- 
sistency were made and the specimens tested at seven da,rs. 
The cement used was from the saine consignment a that uaed 
j_n the oriCinal mixes, but it was several months older 
when used for the regraded sands and had had a chance to 
deteriorate. Accordingly, six compression cylinders were 
made, using Standard Ottawa Sand for aggregate, and com- 

pared with sindlc' specimes made at the time of the or- 
iginal mixes. The strength of the specimens made with the 
old cement was only 85% of these made when the cement was 

new. Consequently, the strength values for the regraded 
sands were corrected, and the results shown in Fig. 7. 
The other part of Fig. 7 shows the and-eement ratio re- 
quired for tlie desired consistency (luO flow) in both 
cases. The results are erratic in the extreme and are dis- 
appointing as f ar as any definite results are concerned. 
In fact, referring to the strength curve, out of the twenty- 
eight samples compared, fourteen show greater and fourteen 

* See Regraded Sands, series 7 of appendix. 
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less strength when particle interference was absent. How- 

ever, the sand-cement ratios, which are an indication of 

the workability of the mix, show a slight advantage for 

those mixes in which no particle interference appears. 

Before too much value is placed on the results of this 

test, it should be pointed out that, almost without excep- 

tion, the regraded sands resulted in less strength and less 

workability, indicating that some other variable was pre- 

sent and overshadowed the effects, if any, of particle in- 

terfereixc. 

PART III - PARTICLE INTERFERENCE IN C ONCRE 

BAIDS OF OREG ON 

III-A TEST PROCEDURE: The Cooperative Sand Research 

sponsored by the Bridge Department of the Oregon State 

Highway Commission was started in the laboratory of the 

Engineering Experiment Station of Oregon State College in 

June, 1936. The Highway Commission collected thirty sand 

samples (approximately 300 pounds each) from various parts 
of the state and shipped them to the laboratory at Corval- 

lis, Oregon. The source of these samples is shown in 

Fig. 8. As the samples were received they were screened on 

a three-eighths inch, square mesh screen, saturated with 

water, and placed in metal barrels till used. All pertin- 

ent physical tests, including complete chemical and mm- 

orological deterrninatins were performed ori the individual 

samples--all tests being conducted in accordance with the 
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specif1catios (2). The complete results of these 

tests should be available in the near future, either in 

the form of an Engineering Experiment Station Bulletin or 

as a report of the egon State Highway Commission. 

Mortar Coiicrete Specimens: A.S.T.M. specifications 

were rigidly adhered to in proportioning, mixing, molding, 

curing, and testing all mortar arid concrete specimens. (2) 

All specimens viere cured, tiU. tested, in a moist room 

at a constant temperatre of '70 degrees F. 

The consistencies of the mortar specimens were con- 

trolled by means of a flow table, using thirty drops in 

thirty seconds. 

The cement used for this research was Sun 

Brand and was all taken from the same burn to insure a un- 

ir orm grade throughout. 

ach test coiisisted of the breaking of three specimens. 

Normal Consistency Mortars (stiff mix) : In this ser- 

les, Portland cement only was used. The sand-cement ratio 

was kept constant at 3 to i and the water content varied to 

produce a three-quarter inch flow. Two inch by four Inch 

compression cylinders und standard tension briquettes were 

made for testing at ages of 7 days, 28 days, 3 months, 6 

months, 1 year, and two years. 

Plastic Mix Mortars: The water-cement ratio was kept 

constant at 0.60 by weight (0.90 by volume) and the sand- 

cement ratio varied to produce a four inch (l00) flow. 
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The Port1aid cement specimens (2" x 411 compression 

cylinders and standard tension briquettes) were made ror 

testina at ages of '7 days, 28 days, 3 months, L months, 

i year, and 2 years. Specimens were also steam-cured and 

tested at ages of 2 days, 4 days, and 7 days. 

The High Early Strength cement specimens (2" x 

compression cylinders and standard tension briquettes) were 

made for testing at ages of 3 days, 7 days, 28 days, and 3 

months. 

The limrdte cement specimens (2" x 4. compression 

cylinders and standard tension briquettes) were made for 

testing at ages of 1 day, 3 days, 7 days, and 28 days. 

Concrete Seeimens: The concrete specimens were 6" X 

12" compression cylinders, and were made for testing at 

ages of 7 days, 28 days, 3 months, 6 months, and 1 year. 

The coarse aggregate for all specimens was washed 

gravel obtained from the Corvallis Sand and Gravel Corn- 

pany. The cement content was kept constant, and the water- 

cement ratio held at 0.60 by weight (0.90 by volume). The 

proportions of sand and gravel were varied so as to result 

in a constant fineness modulus for the combined aggregate 

of 5.74. The consistency was aliwed to vary. Al]. speci- 

mens were compacted in the molds by means of a small 

electric vibrator. 

At the time of this writing all strength tests up to 

and including those at the age of six months have been corn- 
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pleted. 

Figs. 9 to 16 inclusive show the sieve analyses for 

the various sand samples, and the strength curves (compres- 

sion only) for all mixes and samples. The sieve analysis 

curves (at the left) show both cunn.ilative percent coarser 

than each sieve size and the percent retained ori each sieve. 

In the strength curves (on the right), the numbers indicate 

the mix, as follows: 

No.1 Portland cement, normal consistency 

mortars. 

No. 2 Portland cement, plastic mix mortars. 

No. 3 High Early Strength cement, plastic 

mix mortars. 

No. 4 ---- Imnite cernent, plastic mix mortars. 

No. 5 ---- Concrete. 

Each point shown on the strength curves is the average 

strength (compression only) of three specimens. 

The solid points (strength curves only) Indicate the 

mixes in which particle interference is present. 
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III-B COMPUTATI O QF PtHTICL I1'EFEREI'CE: The pur- 

pose of this investigation is to determine to what extent 

particle iiterference appears in the various mortar and 

concrete mixes used in this research. The result3 of the 

investigation are presented as a statement in part III-C 

of this paper, and by the solId points on the strength 

curves ol' Figs. 9 to 16 inclusive. 

In a preceding tart of this paper, the general scheme 

of computIng particle Interference was presented, but it i 

here deemed advisable to state the specific steps Involved 

in this computation, and the following outline is suggested 

as the logical sequence to follow. 

I. Physical tests on a;gregates. (coarse and fino) 

A. sieve analysis 

B. specific gravity 

C. bulk density 

1. of composite sample 

2. of Individual size Croups 

II. Computati oxis. 

A. absolute volume 

1. of coarse aggregate per unit volume of 

e one re t e 

2. of sand per unit volume o± concrete or 

mortar 

3. of Individual size groups in the mix 
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B. space available to each size group 

C. relative density of each size group 

D. clear distance, t, between particles of a 

size group: 

t ddda)1"3_JD 

where d0 Is the bulk density of the individual 

size group under consideration, and D Is the 

average diameter of the particles of this size 

group. 

In this investigation, the clear distance, t, between 

particles of a size group was computed for each group of 

each sand sample, but this involves a tremendous amount of 

work that is unnecessary under ordinary circumstances, be- 

cause certain size groups of any aggregate are not critical 

and, therefore, need not be investigated. The critical 

size group is always the predominate one as indicated by t1 

sieve analysis, nd Is the only one that requires analyzing. 

There may be particle interference in more than ono group, 

but If it is eliminated from the predominate group, It will 

automatically be eliminated from all other groups. 

III-C RESULTS OF COLHJTATIONS: This part of the pape 

Is a statement of the absence or presence o particle inter- 

ference as It appears in the mixes involved in this researth 

and Indicates the critical size group of each sand sample 

and the maxinnim absolute volume of sand per unit volume of' 

mortar (for both plastic and stiff mixes) that is allowable 
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if particle interference is to be eliminated. This last 

value was not computed for concrete mixes because it would 

change for variations in the grading, specific gravity, and 

bulk density of the coarse aggregate, as well as for chang- 

es In proportions of any or all constituents of the mlx. 

However, assuming constant water-cement ratio und average 

values for specific gravity and bulk density of coarse ag- 

gregate, the sands were investigated for particle interfer- 

ence in such mixes as would result in tiClass A", "Class B", 

and "Class C" concretes as defined by the Oregon State 

Highway Commission. (6) In no case was particle interfer- 

ence found to exist. 



Sample No.. 1 

Source -- Bell Station in Portland, OEbegon. 

Specific gravity -- 2.55 

Bulk density (dry-rodded) -- 105 lb per cu ft 
Particle Interference 

Mix size groups 

Sand only ----------------------------- 48 to 28 
2 to 14 
14 to 8 

Portland cement, normal consist 

Portland cement, plastic mix -- 

H. E. 5. cement, plastie mix -- 

Lumnite cement, plastic mix -- - 

Concrete, 1:2.38:4.12 mix, 1/4" 

The critical size group in this 

4]-. 

ency --- 4 to 28 

none 

none 

none 

slump - nono 

sand is the 48 to 28. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar is 

0.51 or more for plastic mixes, and 0.29 or more for stiff 

mixe s. 

Sample No. 2 

Source -- pit at 107th arid Division St., iort1and, Ore. 

Specific gravity -- 2.58 

Bulk density (diy-rodded) -- loo lb per eu ft 

Particle Interference 

Mix size groups 

Saiids only ---------------------------- 28 to 14 
14 to 8 



Portland cement, normal consist 

Portland cement, plastic mix -- 
R. E. S., plastic mix --------- 
Lumnite, plastic mlx ---------- 
Concrete, 1:2.54:3.96 mix, ö/8 

The critical size group in this 

eì.cy --- 28 to 14 
14 to 8 

l4to 8 

l4to 8 

l4to 8 

slump - lione 

sample is 14 to 8. 
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Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortars is 
0.33 or more for plastic mixes and. 0.30 or more for stiff 
mixes. 

SainpieNo. 3 

Source -- Willainette River sand from Ross Island Sand 

and Gravel Company, Portland, egon. 

Specific gravity -- 2.54 

Bulk density (dry-rodded) -- 103.4 lb per eu ft 
Particle Interference 

Mix size groups 
Sandonly ----------------------------- 48 to 28 

Portland. cement, normal consistency --- 48 to 28 

Portland cement, plastic mix ---------- 48 to 28 

H. E. s., plastic mix ----------------- none 

Lumnite, plastic mix ------------------ 48 to 28 

Concrete, 1:2.40:4.10 mix, 5 1/4" slump iione 

The critical size group is the 48 to 28. ïarticle 
interference will be present when the absolute volume of 
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sand per unit volume of mortar is 0.42 or more for plastic 

mixes and 0.30 or more for stiff mixes. 

Sample No. 3A 

Source - Manufactured sand from Ross Island Sand and 

Gravel Company, Portland, Oregon. 

Specific gravity -- 2.58 

Bulk density (dry-rodded) -- 106.4 lb per eu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- 48 to 28 

Portland cernent, normal consistency --- 48 to 28 

Portland cement, plastic mix ---------- 48 to 28 

H. E. S., plastic mix ----------------- 48 to 28 

ùinrnite, plastic mix ------------------ 48 to 28 

Concrete, l:2.3'7:4.13 mix, 3 l/4 slump none 

The critical size group is 48 to 28. Particle Inter- 

ference will be present in this group when the absolute 

volume of sand per unl.t volume of mortar is 0.37 or more 

for plastic mixes and 0.27 or more for stiff mixes. 

Sample No. 4 

Source -- Columbia River Sand from the Portland Gravel 

Company, Portland, Oregon. 

Specific gravity -- 2.52 

Bulk density (dry-rodded) -- 96 lb per cm ft 
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Particle Interference 

Mix size groups 

Sand only ---------------------------- 48 to 28 
28 to 14 

Portland cement, normal consistency --- 48 to 28 
28 to 14 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

D.mn1te cement, plastic mix ----------- none 

concreto, mix - 1:2.25:4.25, 1 3/4" slump none 

The critical size group is 28 to 14. Particle inter- 

ferece will be presdnt in this group when the absolute 
volume of sand per unit volume of mortar is 0.40 or more 

for plastic mixes and 0.34 or more for stiff mixes. 

Sanple No. 5 

Source -- Columgia River at Lyle, Washington. 

3p'cific gravity -- 2.50 

Bulk density (dry-rodded) -- 91.5 lb per cu ft 

Particle Interference 

Mix size group 

Sand only ----------------------------- 28 to 14 

Portland cement, normal consistency --- 28 to 14 

Portland cement, plastic mix ---------- 28 to 14 

H. E. S. cement, plastic mix ---------- 28 to 14 

thmnite cement, plastic mix ----------- 28 to 14 

Concrete, 1:2.11:4.39 mix, 1 1/2" slump none 

The critical size group is 28 to 14. Particle 
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interference will be present in this group when the absol- 

ute volume sand per unit volume mortar is 0.28 or more for 

plastic mixes or 0.21 or more for stiff mixes. 

Sample No. 6 

Source -- Snake River at Huntington, Oregon. 

Specific gravity -- 2.54 

Bulk density (d.ry-rodded) -- 96.7 lb per eu ft 

Particle Interference 

Mix 

Sand only ------ 

Portland cement, 

Portland Cement, 

H. E. S. cement, 

ù.unnite cement, 

size groups 
-- 

48 to 28 
28 to 14 

normal consistency 48 to 28 

plastic mix ---------- none 

plastic mix ---------- none 

plastic mix ----------- 48 to 28 

Concrete, 1:2.18:4.33 mix, slump - 3/8" 48 to 28 

The critical size group in this sample is the 48 to 28. 

Particle interference will be present In this group when 

the absolute volume of sand per unit volume mortar is 0.34 

or more for plastic mixes and 0.24 or more for stiff mixes. 

Sample No. '7 

Source -- Malheur River at Vale, Oregon. 

Specific gilavity __ 2.40 

Bulk den$Ity (dry-rodded) -- 98.5 lb per eu ft 

Particle Interference 
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Mix size groups 
sand only - 28 to 14 

Portland cement, normal consistency --- 48 to 28 
28 to 14 

Portland cement, plastic mi ---------- none 

H. E. S. cement, plastic mix ---------- none 

thmn.ite cement, plastic mix ----------- none 

Concrete, 1:2.13:4.37 mix, 4" slump --- none 

The critical size group of this sample is the 28 to 14. 

Particle interference will be present in this group when t 

absolute volume of sand per unit volume mortar is 0.50 or 

more for plastic mixes and 0.39 or iaore for stiff mixes. 

Sample ì;o. 8 

Source -- John Day River at Dayvilie, Oregon. 

Specific gravity -- 2.68 

Bulk density (dry-rodded) -- 110.7 lb per eu ft 

jartic1e Interference 

Mlx size grots 
Sand only ----------------------------- 28 to 14 

14 to 8 

Portland cement, normal consistency ----14 to 8 

Portland cement, plastic mlx ---------- none 

H. E. . cement, plastic mix ---------- none 

D.mnite cement, plastic mix ----------- 14 to 8 

Concrete, 1:2.70:3.80 mix, 2U slump --- none 

The critical size group of this sample is the 14 to 8. 

Particle interference will be present in this group when 
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the b.beolute volume of saud per unit volume mortar is 0.45 

or more for plastie mixes and 0.44 or more for stiff mixes. 

Sample No. 9 

Source -- North Fork of John Day River at Monument, 

Ore g on. 

Specific gravity -- 2.79 

Bulk density (dry-rodded) -- 112 lb per cu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- none 

lortland cement, normal consistency --- 100 to 48 
48 to 28 

Portland cement, plastic mix ---------- none 

II. E. S. cement, plastic mix ---------- none 

Lumnite cement, plastic mix ----------- none 

Concrete, 1:2.30:4.20 mi; 2 11211 slump none 

The eriiea1 size group of this sample Is the 48 to 28. 

Particle Interference will be present In this group when 

the absolute volume of sand per unit volume mortar Is 0.55 

or more for plastic mixes and 0.46 or more for stiff mixes. 

Sample No. 10 

Source -- Tumalo pit near Bend, Oregon. 

Specific gravity -- 2.59 

Bulk density (dry-rodded) -- 109 lb per eu ft 

Particle Interference 

Mix size groups 

Sandonly ----------------------------- 28 to 14 
14 to 8 
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Portland cement, normal consistency --- none 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

Lumnite cement, plastic mix ----------- none 

Concrete, 1:2.58:3.92 mix, 6" slump --- none 

The critical size group of this sample is the 14 to 8. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume mortar is 0.49 

er more for plastic rnixes and 0.46 or more for stiff mixes. 

Sample No. 11 

Source -- Shasta sand from vicinity of Kiamath Falls, 

Ore g on. 

Specific gravity -- 2.55 

Bulk density (dr3r-rodded) -- 104 )b per eu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- 48 to 28 

Portland cement, normal consistency --- 100 to 48 
48 to 28 

Portland cement, plastic mix ---------- none 

H. E. a. cement, plastie mix ---------- none 

thrnnite cement, plastic mix ----------- none 

Concrete, 1:1.90:4.60 mix, 2 1/2" slump none 

. 

The critical size group of this sample is the 48 to 28. 

Particle interference will be present in this size group 

when the absolute volume of sand per unit volume of mortar 

is 0.50 or more for plastie mixes and 0.31 or more for stiff 
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mixes. 

Sample No. 12 

Source -- Mount Hebron S&nd from vicinity of Kiamath 

Falls, Oregon. 

Specific gravity -- 2.45 

Bulk density (dry-rodded) -- 104 lb per eu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- 48 to 28 

Portland cement, normal consistency --- 100 to 48 
48 to 28 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 
liunnite cement, plastic mix ----------- none 
Concrete, 1:2.29:4.21 mix, 411 slump --- none 

The critical size group of this sample is the 48 to 28. 
Particle interference will be present in this group when the 
absolute volume of sand per unit volume mortar is 0.57 or 

more for plastic mixes, and 0.42 or more for stiff mixes. 

Sample o. 13 

Source -- Bear Creek at Ashland, Oregon. 

Specific gravity -- 2.45 

Bulk density (dry-Podded) -- 90 lb per Cu t. 

Particle Interference 

Iiix size grou.ps 

Sand only ----------------------------- 48 to 28 
28 to 14 
14 to 8 
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Portland cernent, iiormal consistency --- 48 to 28 
28 to 14 

Portland cernent, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

Lumnite cement, plastic mix ----------- none 

Concrete, 1:2.33:4.17 mix, 1/411 slump - none 

The critical size group of this sample is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume mortar is 0.46 

or more for plastic mixes and 0.38 or more for stiff mixes. 

Sample 1o. 14 

Source -- Rogue River from Grants Pass, egon. 

Specific gravity -- 2.67 

lk density (dry-rodded) -- 105 lb per eu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- 28 to 14 

Portland cement, orxna1 coz13tency --- 48 to 28 
28 to 14 

Portland cement, plastic mix ---------- 28 to 14 

H. E. . cement, plastic mix ---------- 28 to 14 

Lumnite cement, p1stic mix ----------- 28 to 14 

Concrete, 1:2.41:4.09 mix, 1 3/4" slump none 

The critical size Group of this sample is the 28 to 14. 

Particle interference will be present iii this group when 

the absolute volume of sand per unit volume mortar is 0.38 

or more for p1istic mixes and 0.31 or more for stiff mixes. 
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Sample No. 15 

source -- West Fork of Iliinois River near Kerby, e. 

specific gravity -- 2.54 

Bulk density (dry-rodded) -- loO lb per eu ft 

Particle Interference 

Mix size groups 
Sand only ----------------------------- 48 to 28 

28 to 14 

Portland cement, normal consistency --- 48 to 28 
28 to 14 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

Lumnite cement, plastic mix ----------- none 

Corcrete, 1:2.39:4.11 mix, 1/4" slump - none 

The critical size group of this sample is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume sand per unit volume mortar is 0.48 or 

more for plastic mixes and 0.41 or more for stiff mixes. 

Sample No. 16 

Source -- East Fork of Illinois River near Kerby, e. 

Specific gravity -- 2.69 

Bulk density (dry-rodded) -- 114.5 lb per eu ft 

Particle Interference 

Mix size groups 

Sandonly ----------------------------- 14 to 8 

ort1and cement, normal coiisistency --- none 

Portland cement, plastic mix ---------- none 



H. E. S. cement, plastic mix - - 

Lumrtite cement, plastic mix ---------- 

Concrete, 1:2.56:3.94 mix, 5/8" slump 

The critical size group of this sample 

Particle interference will be present in it 

ute volume of sand per unit volume mortar i 

tic mixes and 0.47 or more for stiff mixes. 
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- none 

- none 

- none 

is the 14 to 8. 

when the absol- 

s 0.52 for pias- 

Sample No. 17 

Source - Willamette River at ene, egon 

Specific gravity -- 2.54 

Bulk density (dry-rodded) -- 105.2 lb pert eu ft 

Particle Interference 

Mix size croups 

Sand only ----------------------------- 28 to 14 

Portland cement, normal consistency --- none 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastIc mix ---------- nono 

lAimnite cement, plastic mix ----------- noue 

Concrete, 1:2.46:4.04 mix, 4 1/4" slump none 

The critical size group of this sample is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume of sand, per unit volume of mortar is 

0.56 or more for plastic mixes and 0.51 or more for stiff 

mixes. 
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Sample No. 18 

Source -- McKenzie hiver at Waterville, Oregon. 

Specific gravity -- 2.53 
Bulk density (dry-rodded) -- 95 lb per eu ft 

Particle Interference 

Mix size groups 

Sand only ----------------------------- 48 to 28 
28 to .1.4 

Portland cement, normal consistency --- 48 to 28 
28 to 14 

Portland cement, plastic mix ---------- none 

II. E. S. cornent, plastic mlx ---------- none 

thrnnite cement, plastic mix ----------- none 

Concrete, 1:2.12:4.38 mix, 1 1/8" slump none 

The critical size group of this sand is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar is 

0.43 or more for plastic mixes and 0.35 or more for stiff 

mixes. 

Sample No. 19 

Source -- Willamette River at Indpandence, Oregon. 

