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FOREWORD

Designing concrete mixes is a subject which has been
considered by everyone from the wheelbarrow-pushing laborer
to the systematic engineer. Arising from this variety of
studies 1s a host of different concepts of what constitutes
"good concrete." In an effort to collect, evaluate, and
extract from this assortment of opinions, a usable,
fundamentally correct method fof the design of concrete
mixes this study was undertaken, and herewith are presented
the results.

This paper presumes the assumption that the accepted
end in concrete design is the obtaining of strong, water-

tight, homogeneous concrete at a minimum of expense.



SECTION 1

Maximum strength is developed by that concrete which is
most dense. Countless tests have shown this to be a fact.
Senford E. Thompson, writing in 1906 (Ref. 2, p. 184),
outlines seven methods of designing such concrete (i.e.,
concrete with a minimum of voids):
() Arbitrary selection, examples of which are,
(a) Use half as muchlsand as stone, as 1:2:4
or L:35:6.
(b) TUse volume of stone equivalent to the cement
plus twice the volume of sand, as 1l:2:5
oy 1:5:%.
(2) Determination of voids in the stone and in the
sand, and proportioning of materials so that the
volume of sand is equivalent to the volume of voids
in the stone and the volume of the cement is slightly
in excess of the voids in the sand.
(3) Determination of the voids in the stone, and,
after selecting the proportions of cement to sand by
test or judgment, proportioning the mortar to the stone
so that the volume of mortar will be slightly in excess
of the voids in the stone.
(4) IMixing the sand and stone and providing such a

proportion of cement that the paste will slightly more



than £ill the voids in the mixed aggregate.,

(5) Making trial mixtures of dry materials in different
proportions to determine the mixture giving the smallest
percentage of voids, and then adding an arbitrary per-
centage of cement, or else one based on the voids in

the mixed aggregate.

(6) Mixing the aggregate and cement according to a given
mechanical analysis curve.

(7) Making volumetric tests or trial mixtures of con-
crete with a given percentage of cement and different
aggregates, and selecting the mixture producing the
smallest volume of concrete; then varying the proportions

thus found, by inspection of the concrete in the field.

Concerning these methods Thompson writes, "The most
practical method....is by mechanical analysis of the ag-
gregates,...." (method 6.

He continues, "Volumetric synthesis (method 7), or
proportioning by trial mixtures, is another method which is
sometimes useful, and produces fairly scientific results.”

To modernize this list there must be added two methods
which were developed in an effort to simplify scientific
design. These are:

(8') The surface-area method.

(9') The fineness modulus method.



These eight methods may be further summarized as being

(1) Arbitrary proportioning (includes 11)

(2) Proportioning by voids (includes 2', 3', 4', 5', &', 7')
(3) Proportioning by surface-area (8')

(4) Proportioning by fineness modulus (9').

Of these four general methods it may be said as follows:
Arbitrary proportioning is an art acquired only by
experience. Rules of thumb are often entirely adequate, but
satisfactory only when accompanied by trained supervision. It

seems well to point out here, however, that much excellent
concrete has been placed which has been "designed" only by
this method, and for many jobs, especially small ones, this
method may prove the most generally advantegeous. It should
be noted, however, that complete proportioning designed on
the basis of voids may be successfully applied in the field
with the aid of only crude methods. ©Such operations are well

described in the Portland Cement Company's booklet, Design and

Control of Concrete lMixes.

