INSPECTION OF MIXER EFFICIENCIES
AT CENTRAL CONCRETE MIXING PLANTS
BY MEANS OF GAMMA RAYS

Bryant W. Pocock
W. H. Schwartje
C. A, Zapata
R. E. Hanmna

Research Laboratory Division
Office of Testing and Research
Research Project R-61 H-7
Report No. R-378

Michigan State Highway Department
John C, Mackie, Commiggioner
Lansing, February 1963



ACKNOWLEDGMENT

The work described in this report was done as part of a continuing
research program carried on by the Research Laboratory Division of the
Michigan State Highway Department, The Laboratory is a division of the
Department's Office of Testing and Research, headed by W. W. McLaughlin,
Testing and Research Engineer.

The authors acknowledge their indebtedness fo M. G. Brown, D. T.
DeLloach, and W. D. Bennett of the Concrete Unit, Materials Section, for
designing the Iaboratery mixes and carrying out many of the tests.



CONTENTS

Page
INTRODUCTION ..t uivecvnossoesoassssssonosocasssssnsosnsssscas 1
Theoretical BasiS. . voesseosrsssssasessonssrssacassassnsenss 2
Collimation and Equipment. .....cvvvvvierenen N 3
THE 8-CUBIC YARD MIXER .cvvvosvoonosatssasasescsansssnsssans 5
Experimental Results .. ....cvitenivnniireersnseornosnssonas 7
Interpretation of Data from the 8-cu yd Mixer........ccvvuuens 8
THE 3.4-CUBIC YARD MIXER..... Crseeossessrtrseentaseananns 13
Day-to-Day Varialions .......c.cviriivienronrsnssnassnannnss 18
THE 1, 3-CUBIC FOOT MIXER (LaboTatory) .. voerurunnrereonnonns 21
Visual Appearance (photographic tests)..... freerarresarsianna 21
Sodium Chloride Dispersal....ivieoeriosonossarsarnsscesasss 21
Conventional TestS ..usententsosorsonsonsosesssssosossnanens 24
Additional Tests..ceeereeronreroroosssssssossrsassssossnses 24
COMPARISON OF THE THREE MIXERS. ... 0ivonssssetosssanons 27
The 1.3~cu ft Mixer.....cveevuur. [N e teerenae 27
The 3.4-cuyd MiXer .. ..o evvnvnsnvsanns Feerearrannenannanea 27
The B-Cll ¥d MiXeT vy nsranscerscsacsnnscarasorasasssersassas 27
CONCLUSBIONS t vt tvirrrrareasonsaoarsasosscanrsesnsssssnssaceas 32
FUTURE RESEARCH. . .. ...ttt ittt ittetcnncancannnsanenas ceas BT
REFERENCES........ e et eeaeer e eat e rearaeaaras e 39

APPENDIX L .vutinernennsrearannssusassassossassassaraannnns c.. 4l



INSPECTION OF MIXER EFFICIENCIES
AT CENTRAL CONCRETE MIXING PLANTS
BY MEANS OF GAMMA RAYS

Syhopsis

Anuclear method has been employed ina study of the efficiency
of concrete mixers of 1 cu ft, 3 cu yd, and 8 cu yd capacity., The
method consists of passing a collimated beam of gamma rays
through the mixer and interpreting the extent of absorption as a
function of the mixing process. The method is nondestructive,

A period of mechanical clumping has been discovered and its
significance is discussed. I isconcluded that the method is practi-
cal and that a reappraisal of present requirements for mixing mme
for central plant mix concrete is justifiable.

In March 1961, the Michigan State Highway Department established
Research Project 61 H~7 to develop a method of determining concrete
mixer efficiencies using nuclear technigues. The study was undertaken
as a joint project of the Research Laboratory Division and the Depart-
ment of Chemical Engineering of Michigan State University. C. A. Zapata,
a full-time employee of the Division, was assigned to work on the project
under supervision of both agencies in connection with his graduate program
leading to the degree of Master of Science in chemical enginecering. He
was asked to concentrate primarily on the laboratory phases of the inves-
tigation.

Coincident with initiation of this research, the Highway Department
also undertook a project to study the mixing times of large stationary
concrete mixers, in cooperation with the U. 8. Bureau of Public Roads.
This study was conducted under the supervision of the Testing Laboratory
Division, on the 8-cu yd capacity stationary mixer at the plant of the
C. F. Replogle Co. of Centerville, Ohio, during construction 0perat10ns
on M 78 (Project 76-23, C2RN) near Morrice, Michigan,

As a result of some success in the laboratory phases of the joint
MSHD-MSU project, the MSHD Oftice of Testing and Research requested
the Research Laboratory Division to apply the nuclear technique at
Morrice, Attempts to do this during the pericd of the Bureau of Public
Roads study failed to produce satisfactory results because of technical



difficulties, and it was only after additional laboratory experiments that
these difficulties were overcome. Consequently, full-scale field tests
of the nuclear method at Morrice were conducted only after the Bureau
study had been completed, between July 14 and 18, 1961.