Specific gravity -- 2.51 

Bulk density (dry-rodded) -- 107 lb per cu ft 

Particle Interference 

Mix size groups 

Sandonly ----------------------------- none 

Portland cement, normal consistency --- 48 to 28 
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Portland cement, plastic mix - none 

H. E. S. cernent, plastic mix ---------- none 

Ij1mnite cement, plastic mix ----------- none 

Concrete, 1:2.42:4.08 mix, 6 3/4" slump none 

The critical size group of this sand is the 48 to 28. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar is 

0.45 or more for stiff mixes. For plastic mixos, par- 

tide interference cannot be present. 

Sample No. 20 

Source -- Oregon Sand and Gravel Company at Salem, 

Oregon. 

Specific ravity -- 2.50 

3ulk density (dry-rodded) -- 110.5 lb per cu ft 

Particle Interference 

Mlx size groups 

Sand only ----------------------------- 48 to 28 

Portland cernent, normal consistency - none 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mlx ---------- none 

Luitinite cement, plastic mix ----------- 48 to 28 

Concrete, 1:2.56:3.94 mix, 4 1/4" slump none 

The critical size group of this saud is the 48 to 28. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar Is 
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0.47 or more for plastic mixes and 0.33 or more for stiff 

mixes. 

Sample No. 21 

Source -- Beach Sand from Yachats, Oregon. 

Specific gravity -- 2.64 

Bulk density (dry-rodded) -- 109 lb per eu ft 

Particle Interference 

Lax size groups 
Sand only ----------------------------- 14 to 8 

Portland cement, normal consistency --- 14 to 8 

Portland cement, plastic mix ---------- 14 to 8 

H. E. S. cement, plastic mix ---------- 14 to 8 

Dmn1te cement, plastic mix --------- 14 to 8 

Concrete, 1:2.71:3.79 mix, 1 1/2" slump none 

The critical size group of this sand is the 14 to 8. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar is 

0.36 or more for plastic mixes and 0.30 or more for stiff 

mixes. 

Sample No. 22 

Source -- Umpqua River at brandy Bar, Oregon. 

Specific gravity -- 2.61 

Bulk density (dry-rodded) -- 106 lb per cu ft 
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Particle Interference 

Mix 
size groups 

Sand only --------- ---- 4. to 28 

Portland cement, normal consIstency --- 48 to 28 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

thmnite cement, plastic mix ----------- none 

Concrete, 1:2.17:4.33 mix, 6 1/2" slump none 

The critical size group of this sand Is the 48 to 28. 

Particle interference will be present in this group when 

the absolute volume sand per unit volume mortar is 0.55 or 
more for plastic mixes and 0.35 or more for stiff mixea. 

Sample No. 23 

Source -- South Fork of Coquille River at Powers, 

Oregon. 

Specific gravity -- 2.63 

Bulk density (dry-rodded) -- 110 lb per cu ft 
iarticle Interference 

Mlx 
size groups 

Sand only ----------------------------- 28 to 14 
14 to 8 

Portland cement, normal consistency --- 28 to 14 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix --------- - none 

thmnite cement, plastic mix ----------- none 

Concrete, 1:2.60:3.90 mix, i 1/2" slump none 
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The critical size group of this sand is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume sand per unit volume mortar is 0.52 or 

more for plastic mixes and 0.45 or more for stiff mixcs. 

Sample No. 24 

Source -- Pit at Umatilla, Oregon. 

Specific gravity -- 2.'72 

Bulk density (ciry-rodded) -- 113 lb per cu ft 

Particle Interference 

Lax size groups 

Sand only ----------------------------- 28 to 14 

Portland cement, normal consistency --- 28 to 14 
14 to 8 

Portland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- rione 

thmnite cement, plastic mix ----------- none 

Concrete, 1:2.52:3.98 mix, 4 3/4" slump none 

The critical size group of this sand is the 28 to 14. 

Particle interference will be present in this group when 

the abo1ute volume sand per unit volume mortar is 0.46 or 

more for plastic mixes and 0.40 or more for stiff mixes. 

Sample No. 25 

Source -- Umatilla River at Pendleton, Oregon. 

Specific gravity -- 2.73 

Bulk density (dry-rodded) -- 112 lb per eu ft 
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Particle Interference 

Mix size groups 

Sand only ----------------------------- 14 to 8 
8 to 4 

Portland cement, normal consistency --- 14 to 8 

ortland cement, plastic mix ---------- none 

H. E. S. cement, plastic mix ---------- none 

Lunuiite cement, plastic mix ----------- none 

Concrete, 1:2.70:3.80 mix, 3/4" slump - none 

The critical size croup of this sand is the .1.4 to 8. 

Particle interference will be present In this group when 

the absolute volume of sand. per unit volume of mortar is 

0.52 or more for plastic mixes and 0.44 or more for stiff 

mixes. 

Sample 1o. 26 

Source -- Columbia River at k Point, Washington. 

Specific gravity -- 2.54 

Bulk density (tiry-rodded) -- 99.1 lb per eu ft 

Particle Interference 

Mix size groups 

sand oAIly ----------------------------- 28 to 14 
14 to 8 

Portland cement, normal consistency --- 28 to 14 

Portland cement, plastic mix ---------- 28 to 14 

H. E. S. cement, plastic mlx ---------- 28 to 14 

Lumnite cement, plastic mix ----------- 28 to 14 
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Concrete, 1:2.46:4.04 nii, 1 3/4" slump none 

The critical size group of this sand Ls the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume mortar Is 0.33 

or more for j1astic mixes and 0.27 or more for stiff mixes. 

Sample No. 27 

Source -- Wilson River from bar near first brilge East 

of Tillamook, Oregon. 

Specific gravity -- 2.34 

L1k density (dry-rodded) -- 98.5 lb per ou ft 

Particle Interference 

Lux size groups 

Sand only ----------------------------- 28 to 14 
14 to 8 

Portland cment, normal consistency ---- 28 to 14 

Portland cement, plastic mix ---------- 28 to 14 

H. E. S. cement, plastic mix ---------- none 

thmnite cement, plastic mix ----------- 28 to 14 

Concrete, 1:2.46:4.04 mix, 1 1/2" slump none 

The critical size group of this sand is the 28 to 14. 

Particle interference will be present in this group when 

the absolute volume of sand per unit volume of mortar is 

0.fl. or more for plastic mixes and 0.33 or more for stiff 

mixes. 
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Sample i;o. 28 

Source -- Willamette i-(iver at Corvallis, Oregon. 

Specific gravity -- 2.5e 

ii1k density (dry-rod.ded) -- 108 lb per eu ft 

Particle Interference 

Lux size groups 

Sand only ----------------------------- 48 to 28 

Portland cement, normal consistency --- 48 to 28 

Portland cernent, plastic mix ---------- 48 to 28 

li. E. S. cement, plastic mix ---------- 48 to 28 

Ijnnnite cement, plastic mix ----------- 48 to 28 

Concrete, 1:2.22:4.28 mix, 2" slump --- none 

The critical size group of this sand is the 48 to 8. 

Particle interference will be present when the absolute 

volumb of sand per unit volume mortar is 0.36 or more for 

plastic mixes and 0.24 or more for stiff mixes. 

Sample No. 29 

Source -- Gales Creek near Forest Grove, Oregon. 

Specific gravity -- 2.67 

Bulk density (dry-rodded) -- 109.5 lb per eu ft 

Particle Interference 

Mix size groups 

sand only ----------------------------- 48 to 28 
28 to 14 
14 to 8 
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Portland cement, normal consistency --- 48 to 28 

Portland cement, plastic mix ---------- none 

H. E. S. csment, plastic mlx ---------- none 

thmnite cemnt, plastic mlx ----------- none 

Concrete, 1:2.47:4.03 mlx, 3/8" slump - none 
The critical size group of this sand is the 48 to 28. 

Particle interference will be present in this group when 

the ai!ute volume of sand per unit volume of mortar is 
0.48 or more for plastic mixes and 0.35 or more for stiff 
mixes. 
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III-D DISCUSSI ON OF RESULTS OF C PUTATI ONS: The 

coiputation of particle interference in. the sands and mixes 

involved in this Investigation gives emphasis to several 

interesting facts. 

For example, although every sand, except numbers 9 and 

19, had particle Interference when analyzed as sand only, 

and the amount of an individual size group ranged as high 

as 56.5 of t1e composite sample, none of the sands had 

particle interference when analyzed as a constituent of the 

concrete mixture. The one exception in the concrete mixes. 

was sample number 6, which had particle interference in the 

No. 48 to No. 28 size group only because of the more severe 

requirements imposed on stiff mixes. 

Because these sand samples included such an extreme 

range in grading but did not show particle interference in 

the concrete mixes, the criterion established by this 

theory is riot unusually critical in limiting the grading 

of fine aggregate for concrete. The concrete mixes analyz- 

ed in this study represent only one case for each sand 

sample and any change in the amount of coarse aggregate 

would result in an entirely different condition. 

Another point of interest is the difference in the 

effect ori various size groups due to the additional clear 

distance between particles necessary to take care of the 

adhering cement film in stiff mixes. The following table 
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ia presented. to show this variation, where c - 0.102 mm. 

Table III. Percent Increase of t for Stiff !iixea 

Size Group t t D+C % increase of 
mm imn t due to e 

OtolOO 

100 to 48 0.084 0.186 l2 

48 to 28 0.220 0.322 46.4 

28 tOE 14 0.44.!. 0.543 23.1 

14 to 8 0.377 0.979 11.6 

8 to 4 1.764 1.866 5.8 

A study of this table reveals the very pertinent fact 

that, when designing stiff mixes so that particle interfer- 

ence will be eliminated, the position of the critical size 

group in the sieve series has a direct bearing on the 

amount of regrading af aggregates or variation of the pro- 

portions of constituents necessary to produce the desired 

resulta. For example, if the 100 to 43 size group was the 

critical one, the more severe requirements imposed on stiff 

mixes would require a 122% increase of clear distance be- 

tween particles of this group, where.s., the clear distce 

between particles of the 8 to 4 size group would have to be 

increased only 5.8%. The manipulations necessary to in- 

crease the clear distance between particles of one of the 

smaller size groups. enough to allow for the cement film 
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would 'incur either such a waste of aggregate or such an 

excessive amount of cement, or both, that the added expense 

would not be justified by the doubtful benefits derived. 

In. the majority of the mortar mixes where particle in- 

terference is now preseit, this condition can be eliminated 

by a slight adjustment of' the gradation of the aggregate or 

of the proportions of the constituents, and, if future de- 

velopments prove the criterion of particle interference to 

be amply jut±'ied, such adjustments would »rove advant.g- 

eous and inexpensive. 

III-E SUGGETIOÎ FOR FUTURE STUDY: Theoretically, 

the criterion of particle interference is ideally suited 

for the grading of aggregates and for analyzing concrete 

and mortar mixes, but apparentiy this theory is based al- 

most entirely on a mathematical analysis with practieally 

no experimental work having been done. Before the theory 

can be fuilr accepted it nst be subjected to extensive re- 

search, and such a study ofrers an excellent field for e&- 

perimental work. Viith this in mind, the following sugges- 

tions are offered. With other variables kpt as nearly 

constant as possible, determine: 

1. the effects of particle interference on the 
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streith (tension and compression) and on the work- 

ability of various mixes. 

2. the effects of the degree of interference as. 

discussed in Part II-E, page 21, of this paper. 

3. the effects of the adhering cement film in 

tif f mixes and the correct value for the thickness of 

this film. 

4. the effects of te varying degrees of leanness 

of mixture on the effects of particle interference. 

The investigations just suggested cannot be 

carried out successfully by a few routine testa on mortar 

specimens, but nn..ist involve a tremenduous amount of manip- 

ulation of the aggregate grading, as well as a careful tech- 

nique in controlling the other variables that are ever pre- 

sent in work of this sort. 
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IkRT IV - coì;CLUSI0NS 

The general conclusions reached as a result of this in- 

vestigation are: 

(1) T1eoreticall, particle interference affords a 

powerful too]. for use in analyzing concrete and mortar 

mixes and designing gradings. 

(2) Very little experimental work has been done to 

substantiate the thQory. 

(3)The experimental work that has been done tends to 

support the theory of particle interference and points to a 

more marked effect in lean mixes than in rich ones. 

(4) karticle interference decreases the relative den- 

sity of sand in a dry mix. 

(5) PartIcle interference in fine aggregates is apt to 

appear in mortars when, other conditions being favorable, 

3O or more of the aggrege.te is contained in one size group. 

(6) For concrete mixes, particle interference in the 

fine aggregate is not critical, as some other criterion 

would point to the undesirability of the sand before it 

reached the limits established by this method. 

(7) Particle interference appears in the sands involved 

in this investigation as stated in Part III-C of this paper. 

(8) Extensive research is necessary before particle 

interference can be fully accepted as a criterion for agg- 

regate grading. 
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IART V - Ui.Ì ORTIIG DATA 

All dimensions are In millimeters. 

All results indicatin particle Interference are under- 

lined. 

In Series 2, e 0.102 inilllmetera. 
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Series_i, Sands ì1r 

Space 
Avail - 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. i 
sp. gr. = 2.55 
Absolute volume sand per unit bulk volume 0.559 

0-100 2.5 .0172 .3568 .0482 .549 .105 
100-48 11.0 .0725 .4293 .169 .572 .110 .084 
48-28 2û.3 .1537 .5830 .264 .548 .124 .220 
28-14 22.5 .1485 .7320 .203 .548 .351 .441 
14-8 28.1 .1855 .9175 .202 .580 .760 .877 
8-4 12.5 .0825 1.0000 .0825 .b42 ..08 1.764 

Sample No. 2 

sp. gr. = 2.58 
Absolute volume sand per unit bulk volume 0.622 

0-100 1.0 .00536 .4294 .0125 .536 .209 
100-48 2.8 .0155 .4449 .049 .554 .34 .084 
48-28 11.9 .0670 .5119 .1305 .562 .274 .220 
28-14 2.7 .168 .6799 .2470 .562 .281 .441 
14-8 50.9 .298 .9779 .06 .587 .425 .97'7 
8-4 3.7 .0221 1.0000 .0221 .599 7.12 1.764 

Sample No. 3 

sp. gr. = 2.54 
Absolute volume sand per unit bulk volume 0.653 

0-100 1.8 .0101 .4129 .0245 .570 .153 
100-48 8.5 .0491 .4620 .1065 .579 .165 .084 
48-28 30.5 .176 .6380 .2765 .579 .124 .220 
28-14 17.8 .105 .7430 .1410 .588 .532 .441 
14-8 17.4 .107 .8500 .1260 .612 1.24 .877 
8-4 24.0 .150 1.0000 .1500 .623 2.16 1.764 



Series i (Continued) 

Space 
Ava i 1- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 3A 

sp. gr. 2.58 
Absolute volume sand per unit bulk volume = 0.640 

O-100 1.9 .0109 .337 .0323 .573 .136 
100-48 7.1 .0409 .78 .1080 .576 .163 .084 
48-28 ó.0 18o .564 .330 .561 .084 .220 
28-14 18.6 .105 .669 .157 .563 .465 .441 
14-8 20.1 .116 .885 .161 .574 1.13 .877 
8-4 19.3 .115 1.000 .115 .595 2.58 1.764 

Sampi No. 4 

sp. gr. = 2.52 
Absolute volume sand per unit bulk volume Z 0.610 

0-100 1. .0075 .4597 .0163 .579 .12 
100-48 9.0 .0o2 .5117 .101 .578 .174 
48-28 25.4 .143 ..6547 .219 .566 .16o .220 
28-14 3.0 .177 .817 .212 .534 316 .!41 
14-8 24.1 .127 .9587 .133 .525 1.00 .877 
3-4 7.2 .0413 1.0000 .0413 .527 4.70 1.764 

Sample No. 5 

sp. r. - 2.50 
Absolute volume sand per unit bulk volume = 0.588 

0-100 0.6 .0034 .4547 .0075 .569 .271 
l0O-18 5.0 .0298 .4845 .0615 .597 .249 

48-28 29.8 .175 .6595 .265 .584 .132 .084 
28-14 56.5 .298 .9575 .311 .528 .166 .41 
14-8 7.8 .041 .9985 .0411 .514 2.34 .877 
8-4 0.3 .0015 1.0000 .0015 .512 19.2 1.764 
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Series i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate iflg Abs. to da d0 t 
Size Vol. Grou.p 

Sample No. 6 

sp. gr. = 2.54, 
Absolute voi.uine sand per unit bulk volume = 0.610 

0-100 2.4 .0146 .4037 .0362 .506 .119 
100-48 9.4 .0575 .4612 .1245 .544 .141 .084 
48-28 39.3 .2400 .7012 .42 .542 O75 20 
28-14 2b.2 .1540 .8552 .180 .564 .412 .441 
14-8 8.5 .0519 .9071 .0571 .602 2.12 .S'77 
8-4 15.2 .0929 1.0000 .0929 .594 3.04 1.764 

Sample Io. 7 

sp. gr. = 2.40 
Absolute volume sand per unit bulk volume : 0.659 

0-100 1.7 .0098 .4148 .0236 .571 .159 
100-48 6.5 .0387 .4535 .0855 .594 .203 .084 
48-28 38.8 .234 .6875 .340 .601 .097 .084 
28-14 32.1 .189 .8765 .216 .588 .34]. .441 
14-8 13.5 .0788 .9553 .0824 .581 1.630 .877 
8-4 7.4 .0447 1.0000 .0447 .602 4.88 1.764 

Sample ìiO. 8 

sp. gr. : 2.68 
Absolute volume sand per unit u1k volume = 0.663 

0-100 2.7 .0179 .4567 .0400 .511 .112 
100-48 3.6 .0238 .4805 .0495 .534 .266 .084 
48-28 lo.2 .0675 .5480 .1232 .572 .295 .220 

28-14 20.4 .)350 .6830 .1978 .589 
14-8 34.2 .2260 .8090 .2795 .614 .530 .877 
8-4 28.9 .1910 1.0000 .1910 .623 1.70 1.764 
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Series i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size c7 Vol. Group /0 

Sample No. 9 

sp. gr. : 2.79 
Absolute volume sand per unit bulk volume 0.644 

0-100 2.6 .0147 .4445 .0330 .568 .133 
100-48 7.9 .0449 .4894 .0918 .569 .181 .084 
48-28 40.9 .224 .7134 .313 .548 .084 .084 
28-14 23.0 .131 .8444 .155 .569 .482 .441 
14-8 16.9 .102 .9464 .108 .604 1.36 .87? 
8-4 8.7 .056 1.0000 .0536 .617 4.45 1.764 

arnple No. 10 

sp. gr. = 2.59 
Absolute volume sand per unit bulk volume 0.676 

0-100 3.1 .017w .4171 .u427 .577 .113 
100-48 5.9 .0346 .4517 .0767 .586 .214 .084 
48-28 12.4 .0733 .5250 .140 .b90 .269 .220 
28-14 20.1 .120 .6450 .186 .596 .441 
14-8 33,5 .203 .8480 .240 .606 637 .877 
8-4 25.0 .152 1.0000 .182 .607 2.08 1.764 

Sample No. 11 

sp. gr. = 2.55 
Absolute volume sand per unit bulk voluir.e = 0.653 

0-100 1.0 .0766 .5339 .143 .589 .050 
100-48 19.9 .109 .6429 .170 .50 .104 .084 
48-28 25.4 .138 .7809 .177 .545 203 .220 
28-14 18.7 .0982 .8791 .112 .526 .178 .41 
14-8 14.3 .0752 .954e .0788 .525 1.56 .877 
8-4 8.7 .0457 1.0000 .045? .525 4.31 1.764 



Serles i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 12 

sp. gr. : 2.45 
Absolute voluriae sand per unit bulk volume : 0.680 

0-100 5.1 .0303 .4457 .0679 .591 .089 
100-48 15.6 .0925 .582 .171 .591 .114 .084 
48-28 19.8 .116 .6542 .177 .588 .216 .220 
28-14 13.9 .0788 .7.o0 .107 .b65 .649 .441 
14-8 22.1 .129 .8620 .150 .580 1.00 .877 
8-4 23.5 .138 l.OuOO .18 .589 2.23 1.764 

Sample No. 13 

sp. gr. 2.45 
Absolute volume sand per unit bulk volume 0.588 

0-100 2.7 .0123 .4720 .0260 .455 .135 
100-48 6.9 .0349 .5069 .0689 .503 .207 .084 
48-28 20.1 .104 .6109 .170 .517 .194 .220 
28-14 27.0 .142 .7529 .188 .525 .359 .441 
14-8 3.3 .188 .9409 .199 .565 ,726 .877 
8-4 10.0 .0591 1.0000 .0591 .591 4.U6 1.764 

Sanplo No. 14 

sp. gr. 2.67 
Absolute volume sand per unit bulk volume : 0.630 

0-100 1.5 .0079 .4393 .0180 .529 .175 
100-48 3.9 .0212 .4605 .0460 .542 .270 .084 
48-28 26.6 .148 .6085 .244 .553 .141 .084 
28-14 37.9 .210 .dl85 .257 .556 .263 .441 
14-8 17.3 .103 .9215 .111 .591 1.31 .877 
8-4 12.8 .0785 1.0000 .0785 .613 3.46 1.764 



P7 

Series 1 (Continued) 

Space 
Avail - 

Aggre- Grad- able 
gate ing Abs. to d t 
Size Vol. Gro 

Sample 110. 15 

sp. gr. = 2.54 
Absolute volume sand per unit bulk volume : 0.631 

0-100 2.4 .0127 .4568 .0278 .529 .139 
100-48 7.4 .0402 .4970 .0810 .542 .198 .084 
48-28 21.9 .118 .6150 .192 .538 .J86 .220 
28-14 26.1 .143 .7580 .189 .549 .378 .441 
14-8 26.7 .151 .9090 .166 .56'? .885 .87'? 
8-4 15.5 .091 1.0000 .091 .587 3.04 1.764 

Sample No. 16 

sp. gr. 2.69 
Absolute volume sand per unit oulk volume 0.683 

0-100 5.7 .0274 .4570 .ob8 .480 .085 
100-48 9.4 .0480 .5050 .0950 .510 .165 .084 
48-28 14.7 .u775 .5825 .16 .527 .261 .220 
28-14 13.9 .0765 .6590 .116 .550 .595 .441 
14-8 29.0 .173 .8320 .218 .598 .690 .877 
8-4 27.3 .168 1.0000 .168 .614 1.94 1.764 

Sample No. 17 

sp. gr. 2.54 
Absolute volume sand per unit bulk volume : 0.663 

0-100 0.7 .0046 .3401 .0135 .548 .205 
100-48 4.8 .0319 .3720 .u857 .555 .192 
48-28 27.9 .1855 .b575 .33 .560 .084 .084 
28-14 22.4 .1488 .7063 .210 .580 .360 .441 

14-8 19.6 .1302 .8365 .156 .604 1.01 .8'?? 