In an article (Ref. 4) Nr. F. S. Besson discusses the
remaining three methods, voids, surface-area, and fineness-
modulus, so concisely that it seems well to quote him directly.
He states:

", ...There have been several methods of aggregate

classification, including the surface-are& and Cineness-modulus



methods, advocated as substitutes for the strazight mechanical
analysis (which pictures the granulometric composition of
an aggregate) in attempts to obtain a method adapted directly
to the solution of engineering problems. But both the fineness-
modulus method and the surface-area method are unsuitable
modifications of the straight mechanical analysis. Fineness-
modulus arbitrarily gives undue weight to the larger particles
making up the aggregate, while, on the other hand, the surface-
area method gives exaggerated weight to the finer particles.
The fineness-modulus method ignores the finest of all, These
methods do not give true pictures of the material analyzed.
"Surfece aresa was brought....to the fore by L. N. Edwards
in 1918.... The method does not weight the particles in any
logical manner, so that it may be stated that the value of
an aggregate for concrete varies as an inverse function of
the surface area, while (as used in cement specifications)
the value of & cement varies as a direct function.
"Tineness-modulus dates back to Duff A. Abrams®' 1919
report.... This report states that two aggregates having
the same fineness-modulus will require the same quantity of
water to produce a mix of the same plasticity, and will give
concrete of the same strength, so long as the aggregates are
not too coarse for the quantity of cement.
"Fineness-modulus is an attempt to measure the extent

to which gradation and the coarser particles in an aggregate



affect the concrete strength. A satisfactory way to (do

this is as follows):"

For each cement to aggregate ratio make a series of

samples
(1) keeping the consistency constant
(Note: use Burmister flow trough - most consistent
method - detailed in M.W.D. Manual for Concrete
Inspectors, p. 36 - see Ref. 6)

(2) and varying proportions of each aggregate as indicated

on figure 3.

Plot strength tests of these samples against mix propor-
tions, and obtain curves, as in figure 3, which indicate the

desired relationships.

Mr. Besson makes an analysis of these curves which holds

in the general case (Ref. 4).

"These curves may be analyzed as follows:

(a) The highest curve (maximum strength) represents

combinations of coarse gravel and coarse sand.

(b) The lowest curve (minimum strength) represents

combinations of fine gravel and fine sand.

(¢) The gravel has more influence upon strength

than the sand ..

o @



(d) Substituting coarse sand for fine moves the
peak of the strength curve toward larger proportions

of sand.

(e) Mixes represented by the peaks of the curves
are the best proportions for each of the four

combined aggregates.

"An analysis such as (this) shows the exact influence of
gradation and the importance of the coarser particles. These
results cannot be obtained by the surface-area and fineness-
modulus methods, which weigh the particles in accordance with
arbitrary assumptions.™

The Jjustifiable conclusion seems to be that the voids
method of design is preferable above all others. In view of

this fact, the succeeding section outlines a design procedure

on this basis.



SECTION 2

Procedure for the design of a concrete mix on the basis
of minimum voids, with the aid of mechanical analysis of the
aggregate may be outlined as follows. It is necessary to
determine:

(1) Amount of cement per cubic yard of finished concrete.

(2) Water-cement ratio.

(3) Aggregate sizes and grading desired.

(4) Specifiec gravities (solid volume) of the several

aggregates.

(5) Absorption of the several aggregates.

(6) Per cent of moisture in each of the several aggregates.

From these above data the following may be obtained, which
three statements are the design quantities of the mix:

(1) Weight of cement per cubic yard.

(2) Weight of each aggregate per cubic yard.

(3) Amount of mixing water per cubic yard.

This method contemplates a finished product consisting of
one cubic yard, twenty-seven cubic feet, of finished concrete.
This yard of concrete has the three constituents named in the
lest paragraph, viz.: cement, water, and aggregate. The
relative quantities of each ere determined by subtracting from

twenty-seven cubic feet, first, the volume of cement used, and,



second, the volume of water used. The remainder is the volume
of aggregate used.

But it is to be noted that this volume of aggregate is
not the bulk volume, for in the mixed concrete the aggregate
is completely surrounded (ideally) by

(1) The larger aggregate by the smaller

(2) The smaller aggregate by the cement

(3) The cement by the (unabsorbed) water.

Rather, this vo;ume is the sum of the volumes of each
individual particle. This quantity is known as the "solid
volume."

Considering, one at a time, the quantities to be

determined, there are:

(1) Cement
Informatioﬂfgg the amount of cement to use under any
particular circumstances. Current literature seems to
assume one of three things:
(a) That the job foreman will strike a heppy balance
between the amount of cement used and the workability
(an all-important item! For, of what virtue is dense
concrete when filled with rock pockets and honey-
combing?)
(b) That this proportion will have been determined

experimentally beforehand, aggregate characteristics

and water-cement ratio having been held constant, and
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the cement varied in trial batches.
(¢) That the amount of cement to be used per yard
will have been specified by someone higher in
authority than the mix designer.
Published papers seem either to deal with specific
special cases, or to be so complete and varied as to
permit of no generalization. Reference 2 has a very

complete set of teables dealing with this matter,

The amount of cement varies
(a) with the particular aggregate (due to shape
and meximum size)
(b) with strength desired.

Simply as an illustration the following table is included

(Ref. 6):

28 Day Approx. Max.
Strength bbl./cu.yd. W/C
4000#/sq.1in. 1.75 0.80

1.50
i # 1. . 0.90
3000#/8q.in 1 Boe
' 1,375 1.00
2500#/sq.in. S on 0. 95
2000#/sq.1in. ' 1.125 1.05
1500%/sq.in. 1.00 1.10

The extent to which job conditions may vary from these

figures may be seen by noting that the 4000-pound concrete
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wes placed with 1.60 bbl./cu.yd. with about the same
W/C, and that the 1500 was run at the specified cement

content, but with W/C equal to about 1.40.

(2) Weter-cement ratio

Although sub ject to the specific conditions found
on the Jjob, this may be estimated from several curves
available, one of which is reproduced here (figure 4)
from Reference 3.

On the job the apparent ratio will be found to vary
with the temperature and humidity of the atmosphere,

among other things.

(3) Aggregate sizes
Aggregate size (maximum) may be determined by the
material available. In any case, it must be small enough
to pass between any reinforcing steel in the structure
so as to allow reasonable workability of the concrete
in placing.
The aggregate should be of good quality, strong
and non-friable (see A.S5.T.ll. specifications for details).
The desirable proportioning of the various sizes of
aggregate may be definitely determined, within small
tolerances, from curves which have been established by
experiment. Several of these "ideal" curves are given

in figure 5.
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The eaggregate should be screened into as many
different sizes as is necessary to obtain the desired
ideal curve.

The proportions necessary to duplicate this grad-
ing curve may be found readily by choosing arbitrary
vercentages (known as "bin percentage") of each ag-
gregate size, calculating the resulting curve, estimating
a correction to the trial bin percentages, and repeating
until the desired results are obtained.

It may be convenient to determine from the ideal
curve the ideal per cents of each aggregate size which
will be present in the final aggregate mixture (or
"ideal mix"). This allows the explicit calculation of
bin percentages, directly, by solving a set of simul-
taneous equations, or by successive approximations (which
last is very rapidly done by experienced men).

For sake of completeness: the grading analysis,
showing the percentage of each sieve size contained in
each bin of aggregate, is obteined by shaking a sample
of the material from each bin through a set of screens
having known openings which vary uniformly in clearance.

The aggregate size and proportioning, then, has

now been determined. It is now necessary to obtain the
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(3) Specific gravities

The quantity referred to here is the "solid
volume" specific gravity, which may be defined as the
ratio of the weight of any single, solid particle of
the aggregate to the weight of an equal quantity of
water. This may be obtained by

(a) Filling container of known volume, Vi, with

dry aggregate of known weight, W.

(b) A known weight, Wz, and, hence, volume, of

water is then added, taking time to let water

Subtract from
Ate—%o

displace all air. Wz the absorption (see

)
(4), following) and call Ws.
(¢) Calculation then gives d, the solid volume
specific gravity:

Vl is first converted to the weight, Wl, of
an equal volume of water.

Then:

This quantity must be obtained for each aggregate,
but once accurately obtained, it may be considered
constant for that aggregate and need only be checked

occasionally.