8-4 24.6 .1635 1.0000 .1635 .626 2.02 1.764 



ri 

erIes i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Aus. to d a d0 t 04 Size Vol. Group 

Sample No. 18 

sp. gr. 2.53 
'usolute volume sand per unit bulk volume 0.601 
0-100 0.8 .0048 .4023 .0119 .498 .208 100-48 3.0 .0181 .4204 .0430 .532 .291 .084 48-28 46.2 .2780 .5984 .399 .543 .049 .084 28-14 36.8 .2220 .9204 .241 .567 25 14-8 11.9 .0718 .9922 .0723 .605 i.84 

.441 

.877 8-4 1.3 .0078 1.0000 .0078 .616 11.7 1.764 

Sample No. 19 

sp. gr. : 2.51 
Absolute volume sand per unit bulk volume : 0.681 

0-loo 0.6 .00345 .4149 .0083 .577 .260 
100-48 4.9 .0271 .4420 .0615 .551 .238 
48-28 34.8 .201 .6430 .313 .579 .106 .084 
28-14 16.9 .10]. .7440 .136 .595 .561 .441 
14-8 18.6 .104 .8480 .123 .613 1.26 .877 
8-4 24.2 .152 1.0000 .152 .628 2.12 1.764 

Sample No. 20 

sp. gr. : 2.50 
Absolute volume sand per unit bulk volume 0.709 

0_100 1.1 .0061 .4062 .0150 .554 .194 
100-48 4.9 .0278 .440 .0641 .566 .234 .084 
48-28 24.4 .140 .5740 .244 .572 .1 .220 
28-14 15.9 .093 .6670 .140 .582 .552 .441 
14-8 23.0 .140 .8070 .174 .607 .920 .877 
8-4 30.7 .193 1.0000 .193 .626 1.67 1.764 



r 
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Series i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t *4 
Size Vol. Group 

Sample No. 21 

sp. gr. 2.64 
Absolute volume sand per unit bulk volume = 0.664 

0-100 0.1 
100-48 0.4 ------------------- ---- .084 
48-28 4.0 .0238 .5160 .0462 .594 .592 .084 
28-14 29.3 .1'?? .6930 .255 .606 .298 .220 
14-8 52.7 .24 .9170 .353 .615 .35 .877 
8-4 13.5 .0830 1.0000 .0830 .615 3.36 1.764 

Sample No. 22 

sp. gr. 2.61 
Absoluto volume sand per unit bulk volume = 0.650 

0-100 1.9 .0101 .4812 .0210 .530 .162 

100-48 9.6 .0513 .5325 .0965 .536 .168 .084 
48-28 49.2 .279 7658 .364 .566 .07]. .084 

28-14 16.8 .0970 .coc8 .112 .576 .630 .44]. 

14-8 9.4 .0567 .l95 .0616 .602 2.01 .87'? 

8-4 lo.l .0805 1.0000 .0805 .615 3.4e 1.764 

Sample Io. 23 

sp. gr. 2.63 
Absolute volume sand per unit bulk volume = 0.670 

0-100 0.6 .0031 .4147 .0075 .526 .262 

100-48 3.8 .020e .4350 .0467 .533 .275 

48-28 20.1 .115 .5500 .210 .569 .172 .084 

28-14 23.1 .135 .6850 .197 .582 .386 .441 

14-8 27.0 .161 .8460 .191 .597 .815 .877 

8-4 25.4 .154 1.0000 .154 .607 2.02 1.764 



76. 

Series i (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t Size Vol. Group 

Sample ìo. 24 

sp. gr. = 2.72 
Absolute volume sand per unit bulk volume : 0.656 

0-100 1.3 .0069 .4151 .0166 .532 .183 
100-48 3.6 .0192 .4D43 .OL43 .52 .285 .084 48-28 24.8 .142 .5763 .247 .57 .141 .084 
28-14 30.2 .180 .7563 .238 .594 .316 441 
14-8 25.3 .155 .9113 .170 .611 .939 .877 
8-4 14.7 .0887 l.00uO .0887 .601 3.15 1.764 

Sample No. 25 

sp. gr. 2.73 
Absolute volume saud per uflit bulk volume 0.659 

0_100 4.2 .0242 .4636 .0522 .557 .101 
100-48 6.8 .0350 .498e .0704 .513 .207 .084 
48-28 12.o .076 .5659 .119 .533 .287 .220 
28-14 14.6 .0811 .6470 .126 .556 .561 .441 
14-8 29.4 .16e .8100 .201 .557 ..726 .87 
8-4 32.4 .190 1.0000 .190 .586 1.63 1.764 

Sample No. 26 

sp. gr. = 2.54 
Absolute volume sand pr unit x1k volume = 0.629 

0_loo 0.7 .0040 ..4329 .0093 .570 .246 
100-48 2.4 .0138 .4467 .0309 .572 .64 .084 
48-28 12.3 .0705 .5172 .137 .572 .269 .220 
28-14 43.4 .245 .7712 .317 .564 .193 .441 
14-8 32.5 .181 .9522 .190 .556 .760 .877 
8-4 8.7 .0478 1.0000 .Q478 .550 4.'15 1.764 
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Series i (Continued) 

Space - 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da do t 
Size % Vol. Group 

Sample No. 27 

sp. gr. : 2.34 
Absolute volunie sand per unit bulk volume : 0.670 

0-100 1.0 .0061 .4930 .0124 .605 .222 
100-48 3.1 .0182 .5112 .0355 .592 .344 .084 
48-28 12.8 .0762 .5874 .130 .594 .305 .220 
28-14 35.0 .210 .7974 .264 .300 .28Q 44l 
14-8 ,4.2 .210 .9074 .2.2 .614 .690 .877 
8-4 13,9 .0926 1.0000 .0926 .664 3.30 l.76 

Sample No. 28 

sp. gr. : 2.53 
Absolute volume sand per unit bulk volume :...0.660 

o-loo 2.1 .0113 .4218 .0265 .537 .142 
lu0-48 12.5 .0687 .'1905 .140 .550 .126 
48-28 39.3 .224 .7145 .312 .570 .097 .220 
28-14 12.7 .0755 .7900 .0955 .b94 .735 .441 
14-8 16.2 .101 .8910 .103 .620 1.45 .877 
8-4 17.2 .109 1.0000 .109 .635 2.83 1.764 

Sample No. 29 

sp. gr. 2.37 
Absolute volume sand per unit bilk volume = 0.656 

0_100 1.2 .0065 ..4677 .0139 .538 .200 
luO-48 7.7 .0443 .4720 .0940 .575 .185 
48-28 23.1 .131 .6030 .217 .565 .163 .220 
28-14 22.1 .125 .7280 .172 .565 430 .441 
14-8 36.5 .216 .9440 .230 .590 .653 .877 
8-4 9.4 .056Q 1.0000 .0560 .593 4.24 1.764 



r 
'J. 

Series 2, Normal Consistency Mortars 

Space 
Avail- 

Ag,re- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. i 

sp. gr.: 2.55, s/c 3.0, w/c 0.55 
Aosolute volume sand per unit volume mortar = 0.435 

0-100 2.6 .0113 .b766 .Oli6 .549 .171 
luO-4B 11.0 .0479 .6245 .0766 .572 .214 .J.6 
43-25 23.3 .1012 .7257 .13,5 .b4 ,322 
23-14 22. .o79 .236 .1180 .b48 .587 .i43 
14-8 25.1 .1220 .456 .120 .sso 1.15 .79 
8-4 12.b .0544 1.0000 .0544 .542 4.0? 1.866 

Sample No. 2 

sp. gr. 2.o, s/c : 3.q w/c 0.46 
Absolute volume sand per unit volume iortar o.419 
0-1i0 1.0 .0042 .5560 .0072 .536 .269 

luO-4s 2.8 .0117 .5i77 .0li6 .554 .422 .186 
45-2s 11.9 .04i8 .64'15 .0770 .562 .415 .322 
28-14 29.7 .1240 .7715 .1600 .s62 .455 .543 14-8 50.9 .2130 .845 .2170 .87 .689 979 
8-4 3.7 .0155 1.0000 .01o5 .599 8.35 1.866 

Sample No. 3 

sp. gr. 2.54, s/c .0, w/c 0.45 
Absolute volume sand per unit volume mortar = 0.438 

0-100 1.9 .u079 .5700 .0138 .70 .2o5 
100-48 8.5 .072 .6072 .0615 .579 .244 .156 
48-28 30.b .1.5 .7407 .1800 .b79 .212 .322 
2s-14 17.d .0780 .5187 .095e .588 .727 .543 
14-8 17.4 .0763 .s950 .0852 .612 1.62 .979 
8-4 24.o .1050 1.0000 .1050 .623 2.8. 1.866 

In stiff mixes, D1 + 0.102 to allow for cement film 



Series 2 (Continued) 

Space 
Aval 1- 

r7 

Aggre- Grad- able 
gate ing Abs. to da d0 t Size _j Vol. Group 

Sample No. 3A 

sp. gr. 2.oU, s/c 3.0, w/c 0.49 
Aosolute voi.ume sand per unit volume mortar 0.443 

o-loO 1.9 .0084 .5657 .0149 .573 .198 
100-48 7.1 .0314 .b971 .0b26 .576 .266 .186 
48-28 33.0 .1460 .7431 .1960 .b61 .185 .322 
28-14 18.6 .0824 .82b5 .1000 .b63 .681 .43 
14-8 20.1 .0890 .914b .0970 .b74 1.43 .79 
8-4 l.3 .0855 1.0000 .0855 .b95 .18 1.866 

Sample No. 4 

sp. gr. 2.ö2, s/c 3.0, w/c 0.b7 
Absolute volume sand per irnit volume mortar 0.402 

0-loO 1.3 .0052 .6030 .0086 .b79 .257 
100-48 9.0 .0362 .692 .0568 .575 .255 
4s-2s 2b.4 .1020 .7412 .13'75 .b66 .265 322 
28-14 33.0 .1328 .8740 .1520 .534 .455 .543 
14-8 24.1 .0970 .9710 .0995 .52b 1.40 .979 
8-4 7.2 .029u 1.0000 .029u .b27 5.76 1.866 

amp1e No. 

sp. gr. 2.50, s/c = 3.0, w/c 0.61 
Absolute volume sand per unit volume mortar - 0.382 

0-loO 0.6 .0023 .6199 .0037 .b69 .364 
100-48 5.0 .O11 .6690 .0298 .b7 .375 
48-28 29.8 .1140 .7530 .1510 .584 .246 .186 
28-14 56.5 .2160 .9690 .2240 .528 .289 .543 
14-8 7.8 .0298 .9938 .0300 .514 2.77 .o79 
8-4 0.3 .0012 1.0000 .0012 .b12 23.1 1.866 
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Series 2 (Continued) 

Aggre- Grad- 
gate Ing 
Size _% 

Sample No. 6 

Sp ace 
Avail- 
a3j.e 

Abs. to 
Vol. Group 

da d0 t 

sp. gr. 2.b4, s/c = 3.0, w/c 0.61 
Absolute volume sand per unit volume mortar 0.396 

0-100 2.4 .0095 .6131 .0155 .506 .184 100-48 .4 .0372 .6503 .0570 .544 .246 .186 48-28 o9. .lb6 .8063 .1940 .b42 .J.81 .322 28-14 2b.2 .0998 .9061 .1100 .564 .630 .543 14-8 8.5 .O37 .998 .0358 .602 2.74 .979 8-4 15.2 .0602 1.0000 .0602 .54 4.06 1.866 

Sample No. 7 

sp. gr. 2.4o, s/c 3.0, w/c 0.b4 
Absolute volume sand per unit volume mortar 0.435 

0-100 1.7 .0074 .b725 .0129 .571 .203 100-48 6.5 .0282 .6007 .0470 .b94 .292 .186 48-28 38.8 .1690 .7697 .2190 .601 .176 .186 28-14 32.1 .1395 .9092 .1b30 ..588 49Q .b4$ 14-8 13.5 .0586 .9678 .0607 .58.1. 1.98 .979 8-4 7.4 .0322 1.u000 .0322 .602 5.82 1.966 

Sample No. 

sp. gr. 2.68, s/c 3.0, w/c 0.43 Absolute volume sand per unit volume mortar : 0.449 
0-100 2.7 .0121 .5641 .0214 .511 .158 100-48 3.6 .0161 .5802 .0277 .534 .370 .186 48-28 10.2 .0458 .6260 .0732 .b72 .432 .322 28-14 20.4 .0915 .7175 .1275 .589 .577 .543 14-8 64.2 .1b30 .9705 .1760 .614 .900 .979 8-4 28.9 .1295 1.0000 .1295 .623 2.44 1.866 



Series 2 (Continued) 

Space 
Avail- 

-1 

- . 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Voi.. Group 

Sample NO. 9 

sp. gr. 2.79, s/c 3.0, w/c 0.51 
Absolute volume sand per unit volume mortar : 0.428 

O-100 2.6 .0111 .5831 .0190 .568 .176 
100-48 7.9 .0338 .6169 .0549 .569 .164 .186 
48-28 40.9 .1750 .7917 .2210 .548 .1.54 .186 
28-14 23.0 .0985 .8904 .1100 .569 1.50 .543 
14-8 16.9 .0724 .9628 .0752 .604 1.76 .979 
8-4 8.7 .0372 1.0000 .0372 .617 5.49 1.866 

Sample No. lu 

sp. gr. : 2.59, s/c 3.0, w/c u.47 
Absolute volume sand per unit volume mortar 0.453 

0-loo 3.1 .0140 .5610 .0249 .577 .1b5 
luO-48 5.9 .0267 .5877 .04b5 .586 .295 .186 
48-28 12.4 .0561 .6438 .0872 .b90 .392 .322 
28-14 20.1 .0910 .7348 .1240 .596 .595 .543 
14-8 3.5 .1520 .8868 .1720 .606 1.92 .979 
8-4 2b.O .1L2 1.0000 .1132 .607 2.62 1.866 

Sample No. 11 

sp. gr. 2.55, s/c 3.0, w/c 0.61 
Absolute volume sand per unit volume mortar 0.425 

0-100 13.0 .05b2 .6304 .0880 .589 .074 
100-48 19.9 .0845 .7149 .1180 .o50 .fl7 .186 
48-28 25.4 .1080 .8229 .1310 .s45 265 .32 
28-14 18.7 .0795 .9024 .0580 .b26 .720 .543 
14-8 14.3 .0607 .9631 .0628 .525 1.80 .979 
8-4 5.7 .0369 1.0000 .0369 .525 5.01 1.966 
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Series 2 (Continued) 

Space 
Avail - 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 12 

sp. gr. = 2.4b, s/c 3.0, w/c 0.53 
Absolute volume sand per unit volume mortar 0.452 

0-100 5.1 .0230 .5712 .0402 .591 .122 
100-48 15.6 .0705 .6417 .1095 .591 .165 .186 
48-28 19.8 .0895 .7312 .1220 .88 .304 .322 
28-14 13.9 .0628 .7940 .0789 .565 .805 .543 
14-b 22.1 .1000 .8940 .1115 .580 1.29 .979 
8-4 23.5 .1060 1.0000 .1060 .589 2.72 1.866 

Sample No. 13 

sp. gr. 2.45, s/c 3.0, w/c .063 
Absolute volume sand per unit volume mortar = 0.386 

0-100 2.7 .0104 .6245 .0167 .455 .169 
100-48 6.9 .0266 .6511 .0409 .503 .285 .186 
48-28 20.1 07'i6 .7287 .1060 .517 .04 .322 
28-14 27.0 .1040 .8&7 .12b0 .525 .534 .543 
14-b 33.3 .1287 .9614 .1340 .565 1.08 .979 
8-4 10.0 .0386 1.0000 .0386 .591 5.23 1.966 

Sample No. 14 

sp. gr. 2.67, s/c 3.0, w/c 0.51 
Absolute volume sand per unit volume mortar 0.420 

9-100 1.5 .0063 .5862 .0107 .529 .224 
100-48 3.9 .0164 .6026 .0272 .542 .253 
48-28 26.6 .1120 .7146 .1570 .553 .229 .322 
28-14 37.9 .1b90 .87o6 .1820 .556 .94 .543 
14-h 17.3 .0726 .462 .0768 .591 1.71 
8-4 12.8 .0338 1.0000 .0b38 .613 4.41 1.866 



Series 2 (Continued) 

Space 
Avail- 

'-., . 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No.15 

sp. gr. = 2.54, s/c 3.0, w/c 0.59 
Absolute volume sand per unit volume mortar 0.414 

0-100 2.4 .0099 .5961 .0166 .529 .182 
100-48 7.4 .0306 .b26'7 .0490 .542 .268 .186 
4b-28 21.9 .0906 .7l7 .12b0 .b38 L273 .322 
28-14 26.1 .1080 .8253 .1310 .549 .53 .54 
14-8 26.7 .1105 .9358 .1180 .567 1.20 .979 
8-4 15.5 .0642 1.0000 .0642 .587 3.85 1.866 

Sample No. 16 

sp. gr. 2.69, s/c 3.0, w/c 0.53 
Absolute volume sand per unit volume mortar 0.452 

0-loo 5.7 .0258 .5743 .0450 .480 .100 
100-48 9.4 .0425 .6168 .0691 .510 .207 .186 
48-28 14.7 .0664 .6862 .0970 .527 .35 .322 
28-14 13.9 .0628 .7460 .0840 .550 .7bl .543 
14-8 29.0 .1310 .8770 .1495 .598 1.02 .979 
8-4 2'7.3 .1230 1.0000 .1230 .614 2.51 1.866 

Sample No. 17 

sp. gr. 2.54, s/c 3.0, w/c 0.49 
Absolute volume sand per unit volume mortar 0.445 

0-loo 0.7 .0032 .5589 .0058 .548 .299 
100-48 4.8 .0213 .5b02 .0367 .555 .324 
48-28 27.9 .]240 .7042 .1760 .560 .207 .186 
2B-14 22.4 .096 .3038 .1235 .580 .587 .543 
14-8 1.6 .0872 .8910 .0980 .604 1.46 .979 
8-4 24.6 .1090 1.0000 .1090 .626 2.80 1.866 



Series 2 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 18 

sp. gr. 2.53, s/c 3.0, w/c 0.63 
Absolute volume sand per unit volume mortar 0.391 

0-100 0.8 .0031 .6117 .0051 .498 .303 
100-48 3.0 .0117 .624 .0188 .52 .451 .186 

48-28 46.2 .1810 .8044 .2250 .543 .150 .186 28-14 36.8 .1440 .9484 .1520 .567 .481 .543 
14-8 11.9 .0465 .9949 .0468 .605 2.38 .979 8-4 1.3 .0051 1.0000 .0051 .616 13.9 1.866 

Sample No. 19 

sp. gr. 2.51, s/c 3.0, w/c 0.50 
Absolute volume sand per unit volume mortar : 0.456 

0-100 0.6 .0027 .5467 .0050 .577 .325 
100-48 4.9 .0223 .5690 .0692 .551 .311 
48-28 34.8 .1590 .7280 .2180 .579 .1, J86 
28-14 16.9 .0771 .8051 .0963 .595 .728 .543 
14-8 18.6 .0849 .8900 .0955 .613 1.52 .979 
8-4 24.2 .1100 1.0000 .1100 .b28 2.76 1.866 

Sample No. 20 

sp. gr. 2.50, /c 3.0, w/c 
Absolute volume sand per unit volume mortar = 0.476 

0-loo 1.1 .0052 .5304 .0098 .554 .238 
100-48 4.9 .023 .5537 .0420 .566 .305 .186 
48-28 24.4 .11bO .6697 .1730 .572 .211 .322 
28-14 15.9 .0748 .7445 .1000 .582 .700 .543 
14-8 23.0 .1095 .8540 .1280 .607 1.20 9'79 

8-4 30.7 .1460 1.0000 .1460 .626 2.19 1.866 



SerIes 2 (Continued) 

Space 
Avail- 

Agre- Grad- able 
gate 
Size 

Ing Abs. 
Vol. 

to 
Group 

da d0 t 

Sample No. 21 

sp. gr. = 2.64, s/c 3.0, vi/e : 0.43 
Absolute volume sand per unit volume mortar 0.450 

0-1QO 0.1 .0005 .5504 .0009 
100-48 0.4 .0018 .5522 .0033 
48-28 4.0 .0180 .5702 .0316 .594 .729 .186 
28-14 29.3 .1320 .7022 .1880 .606 .403 .322 
14-8 52.7 .2370 .9392 .253o .615 .600 .979 
8-4 ló.5 .0608 1.0000 .0608 .615 4.10 1.666 

Sample No. 22 

sp. gr. = 2.61, s/c 3.0, w/c = 0.595 
Absolute volume sand per unit volume mortar 0.425 

0-100 1.9 .0081 .5830 .0139 .530 .199 
100-48 9.6 .0408 .6238 .0653 .536 .222 .186 
48-28 49.2 .2090 .8&8 .2500 .566 .137 .186 
28-14 16.8 .0715 .9043 .0790 .576 .831 .543 
14-8 9.4 .0400 .9443 .0424 .602 1.08 .979 
8-4 13.1 .0557 1.0000 .0557 .615 4.30 1.866 

Sample NO. 23 

sp. gr. = 2.63, s/c = 3.0, w/c : 0.48 
Absolute volume sand per unit volume mortar 0.450 

0-100 0.6 .0027 .5529 .0049 .526 .315 
100-48 3.8 .0171 .5700 .0300 .5 .352 
48-28 20.1 .0905 .6605 .1365 .569 .265 .186 
28-14 23.1 .1040 .7645 .1360 .582 .542 .543 

14-8 27.0 .1215 .8860 .1370 .597 1.11 .979 

8-4 25.4 .1140 1.0000 .1140 .607 2.61 1.866 



series 2 (Continued) 

Space 
Aval 1- 

o r LS 

Aggre- Grad- able 
gate ing Abs. to da do t 
size , Vol. Group _____ ____ _____ _____ 

Sample No. 24 

sp. gr. : 2.72, s/c : 3.0, w/c z 0.46 
Absolute volume sand per unit volume mortar 0.448 

0-loo 1.3 .0058 .b591 .0104 .532 .227 
100-48 3.6 .0161 .b752 .0280 .5& .65 .1B6 
48-28 24.8 .1110 .6862 .1620 .5'7 .229 .186 
28-14 öO.2 .LD5O .8212 .1640 .594 .46 .543 
14-8 25.3 .1lO .942 .1210 .611 .760 .979 
8-4 14.7 .0658 1.0000 .0658 .601 3.85 1.866 

Sample No. 25 

sp. gr. 2.73, s/c 3.0, W/o = 0.46 
Absolute volume sand per unit volume mortar = 0.441 

0-loo 4.2 .0185 .5769 .0321 .557 
100-48 6.8 .0300 .6069 .0495 .513 

.134 

.260 
48-28 12.6 .0556 .6625 .0839 .53 .375 

.186 

28-14 14.6 .0645 .7270 .0888 .556 .736 
.322 

14-8 29.4 .1300 .8570 .1520 .557 25Q 
.543 
,979 

8-4 62.4 .1&30 1.0000 .1430 .586 2.15 1.866 

sample No. 

sp. gr. : 2.54, s/c : 3.0, w/c z 0.b3 
Absolute volume sand per unit volume mortar 0.415 

o-100 0.7 .0029 ..5880 .0050 .570 .322 
100-48 2.4 .0099 .5979 .0165 .b72 .275 .186 
48-28 12.3 .0510 .6489 .0790 .572 .415 .322 
28-14 43.4 .1800 .8289 .2180 .564 .324 .543 
14-8 32.5 .1350 .969 .1400 .556 1.02 .979 
8-4 8.7 .0361 1.0000 .0361 .550 5.24 1.866 



Series 2 (Continued) 

Space 
Avail- 

'o 

Aggre- Grad- able 
gate ing Abs. to da d0 t 04 
Size Vol. Group 

Sample No. 27 

sp. gr. 2.34, s/c 3.0, vi/e 0.56 
Absolute volume sand per unit volume mortar 0.444 

0-100 1.0 .0044 .5609 .0078 .605 .273 
100-48 3.1 .0137 .5'746 .028 .592 .420 .186 
48-28 12.8 .0568 .6314 .0895 .594 .389 .322 
28-14 35.0 .1550 .78b4 .1970 .600 94 .543 
14-8 4.2 .1520 .984 .1620 .614 1.97 .979 
8-4 L.9 .0616 1.0000 .0616 .664 4.28 1.866 

Sample No. 28 

sp. gr. 2.53, s/c : .O, w/c. 0.53 
Absolute volume sand per unit volume mortar : 0.432 

0-100 2.1 .0091 .5767 .0158 .537 .188 
100-48 12.5 .0540 ..6o07 .0855 .550 .189 
48-28 39.3 .1700 .8J07 .2120 .570 .172 .322 
28-14 12.7 .0549 .8556 .0643 .594 .962 .543 
14-8 16.2 .0700 .9256 .0756 .620 1.78 .979 
8-4 17.2 .0744 1.0000 .0744 .65 3.68 1.866 

$ample No. 29 

sp. gr. 2.67, s/c 3.0, w/c 0.563 
Absolute volume sand. per unit volume mortar 0.432 

0-100 1.2 .0052 .5740 .0091 .538 .242 
100-48 7.7 .0332 .6072 .0549 .575 .262 
48-28 23.1 .0998 .7060 .1410 .565 .260 .322 
28-14 22.1 .0955 .8015 .1190 .565 .595 .543 
14-8 36.5 .1580 .9595 .1650 .590 1.02 .979 
8-4 9.4 .0405 1.0000 .0405 .593 5.12 1.866 



Series 3, Plastic iix - Portland Cernent Mortars 

Space 
Avail- 

Agre- Grad- able 
gate ing Abs. to da d0 t 

Size Vol. Group 

Sample No. i 

sp. gr. : 2.55, s/c 2.51, w/c = 0.60 
Absolute volume sand per unit volume mortar = 0.403 

0-l0 2.6 .0105 .6077 .0173 .549 .181 
100-48 11.0 .0443 .6520 .0679 .572 .229 .084 
48-28 2.3 .0940 .7460 .1260 .548 .276 .220 
8-l4 22..5 .0ì05 .8365 .1081 .548 .6o2 .441 

14-8 23.l .1130 .9495 .1190 .580 1.24 .877 
8-4 12.5 .0505 1.0000 .0b05 .542 4.2b 1.764 

Sample No. 2 

sp. gr. 2.58, s/c : 2.68, w/c 0.60 
Absolute volume sand per unit volume mortar = 0.390 

0-100 1.0 .0039 .6183 .0063 .536 .286 
100-48 2.8 .0109 .6292 .0174 .554 .475 .084 
48-28 11.9 .0465 .6756 .0688 .562 .445 .220 
28-14 29.7 .1160 .7916 .1465 .562 .492 .44]. 

14-8 50.9 .1980 .9896 .2000 .587 Y?77 .877 
8-4 3.7 .0104 1.0000 .0104 .599 10.1 1.764 

Sample No. 3 

sp. gr. = 2.54, s/c 3.00, w/c 0.30 
Absolute volume sand per unit volume mortar 0.426 

0-100 1.8 .0077 .5818 .0132 .570 .2lo 
100-48 8.5 .062 .6180 .0586 .579 .253 .084 
48-28 30.5 .1300 .7480 .1740 .579 .203 .220 
28-14 17.8 .0760 .8240 .0923 .588 .745 .441 
14-8 17.4 .0740 .8980 .0823 .612 1.68 .877 
8-4 24.0 .1020 1.0000 .1020 .623 2.90 1.764 



Series 3 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 3A 

sp. gr. = 2.53, s/c 2.83, w/e 0.60 
Absolute volume sand per unit volume mortar : 0.423 

0-100 1.9 .0081 .5853 .0138 .573 .206 
100-48 7.1 .000 .6153 .0487 .576 .282 .084 
48-28 33.0 .1395 .7548 .1850 .561 .194 .220 
28-14 18.o .0786 .3334 .0943 .563 .710 .441 
14-8 20.1 .0850 .9184 .0927 .574 1.46 .877 
8-4 19.3 .0816 1.0000 .0816 .595 3.32 1.764 

Sample No. 4 

sp. gr. 2.52, s/c : 2.28, w/c 0.60 
Absolute volume sand por unit volume mortar 0.359 

0-loO 1.3 .0047 .6464 .0073 .5'79 .276 
100-48 9.0 .0323 .3787 .0477 .578 .284 
48-28 25.4 .0910 .7697 .1183 .566 .300 .220 
28-14 33.0 .118Q .8877 .1330 .534 .517 .441 
14-8 24.1 .0865 .9742 .0839 .525 1.43 .877 

7e2 .02b8 1.0000 .0258 .b27 6.12 1.764 

Sample No. 5 

sp. gr. = 2.50, s/c 2.19, w/c = 0.60 
Absolute volume sand per unit volume mortar : 0.339 

0-loo o.s .0020 .6637 .0030 .569 .396 
100-48 5.0 .01b9 .6806 .0248 .597 .416 
48-28 29.8 .1010 .7816 .1292 .584 .28'7 .084 
28-14 56.5 .11O .9726 .1963 .528 .342 .441 
14-8 7.8 .0264 .9990 .0265 .514 2.96 .877 
8-4 0.3 .0010 1.0000 .0010 .512 24.8 1.7o4 



Series 3 (Continued) 

Space 
AvaIl- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size _j Vol. Group 

Sample No. 6 

sp. gr. = 2.54, s/c = 1.91, w/c 0.60 
Absolute volume sand per unit volume mortar 0.332 

0-100 2.4 .0079 .6764 .0117 .506 .210 
100-48 9.4 .0312 .7076 .0441 .544 .288 .084 
48-28 39.3 .1300 .876 .1552 .542 .425 .220 
28-14 25.2 .087 .9213 .0907 .564 .7ù7 .443. 
14-8 8.5 .0282 .9495 .0297 .602 .04 .877 
8-4 15.2 .0s05 1.0000 .0505 .594 4.46 1.764 

Sanpie No. 7 

sp. gr. = 2.40, s/c 2.26, w/c 0.60 
Absolute volume sand per unit volume mortar : 0.385 

0-100 1.7 .0066 .6210 .0106 .571 .232 
100-48 6.5 .02b0 .6460 .087 .594 .328 .084 
48-28 38.3 .1495 .7955 .1878 .50]. .212 .084 
28-14 2.1 .1240 .9195 .1350 .588 .553 .441 
14-8 13.5 .0s20 .9715 .0535 .581 2.14 .877 
8-4 '7.4 .0285 1.0000 .0285 .602 6.22 1.764 

am?le Io. 8 

sp. gr. 2.68, s/c = 3.42, w/c 0.60 
Absolute volume sand per unit volume mortar 0.451 

0100 2.7 .0122 .5620 .0217 .511 .156 
100-48 .6 .0162 .5782 .0281 .534 .365 .084 
48-28 10.2 .0460 .6242 .0738 .5'72 .432 .220 
28-14 20.4 .0918 .7l0 .1280 .589 .579 .441 
14-8 34.2 .1b40 .8700 .1770 .614 .900 .877 
8-4 28.9 .1300 1.0000 .1300 .623 2.41 1.764 



Series 3 (Continued) 

Space 
Avail- 

IL. 

Aggre- Grad- able 
gate ing Abs. to da d0 t 

Size Vol. Group 

Sample No. 9 

sp. gr. = 2.79, s/c = 2.94, w/c 0.60 
Absolute volume sand per unit volume mortar 0.418 

0-100 2.6 .0109 .5935 .0184 .568 .179 
100-48 7.9 .0330 .626b .0526 .b69 .266 .084 
48-28 40.9 .1705 .7970 .2140 .548 .163 .084 
28-14 23.0 .0960 .890 .1075 .569 .649 .441 
14-8 16.9 .0706 .9636 .0734 .604 1.80 .877 
8-4 8.7 .0364 1.0000 .0364 .617 5.52 1.764 

Sanple No. 10 

sp. gr. : 2.59, s/c 3.04, w/c 0.60 
Absoluto volume sand per unit volume mortar 0.443 

0-100 3.1 .013'7 .5713 .0239 .577 .159 
100-48 b. .0262 ..5975 .049 .586 .301 .084 
48-28 12.4 .0550 .5525 .0843 .590 .405 .220 
28-14 20.1 .0890 .7415 .1195 .596 .614 .441 
14-8 63.5 .1480 .8895 .1665 .506 .954 .877 
8-4 25.0 .1105 1.0000 .1105 .507 2.69 1.764 

3axnile No. 11 

ap. gr. 2.55, s/c 2.23, w/c 0.60 
Absoluto volume sand per unit volume mortar 0.381 

0_100 13.0 .0495 .6686 .0741 .589 .083 
100-48 19.9 .0758 .7444 .1018 .550 .158 .084 
48-28 25.4 .0965 .8409 .1145 .545 .300 .220 

28-14 18.7 .0713 .9122 .0782 .526 .780 .441 

14-8 14.3 .0546 .9668 .0565 .525 1.94 .377 
8-4 8.7 .0332 1.0000 .0632 .525 5.61 1.764 



Series 3 (ContInued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 12 

sp. gr. = 2.45, s/c 2.79, vi/e 0.60 
Absolute volume sand per unit volume mortar 0.433 

0-100 5.1 .0221 .5894 .0396 .591 .122 
100-48 15.5 .0675 .6569 .1027 .591 .174 .084 
48-28 19.8 .0858 .7427 .1155 .588 .318 .220 
28-14 lô.9 .0603 .8O5o .0751 .565 .842 .44]. 
14-8 22.1 .0960 .8990 .1068 .580 1.34 .877 
8-4 23.b .1010 1.0000 .1010 .589 2.83 1.764 

Sample No. 13 

8p. gr. 2.45, s/c = 1.39, w/c 0.60 
Absolute volume sand per unit volume mortar : 0.303 

0-100 2.7 .0082 .7046 .0117 .455 .200 
100-48 6.9 .0212 .7258 .0292 .b03 ..48 .084 
48-28 20.1 .0610 .7868 .0776 .517 .388 .220 
28-14 27.0 .0819 .8687 .0943 .525 .675 .441 
14-8 3.3 .1010 .9697 .1041 .565 1.34 .877 
8-4 10.0 .0303 1.0000 .0303 .591 2.44 1.764 

Sample No. 14 

sp. gr. 2.67, s/c 2.67, w/c 0.60 
Absolute volume sand per unit volume mortar = 0.394 

0-loo 1.5 .0059 .5126 .0096 .529 .235 
100-48 .9 .0154 .5280 .0242 .542 .00 .084 
48-28 26,o .1045 .7325 .1425 .553 ..47 .084 
28-14 37.9 .1490 .8815 .1688 .556 .421 .441 
14-8 17.3 .068o .9495 .0717 .591 1.80 .877 
8-4 12.3 .0b05 1.0000 .0505 .613 4.57 1.764 



Series 3 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 15 

sp. gr. 2.54, s/c 2.23, w/c 0.60 
Absolute volume sand per unit volume mortar = 0.368 

0-100 2.4 .0088 .5408 .0137 .529 .199 
100-48 7.4 .0272 .6680 .0407 .542 .301 .084 
48-28 21.9 .0805 .7485 .1075 .538 .313 .220 
28-14 26.1 .0960 .8445 .1137 .549 .605 .441 
14-8 26.7 .0985 .9430 .1045 .567 1.4 .877 
8-4 15.5 .0570 1.0000 .0570 .587 4.14 1.764 

Sample No. 16 

sp. gr. : 2.69, s/c 2.64, wIe 0.60 
Absolute volume sand per unit volume mortar 0.425 

0-100 5.7 .0242 .989 .0405 .480 .106 
100-48 9.4 .0400 .589 .0627 .51u .222 .084 
48-28 14.7 .0625 .7014 .0878 .527 .362 .220 
28-14 13.9 .0591 .7605 .0778 .550 .807 .441 
14-8 29.0 .123b .8840 .1398 .b98 1.09 .977 
8-4 27.3 .1160 1.0000 .1160 .614 2.62 1.764 

Sample No. 17 

sp. gr. = 2.54, s/c 2.83, w/c 0.60 
Absolute volume sand per unit volume mortar 0.425 

0100 0.7 .0030 .5785 .0052 .548 .312 
100-48 4.8 .0204 .5989 .0341 .555 .336 
48-28 27.9 .1185 .7174 .1651 .560 .220 .084 
28-14 22.4 .0950 .8124 .1169 5o0 .614 .441 
14-8 19.6 .0831 .8955 .0928 .504 1.54 .877 
8-4 24.6 .1045 1.0000 .1045 .626 2.90 1.764 



Series 3 (Continued) 

Space 
Avail- 

9 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 18 

sp. gr. 2.53, s/c : 2.19, vi/e 0.60 
Absolute volume sand per unit volume mortar 0.348 

0-100 0.8 .0028 .6546 .0043 .498 .326 
100-48 o.0 .0104 .5650 .0157 .32 .491 .084 
48-28 46.2 .1610 .8260 .1950 .543 .181 .084 
28-14 36.8 .1280 ..9540 .1344 .567 .544 .441 
14-8 11.9 .0415 .9955 .0417 .605 2.54 .877 
8-4 1.3 .0045 1.0000 .0045 .616 14.7 1.764 

Sample No. 19 

sp. gr. 2.51, s/c 2.97, w/c : 0.60 
Absolute volume sand per unit volume rortar 0.445 

0-lUO 0.6 .002'7 .5584 .0049 .577 .328 
100-48 4.9 .0218 .b802 .0377 .551 .319 
48-28 34.8 .1545 .7347 .2120 .579 .177 .084 
28-14 16.9 .0750 .8097 .0927 .b95 .755 .441 
14-8 18.6 .0b28 .892b .0928 .613 1.55 .877 
8-4 24.2 .1075 1.0000 .1075 .628 2.83 1.764 

3am1e No. 20 

sp. gr. 2.50, s/c 3.12, w/c 0.60 
Absolute volume sand per unit volume mortar 0.469 

0-100 1.1 .0052 .5362 .0097 .554 .239 
100-48 4.9 .0230 .5592 .0412 .566 .306 .084 
48-28 24.4 .1144 .6736 .1700 .572 .220 .220 

28-14 15.9 .0745 .7481 .0996 .582 .702 .441 

14-8 25.0 .1079 .8560 .1260 .607 1.22 .877 
8-4 3o.7 .1440 1.0000 .1440 .626 2.19 1.764 



35. 

Serles 3 (Continued) 

Aggre- Grad- 
mate 
size 

in 
/0 

Sample iO. 21 

Space 
Avail- 
able 

Abs. to 
Vol. Group 

da d0 t 

sp. gr. : 2.64, s/c = 3.33, w/c : 0.60 
Absolute volume sand per unit volume mortar = 0.447 

0-100 0.1 .0004 .5546 .0007 
100-48 0.4 .0018 .5564 .0033 
48-28 4.0 .0178 .5742 .0310 .594 .736 .084 
28-14 29.3 .1305 .7047 .1e55 .606 .421 .220 
14-8 52.7 .2350 .9397 .2520 .615 .618 .877 
8-4 13.5 .060e 1.0000 .0603 .615 4.10 1.764 

Sample No. 22 

sp. gr. 2.61, s/c 2.51, w/c = 0.60 
Absolute volume sand per unit volume mortar = 

0-100 1.9 .0075 .6110 .0123 .530 .21u 
100-48 9.6 .0380 .6490 .0586 .536 .238 .084 
48-28 49.2 .1950 .8440 .2310 .566 .154 .084 
28-14 16.8 .0667 .9107 .0731 .576 .868 .441 
14-8 9.4 .073 .9480 .039 .602 2.61 .877 
8-4 13.1 .0520 1.0000 .0520 .615 4.50 1.764 

Sample No. 23 

sp. gr. = 2.63, s/c : 2.75, w/c 0.60 
Absolute volume sand. per unit volume mortar 0.424 

0-100 0.6 .0025 .b792 .0043 .526 .332 
100-48 3.8 .0161 .5955 .1027 .533 .374 
48-28 20.1 .0852 .6805 .1250 .569 .291 .084 
28-14 23.1 .0980 .7785 .1260 .582 .587 .41 
14-8 27.0 .114u .892b .1279 .597 1.20 .877 

8-4 25.4 .1075 1.0000 .1075 .607 2.76 1.764 



oc. 

Series 3 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da 
Size - ____ Vol. Grout _____ 

t 

Sample No. 24 

Sp. gr. 2.72, s/c 2.'7, w/e 0.60 
Absolute volume sand per unit volume mortar U.433 

0-100 1.3 .0056 .5733 .0098 .532 .235 
100-48 3.6 .0156 .5889 .0265 .532 
48-28 
28-14 

24.8 .1o70 .6959 .1539 .57e .242 
.084 
.084 

14-8 
30.2 
25.3 

.1310 .8269 .1584 .594 .483 .441 

8-4 14.7 
.1095 
.0636 

.964 
1.0000 

.1170 

.066 
.611 
.601 

1.31 
3.9 

.877 
1.764 

Sample No. 25 

sp. gr. : 2.73, s/c : 3.12, w/c z 

Absolute volume sand per unit volume mortar : 0.435 

0-100 4.2 .0182 .5842 .0312 .557 .135 
100-48 6.8 .0295 .6137 .0482 .513 .255 
48-28 
28-14 

12.6 
14.6 

.0548 .6685 .0820 .533 .379 
.064 
.220 

14-8 29.4 
.065 
.1275 

.7320 

.8595 
.0868 
.1486 

.556 

.557 
.755 
.970 

.441 

8-4 32.4 .1405 1.0000 .1405 .586 2.16 
.877 

1.764 

Sample No. 26 

sp. gr. = 2.54, a/c 2.65, w/C 0.60 
Absolute volume sand per unit volume mortar : 0.391 

O-100 0.7 .0027 .6079 .0044 .570 .343 
100-48 2.4 .0094 .6173 .0152 .572 .51'? .084 
48-28 12.3 .08l .66b4 .0723 .572 .436 
28-14 43.4 .1735 .889 .2070 .564 

.220 

1/±-8 32.5 .1270 .9659 .1315 .556 1.09 
____ 
.877 

8-4 8.7 .041 1.0000 .Oo4l .550 54l 1.764 



Series 3 (ContInued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample i»o. 27 

sp. gr. 2.34, s/c 2.68, w/c = 0.60 
Absolute volume sand per unit volume mortar 0.423 

0-100 1.0 .0042 .5810 .0072 .605 .284 
100-48 3.1 .0131 .5941 .0221 .592 .436 .084 
48-28 12.8 .0541 .6482 .0835 .594 .405 .220 
28-14 35.0 .1480 .7962 .1859 .600 .404 .441 
14-8 4.2 .1450 .9412 .1538 .614 .98? .87'? 