(4) Absorption

This is determined by evaporating damp aggregate to



surface dryness, weighing, ( Wl), then evaporating

to constant weight ( W).
W - W
100 * —=r—— = Absorption %, G.
(5) Moisture in aggregates
This is determined for each aggregate, at whatever
intervals necessary by weighing moist sample, ( Wy) then

evaporating to dryness, ( W). Then:

Wy - W
100 - =g~ = total moisture, F.

The necessary unknowns are now determined, and the
mix may be calculated on the principles outlined previously.
This example will illustrate, and indicate a con-
venient form for computations. The figures are those for

a day's run on the M.W.D. Distribution System.

Given: Cement/cu.yd. = 1.69 bbl.
Water-cement ratio = 0.78
Solid volume density of cement = 196#/cu.ft.
Loose volume density of cement = 94#/cu.rt.
1 bbl. = 4 cu.ft. = B376# of cement

From which is obtained:

Volume of cement: 1.69 * %%% = B.24 cu.ftt,
376
Volume of water: (1.69 --Q-Z)(o.vs) - 5.28 cu.f%.

Sum, volume water plus volume cement: 8.52 cu.ft.
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Since remainder of yard must be aggregate:
27.00 - 8,52 = 18.48

or solid volume of aggregate = 18.48 cu.rt.

By sieving each of the three aggregates in use we get
the "sereen analysis" shown in table at left on sheet C.

Experience suggests "ideal mix" percentages of 34.5% sand,
15.0% pea gravel, and 50.5% rock.

Successive estimates, trials, and corrections indicate
that the ideal "bin" percentages are 44.1% from the sand bin,
6.6% from the pea gravel bin, and 49.3% from the rock bin.

It may be noted that these percentages are determined by
weight. But these same figures may be taken as per cents

of solid volume because the small differences in density may
be neglected here.

Knowing already the total solid volume of aggregate, and
knowing now the individual per cents of solid volume for each
aggregate, the remaining calculations are readily carried out
as indicated on sheet D.

Additional data, obtained by methods outlined:

Sand Pea Rock
Specific gravities: 2.62 2.68 2.68
Today's moistures (total): 6.4% 1.5% 2.2%
Absorptions: 0.6% 0.2% 0.2%

Note: In seeking to obtain any particular strength with

concrete it must be observed, and mey well be noted here, that
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curing has a very great effect upon this item. lloist
curing for a minimum of seven days is essential, and twenty-

eight days is desirable.



COMPUTATION OF SCREEN ANALYSIS OF MIXED AGGREGATE

Sereen analysis % each size

"Bin" % each size in mix

Retained Total % Total %  Age.
on sieve =1/8 =-1/2 -1 -1/8 -1/2 -1  each re- Grading
size 44,1 6.6 49,3 size tained required
0 l.4 0.6 0.6 100
200 2e¢6 Lwd 0.1 1.2 99.4
100 119 3.0 1.0 5.2 0.1l S5¢3 98.8
34.5
48 21l.2 9.4 0.1 9.5 92.9
a8 2249 9.9 D.1 10.0 83.4
14 17.4 7.7 0.1 0.1 7.9 73 .4
8 18.6 3.0 0.4 8.2 0.2 0.2 8.6 65.5
18.0
4 4,6 60.7 0.8 2.0 4.0 0.4 6.4 56.9
3/8 8.5 46.9 2.5 28.8 2£5.4 50,5
50.95
3/4 46.5 859 B2.9 25.1
& 4.4 2.2 242 2e2
Totals 100.0 100,0 100.,0 44.1 6.6 49.3 100.0
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COMPUTATION OF CONCRETE BATCH QUANTITIES

Aggregate

"Bin" % each size by solid volume

Solid volume per concrete bateh,
cu.fte

Specifiec gravity, solid volume

Wt.of dry ageg./batech  62.4°C+D 1bs.

Total moisture, %

Absorption, %

Surface moisture, % F - G

Surface moisture wt.in batch
%é% lbs.