8-4 13.9 .0588 1.0000 .0588 .664 4.42 1.764 

Sample No. 28 

sp. gr. 2.53, s/c 2.43, w/c 0.60 
Absolute volume sand per unit volume mortar = 0.413 

0-100 2.1 .008? .5942 .0146 .537 .195 
100-48 12.5 .0516 .6458 .0800 .550 .198 e--- 
48-28 .1620 .8078 .2010 .570 .190 .220 
28-14 12.7 .0524 .8620 .0606 .b4 1.00 .441 
14-8 16.2 .0670 .9290 .0722 .620 1.83 .877 
8-4 17.2 .0710 1.0000 .0710 .65 3.79 1.764 

Samtle No. 29 

sp. gr. : 2.67, s/c : 2.60, w/c : 0.60 
Absolute volume s and per unit volume mortar : 0.407 

0-100 1.2 .0049 .5977 .0082 .538 .254 
100-48 7.7 .0ö14 .6291 .0500 .5'75 .275 
48-28 26.1 .041 .7232 .1303 .565 .278 .220 

28-14 22.1 .0900 .8132 .1107 .565 .632 .441 

14-8 6.5 .1485 .9617 .1545 .590 .98? .877 
8-4 9.4 .0383 1.0000 .0383 .593 5.27 1.764 



Series 4, H.E.S. PlastIc iJ.x ¡ortars 

Space 
Avail- 

Aggre - Grad- able 
gate lug Abs. to da t 
Size _Vol. Group 

Sample No. i 

sp. gr. 2.55, s/c = 2.50, w/c 0.60 
Absolute volume sanìd per unit volume mortar 0.403 

0-100 2.6 .0104 .6088 .0171 .549 .183 
100-48 11.0 .0442 .6530 .0677 .572 .229 .084 
48-28 2.3 .O9O .7460 .1245 .548 .283 .220 
28-14 22.5 .0905 .8365 .1080 .548 .6O .441 
14-8 28.]. .113 .9495 .1h30 .580 1.235 .877 
8-4 12.5 .0.505 1.0000 .0505 .542 4.250 l.74 

Sample No. 2 

sp. gr. 2.5e, s/c 2.60, w/c 0.60 
Absolute volume sand per unit volume mortar : 0.385 

0-100 1.0 .0038 .6199 .00613 .536 .289 
100-48 2.8 .0108 .607 .0171 .554 .480 .094 
48-28 11.9 .0456 .6763 .0675 .562 .450 .220 
23-14 29.7 .1145 .7908 .1448 .552 ,.499 .441 
14-8 50.9 .195 .9658 .1977 .587 .705 .87? 
8-4 ..7 .0142 1.0000 .0142 .599 8.79 1.?o4 

Sample No. 3 

sp. gr. = 2..54, s/c 2.90 w/c 0.60 
Absoluto volume sand per unit volume mortar = 0.420 

0_100 1.8 .0076 .6975 .0111 .570 .226 
100-48 .O57 .6232 .0573 .579 .255 .084 
48-28 oO.5 .l23 .7512 .1705 .579 .220 .220 
28-14 1'7.8 .0748 .8260 .0905 .588 .752 .441 
14-8 17.4 .07.0 .8990 .0813 .612 1.700 .877 
8-4 24.0 .1010 1.0000 .1010 .623 2. 1.764 



97. 

Series 4 (Continued) 

Space 
Avail- 

Agre- Grad- able 
ßate in Abs. to da d0 t 
SI z e ______ Vol. Group - ____ - _______ 

Sample No. 3A 

sp. gr. 2.59, s/c : 2.73, W/C = 0.60 
Absolute volume sand per unit volume mortar = 0.418 

0-loO 
100-48 

1.9 
7.1 

.0080 .5898 .0135 .573 .209 

48-28 33.0 
.0296 
.l30 

.l94 

.7574 
.0479 .576 .284 .084 

28-14 
14-8 

18.6 
20.1 

.0778 .8352 
.1822 
.0931 

.561 

.553 
.!.199 

.719 
.220 
.441 

8-4 19.3 
.0840 
.0808 

.9192 
1.0000 

.0915 .574 1.500 .877 

.0808 .595 3.33 1.74 

Sample No. 4 

sp. gr. 2.52, s/c = 1.90, W/C 0.60 
Absolute volume sand per unit volume mortar 0.331 

0-100 
100-48 

1.3 
9.0 

.0043 .6741 .0064 .579 .293 

4d-28 2b.4 
.0298 
.087 

.?0ó9 

.7876 
.0424 
.1062 

.578 .306 

2e-14 
14-8 

33.0 
24.1 

.10i0 .8966 .1216 
.566 
.54 

.326 

.560 
.220 
.4il 

8-4 7.2 
.0796 
.0238 

.9762 
1.0000 

.0815 .525 1.520 .877 

.028 .527 6.37 1.764 

Sample No. 5 

sp. gr. : 2.50, S/C 1.83, w/c 0.60 
Absolute volume sand per unit volume mortar : 0.313 

0-loo 
100-48 

0.6 
5.0 

.0019 

.0156 
.6890 .0O2 .569 .410 

48-28 
28-14 

29.8 .090 
.7046 
.7976 

.0222 

.1165 
.597 
.584 

.440 

.313 .084 

14-8 
56.5 
7.3 

.1770 

.0244 
.746 
.9990 

.1818 .528 37 

8-4 0.3 .0010 1.u000 
.02441 
.0010 

.514 

.512 
3.100 

24.7 
.877 

1.764 



Series 4 (Continued) 

Aggre- Grad- 
gate In 
SI z e 

Sample No. 6 

sp. gr. = 2.54, 
Absolute volume 

10. 

Space 
Avail- 
able 

Abs. to da d0 t 
Vol. Group 

s/c = 1.79, w/e = 0.60 
sand per uiiit volume mortar 0.322 

0-100 2.4 .0077 .6863 .0112 .506 .215 
100-48 9.4 .OoO3 .7166 .0423 .544 .295 .084 
48-28 39.3 .1260 .8426 .1495 .542 .238 .220 
28-14 2b.2 .0810 .9236 .0878 .564 .752 .441 
14-8 8.5 .0274 .9510 .0288 .602 3.100 .877 
8-4 15.2 .0490 1.0000 .0490 .b94 4.60 1.764 

Sample No. 7 

sp. gr. = 2.40, s/c = 2.28, w/c : 0.50 
Absolute volume sand per unit volume mortar 0.386 

0-100 1.'7 .0066 .6204 .0106 .571 .233 
100-48 6.5 .02b1 .6455 .089 .594 .325 .084 
48-28 b.8 .1500 .7955 .1885 .601 .207 .084 
28-14 32.1 .1250 .9195 .1350 .588 .551 .441 
14-8 13.5 .0520 .9710 .05o5 .581 2.130 .977 

8-4 '7.4 .0285 1.0000 .0285 .602 6.25 1.764 

Sample No. 8 

sp. gr. : 2.68, s/c : 2.90, w/e : 0.50 
Absolute volume sand per unit volume mortar : 0.427 

0-100 2.7 .0115 ..5d42 .0197 .511 .165 

100-48 3.6 .0154 .6006 .0256 .534 .385 .084 

48-28 lo.2 .0435 .6441 .0675 .572 .59 .220 

28-14 20.4 .0869 .7lU .1188 .589 .512 .441 

14-8 4.2 .1460 .8770 .1665 .614 .955 .877 

8-4 28.9 .120 1.0000 .12o0 .623 2.55 1.764 



Series 4 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 9 

sp. gr. = 2.79, s/c = 2.58, w/e : 0.60 
Absolute volume sand pr unit volume mortar 0.397 

0-100 2.6 .0103 .6140 .0168 .568 .18'? 
100-48 7.9 .0313 .64b3 .0485 .569 .280 .084 
48-28 40.9 .1620 .8073 .2010 .548 .177 .084 
28-14 23.0 .0912 .8985 .1015 .569 .573 .441 
14-8 16.9 .06'70 .9655 .0694 .604 1.850 .877 
8-4 8.7 .0545 1.0000 .0345 .617 5.70 1.764 

Sample No. 10 

sp. gr. : 2.59, s/c 2.63, w/c 0.60 
Absolute volume sand per unit volume mortar: 0.420 

0-100 3.1 .0130 .5928 .0219 .577 .166 
100-48 5.9 .0248 .6176 .0402 .586 .319 .084 

48-28 12.4 .0520 .6696 .O'776 .590 .424 .220 
28-14 20.1 .0844 .7540 .1120 .b96 .648 .141 
14-8 3o.5 .1410 .8950 .1575 .606 1.025 .877 
8-4 25.0 .lubO 1.u000 .1050 .607 2.80 1.764 

Sample No. 11 

sp. gr. : 2.55, s/c = 2.35, w/e u.eO 
Absolute volume sand per unit volume mortar z 0.389 

0-100 13.0 .0505 .6670 .0757 .589 .082 
100-48 19.9 .0772 .7442 .140 .550 .163 .084 
48-28 25.4 .0982 .8424 .1194 .545 .286 .220 
28-14 18.7 .0727 .9151 .0795 .526 .770 .441 
14-8 14.3 .Obll .9662 .052v .625 2.030 .877 
8-4 8.7 .0338 1.0000 .038 .525 5.26 1.764 



Series 4 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 12 

sp. gr. 2.45, s/c 2.53, w/c = 0.60 
Absolute volume s and per unit volume mortar : 0.417 

0-100 5.1 .u213 .6103 .0349 .591 .130 
100-48 lo.6 .0650 .675 .0962 .591 .183 .084 
48-28 1.8 .0827 .7580 .1091 .588 .331 .220 
28-14 13.9 .0516 .8096 .0639 .565 .930 .441 
14-8 22.1 .0924 .9020 .l02 .580 1.555 .877 
8-4 23.5 .0980 1.0000 .0980 .589 2.90 1.764 

Sample No. 13 

sp. gr. : 2.4b, s/c = 1.56, w/e 0.60 
Absolute vo-Lume sand per unit volume mortar = 0.29. 

0-100 2.7 .0079 .7161 .0110 .455 .206 
100-48 6.9 .0201 .7362 .0273 .b03 .361 .084 
48-28 2u.1 .0589 .7951 .0740 .517 .401 .220 
28-14 27.0 .0788 .8769 .0902 .525 .700 .441 
14-8 6.3 .0970 .9709 .0ì95 .56b 1.380 .877 
8-4 10.0 .0291 1.0000 .02i .591 6.12 1.764 

Sam1e No. 14 

sp. gr. : 2.6'?, s/c 2.29, w/c = 0.60 
Absolute volume sand per unit volume mortar 0.371 

0-100 1.5 .0056 .6343 .0088 .529 .244 
100-48 3.9 .0145 .6488 .0224 .542 .419 .084 
48-28 26.e .0990 .7478 .1324 .553 .265 .084 
28-14 37.9 .1405 .8883 .1582 .556 .420 .441 
14-8 17.3 .0642 .9525 .0674 .591 1.970 .877 
8-4 12.8 .0475 1.o000 .0475 .613 4.75 1.764 



Series 4 (Continued) 

Aggre- Grad- 
sate in 
size 

Sample No. 15 

sp. gr. : 2.54, 
Absolute volume 

Space 
Avail- 
able 

Abs. to da d0 t D4 
Voi. Group 

s/c 2.14, w/c 0.60 
sand per unit volume mortar 0.361 

0-100 2.4 .0087 .6479 .0134 .529 .202 
100-48 7.4 .0266 .6745 .039b .542 .D08 .084 
48-28 21.9 .0790 .7535 .1050 .538 .318 .220 
28-14 26.1 .0940 .8475 .1110 .549 .612 .44]. 

14-8 26.7 .0965 .9440 .1023 .567 1.340 .877 
8-4 15.5 .0560 1.0000 .0560 .587 4.20 1.764 

Sample No. 16 

sp. gr. 2.69, s/c 2.22, w/c 0.60 
Absolute volume sand per unit volume mortar u.397 

0-100 5.7 .u226 .6262 .0361 .480 .116 
100-48 1.4 .0374 .6636 .0565 .510 .240 .084 
48-28 14.7 .0582 .7218 .0805 .527 .o80 .220 
28-14 l.9 .0552 .7770 .0710 .550 .858 .441 
14-8 29.0 .11bO .8920 .1290 .598 1.180 .977 
8-4 27.3 .1080 1.0000 .1080 .614 2.76 1.764 

Sample No. 17 

sp. gr. 2.54, s/c = 2.72, w/c : 0.60 
Absolute volume sand per unit volume iortar 0.419 

0-100 0.7 .0029 .5852 .0050 .548 .319 

100-48 4.8 .0201 .6053 .0362 .555 .41 
48-28 27.9 .1162 .7215 .1610 .560 .225 .084 

28-14 22.4 .0935 .8150 .1146 .580 .630 .441 

14-8 19.6 .0820 .8970 .0915 .604 1.540 .377 

8-4 24.6 .1030 1.0000 .1060 .626 2.90 1.764 



Series 4 (Continued) 

Space 
Avail - 

Aggre- Grad- able 
'rate ing. Abs. to da d0 t 
ize Vol. Group 

Sample No. 18 

sp. gr. : 2.53, s/c 1.71, w/c = 0.60 
Absolute volume sand per unit volume mortar 0.311 

0-100 0.8 .0025 .6910 .0036 .498 .351 
100-48 .0 .0093 .7003 .0133 .532 .530 .084 
4e-28 46.2 .1440 .8443 .1708 .543 .207 .084 
28-14 66.8 .1145 .9588 .1195 .567 .59b .441 
14-8 11.9 .0'7l .i959 .O72 .605 2.720 .977 
8-4 1.3 .0041 1.0000 .0041 .616 15.2 1.764 

Sample No. 19 

sp. gr. : 2.51, s/c 2.65 w/c 0.60 
Absolute volume sand per unit volume mortar 0.425 

0-100 0.6 .0025 .5771 .0043 .577 .345 
100-48 4.9 .0209 .5980 .0350 .551 .330 
48-28 34.8 .1480 .74b0 .1981 .579 .190 .084 
28-14 16.9 .0720 .8180 .0880 .595 .770 .441 
14-8 18.6 .0790 .8970 .0881 .613 1.590 .877 
8-4 24.2 .1060 1.0000 .1030 .628 2.90 1.764 

Sample No. 20 

sp. gr. 2.50, s/c 2.70, w/e = 0.60 
Absolute volume sand per unit volume mortar 0.445 

0-100 1.1 .0049 .5609 .0087 .554 .250 
100-48 4.9 .0218 .5827 .074 .566 .323 .084 
48-28 24.4 .1080 .6907 .1561 .572 .238 .220 
28-14 15.9 .0708 .7615 .0929 .582 .735 .441 
14-8 23.0 .1020 .865 .1182 .607 1.250 .877 
8.4 0.7 .1365 1.0000 .1365 .626 2.34 1.764 



Series 4 (Continued) 

Aggre- Grad- 
gate ing 
Size 

Sip1e No. 21 

sp. gr. 2.64, 
Absolute volume 

1u5. 

Space 
Avail- 
ab le 

Abs. to da d0 t 
Vol. Group 

s/c = 2.95, r/ z 0.60 
sand per unit volume mortar 0.429 

0-100 0.1 .0004 .5771 .0007 
100-46 0.4 .0017 .5788 .0069 
48-28 4.0 .0171 .5959 .0186 .594 .955 .084 
28-14 29.3 .1255 .7214 .1'79 .606 .446 .220 
14-8 52.7 .2250 .9464 .279 .615 .653 .87'? 

8-4 13.5 .0536 1.0000 .0536 .615 4.42 1.764 

Sample No. 22 

sp. gr. z 2.61, s/c 2.27, wIe z 0.60 
Absolute volume sand per unit volume mortar z 0.382 

0-100 1.9 .0073 .6253 .0117 .530 .215 
100-48 9.6 .0366 .6619 .0553 .56 .249 .084 
48-28 49.2 .1880 .8499 .2215 .566 .159 .084 
28-14 16.8 .0641 .9140 .0702 .576 .895 .441 
14-8 9.4 .0360 .9500 .079 .02 2.660 .877 
8-4 l.1 .0500 1.0000 .0500 .615 4.60 1.764 

Sample No. 23 

sp. gr. z 2.63, s/c z 2.61, w/e z 0.60 
Absolute volume sand per unit volume mortar : 0.415 

0-100 0.6 .0025 .5b73 .0043 .526 .333 
100-48 3.8 .0158 .60cl .0262 .53 .80 
48-28 20.1 .0837 .6868 .1219 .569 .295 .084 

28-14 23.1 .0962 .78o0 .1230 .582 .595 .441 

14-8 27.0 .1120 .8950 .1250 .597 1.200 .877 

8-4 25.4 .1050 1.0000 .1050 .607 2.83 1.764 



Series 4 (Continued) 

Aggre- Grad- 
gate ing 
Size 

Sample No. 24 

ap. gr. 2.72, 
Absolute volume 

106. 

Space 
Avail- 
able 

Abs. to da d0 t 
Vol. Group 

s/c : 2.76, w/c 0.60 
sand per unit volume mortar = 0.2l 

0-100 l. .0055 .5848 .0094 .532 .238 
100-48 3.6 .0152 .6000 .025 .532 .385 .084 
48-28 24.8 .1045 .7045 .1485 .57e .246 .084 
28-14 O.2 .1270 .8o15 .i52 .594 .498 .441 
14-8 25.3 .1065 .9380 .1136 .611 1.330 .877 
8-4 14.7 .0620 1.0000 .0620 .601 4.00 1.764 

Sample No. 25 

sp. gr. 2.73, s/c 2.86, wIe 0.60 
Absolute volume sand per unit volume mortar : 0.422 

0-100 4.2 .0177 .5971 .0296 .557 .339 
100-48 6.8 .0286 .6257 .0457 .513 .273 .084 
48-28 12.6 .05cl .6788 .0784 .533 .97 .220 
28-14 14.6 .0617 .7405 .0832 .556 .770 .41 
14-8 29.4 .l2ò5 .8640 .1430 .557 1.005 .877 
8-4 32.4 .1360 1.0000 .1360 .586 2.19 1.764 

Sample No. 26 

sp. gr. 2.54, a/c 2.16, w/c = 0.60 
Absoïute volume sand per unit volume mortar 0.360 

0-100 0,7 .0025 .6425 .0039 .570 .360 
100-48 2.4 .o087 .6512 .0L4 .572 .562 .084 
48-28 12.3 .0444 .6956 .068 .572 .417 .220 

28-14 43.4 .1560 .8516 .l80 .564 .394 .441 
1'±-8 .52.5 .1170 .9686 .1210 .556 1.160 .877 

8-4 8.7 .0314 1.0000 .014 .550 5.66 1.764 



SerIes 4 (ContInued) 

paee 

Aggre- Grad- 
Avail- 
able 

gate 
Si z e 

Ing Abs. to da d0 t 

- Vol. Gr ou 

Sample No. 27 
____ ______ 

ap. gr. 
Absolute 

2.34, 
volume 

s/c 2.20, W/C 0.60 
s and per unit volume mortar 0.391 

O-loo 1.0 
100-48 3.1 
48-28 12.8 
28-14 35.0 
14-8 34.2 
8-4 13.9 

Sanp1e No. 28 

sp. gr. 2.53, 
Absolute volume 

0-100 2.1 
100-48 12.5 
48-28 39.3 
28-14 12.7 
14-8 16.2 
8-4 17.2 

amp1e No. 29 

.0039 .6131 .0064 .605 
.0121 .6252 .0193 .592 
.0500 .6752 .0739 .594 
.1365 .8117 .1681 .600 
.1340 .9457 .1416 .614 
.0543 1.0000 .0543 .664 

s/c : 2.26 v'/c 0.60 
sand per unit volume mortar 

.0084 .6085 .u138 .537 

.0500 .6585 .076Q .550 

.1570 .155 .1927 .570 
.05u9 .8664 .0586 
.0648 .9312 .0695 .620 
.0688 1.0000 .0688 .635 

.299 

.469 .084 
.445 .220 
.464 .441 

1.110 .877 
4.60 1.764 

: 0.400 

.200 
.207 
190 .220 

1.015 .441 
1.890 .877 
3.89 1.764 

sp. gr. : 2.67, s/c : 2.23 w/c : 0.60 
Abso'ute volume sand per unit volume mortar : 0.383 

o-100 1.2 .0046 .6219 .0074 .538 
100-48 7.7 .0295 .6514 .0453 .575 

.266 

48-28 2.l .0884 .7398 .1195 .565 
.295 
.300 

28-14 22.1 .0847 .8245 .1029 .565 .665 
.220 

14-8 .:'6.5 .lc95 .9640 .1449 .590 1.060 
.441 
.877 

8-4 9.4 .0360 1.0000 .0360 5.48 1.764 



n 

Series 5, Plastic Mix - Lumnite Cement Mortars 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 

ap. gr. 2.55, s/c 2.80, w/c : 0.60 
Absolute volume sand per unit volume mortar 0.420 

0-100 2.6 .0101 .5884 .0172 .549 .182 
100-'18 11.0 .0461 .6345 .0726 .572 .219 .084 
48-28 .0980 .725 .1336 .548 .265 .220 
28-14 22.5 .0945 .8270 .1142 .548 .595 .441 
14-8 28.1 .1180 .9450 .1250 .580 1.18 .877 
8-4 12.5 .0550 l.00uO .0550 .542 4.06 1.764 

Sample No. 2 

sp. gr. 2.58, s/c : 2.95, w/e 0.60 
Absolute volume sand. per unit volume mortar 0.403 

0-100 1.0 .0040 .6053 .0066 .536 .280 
100-48 2.8 .0113 .6166 .0183 .554 .465 .084 
48-28 11.9 .0480 .6646 .0723 .562 .432 .220 
28-14 29.7 .1195 .7841 .1525 .562 .47e .441 
14-8 50.9 .2010 .9851 .2040 .587 .760 .877 
8-4 3.7 .0149 1.0000 .0149 .599 8.60 1.764 

Sample No. 3 

sp. gr. 2.54, s/c : 3.40 w/e 0.60 
Absolute volume sand per un{t volume mortar 0.444 

0-100 1.8 .0080 .5659 .0142 .570 .203 

100-48 8.5 .0376 .6035 .0624 .579 .242 .084 

48-28 0.5 .1350 .7385 .1830 .b79 .199 .220 

28-14 17.8 .0780 .8165 .0955 .588 .728 .441 

14-8 17.4 .0770 .895 .086 .612 1.62 .877 

8-4 24.0 .1065 1.0000 .1065 .623 2.83 1.764 



109. 