Total moisture wt. in batch
E-F ypg,

3

Gross wt. of agg. for batech E K

- 1/8" =1/2"
44.1 6.6
8.14 1l.22
2.62 2,68
1332 204
6.4 1.5
0.6 0.2
5.8 1.3
77 3
85 3
1417 207

- l"

49,3

9.12
2,68
1526
2e2
0.2
2.0

31

54

1560

Mixed
Aggregate

10C.0

18.48

3062

ekl

122

3184

Now deduct surface moisture on aggregate from mixing water to get

water to be added:

is now designed.

5.28 - =il = 3.50 ou.ft.

62.4

Mixing time (specified) not less than 1 1/2 minutes.

one yard batch):

Cement Sand Pea Rock

635# 1417# 207# - 1560#

Water

3¢50 ocu.fte.

The mix

Information sheet for mixer operator reads (for
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SECTION 3

Last year it was the author's good fortune to be in the
employ of the lletropolitan Water District of Southern California
as a concrete inspector. In this capacity time was spent both
in the Rochester precast conerete pipe plant and in the field
on some line structures. Through the kindness and cooperation
of Ir. R. B. Diemer, Engineer of the Distribution System, of
Iir. Hugh Jones, Assistant Engineer, Metropolitan Water District,
and of Mr. W. H. Spear, Assistant Engineer, lietropolitan Water
District, the author has been permitted to meke use of results
obtained by the District on its pipe lines, as well as of
results of a study, conducted hy Mr. Spear, which will be
treated in Section 4 of this paper.

At present it is the purpose to compare with "standard,"
or "ideal" curves, two curves of aggregate analyses used by
the Distriet in the manufacture of its pipe. These two curves
are average curves, the data being compiled from mixes used
for pipe from Januery 26, 1937 through April 20, 1937, for
one curve, and from April 21, 1937 to July 24, 1937, for the
other curve. (For data, see sheets A and B.)

Throughout the former period considerable difficulty was
had with the mix. Despite all efforts made to improve it by
mixture changing, it remained harsh,

The second period marks a series of smooth mixes brought

about by the use of blending sand to increase the fines. From
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MIX DESIGHN DATA - SCHEDULE 3P - ROCHESTER PLANT — M.W.D.

pate of % each size retained on Tyler Standard Sieves
Design Ideal
1937 Hix Pan #200 #100 #48 #28 #l4  #8  #4 3/8v 3/4m v
P
1-26 35-11-54 0.6 1.0 3.7 9.3 11.4 9.0 7.6 3.4 22.5 27.4 4.1
2-17 35-11-54 0.6 1.0 3.5 9.4 11.5 9.0 7.1 3.9 22.3 27.2 4.5
2-26 35-11-54 0.6 1.1 3.6 9.3 11.5 8.9 7.1 3.9 217 28.1 4.2
3= R 35-12-53 0.6 1.1 3.6 9.3 11.6 8.8 7.3 4.7 22.7 27.0 3.3
3- 3 35-11-54 0.6 1.1 3.6 9.3 1l.6 8.8 7.3 3.7 22.9 27.8 3.3
3-5 35-15-50 0.5 0.9 3.6 9.4 11.8 8.8 7.6 7.4 207 25.4 3.9
3-8 35-15-50 0.5 0.9 3.6 9.7 11.8 8.5 7uh 7.6 22,1 247 3.2
3-9 35-14-51 0.6 0.9 3.4 9. 11.7 9.0 7.3 6.7 246 23.6 2.8
3-11 36-12-52 0.5 0.9 3.7 9.8 12.0 9.1 7.5 4.5 25.5 23.9 2.6
3-15  35-15.5-49.5 0.5 0.7 3.7 9.2 11.7 9.1 8.4 7.1 17.0 27.5 5.1
3-17  35-15.5-49.5 0.4 1.0 4.0 9.4 11.9 8.3 7.2 8.3 2L.8 25.2 2.5
3-20  35-15.5-49.5 0.6 0.9 4.0 9.6 11.5 8.4 8.0 7.5 21.8 23.9 3.8
3-25  35-15,5-49.5 0.6 1.0 3.9 9.7 11.3 8.5 8.1 7.4 24.8 22.5 2.2
b= 1 35-15.5-49.5 0.4 1.1 3.8 9.6 11.7 8.4 8.2 7.3 25.1 21.9 2.5
4- 9 35-15.5-49.5 0.5 1.1 3.9 9.7 11.3 8.5 7.8 7.7 25.2 21.7 2.6
® f-16  35-15.5-49.5 0.5 1.1 3.9 9.8 1l.4 8.3 7.7 7.8 25.8 21.2 2.5
419 35-15.5-49.5 0.5 L.l 46 11.0 9.9 7.9 7.9 7.6 23.1 22.9 3.5
4~20 35-14-51 0.3 0.3 4.4 11.0 10.5 8.0 9.3 4.9 23.2 24.1 3.7
Totals 94 17,7 68.5 173.9 206.1 155.3 138.6 111.4 417.8 446.0 60.3
Average 058 10 3.8 9.7 1l 84 7.9 &2 231 247 3.3
giiiinfdg 100.0 99.5 98.5 94.7 85.0 73.6 65.0 57.3 5l.1 28.0 3.3

* Changed from 1.69 to 1.60 bbl./yd. of cement

(strength higher than needed).



Date of 7 each size retained on Tyler Standard Sieves

Design Ideal
1937 Mix Pan #200 #100 #48 #28 #l4  #8  #4 3/8" 3/4m 1w

s

e 4-21 35-14~51 06 1.7 6.5 115 8.2 6.5 7.2 6.8 23.7 23.7 3.6
427 35-14~51 0.5 1.5 5.8 10.8 9.3 7.1 8.1 5.9 24.2 23.4 3.4
| 35~14~51 0.8 L7 5.1 100 10,3 7.1 69 7.0 25.9 28.3 2.9
5~ 4 35-14~51 0.8 2. el 9.9 946 66 6.3 7.7 25.9 22.1 3.0
5-10 35-14~51 0.9 2.2 6.1 96 95 J B3 Y 26,3 1.8 g9
5-12 35-14-51 10 37 6.9 93 79 6.2 5.5 8.5 26.5 206 2.9
5-13 35-13-52 0.9 2.7 7.4 9.5 8.4 6.1 7.1 5.9 23.8 242 4O
5-18 35-13-52 0.8 2.7 6.6 . 9.3 8.9 6.7 6.1 6.9 24.7 245 2.8
5-2 35-12-53 0.9 2.7 65 9.2 %2 6.5 BT 6.3 2 222 3.6
5-28 35-12-53 0.2 2.3 5.9 9.5 9.0 7.5 6.7 5.3 29.8 20.4 2.8
6-10 35-13-52 Tl 27 6.3 92 Buh T3 5.9 1 277 2.6 1.7
€-14 35-12-53 1.2 2.5 6.3 8.7 8.5 7.8 6.2 5.8 26,9 22.5 3.6
6-24 35-12-53 1.0 2.5 5.2 9.1 9.2 7. 6. 5.6 25.5 23.9 3.6

Totals 11.3 30.9 81.3 125.6 116.4 89.5 84.4 86.5 338.1 295.2 40.8

Average 0.9 2.4 6.2 9.7 9.0 6.9 6.5 6.6 26,0 22.7 3.1

Total 3 ) 100.0 99.1 96.7 90.5 80.8 7TL.8 64.9 5844 51.8 25.8 3.1

Retained)

¥ Started using blending sand to raise fines.

Workability improved grestly.
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15% to 20% of the sand was this blend, of which a typical

analysis is:

Retained on %
0 7.0

200 835.1
100 46.3

48 19.8

28 4.4
100.0

While on this point of fines in the sand, it is of
interest to note the curves of figures 6 and 7, contributed
by Mr. Bert J. Soderblom,

These curves are among the observations made by
Mr. Soderblom during his residence at the Fan Hill Plant,
Thousand Palms Tunnel No. 1, M.W.D.