Series 5 (ContInued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 3A 

sp. gr. 2.58, s/c 3.14, v/c z 0.60 
Absolute volume sand, per unit volume mortar z 0.440 
O-100 1.9 .0084 .5683 .0148 .573 .200 

100-48 7.1 .Ul2 .5995 .0522 .576 .2'70 .084 
48-28 3.O .1450 ..7445 .1951 .561 .185 .220 
28-14 18.6 .0820 .8265 .0992 .56 .683 .441 
14-8 20.1 .0885 .9150 .0968 .574 l.4 .877 
8-4 19.3 .0850 1.0000 .0850 .595 3.22 1.764 

Sanple No. 

sp. gr. z 2.52, s/c 2.54, w/c 0.60 
Absolute volume sand per unit volume mortar : 0.374 

0-100 1.3 .0048 .6310 .0076 .579 .273 
100-48 9.0 .046 .6656 .0520 .578 .270 
48-28 25.4 .0945 .7601 .1243 .566 .286 .220 
28-14 o3.0 .l2O .8831 .195 .54 .490 .44]. 
14-8 24.1 .0900 .9731 .0925 .525 1.38 .877 
8-4 7.2 .0269 1.0000 .0269 .527 12.7 1.764 

Sample No. 5 

sp. gr. : 2.50, s/c z 2.19 w/c : 0.60 
Absolute volume sand per unit volume mortar : 0.339 

O-100 0.6 .0020 .6626 .0030 .569 .397 
100-48 5.0 .0169 .6795 .0249 .597 .413 
48-28 29.8 .1010 .7805 .1294 .584 .286 .084 
28-14 56.5 .1920 .9725 .1975 .528 .33 .441 
14-8 7.8 .0265 .9990 .0265 .514 2.96 .8'77 

8-4 0.3 .0010 1.0000 .0010 .512 24.8 1.764 



Series 5 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 6 

sp. gr. : 2.54, s/c : 2.35, w/c 0.60 
Absolute volume sand per unit volume mortar 0.363 

0-100 2.4 .0087 .6458 .0135 .506 .198 
100-48 9.4 .O41 .6799 .0502 .544 .267 .084 
48-28 39.3 .1425 .8224 .l'75 .542 .203 .220 
28-14 25.2 .0915 .9139 .1002 .564 .682 .441 
14-8 8.5 .0309 .9448 .0327 .602 2.90 .877 
8-4 15.2 .0552 1.0000 .0552 .594 4.24 1.764 

Sample No. 7 

sp. gr. 2.40, s/c = 2.72, w/c = 0.60 
Absolute volume sand per unIt volume mortar = 0.415 

0-100 1.7 .0071 .5926 .0120 .571 .220 
100-48 6.5 .0270 .6196 .048 .594 .04 .084 
48-28 38.8 .1610 .7806 .2062 .601 .190 .084 
28-14 32.1 .1335 .9141 .1460 .588 .518 .44]. 
14-8 13.5 .0560 .9701 .0578 .581 2.05 .87'? 
8-4 7.4 .0299 1.0000 .0299 .602 6.10 1.764 

Sample No. 8 

sp. gr. 2.68, s/c 4.06, w/e : o.eo 
Absolute volume sand per unit volume mortar = 0.475 

0_100 2.7 .0138 .5379 .0256 .511 .143 
100-48 3.6 .0171 .5550 .0308 .534 .348 .084 
48-28 10.2 .0485 .6035 .0804 .572 .406 .220 
28-14 20.4 .0970 .7005 .1385 .589 .542 .441 
14-8 34.2 .l60 .8625 .1879 .614 .848 .877 
8-4 28.9 .175 1.0000 .1375 .623 2.30 1.764 



i 1_ ]. 

Series 5 (Continued) 

Space 
Aval 1- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 9 

sp. gr. : 2.79, s/c : 2.14, w/c : 0.60 
Absolute volume sand per unit volume mortar : 0.427 

0-100 2.6 .0111 .5852 .0190 .568 .177 
100-48 '7.9 .037 .6189 .0545 .569 .520 .084 
48-28 40.9 .1740 .7929 .2195 .548 .154 .084 
28-14 23.0 .0980 .8909 .1100 .569 .630 .441 
14-8 16.9 .0720 .9629 .0749 .604 1.78 .877 
8-4 8.7 .0371 1.0000 .0371 .617 5.50 1.764 

Sample No. 10 

sp. gr. 2.59, s/c 3.67, w/c 0.60 
Absolute volume sand per unit volume mortali 0.470 

0-100 3.1 .0146 .5445 .0268 .577 .150 
100-48 5.9 .0278 .572e .0485 .586 .260 .084 
48-28 12.4 .0582 .6305 .0923 .590 .79 .220 
28-14 20.1 .0945 .7250 .1305 .596 .578 .441 
14-8 33.5 .1575 .8825 .1786 .606 .920 .877 
8-4 25.0 .1175 1.0000 .1175 .607 2.55 1.764 

Sample No. il 

st. gr. 2.55, s/c 2.58 w/c 0.60 
AbsoTute volume sc.nd per un.t volume mortar 0.404 

0-100 13.0 .0525 .6494 .0809 .589 .079 
100-48 19.9 .0802 .7296 .1100 .550 .156 .084 
48-28 25.4 .1020 .8316 .122'7 .545 .283 .220 
28-14 18.7 .0755 .9071 .082 .526 .745 .441 
14-8 14.3 .0577 .9648 .0605 .525 1.86 .77 
8-4 8.7 .0352 1.0000 .052 .525 5.12 1.764 



.1 1') 

Series 5 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 12 

sp. gr. : 2.45, s/c = 3.11, w/c 0.60 
Absolute volu!ne sand per unit volume mortar 0.449 

0-100 5.1 .0225 .5740 .0392 .591 .123 
100-48 15.6 .0700 .6440 .1087 .591 .157 .094 
4b-28 19.8 .0890 .730 .1214 .588 .295 .220 
28-14 13.9 .0525 .7955 .0785 .565 .815 .441 
14-8 22.1 .0990 .8945 .1106 .580 1.31 .887 
8-4 23.5 .1055 1.0000 .1055 .589 2.72 1.764 

Sample No. 13 

sp. gr. 2.45, s/c : 2.12, w/e = 0.60 
Absolute volume sand per unit volume mortar : 0.336 

0-100 2.7 .0091 .6'730 .0135 .455 .187 
100-48 6.9 .022 .6962 .0333 .503 .325 .094 
48-28 20.1 .0575 .7637 .0885 .517 .53 .220 
28-14 27.0 .0907 .8544 .1063 .525 .613 .441 
14-8 33.3 .1120 .664 .1159 .565 1.22 .877 
8-4 10.0 .036 1.0000 .036 .591 b.6'7 l.7o4 

Sample No. 14 

sp. gr. 2.67, s/c : 3.03, w/e = 0.50 
Absolute volume sand per unit volume mortar : 0.413 

0-100 1.5 .0062 .5934 .0105 .529 .227 
100-48 3.9 .0161 .6095 .0264 .542 .379 .084 
48-28 26.6 .1100 .7195 .l50 .553 .2.)4 .084 
28-14 37.9 .1560 .8755 .1780 .556 .404 .441 
14-8 17.3 .0715 .9470 .0'755 .591 1.73 .877 
8-4 12.8 .0530 1.0000 .050 .313 4.42 1.734 



Series 5 (ContInued) 

Aggre- Grad- 
gate Ing 
Size 

Sample No. 15 

Space 
Avail- 
able 

Abs. to 
Vol. 

da d0 t 

sp. gr. 2.54, s/c 2.56, w/C : 0.50 
Absolute volume sand per unit volume mort = 0.388 

i j_ ;. 

VA 

0-100 2.4 .0093 .6205 .0150 .529 .192 
100-48 7.4 .0258 .6493 .0444 .542 .256 .084 
48-28 21.9 .0850 .7343 .1160 .58 .2°5 .220 
28-14 26.1 .1015 .8358 .1213 .549 .570 .441 
14-8 26.7 .1040 .9398 .1107 .567 1.27 .877 
8-4 lo.5 .0602 1.0000 .0602 .587 4.03 1.764 

Sample No. i 

sp. gr. 2.69, 8/C = 3.08, w/c : 0.60 
Absolute volume sand per unit volume mortar 0.450 

0-100 5.7 .02b6 .5755 .0444 .480 .102 
100-48 9.4 .0424 .6179 .0685 .510 .209 .084 
48-28 14.7 .0660 .6839 .0966 .527 .35 .220 
28-14 13.9 .0626 .7465 .0840 .5b0 .761 .41 
14-8 29.0 .L05 .8770 .1489 .598 1.04 .377 
8-4 2'7.3 .1230 1.0000 .1230 .614 2.51 1.764 

Sam10 ìo. 17 

sp. gr. 2.54, s/c : 3.27, w/c = 0.60 
Absolute volume sand per unit volume mortar = 0.446 

0-100 0.7 .0031 .5571 .0056 .548 .303 
100-48 4.8 .0214 .5785 .070 .555 .321 
48-28 27.9 .1240 .7025 .1766 .560 .203 .084 
28-14 22.4 .1000 .8025 .1245 .580 .586 .441 
14-8 19.6 .0875 .8900 .0984 .604 1.46 .8'?? 

8-4 24.6 .1100 1.0000 .1100 .626 2.80 1.764 



Series 5 (Continued) 

Aggre- Grad- 
gate Ing 
Size 

Sample No. 18 

sp. gr. : 2.53, 
Absolute volume 

Space 
Avail- 
able 

Abs. to d d0 t 
Vol. Group 

s/c = 2.4u, w/c : 0.50 
sand per unit volume mortar 0.390 

i i 
--.3:. 

M 
0-100 0.8 .0031 .6133 .u051 .498 .303 

103-48 3.0 .0117 .3250 .0187 .532 .450 .084 
48-28 46.2 .1800 .8050 .2235 .543 .150 .084 
28-14 36.8 .1435 .9485 .1530 .567 .481 .441 
14-8 11.9 .0464 .9949 .0465 .605 2.38 .977 
8-4 l.. .0051 1.0000 .0051 .616 lù.9 1.764 

Sample No. 19 

sp. gr. 2.51, s/c 3.38, w/c : 0.60 
Absolute volume sand per unit volume mort 0.'165 

0-100 0.6 .0027 .5383 .00bO .577 .336 
100-48 4. .0228 .5611 .0406 .551 .04 
48-28 4.8 .1620 .721 .2240 .579 .163 .084 
28-14 16.9 .0785 .8016 .0979 .595 .719 .441 
14-8 18.o .0864 .8880 .0972 .613 1.48 .877 
8-4 24.2 .1120 1.0000 .1120 .625 2.76 1.764 

Sample No. 20 

sp. . : 2.50, s/c = 3.50 w/c = 0.30 
Absolute volume sahd per unit volume mortar = 0.'18 

o-loo 1.1 .0053 .5204 .0102 .554 .234 
100-48 4. .0238 .5442 .0438 .566 .297 .034 
4s-28 24.4 .1180 .6622 .1782 .572 .213. .220 
28-14 15.9 .0770 .792 .1041 .582 .674 .441 
14-8 23.0 .1118 .8510 .112 .607 1.16 .877 
8-4 0.7 .1490 1.0000 .1490 .626 2.16 1.764 



Series 5 (Continued) 

Aggre- Grad- 
gate Ing 
Size 

Sample No. l 

sp. gr. = 2.64, 
Absolute volume 

1rz 

Space 
Avail- 
able 

Abs. to da d0 t 
Vol. Group 

s/c 3.54, w/c 0.60 
sand per unit volume mortar = 0.456 

0-100 0.1 .0005 .5447 .0009 
100-48 0.4 .0018 .5465 .00o3 
48-28 4.0 .0180 .5645 .0320 .594 .723 .084 
28-14 29.3 .1340 .6985 .1920 .606 .395 .220 
14-8 b2.7 .4o0 .85 .2b60 .61b .600 .377 
8-4 13.5 .OblS 1.0000 .0615 .615 4.07 1.764 

Sample No. 22 

sp. gr. : 2.61, s/c = 2.75, w/c = 0.60 
Absolute volume sand per unit volume mortar 0.412 

0-100 1.9 .0078 .5958 .0131 .530 .204 
100-48 9.6 .0o95 .635e .0621 .536 .23]. .084 
48-28 49.2 .2030 .9383 .2421 .566 .146 .084 
28-14 16.8 .0690 .9073 .0761 .576 .340 .441 
14-S 9.4 .0o88 .9461 .0410 .602 2.56 .877 
8-4 ló.1 .0539 1.0000 .05û9 .615 4.43 1.764 

Sam1e No. 23 

sp. gr. : 2.63, s/c 3.43, vi/e : 0.60 
Absolute volume sand. per unit volume mortar : 0.458 

0-100 0.6 .0027 .5451 .0049 .526 .314 
100-48 3.8 .0174 .5625 .0309 .5 .348 
48-28 20.1 .0920 .6545 .1405 .569 .265 .084 
28-14 2.1 .1060 .7605 .1395 .582 .54 .441 
14-8 27.0 .125 .8840 .1400 .597 1.10 .377 
8-4 25.4 .1160 1.0000 .1160 .607 2.52 1.764 



Serie2 5 (Continued) 

Sp ac e 
Avail- 

Agßre- Grad- able 
gate 

_i z e 
Ing Abs. 

_Vo i . 
to 
Group 

da 
_____ 

do 

____ 
t 

Sample No. 24 

sp. gr. : 2.72, s/c : w/c : 0.60 
Absolute volume sand per unit volume mortar : 0.465 

0-loO 
100-48 

1.3 .0061 .b413 .0113 .532 .220 

4d-28 
D.6 

24.8 
.0168 
.1150 

.551 .0301 .532 .352 .084 

28-14 30.2 .1405 
.o'731 

.bL36 
.1710 
.1726 

.573 

.94 
.220 
.446 

.084 

14-8 
8-4 

2b.3 
14.7 

.1180 .9316 .1267 .611 1.22 
.441 
.877 

.0684 1.0000 .0684 .601 3.75 1.764 

amp1e No. 25 

sp. gr. 2.73, s/c : 3.50, w/C = 0.60 Absolute volume sand per unit volume mortar z 0.451 

O-100 4.2 .0190 .5687 .0334 .557 .130 
100-48 6.8 .0306 .5993 .0511 .513 .252 
48-28 12.6 .0569 .55t,2 .0859 .5ù3 .371 

.084 

25-14 14.6 .0658 .7220 .0911 .556 .728 
.220 

14-8 29.4 .1320 .8540 .1546 .557 .935 
.441 

8-4 2.4 .1460 1.0000 .1460 .586 2.09 
.877 

1.764 

amp1e No. 26 

sp. gr. : 2.54, s/c : 2.75 vi/o 0.50 
Absolute volume sand per urdt volume mortar 0.396 

0-100 0.7 .0028 .6075 .0046 .570 .336 
100-48 2.4 .0095 .5170 .0154 .572 .515 
48-28 12.3 .0456 .6656 .07O .572 .433 

.084 

28-14 46.4 .1715 .8371 .2u25 .564 .350 
.220 

14-8 32.5 .1285 .9656 .144 .556 1.06 
.441 
.877 

8-4 5.7 .0344 1.0000 .0344 .550 5.44 1.764 
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Series 5 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 27 

sp. gr. : 2.34, s/c 2.87, w/C = o.so 
Absolute volume sand per unit volume mortar 0.433 

0-100 1.0 .0043 .5713 .0075 .605 .279 
luO-48 D.l .OLD4 .5847 .0229 .b92 .430 .084 
48-28 12.8 .0554 .6401 .0865 .594 ..97 .220 
28-14 35.0 .1515 .7916 .1914 .600 .403 .441 
14-8 34.2 .1480 .9396 .15'78 .614 1.01 .877 
8-4 L.9 .0604 1.0000 .0604 .664 4.31 1.764 

Sample No. 28 

sp. gr. : 2.53, s/c 2.98 w/c = 0.60 
Absolute volume sand per unit volume mortar = 0.445 

0-100 2.1 .u094 .5639 .0167 .537 .184 
100-48 12.5 .0556 .6195 .0900 .550 .180 
48-28 o9.3 .1750 .7945 .2205 .570 .163 .220 
28-14 12.7 .0566 .8511 .0664 .594 .938 .441 
14-9 16.2 .0722 .9233 .0782 .620 1.75 .877 
8-4 1'7.2 .0767 1.0000 .0767 .635 3.60 1.764 

Samule No. 29 

sp. gr. : 2.57, s/c : 2.72, wIe : 0.60 
Absolute volume sand per unit volume mortar 0.415 

0-100 1.2 .0050 .5897 .0085 .538 .251 
100-48 7.7 .0320 .6217 .0515 .575 .273 
48-28 23.1 .0960 .7177 .1338 .565 .274 .220 
28-14 22.1 .0918 .809b .1135 .565 .622 .441 
14-8 6.5 .1515 .9610 .1575 .590 .970 .877 
8-4 9.4 .0390 1.0000 .0390 .593 6.10 1.764 



118. 

eries 6, Concrete 

p ac e 
Avail- 

Aggre- Grading able 
gate % Abs. to da t 04 
Size Sand. Gravel Vol. Group 

Sample No. 1- 

sp. gr. : 2.55, mlx : i : 2.38 : 4.12, slump : f" 
Absolute volume sand per unit volume concrete : 0.195 
Absolute volume gravel per utiit volume concrete : 0.308 

0-100 2.6 ---- .0057 .5086 .0112 .223 
100-48 11.0 ---- .0234 .5320 .0456 .290 .186 
48-28 23.3 ---- .0455 .5775 .0790 .396 .322 
28-14 22.5 ----- .0439 .6214 .0704 .860 .543 
14-8 28.1 ---- .0547 .6761 .0810 1.62 .9'?G 
8-4 12.5 ----- .0244 .7005 .0346 5.30 1.966 

3/16-3/8 ---- 23.5 .0725 ..773 .0935 6.15 3.34 
3/8 -3/4 ---- 31.8 .0980 .871 .112 10.9 '7.18 
3/4 -1 1/2 --- 41.7 .129 1.0000 .129 19.1 14.2 

Sample No. 2 

sp. gr. : 2.58, mlx : i : 2.54 : 3.96, slump 5/8" 
Abcolute volume sand per unit volume concrete : 0.194 
Absolute volume .'ave1 per unit volume concrete 0.298 

0-100 1.0 ----- .0019 .5108 .0037 .357 
100-4e 2.8 ---- .0054 .512 .0105 .602 .186 
48-28 11.9 ---- .0231 .5393 .0429 .600 .322 
28-14 29.7 ---- .0575 .5968 .0964 .701 .543 
14-8 50.9 ---- .0995 .6953 .142 1.058 .979 
8-4 3.7 ---- .0072 .7025 .0102 2.83 1.966 

3/16-6/8 ---- 23.5 .0700 .7725 .0907 6.0 1.866 
3/8 -3/4 ---- 31.8 .0945 .8670 .0918 12.4 '7.18 
3/4 -1 1/2 --.- 44.7 .133 1.0000 .133 18.5 14.2 

* Stiff mix 



Series 6 (Continued) 

Aggre- Grading 
gate 
Size Sand Gray. 

Sanple No. 

Space 
Avail- 
able 

Abs. to 
Vol. Group 

da t 

11 
-- *.i . 

sp. gr. : 2.54, mix i : 2.40 : 4.10, slump 5 1/4" 
Absolute volume sand per unit volume concrete : 0.194 
Absolute volume gravel per unit volume concrete : 0.308 

0-100 1.8 ---- .0035 .5013 .008e .254 
100-48 8.5 ---- .0163 .5176 .015 .61 .084 
48-28 30.5 ---- .0594 .5770 .1030 .344 .220 
28-14 17.8 ---- .046 .6116 .0565 1.07 .44]. 

14-8 17.4 ---- .07 .6453 .0522 2.26 .877 
8-4 24.0 ---- .0467 .6920 .0675 3.89 1.764 

3/16-3/8 ---- 23.5 .0725 .7645 .0950 6.08 3.54 
3/3 -3/4 ---- 31.8 .0980 .8625 .1140 10.6 7.08 
3/4 -1 1/2 --- 44.7 .1375 1.0000 .1375 18.2 14.1 

Sample 3A 

sp. gr. 2.58, mix i : 2.37 : 4.13, slump 3 1/4" 
Absolute volume sand. er unit volume conerete 0.195 
Absolute volume gravel per unit volume concrete 0.312 

0-100 1.9 ---- .0037 .4965 .0075 .273 
100-48 7.1 ---- .0138 .5103 .0270 .389 .084 
48-28 33.0 ,--- .0643 .5746 .114 .308 .22D 
28-14 18.6 ---- .6109 .0595 .982 .441 
14-8 20.1 ---- .093 .6502 .0604 1.97 .877 
8-4 l9. ---- .0'77 .6879 .0548 4.23 1.764 

3/16-3/8 ---- 23.5 .0'72 .7611 .0960 6.01 3.54 
3/8 -3/4 ---- 31.8 .0994 .8605 .1153 10.4 7.08 
3/4 - 1 1/2--- 44.7 .1395 1.0000 .1395 18.0 14.1 



Series 6 (Continued) 

Aggre- Grading 
gate Abs. 
Size Sand Gravel Vol. 

Sample No. 4 

120. 