One curve shows a very critical point for strength with
respect to the per cent of aggregate passing the 100 mesh
sereen. The other curve shows how the strength continues to
drop, as the very fine particles, silt, increase in percentage.

Returning to the distribution pipe, it is worthy of
note that, with the control established, and with reascnably
uniform rock plant output, it was possible to hold the strengths
developed at a very steady figure. In addition, the mixing
water remained a practically constant quantity over a day's run.
Where aggregate‘moistures and grading were erratic, these two

items were very jumpy.
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Before leaving the pipe plants, a notation of the
control methods and equipment used seems in order.

A description of the concrete equipment at the Rochester
pipe plant, owned and operated by the American Concrete and
Steel Pipe Company, under contract to M.W.D., is a typical
installation.

Aggregate 1s delivered to the plant by trucks, dumped
in a pit, and carried to elevated storage bins by a bucket
chain.

Cement is unloaded from;éfggége cars by one man
operating & small motor-driven scraper. It is stored in
a large silo, and elevated to the mixer supply tank as needed.

Materials are batched consecutively into a single weigh-
ing hopper, a Fairbanks-lorse scale. Each aggregate can be
weighed automatically within five to ten pounds, plus or
minus, depending upon circumstances, by the automatic photo-
cell equipment. The aggregates can also be delivered by
operating manually controlled air valves. Feed from the
aggregate bunkers is through open gates onto short conveyor
belts. The belts are motor driven, and each is equipped with
a jog for close final weighing. Cement feed is accomplished
by use of a screw. Water is measured into & one-batch storage
tank by an automatic shut-off meter reading to one-hundredths

of a cubic foot. A release valve is provided for excess weter.
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Mixer capacity is about 3 1/2 yards.
WWell water is used in mixing.
The same plant is used for mixing dry batch for

hauling to ditech.
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SECTION 4

In preparing this paper, two methods of mix design
have been encountered which deal with calculations based
on the aggregate particles themselves.,

One of these is a method of proportioning described
by Mr. Archie A. Smith in Conerete for lMay, 1936. Its
purpose is the calculation of a mix, having given the
screen analysis, and water-cement ratio. The procedure is
given in detail. After becoming accustomed to the method,
one would probably find it as rapid as any other. It should
be noted, however, that, because of assumptions of symmetrical
size distribution in the method, some aggregates can throw
the results into appreciable error.

The other method of using the aggregate particles, is
the method, already referred to, developed by lir. Spear for
the calculation of particle interference. This affords a
mathematical device, based upon screen analysis, for showing
up immediately any flaws in the design. It is based uopon
the space between particles of any given size aveilable to
receive the particles smaller.

Mr. Spear's work is reproduced, on the following pages,
verbatim, save for one or two explanatory lines.

The curve of this aggregate is plotted on figure 5, and
the mis-matchings indicated by the table on the 200 mesh, the
16, the 3/8, and the 3/4 are apparent. The excess in the 3/8

size will be particularly epperent, for this central part
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of the ideal curve seems most sensitive to variations.
lovements which will meake a mix impossible here, are only

permissible variations at either end.



2.

CONCRETE DESIGN
CALCULATION OF PARTICLE INTERFERENCE

By W. H. Spear

Given: a particular screen analysis of combined
aggregates.,

Consider the solid volume of the ‘total mixed concrete
as 100%, and compute the percentages of each size of aggregate
according to screen analysis on the design sheet.

When mixing has taken place the average clear distance
apart of two adjacent particles of any size "n" may be called
"t", and should be large enough so that the space will ac-
comodate the next smaller size.

The solid volume "S" of the size "n", divided by its
natural volume "V", in a dry rodded state may be called "d,",
i.e., "d " would be 60% of a material having 40% voids.

The solid volume "S" of the size "n", divided by its
expanded volume "E", when the particles have been pushed apart
by smaller particles, cement and water (forgetting these as
though not present to affect density) will be called "d ", or
RELATIVE DENSITY.

The average diameter of that size "n" will be called "Dn",
and is the average distance between centers of particles before
mixing.

The average distance between centers of particles in the

same group size after mixing will be called "Dy", and "Dp"

equals "Dp" + rE".
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The following derivetion determines the formula to be
used in calculating particle interference in any mix design:

The natursl volume "V" of the size "n" will be:
_ 3
V=Nxgzx Dn

Where N  number particles in the unit of volume

Where g function of the shape of the particles.

The expanded volume "E"™ of the size "n" when this size

is added to a smaller size "m", plus cement and water will be:

_ 3
E=Nxgx Qm

Where N and g are identical with above, in both cases

the same solid volume being considered.

It will be noted that these factors cancel in the following

analysis:

— =

do xV =8 or do al;

a, xE=85 or d,6 =2

a a B
3 3
EE _.S/V ‘_E _ N x gxDy _ D
d; S/E V ©Nzxgx ﬁgv 53

3 3
Dy, do D, + © do

or P - a or
Dy dq Dy 3,
o)
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Solving this for +:

Where:

do = determined experimentally and is according to natural
voids.

dg = computed from design quantities (item 7 on sample

calculation sheet).

Data assumed in following sample calculation:
1. Assume water~cement ratio = 0.78.
2. Assume 6 3/4 sacks of cement per yard, or
6.75 ¢.f. (loose volume) for concrete yielding
4,400 to 5,000 lbs. per square inch strength.
Therefore Water = 6.75 x 0.78 = 5.28 ¢.f. per cubic yard.
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NOTES ON FIGURE 5

All analyses given in this paper, with the exception of the fol-

lowing table, E, are based on the total asggregate as one hundred per cent.

However, to present the curves on the same basis as Fuller's, the screen

analysis must be computed on the basis of zggregate plus cement (weights)

equal 100 per cent. The resulbts of this conversion are given in table E

fors
(1)
(2)

(3)

MWDo ideal curve

M.W.D. average-field-conditions curves -
curve A being for satisfactory mix

curve B being for unsatisfactory mix.

Curve of sggregate used in psrticle interference calculation.

Also tebulated there sre the coordinastes, under the same conditions, for:

(4)

Fuller's curve of maximum dengity - practicsl mix,

To moke the conversion, it 1s observed that

(1)

€)

Analysis curves are plotted on coordinates of sieve size, and
proportion of the total by weight.
From table D:
Weight of total aggregate per cu.yd. = 3062
Weight of cement per cu.yd. = 635#
73687
Hence the aggregate is 3062 o 83.2% of the total solids, by
3687
weilght.
Multiplying the sggregate previously recorded by 83.2% will give
the percentage of total solids, the desired basis for plotting

for direct comparison with Fuller.



NOTES ON FIGURE 5 (continued)

(4) The cement is 3222 , or 17.24 of the total solids.

(@

It will be assumed that all of the cement passes the

200 mesh sieve,



TABLE E

Retained on Tyler Sieves:

Curve Pan 200 100 48 28 1, 8 L 3/8 3/4 v

A 82.8 82.4 82.0 78.9 7T0.6 61.3 54.1 47.6 L2.5 23.3 2.7
B 82.8 82.5 80.5 75.3 67.2 59.7 54.0 48.5 43.1 21.4 2.5
C 82.8 82.2 8l.1 76.5 68.6 60.8 54.1 49.5 45.0 26.2 2.1
(1.W.D.ideal)
D 82.8 82.6 81.8 77.2 69.8 61.0 54.5 AL7.L Ll.6 20.5 1.8
(particle in-
terference)
E 93.0 89.0 85.0 81.8 76.8 72.2 66.1 60.0 47.4 25.0 8.9

(Fuller)
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