Space 
Ava i i - 
ab le 
to da t D4 
Group 

sp. gr. 2.52, mlx = i : 2.25 : 4.25, slump i 3/4" 
Absolute volume sand per unit volume concrete 0.169 
Absolute volume gravel per unit volume concrete 0.320 

0-loo 1.3 ----- .0022 .5129 .0043 .346 
100-48 9.0 ---- .0151 .5280 .0286 .78 
48-28 25.4 ---- .0429 .5709 .0750 .428 .220 
28-14 ó.3.0 ---- .0559 .6068 .0892 .719 .441 
14-8 24.1 ---- .0408 .6576 .0611 1.85 .877 
8-4 7.2 ---- .0l2 .6798 .0179 7.36 l.'?54 

3/16-3/8 --- 23.5 .0752 .7550 .0995 5.95 .54 
3/8 -3/4 ---- 31.8 .102 .8570 .119 11.1 7.08 
3/4 -1 1/2 --- 44.7 .143 1.0000 .143 l'7.1 14.1 

Sannle No. 5 

sp. gr. :: 2.53, mix : 1 : 2.11 : 4.39, slump : 1 1/2" 
Absolute volume sand per unit volume concrete : 0.152 
Absolute volume gravel per unit volume concrete : 0.330 

0_100 0.6 ---- .0010 .5187 .0019 .'lSB 
100-48 5.0 ---- .0076 .5263 .0144 .541 

48-28 29.8 ---- .0453 .5710 .0793 .419 .04 
28-14 56.5 ---- .0860 ..6576 .1310 .517 .443. 
14-8 7.8 ---- .0119 .6695 .0178 3.65 .877 
8-4 0.3 ---- .0005 .6700 .0007 28.3 1.764 

3/16-3/8 _--.- 23.5 .0775 .7475 .1038 5.73 1.764 
3/8 -3/4 ---- 31.9 .1050 .8525 .1230 10.0 .08 
3/4 -1 1/2 --- 44.7 .1475 1.0000 .1475 17.1 14.1 



Serie3 6 (Continued) 

Aggre- Grading 
gate 
Size Sand Gravel Vol. 

Sample No. 6* 

121. 

Space 
Avail- 
ab le 
to da t 
Group 

ap. gr. = 2.54, mlx 3. : 2.18 : 4.33, slump 3/8" 
Absolute volume sand per unit volume concrete 0.163 
Absolute volume gravel per unit volume concrete 0.325 

0-loo 2.4 ---- .0039 .5174 .0075 .256 
100-48 9.4 ---- .0153 .5527 .28'7 .363 .186 
48-28 
28-14 

39. ---- 
25.2 ---- 

.0642 

.0411 
.5969 
.6380 

.1073 

.0645 
.317 
.920 

.322 

.543 
14-8 8.5 ---- .0122 .6502 .0188 3.82 .979 
8-4 15.2 ---- .0248 .6750 .0368 5.40 1.866 

3/16-3/8 ---- 23.5 .0765 .7515 .1017 5.80 3.34 
3/8 -3/4 ---- 31.8 .1035 .855 .1211 10.1 '7.18 
3/4 -1 1,/2 ---- 44.7 .145 1.0000 .145 17.4 14.2 

Sample No. '7 

sp. gr. : 2.40, mix : i : 2.13 : 4.37, slump 4" 
Absolute volume sand per unit volume concrete : 0.173 
Absolute volume gravel per unit volume concrete : 0.330 

0-100 1.7 ---- .0029 .4991 .0058 .304 
100-48 6..5 ---- .0112 .5103 .0218 .442 .094 
48-28 33.8 ----- .0571 .5774 .1161 .322 .054 
28-14 32.1 ---- .0556 .6330 .0880 .771 .441 
14-8 13.5 ---- .0234 .6564 .0o56 2.70 .877 
8-4 '7.4 ---.- .0128 .6692 .0192 7.51 1.764 

3/16-3/8 ---- 23.5 .0778 .747 .1041 5.72 3.54 
3/8 -3/4 ---- 31.8 .105 .852 .1232 10.0 7.08 
3/4 -1 1/2 --.-- 44.7 .148 1.0000 .148 1'7.1 14.1 



Series 6 (0ontinued) 

gre- Grading 
gate 
iz aid Gravel 

Sarnle Uo. 8 

Space 
Avail - 
able 

Abs. to da 
Vol. Group 

t 

122. 

sp. gr. = 2.68, mix = i : 2.70 : 3.80, slump = 
Absolute volume sand per unit volume concrete 0.177 
Absolute volume gravel per unit volume concrete 0.287 

0-100 2.7 ---- .0048 .5405 .0089 .240 
100-48 .6 ---- .0064 .5469 .0117 .563 .084 
48-28 10.2 ---- .0181 .5650 .0321 .705 .220 
28-14 20.4 ---- .0362 .6012 .0602 1.00 .441 
14-8 34.2 ---- .0606 .6618 .0917 1.55 .877 
8-4 28.9 ---- .0512 .7130 .0718 3.71 1.764 

3/16-3/8 ---- 23.5 .067o .7805 .0865 6.51 3.54 
3/a -3/4 ---- 31.8 .0915 .872 .1050 11.4 '7.08 
:,'4 -1 1/2 --.. 44.7 .128 1.0000 .128 19.1 14.5 

Sam1e No. 9 

sp. gr. : 2.79, mix : i : 2.30 : 4.20, slump : 2 1/2" 
Absolute volume sand. per unit volume concrete : 0.183 
Absolute volume gravel per unit volume coiicrete : 0.316 

0-100 2.6 ---- .0048 .5050 .0095 .243 
100-48 7.9 ---- .0144 .5194 .0278 .8O .084 
48-28 40.9 ---- .0747 .5941 .1258 .278 .084 

28-14 23.0 ---- .0420 .6361 .0660 .921 .441 
14-8 lb.9 ---- .0610 .6671 .U465 2.38 .877 
8-4 8.7 ---- .0159 .6830 .0233 7.01 1.734 

3/16-3/8 ---- 23.5 .0745 .7575 .0984 5.94 3.54 
3/8 -3,/4 ---- 31.8 .1010 .8515 .1185 10.3 7.08 
3/4 -3. 1/2 --- 44.7 .1415 1.0000 .1415 17.7 14.5 



Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to 
Size Sand Gravel Vol. Group 

Sample No. 10 

da t 

sp. gr. = 2.59, mix i : 2.58 : 3.92, slump : 6" 
Absolute volume sand per unit volume eoiicrete 0.217 
Absolute volume gravel per unit volume concrete = 0.297 

o_100 3.1 ---- .0068 .4920 .0138 .206 
100-48 5.9 ---- .u128 .5048 .0254 .406 .084 
48-28 12.4 ---- .0269 .5617 .0506 .560 .220 
28-14 20.1 ---- .0437 .5754 .0760 .860 .44]. 
14-8 33.5 ---- .0728 .6482 .1122 1.32 .877 
8-4 25.0 ---- .0544 .7026 .077 3.47 1.764 

3/16-3/8 ---- 2o.5 .0699 .7725 .0904 6.30 3.54 
3/8 -3/4 ---- :l.8 .0945 .8670 .1088 11.0 7.08 
3/4 -1 1/2 ---. 44.7 .l:,., 1.0000 .1ó3 18.5 14.1 

Sample No. 11 

sp. gr. : 2.55, mix : 2. : 1.90 : 4.60, slump : 2 1/2" 
Absolute volume sand. per unit volume concrete : 0.154 
Absolute volume gravel per unit volume concrete 0.345 

o-loo 13.0 ---S- .0200 .5226 .0383 .124 
100-48 19.9 ---- .03i'7 .5533 .0555 .253 .084 
43-28 25.4 ---- .0391 .5924 .0660 .450 .220 
28-14 18.7 ---- .0289 .6213 .0464 1.087 .441 
14-8 14.3 --- .0211 .6424 .0o29 2.68 .877 
8-4 8.7 --S-- .0134 .6558 .0204 6.90 1.764 

---- 23.5 .0812 .736 .1103 5.3? 3.54 ,/16-3/8 
3/8 -3/4 ---- 31.8 .110 .846 .1300 9.44 7.08 
3/4 -.1 1/2 --- 44.'? .1540 1.0000 .154 16.2 14.1 



.1 
t) ¿I 

Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to da t 
Size Sand Gravel Vol. Grp 

Sample No. 12 

sp. gr. = 2.54, mlx i : 2.29 : 4.21, slump = 4" 
Absolute volume sand per unit volume concrete O.19 
Absolute volume gravel per unit volume concrete 0.316 

0-100 5.1 ---- .0098 .4993 .0196 .177 
100-48 15.6 ---- .OóOl .5294 .0569 .259 .084 
48-28 19.8 ---- .0383 .5677 .0625 .489 .220 
28-14 13.9 ---- .0268 .5945 .0451 1.158 .441 
14-8 22.1 ---- .0427 .6372 .0670 1.87 .877 
8-4 2.5 ---- .045e .6825 .0663 0,79 1.764 

ö/16-3/8 ---- 2.5 .0745 .757 .0984 5.94 3.54 
3/8 -/4 ---- 31.8 .1010 .858 .1179 10.3 7.08 
/4 -1 1/2 --- 44.7 .142 1.0000 .142 17.4 14.1 

Sample No. l3 

sp. gr. 2.45, mix = 1 : 2.33 : 4.17, slump 1/4" 
Absolute volume sand per unit volume concrete 0.170 
Absolute volume gravel per unit volume concrete 0.311 

0-100 2.7 ---- .0046 .5207 .0088 .229 
100-48 6.9 ---- .0117 .5324 .0220 .260 .186 

48-28 20.1 ---- .0342 .5666 .0603 .459 .322 
28-14 27.0 ---- .0460 .6126 .0751 .797 .543 
14-8 33.3 ---- .0567 .6693 .0848 1.55 .979 
8-4 10.0 ---- .0193 .6886 .0280 6.22 1.866 

./16-3/8 ---- 23.5 .072 .7618 .0960 6.08 3.64 
/a -3/4 ---- 31.8 .0992 .861 .1152 10.4 7.18 
3/4 -1 1/2 --- 44.7 .139 1.0000 .139 17.9 14.2 



Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to da t t 
Size Sand Gravel Vol. Group 

Sample No. 14 

sp. gr. = 2.67, mix = i : 2.41 : 4.09, slump : 1 .3/4" 
Absolute volume sand per unit volume concr-te : 0.176 
Absolute volume gravel per unit volume concrete 0.311 

0.-100 1.5 ---- .0026 .5153 .0051 .310 
100-48 3.9 ---- .0069 .5222 .0132 .538 .084 
48-28 26.6 ---- .0470 .5692 .0827 .88 .084 
28-14 o7.9 ---- .0668 .6360 .1048 .648 .441 
14-8 17.3 ---- .0o05 .6665 .0457 2.38 .877 
8-4 12.8 ---- .0225 .689 .0327 5.52 1.764 

23.5 .0730 .762 .0957 6.01 3.54 
ó/8 -3/4 ---- l.8 .0990 .861 .1150 10.6 7.08 
3/4 -1 1/2 --- 44.7 .1390 1.0000 .1390 18.2 14.1 

Sample No. 15 

sp. gr. : 2.54, iiix : i : 2.39 : 4.11, slump 1/4" 
Absolute volume sand per unit volume concrete : 0.187 
Absolute volume gravel per unit volume concrete : 0.310 

0-100 2.4 ---- .0045 .5067 .0089 .243 
100-48 7.4 ---- .0138 .5205 .0266 .380 .186 
48-26 21.9 ---- .0410 .5615 .0730 .418 .322 
28-14 26.1 ---- .0489 .6104 .0799 .789 .543 
14-6 26.7 ---- .0499 .6603 .0755 1.67 .979 
8-4 15.5 ---- .0290 .6893 .0422 4.95 1.866 

3/1t-3/8 ---- 23.5 .0729 .7622 .0955 6.08 3.o4 
3/8 -3/4 ---- 31.8 .0988 .8610 .1148 10.6 '7.18 
3/4 -i 1/2 --- 44.7 .1390 1.0000 .1390 18.2 14.2 



126. 

Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to da t 
Size Sand Gravel Vol. Group 

Sample No. 16* 

SP. gr. = 2.69, mix 1: 2.56 : 3.94, slump 5/8" 
Absolute volume sand per unit volume concrete = 0.216 
Absolute volume gravel per unit volume concrete 0.297 

0-100 5.7 ---- .0123 .4985 .u247 .142 
100.-48 9.4 ---- .020o .5188 .O92 .297 .186 
48-28 14.7 ---- .u318 .5506 .05'77 .481 .D22 
28-14 13.9 ---- .0301 .5807 .fl.l8 1.051 .543 
14-8 29.0 ---- .0628 .6435 .0976 1.46 .979 
8-4 27.3 ---- .0591 .7026 .0842 5.17 1.966 

3/16-3/8 ---- 23.5 .0699 .7725 .0904 6.30 3.54 
3/8 -3/4 ---- 31.8 .0945 .367 .1090 11.0 7.18 
3/4 -1 1/2 --- 44.7 .10 1.0000 .1330 18.5 14.2 

Sanmle No. 17 

sp. gr. : 2.54, mix : i : 2.46 : 4.04, slump : 4 1/4" 
Absolute volume sand per unit volume concrete : 0.202 
Absolute volume grae1 per unit volume concrete : 0.304 

0-100 0.7 ---- .0014 .4956 .0020 .462 
100-48 4.8 ---- .0097 .505 .0192 .453 
48-28 27.9 ---- .0562 .5615 .1018 .335 .084 
28.-14 22.4 ---- .0452 .6067 .0745 .860 .441 
14-8 19.6 ---- .0û95 .6462 .0610 2.01 .877 
8-4 24.6 ---- .0497 .6959 .0715 3.70 1.764 

3/16-3/8 ---- 23.5 .0713 .7672 .0930 6.22 3.54 
3/8 -3/4 ---- 31.9 .0968 .864 .1120 13.8 7.08 
/4 -1 1/2 --- 44.7 .1360 1.0000 .J.ó60 18.2 14.1 



12'7. 

Series 6 (Continued) 

Space 
Ava il - 

Aggre- Grading able 
gate Abs. to da t 
Size Sand Gravel Vol. Group 

Samplo No. 18 

sp. gr. = 2.53, mix i : 2.12 : 4.38, slump = 1 1/8" 
Absolute volume sand per unit volume concrete = 0.157 
Absolute volume gravel per unit volume concrete = 0.330 

0-100 0.8 ---- .0013 .5130 .0025 .405 
100-48 3.0 ---- .0047 .5177 .0091 .531 .084 
48-28 46.2 ---- .0726 .590e .12ô0 .282 .084 
28-14 36.8 ---- .0578 .6481 .0892 .745 .441 
14-8 11.9 ---- .0187 .6668 .0281 3.16 .877 
8-4 1, ---- .0024 .3b92 .006 16.1 1.7o4 

3/16-3/8 ---- 23.5 .0778 .747 .1041 5.73 1.764 
3/8 -3/4 ---- 31.8 .105 .852 .1232 10.0 7.08 
3/4 -1 1/2 --- 44.7 .148 1.000 .148 17.1 14.1 

SaìrnDle No. 19 

sp. gr. 2.51, mix : i : 2.42 : 4.08, slump : 6 3/4" 
Absolute volume sand per unit volume concrete 0.204 
Absolute volume gravel per unit volume concrete : 0.311 

0-loo 0.6 ---- .0012 .4857 .0025 .431 
100-48 4.9 ---- .0100 .4957 .0202 .442 

:::: :82 :Ï 
14-8 18.6 ---- .0379 .63Y0 .0594 2.08 .877 
8-4 24.2 ---- .0493 .6883 .0716 3.75 1.764 

3/16-3/8 ---- 23.5 .0732 .7615 .0961 6.08 3.54 
3/8 -3/4 ---- 31.9 .0990 .8605 .1150 10.6 7.08 
3/4 -1 1/2 --- 44.7 .1395 1.0000 .1395 17.9 14.5 



128. 
Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to da t 
Size Sand Gravel Vol. Group 

Sample ìo. 20 

sp. gr. = 2.50, mix i : 2.56 : 3.94, slump 4 1/4" 
Absolute volume sand per unit volume concreto = 0.224 
Absolute volume gravel per unit volume concrete z 0.300 

0-loo i.i ---- .u025 .4'779 .0052 .314 
100-48 4.9 ---- .0110 .4d89 .0226 .422 .084 
48-28 24.4 ---- .0546 .5435 .1025 .339 .220 
28-14 15.9 ---- .0356 .5791 .0616 .982 .441 
14-8 23.0 ---- .0516 .6307 .0818 1.67 .877 
8-4 ôO.7 ---- .0688 .3995 .0983 3.04 1.764 

3/16-/8 ---- 23.5 .0705 .7700 .0916 6.23 3.54 
3/8 -ó/4 ---.- 31.8 .0955 .8655 .1102 10.8 7.08 
3/4 -1 1/2 --- 44.7 .l45 1.0000 .1345 18.5 14.1 

Sample No. 21 

sp. gr. 2.64, mix i : 2.71 : 3.79, slump : i 1/2 
Absolute volume sand per unit volume concrete z 0.221 
Absolute volume gravel per unit volume concrete 0.286 

0-100 0.1 ---- .0002 .4924 .0004 ---- 
100-48 0.4 ---- .0009 .4933 .0018 ---- 
48-28 4.0 ---- .0059 .h022 .01'77 ì95 .084 
28-14 29.3 ---- .0650 .5672 .1145 .648 .220 
14-8 52.7 ---- .1165 .S87 .1708 .935 .B17 
8-4 lo.5 ---- .0299 .7136 .0419 5.10 l.7o4 

3/16-3/8 ..--- 23.5 .0672 .7808 .0860 6.50 3.54 
3/8 -3/4 ---- 31.8 .0912 .872 .1045 11.4 7.08 
3/4 -1 1/2 --- 44.7 .1280 1.0000 .1280 19.1 14.1 



129. 
Series 6 (Continued) 

Space 
Avail- 

Agre- Grading able 
gate Ab.. to da t 
Size Sand. Gravel Vol. Group 

Sample No. 22 

sp. gr. : 2.61, mix : i : 2.17 : 4.33, slump : 6 1/2" 
Absolute volume sand per unit volume concrete 0.175 
Absolute volume gravel per unit volume concrete 0.325 

o-100 1.9 ---P. .0033 .5034 .0066 .279 
100-48 9.6 ---- .0169 .5203 .0324 .341 .084 
48-28 49.2 ----- .0863 .6066 .1441 .251 .084 
28-14 16.8 ---- .0295 .6361 .0463 1.149 .'41 
14-8 9.4 ---- .0165 .6526 .0253 3.32 .877 
8-4 13.1 ---- .0230 .6756 .0341 5.73 1.764 

3/16-3/8 ---- 23.5 .0764 .752 .1015 5.88 3.54 
3/8 -3/4 ---- 31.8 .1030 .855 .1205 10.2 7.08 
3/4 -i 1/2 --- 44.7 .1450 1.0000 .1450 17.4 14.1 

Sample No. 23 

sp. cr. : 2.63, mix : 1 : 2.60 : 3.90, slump i 1/2" 
Absoïute volume sand per unit volume concrete 0.215 
Absolute volume gravel per unit volume concrete : 0.294 

0-100 0.6 ---- .0013 .4927 .0026 .492 
100-48 3.8 ---- .0082 .5009 .016ó .484 
48-28 20.1 ---- .0433 .5442 .0797 .405 .084 
28-14 23.1 ---- .0497 .5939 .0838 .798 .441 
14-8 27.0 ---- .0581 .6520 .0893 1.5'? .877 
8-4 25.4 ---- .0545 .7065 .0771 3.47 1.764 

3/16-3/8 ---- 23.5 .0690 .7755 .0889 6.37 3.54 
3/8 -3/ ---- 31.8 .0935 .3c39 .1077 11.0 7.08 
3/4 -1 1/2 --- 44.7 .1l0 1.0000 .1310 18.3 14.1 



Serles 6 (Continued) 

bpace 
Avail- 

Aggre- Grading able 
gate Abs. to 
Size Sand Gravel Vol. Group 

Sample No. 24 

da t 

130. 

sp. gr. 2.72, mix : i : 2.52 : 3.98, slump 4 3/4(1 

Abso.Lute volume sand per unit volume concrete 0.207 
Absolute volume gravel per unit volume concrete 0.301 

0-100 1.3 ---- .0027 .4936 .0055 .302 
100-48 3.6 ---- .0075 .5011 .0150 .502 .084 
4E3-28 24.8 ---- .0515 .5526 .0933 .370 .084 
28-14 30.2 ---- .0626 .5152 .1018 .701 .441 
14-8 25.3 ---- .0525 .5677 .0'787 1.73 .817 
8-4 14.7 ---- .005 .6982 .0'37 4.95 1.764 

23.5 .0708 .7690 .0921 6.23 3.54 
3/8 -ô/4 ---- 31.8 .0960 .865 .1110 10.7 7.08 
3/4 -1 1/2 --- 44.7 .1350 1.0000 .1350 18.5 14.1 

Sample No. 25* 

sp. -r. : 2.73, mlx = 1 : 2.70 : 3.80, slump 3/4" 
Absolute volume sand per unit volume concrete = 0.219 
Absolute volume gravel per unït volume concrete 0.286 

0-100 4.2 ---- .0092 .5035 .0183 .178 
100-48 6.8 ---- .0149 .5184 .0288 .354 .186 
48-28 12.6 ---- .0276 .5460 .0505 .529 .322 
28-14 14.6 ---- .0320 .5780 .0554 1.010 .543 
14-8 29.4 ---- .0642 .6422 .1000 1.36 .979 
8-4 32.4 ---- .0709 .7131 .0994 2.86 1.866 

3/l6-/8 ---- ¿3.5 .0675 .78)6 .0864 6.50 o.64 
3/8 -.5/4 ---- 31.8 .0914 .872 .1047 11.4 7.18 
/4 -1 1/2 --- 44.7 .1280 1.0000 .1280 19.1 14.2 



131. 
Series 6 (Continued) 

Space 
Avai i - 

Aggre- Grading able 
gate % Abs. to da t 
Size Sand Gravel Vol. Group 

Sample No. 26 

sp. gr. : 2.54, mix : i : 2.46 : 4.04, slump : i 3/4" 
Absolute volume sand per unit volume concrete : 0.191 
Absolute volume gravel per unit volume coìxcrete : 0.304 

0-100 0.'? ---- .0013 .5074 .002'? .415 
100-48 2.4 ---- .0046 .5120 .0090 .657 .084 
48-28 12.3 ---- .0234 .5354 .043? .600 .220 
28-14 43.4 ---- .0829 .6183 .1341 .535 .441 
14-8 32.5 ---- .0620 .6803 .0910 1.46 g77 
8-4 3.7 ---- .0163 .5966 .0234 6.61 1.764 

3/16-3/8 ---- 23.5 .u714 .7680 .0929 6.22 3.54 
oIS -o/4 ---- 31.8 .0965 .8645 .1117 10.7 '7.08 
3/4 -1 1/2 --- 44.7 .1355 1.0000 .L555 18.5 14.1 

Sample No.27 

8p. gr. : 2.34, mix : i : 2.46 : 4.04, slump i 1/2" 
Absolute volume s and per unit volume coicrete 0.20 
Absolute volume gravel per unit volume concrete : 0.309 

0-100 1.0 ---- .0021 .5870 .0043 .353 
100-48 o.1 ---- .0064 .4934 .0130 .565 .084 
48-28 12.8 ---- .o263 .5207 .0505 .564 .220 
26-14 35.0 ---- .0720 .5927 .1215 .622 .441 
14-8 34.2 ---- .0703 .6630 .1060 1.41 .877 
8-4 13.9 ---- .0285 .6915 .0412 5.38 1.764 

3/16-3/8 ---- 23.5 .0725 .7640 .0950 6.16 3.54 
3/8 -3/4 ---- 31.8 .0980 .862 .1135 10.5 7.08 
3/4 -1 1/2 --- 44.7 .1380 1.0000 .1380 18.2 14.1 



Series 6 (Continued) 

Space 
Avail- 

Aggre- Grading able 
gate Abs. to 
Size Sand Gravel Vol. Group 

Sample No. 28 

132. 

da t DA 

sp. gr. = 2.53, mix = i : 2.22 : 4.28, slump = 2" 
Absolute volume sand per unit volume concrete 0.189 
Absolute volume gravelper unit volume concrete = 0.321 

0-loo 2.1 ---- .0040 .4931 .0075 .265 
100-48 12.5 ---- .0233 .5164 .0451 .286 
48-28 39,3 ---- .(Y743 .5907 .1255 .286 .220 
28-14 12.7 ---- .0240 .6147 .U9l 1.300 .441 
14-8 16.2 ---- .0o06 .6453 .0475 2.38 .877 
8-4 17.2 ---- .0326 .6779 .0481 4.82 1.764 

3/16-3/8 ---- 23.5 .0756 .7535 .1005 5.86 .54 
3/8 -/4 ---- 31.8 .1025 .856 .1197 10.3 7.08 
3/4 -1 1/2 --- 44.7 .1440 1.0000 .1440 17.4 14.1 

Sample No. 29 

sp. gr. : 2.67, mix : i : 2.47 : 4.03, slump 3/8" 
Absolute volume sand per unit volume concrete_: 0.200 
Absolute volume gravel per unit volume concrete : 0.303 

0-100 1.2 ---- .0024 .9'? .0049 .318 
100-48 7.7 ---- .0154 .5141 .0300 .367 
48-28 2,.1 ---- .0462 .5603 .J824 .395 .322 
28-14 22.1 ---- .0443 .6046 .07 .50 .543 
14-8 36.5 ---- .070 .6776 .1077 1.34 .979 
8-4 9.4 ---- .0188 .6964 .0270 6.3'? 1.866 

o/l6-/8 --.-- 23.5 .0721 .7685 .0940 6.15 3.64 
3/8 -3/4 ---- 31.8 .0965 .865 .1116 10.7 '7.18 
3/4 -1 1/2 --- 44.7 .1350 1.0000 .1350 1.5 14.2 



1 

Series '7, Repraded, Iortland Cement. Flatic Mlx Mortars 

Space 
Ava il- 

Aggre- Grad- able 
gate Ing Aus. to da d0 t 
Size Vol, Group 

Sample No. I 

sp. gr. = 2.55, s/c 2.15, w/c = 0.60 
Absolute volume sand per unit volume mortar 0.370 

0-100 2.2 .0082 .6388 .0128 .549 .210 
100-48 9.4 .0347 .6735 .0515 .572 .270 .084 
48-28 o4.2 .1270 .7995 .1595 .548 .220 .220 
28-14 19.6 .0725 .8720 .O8l .548 .761 .441 
14-8 24.0 .0888 .9608 .0923 .580 1.48 .877 
8-4 10.6 .0392 1.0000 .0392 .542 4.95 1.764 

Sample ì;o. 2- 

sp. gr. = 2.58, s/c = 2.58, w/c = 060 
Absolute volume sand per wilt volume mortar : 0.388 

0-100 1.6 .0062 .6178 .0101 .536 .232 
100-48 4.5 .0175 .6353 .0275 .554 .379 .084 
48-28 19.0 .0738 .7091 .1042 .562 .331 .220 
28-14 28.9 .1120 .8211 .1364 .562 .525 .41 
14-8 40.1 .1560 .9771 .1597 .587 .953 .877 
8-4 5.9 .0229 1.0000 .0229 .599 6.93 1.764 

Sample NO. 3 

sp. gr. : 2.54, s/c : 2.93, vi/e : 0.60 
Absolute volume sand. per unit volume mortar : 0.417 

0-loo 2.0 .0083 .5924 .0140 .570 .205 
100-48 9.5 .u396 .6293 .0630 .579 .240 .084 

48-28 22.4 .0960 .7253 .1ó22 .579 .278 .220 

28-14 1.8 .0817 .8070 .1013 .588 .700 .441 

14-8 19.4 .0810 .8880 .0913 .612 1.56 .877 

8-4 26.9 .1120 1.000Ó .1120 .623 2.69 1.764 



13 '. 
Series 7 (COfltjed) 

Space 
Ava il- 

Agre- Grad- able 
gato Ing Abs. to da d0 t Size Vol. Gr 

Sip1e No. 3A 

sp. gr. 2.58, s/c : 2.55, w/c : 0.60 Absolute volume sand per mIt volume mortar : 0.415 
0-100 .2.2 .0091 .5944 .0153 .573 .198 100-48 8.1 .0336 .6280 .0535 .576 .266 .084 48-28 23.0 .0955 .7235 .1321 .561 .273 .220 28-14 21.4 .0885 .8120 .1090 .563 .630 .441 14-9 23.1 .0960 .9080 .1057 .574 1.34 .877 8-4 22.2 .0920 1.0000 .0920 .b95 3.04 1.764 

Sample No. 4 

sp. gr. 2.52, s/c 1.95 w/c 0.60 Absolute volume sa'id per unit volume mortar 0.337 
0-100 1.1 .0037 »3666 .0056 .579 .306 

100-48 8.0 .u269 .6935 .0388 .578 .319 
48-28 20.5 .0691 .7626 .0906 .566 .371 .220 
28-14 42.7 .148 .9064 .1585 .54 .428 .441 
14-8 2l. .0720 .9784 .0736 .525 1.62 .877 
8-4 6.4 .0216 1.0000 .0216 .527 o.19 1.764 

Sample No. 5 

sp. gr. = 2.50, s/c = 2.22, w/c 0.60 
Absolute volume sand per unit volume mcrtar: 0.345 

0-100 0.9 .0031 .6584 .0047 .569 .334 
100-48 7.8 .0269 .6853 .0392 .597 .325 
48-28 39.3 .1355 .8208 .1650 .584 .229 .084 
28-14 39.3 .1355 .9563 .1416 .528 .482 .441 
14-8 12.2 .0420 .9983 .0422 .514 2.30 .877 
8-4 0.5 .u017 1.0000 .0017 .512 20.2 1.764 



1;. 

er1e3 '7 (ContInued) 

Space 

Aggre- Grad- 
Avail- 
able 

gate 
Size 

Ing 

_%_ 
Abs. 

_VoL 
to 
Grou 

d 
____ 

d0 

___ 
t 

amp1e No.6 

____ ____ 

sp. gr. 
Absolute 

: 2.54, 
volume 

: 1.70 
sand 

w/e : 0.60 
per unit volume mortar : 0.320 

o-ioo 
100-48 

2.3 .0074 .6875 .0108 .506 .218 

48-28 
.9 

42.5 
.0285 
.1360 

.7160 

.8520 
.0398 
.1597 

.544 .306 .084 

28-14 2.9 .0761 .9281 .0821 
.542 
.564 

.216 .220 

14-B 
8-4 

8.1 
14.4 

.0259 .9540 .0272 .602 
.789 

3.18 
.441 
.377 

.0460 1.0000 .0460 .594 4.78 1.764 

amp1e No. 7 

sp. gr. : 2.40, s/c : 2.28, v/c : 0.60 
Absolute volume sand per unit volume mortar : 0.377 

0-100 
100-48 

1.4 .0053 .6287 .u084 .571 .259 

48-28 
5.5 

30.8 
.0207 
.1160 

.6494 

.7649 
.0319 .594 .364 .084 

28-14 44.5 .1680 .929 
.1518 
.1800 

.601 

.588 
.256 .084 

14-8 
8-4 

11.5 .0434 .9763 .0b59 .581 
-':Q 

2.09 .877 
6.3 .0237 1.Ouoo .023'? .602 6.85 1.764 

Sample No. 

sp. gr. : 2.79, s/c : 2.92, w/c : 0.60 
Absolt volume sand per unit volume mortar : 0.4o1 

0-100 
100-48 

2.3 
'7.1 

.0092 .3112 .0150 .568 .197 

48-28 26.7 
.0285 
.1070 

.697 

.7467 
.0446 
.1432 

.569 .295 .084 

28-14 
14-8 

40.1 
15.1 

.1610 .9077 .1775 
.548 
.569 

.246 
4l2 

.084 

.441 
.0610 .9687 .0630 .604 1.98 

8-4 7.8 .0313 1.0000 .0313 .617 6.03 

.77 
1.764 



.eries 7 (Continued) 

Space 
Avaïl- 

Agre- Grad- able 
gate Ing Abs. to da d0 t 
___________ /0 SIz Vol. Group 

Sample No. 10 

sp. gr. 2.59, s/c 2.80, W/c : 0.60 
Absolute volume sand per unit volume mortar 0.442 

0-loo 2.9 .0128 .5717 .0224 .577 .164 
100-48 5.5 .0243 .5960 .0407 .586 .312 .084 
48-28 11.6 .0511 .5471 .0790 .590 .458 .220 
28-14 18.9 .084 .7305 .1140 .596 .649 .441 
14-8 7.6 .1o60 .8965 .1850 .606 .850 .877 
8-4 23.5 .1035 1.0000 .1u35 .607 2.83 1.764 

Samp1e No. 11 

sp. gr. : 2.55, s/c : 1.81 vi/e : 0.60 
Absolute volume sand per uxit volume mortar : 0.334 

o-100 7.2 .0240 .6898 .0348 .589 .131 
100-48 11.7 .0390 .7288 .0535 .550 .257 .084 
48-28 12.3 .0411 .7705 .U53 .545 .516 .220 
28-14 41.7 .1391 .9096 .1535 .526 .429 .441 
14-8 16.4 .0548 .9644 .0569 .525 1.94 .877 
8-4 10.7 .056 1.0000 .056 .525 5.13 1.764 

Sample No. 12 

8P. r : 2 45 s/c : 2.43 w/ : 0.60 Absorue volum sahd per urdt v'olume mortar 0.408 

0-loo 4.1 .0167 .6090 .0274 .591 .149 
100-48 12.5 .0510 .600 .0773 .591 .214 .084 
48-28 35.9 .1460 .8060 .1809 .588 .°12 .220 
28-14 11.1 .0454 .8514 .0533 .565 1.0v .441 
14-8 17.5 .0718 .9232 .0778 .580 1.68 .977 
8-4 18.3 .0768 1.0000 .0768 .589 3.44 1.764 



-1 

Series 7 (Continued) 

Space 
Avail - 

Aggre- Grad- able 
gate Ing Abs. to da d0 t 04 
Size Vol. Group 

Sample No. 14 

sp. gr. = 2.67, s/c = 2.81, w/c : 0.60 
Absolute volume sand per unit volume mortar = 0.401 

0-100 1.7 .0068 .6060 .0112 .529 .219 
100-48 4.5 .0181 .5241 .0290 .542 .363 .084 
48-28 30.5 .1220 .7461 .1635 .553 .225 .084 
28-14 28.7 .1150 .8611 .L35 .556 .525 .441 
14-8 19.9 .0800 .9411 .0850 .591 1.61 .877 

8-4 14.7 .0589 1.0000 .0589 .613 4.15 1.764 

Sample No. 15 

sp. gr. 2.54, s/c 2 LB1, vt/c : 0.60 
Absolute volume sand per unit volume mortar 0.328 

0-100 2.0 .0066 .6788 .0097 .529 .235 
100-48 6.1 .0200 .6988 .0287 .542 .234 .084 
48-28 18.1 .0592 .7580 .0781 .538 .397 .220 
28-14 39.0 .1280 .8860 .1445 .549 .490 .441 
14-8 22.0 .0720 .9580 .0752 .567 1.69 .8'77 

8-4 12.B .0420 1.0000 .0420 .587 4.95 1.764 

SamDle No. 16 

sp. gr. : 2.69, s/c : 2.36, wIe : 0.60 
Absoluto volume sand per unit volume mortar : 0.405 

0-100 4.9 .0198 .6152 .0322 .480 .122 

100-48 8.1 .0328 .6480 .0506 .510 .253 .084 

48-28 12.7 .0515 .6995 .0738 .527 .405 .220 

28-14 10.0 .0405 .7392 .0649 .550 .910 .441 

14-8 40.8 .1658 .9050 .1831 .598 .848 .877 

8-4 23.5 .0950 1.0000 .0950 .614 3.04 1.764 



Serles 7 (Continued) 

Aggre- Grad- 
gate ing 
Size 

Sample No. 17 

sp. gr. = 2.54, 
Absolute volume 

Space 
Avail- 
ab le 

Abs. to da d0 t 
Vol. Group 

s/c : 2.89, w/c 0.60 
sand per unit volume mortar = 0.413 

.J_...L 

Dg 

O-100 0.6 .0025 .5895 .u042 .548 .342 
100-48 4.3 .0177 .6072 .0291 .555 .367 
48-28 17.7 .0730 .6802 .1072 .560 .326 .084 
28-14 38.2 .1580 .8382 .1885 .580 .394 .141 
14-8 17.4 .0718 .9100 .0789 .604 1.71 .877 
8-4 21.8 .0900 1.0000 .0900 .626 .J.] 1.764 

Samtle No. 18 

sp. gr. : 2.53, s/c : 2.12 w/c : 0.60 
Absolute volume sand per unit volume mortar : 0.324 

0-100 0.8 .0026 .6796 .0038 .498 .344 
100-48 .0097 .6d93 .0141 .532 .517 .084 
48-28 o.O .1069 .795, .1342 .543 .260 .084 
28-14 50.0 .1620 .9573 .1692 .567 .429 .441 
14-8 11.9 .0385 .9958 .0387 .605 2.65 .877 
8-4 1. .0042 1.0000 .0042 .616 15.1 1.7b4 

Sample No. 19 

sp. gr. : 2.5]., s/c = 2.80 w/c = 0.60 
Absolute volume sand per unit volume mortar : 0.45 

0-100 0.6 .0026 ..5677 .0046 .577 .336 
100-48 4.1 .0178 .5855 .0304 .551 .358 

48-28 21.1 .0920 .6775 .1356 .579 .274 .0e4 
28-14 8.0 .1650 .8425 .1958 .595 .385 .441 
14-8 15.7 .068 .91u8 .0750 .613 1.80 .877 
8-4 20.5 .0892 1.0000 .0892 .628 3.26 1.764 



Series 7 (Continued) 

Space 
Avail - 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample No. 20 

sp. gr. = 2.50, s/c : 2.98, w/c 0.60 
Absolute volume sand per unit volume mortar 0.445 

0-100 1.1 .0049 .5600 .0087 .554 .251 
100-48 4.9 .0218 .5818 .u375 .566 .323 .084 
48-28 30.0 .1330 .7148 .1864 .572 .199 .220 
28-14 15.9 .0707 .7855 .0900 .582 .752 .441 
14-8 23.0 .1025 .8880 .1155 .607 1.31 .877 
8-4 25.1 .1120 1.0000 .1120 .626 2.76 1.764 

Sample No. 21 

sp. gr. 2.64, s/c 3.15, w/c = 0.60 
Absolute volume sand per unii; volume mortar 0.431 

0-100 0.1 
100-48 0.6 
48-28 6.0 .0258 .5982 .0431 .594 .619 .084 
28-14 36.7 .1580 .7562 .2090 .606 .o68 .220 
14-8 36.7 .1580 .9142 .1730 .615 .918 .877 
8-4 19.9 .0858 1.0000 .0858 .615 3.26 1.764 

Sample No. 22 

sp. gr. 2.61, s/c : 2.50, w/c = o.eo 
Absolute volume sand per unit volume mortar 0.92 

0-100 1.8 .0071 .6152 .0115 .530 .217 
100-48 9.2 .03b1 .6513 .0b54 .56 .249 .084 
48-28 24.0 .0940 .7453 .1260 .566 .287 .084 
28-14 43.4 .1700 .9153 .1855 .576 .403 .4l 
14-8 9.0 .0353 .9506 .0371 .602 2.72 .877 
8-4 12.6 .0494 1.0000 .0494 .615 4.66 1.764 



Series 7 (CcntLiued) 

Aggre- Grad- 
gate ing 
Size 

Saip1e No. 23 

Space 
Ava il- 
ab le 

Abs. to 
Vol. Group 

da do t 

sp. gr. 2.63, s/c 2.93, Vi/O : 0.60 
Absolute volume sand per unit volume mortar = 0.422 

0-100 0.6 .0025 .5803 .u043 .526 .332 
100-48 3.6 .0152 .5955 .0257 .53 .382 
48-28 19.2 .0810 .6765 .1196 .569 .300 .084 
28-14 17.2 .0725 .7490 .0970 .582 .719 .441 
14-8 40.2 .1700 .9190 .850 .597 .848 .877 
8-4 19.2 .0810 ..0000 .0810 .07 3.40 1.764 

Sample No. 24 

sp. gr. 2.72, s/c 2.80, w/c 0.60 
Absolute volume sand per unit volume mortar 0.413 

0-100 1.4 .0058 .5927 .0098 .532 .235 
100-48 5.6 .0149 .6076 .0245 .532 .391 .084 
48-28 18.0 .0742 .6820 .1088 .573 .326 .084 
28-14 37.0 .1527 .8ó47 .1830 .594 .420 .441 
14-8 25.3 .1045 .9392 .112 .611 1.34 .877 
8-4 14.7 .0608 1.0000 .0608 .601 4.06 1.764 

Sample No. 25 

sp. gr. : 2.73, s/c : 3.14, vi/o : 0.60 
Absolute volume sand per unit volume mortar : 0.444 

0-100 4.2 .0186 .5759 .0323 .557 .132 
100-48 6.8 .0301 .6060 .0496 .513 .257 .084 
48-28 12.6 .0556 .6618 .0843 .53 .75 .220 
28-14 14.6 .064'? .7265 .0890 .556 .75 .441 
14-8 35.0 .1550 .8815 .1757 .557 .830 .87'? 

8-4 26.3 .1185 1.0000 .1185 .586 2.48 1.764 



Series 7 (Continued) 

Aggre- Grad- 
gate ing 
Size 

Sample No. 26 

sp. gr. z 2.54, 
Absolute vc1ume 

14]. 

Space 
Avail- 
ab le 

Abs. to da d0 t 
Vol. Group 

s/c = 2.18, w/c 0.60 
sand per unit volume mortar = 0.346 

0-100 0.9 .0031 .6570 .0047 .570 .332 
100-48 3.2 .0111 .6681 .0166 .572 .495 .084 48-28 16.6 .0574 .7255 .0790 .572 .411 .220 28-14 .1170 .8425 .1389 .564 .516 .441 14-8 33.8 .1170 ..9595 .1220 .556 1.15 .87'7 8-4 11.7 .0405 1.0000 .0405 .550 4.91 1.764 

Sample No. 27 

sp. gr. 2.34, s/c z 2.28, w/c = 0.60 
Absolute volume sand per unit volume mortar = 0.394 

0_loo 1.1 .0043 .6109 .0070 .605 .286 
100-48 3.4 .0134 .6243 .0215 .592 .444 .084 
48-28 14.1 .0555 .6798 .0817 .594 .415 .220 
28-14 o3.0 .1300 .8O8 .1608 .600 .481 .441 
14-8 33.0 .1300 .998 .1384 .614 1.15 .877 
8-4 15.3 .0602 1.0000 .0602 .664 4.O 1.'764 

Sample o. 28 

sp. gr. 2.53, s/c = 2.26 w/c = 0.60 
Absolute volume sand per unit volume mortar : 0.392 

0-loo 2.5 .0098 .6174 .0159 .53'? .186 
100-48 14.6 .0571 .6745 .0840 .550 .189 
48-28 29.1 .1144 .7889 .1452 .570 .256 .220 
28-14 14.9 .0583 .8472 .0688 .594 .920 .441 
14-8 18.8 .0738 .9210 .0800 .620 1.73 .877 
8-4 20.1 .0790 1.0000 .0790 .65 3.56 1.764 



1 / 

Series 7 (Continued) 

Space 
Avail- 

Aggre- Grad- able 
gate ing Abs. to da d0 t 
Size Vol. Group 

Sample ìo. 29 

sp. gr. = 2.67, s/c 2.10, w/c : 0.60 
Absolute volume sand per unit volume mortar = 0.372 

0-100 1.1 .0041 .6321 .0065 .538 .281 
100-48 '7.4 .0275 .6596 .0417 .575 .308 e--- 
48-28 22.1 .O84 .7420 .1110 .565 .18 .220 
28-14 17.2 .0640 .8060 .0794 .565 .805 .441 
14-8 43.2 .1605 .9665 .1660 .590 .918 .877 
8-4 9.0 .0335 1.0000 .0335 .593 5.66 1.764 
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