Later, between September 19 and 28, through the cooperation of the
Eisenhour Construction Co. of East Lansing, the Division was enabled to
observe the effectiveness of the nuclear technique in monitoring a 3. 4~cu yd
stationary mixer during construction operations on 175 (Project 16091, C9)
near Indian River.

Meanwhile, during and afier the Indian River tests, additional experi-
ments were conducted in the laboratory, using a 1. 3-cu ff mixer. The
experiments included not only the gamma-ray monitoring method, but
also such conventional tests as compressive strength, air content, slump,
sodium chloride dispersion, sand and gravel distribution, and visual
appearance. Many of these laboratory tests formed a basis for Zapata's
thesis, which MSU accepted on December 13, 1961,

The field and laboratory tests enumerated for these three mixers,
as well as subsequent additional laboratory tests on the smallest one,

are analyzed and compared in this report.

Theoretical Basis

Preliminary laboratory investigation in connection with the project
showed that a collimated beam of gamma rays, if made to pass through a
concrete mixer in such a manner that it can be detected after passage by
a sensitive pickup such as ascintillation device, can furnish considerable
information concerning the mixer's efficiency.

When the detected pulses are suitably amplified and fed into a record-
ing system, a trace is obtained which provides a permanent record of the
times involved in the various stages of the mixing process, together with
an indication of the thoroughness of mixing and of relative changes in
density that may be related to air entrainment or other factors.

Although laboratory testsusingal. 3-cu ff mixer resulted in produc-
tion of satisfactory traces with as little as 5 mec of cesium 137, pilot
tests for the 8-cu yd mixer showed that this amount of radicactivity would
be insufficient. Moreover, satisfactory penetration of gamma rays
through concrete--or through any other material, for that matter--is
governed not only by the amount of gamma rays available, but also by



their energy. The energy of gamma rays from cesium 137 is 0,662 mev
(million electron volts) from if{s barium 137 daughter; that from cobalt 60
is 1,17 mev and 1. 33 mev for the pair of gamma rays which it produces;
and gamma ray energies for radium 226 are 0,007, 0.047, 0.053, 0,08,
0.188, 0.351, 0.426, 0.5, 0.584, 0.803. 1,438, 1.9, and 2.420 mev.
It is obvious, therefore, that with equal source strengths (amount of
radioactivity), gamma rays from radium 226 will penetrate farther than
those from cobalt 60, and that those from cobalt 60 will penefrate farther
than those from cesium 137, *

The Research Laboratory Division was fortunate in having sealed
sources of radium 226, in the form of radium 226-beryllium totaling
45 mc (millicuries), which were available for producing a collimated
beam of gamma rays of considerable intensity.

Collimation and Equipment

Collimation was accomplished by inserting the source capsules as
far as possible into a hole drilled axially in a 4-in. OD by 6~in, lead
cylinder to within 2 in. of the bottom, holding the capsules near the
bottom of the hole by stuffing in paper, corking the hole, and maintaining
the cork in position with friction tape. A cone of gamma rays rather than
parallel gamma rays was thus produced, the intensity being very high
along the axis in front of the cork, and falling off rapidly at increasing
angles from the axis.

Similarly, it was found degirable to collimate the solid angle of
acceptance of the scintillation detector from its normal 2 v steradians
to as narrow a cone ag possible. This was done by wrapping five thick-
nesses of 1/8-in. lead sheet around the tube, projecting approximately
4.5 in, beyond the crystal. Impulses picked up by the scintillation detec-
tor were fed into a rate meter, and from there to a recorder.

The scintillation detector used was Nuclear-Chicago Corp. 's Model
DS-5 equipped with a sodium-iodide, thallium-activated crystal. The
rate meter was a Nuclear-Chicago Model 1620B. The Brush recorder
was Model BL-202 used in conjunction with a Brush Model BL-310 am-~
plifier,

* The National Bureau of Standards (1), for example, has shown that if
a given amount of cesium 137 will penetrate 34 in. of 147-pef concrete
with an emergent intensity, X, the same amount of cobalt 60 will pene-
trate 44 in, , whereas radium will penetrate 47 in. --all three to the same
intensity, x.
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THE 8-CUBIC YARD MIXER

Installation of Equipment

Installation of the nuclear instruments at the Morrice plant presented
many difficulties, and it was only through genercus cooperation of the
contractor's personnel that the source holder and scintillation detector
were finally secured in position,

LEVEL OF CONCRETE

=
COLLIMATED : /
CONE OF BEAM

Figure 1. Schematic drawing showing location of
collimated beam of gamma radiation,

Consultation withthe contractor's superintendent and master mechanic
disclosed that there was only one location where it would be possible to
weld brackets to support the instruments without penetrating more than
about 28 in. of concrete and 3 in. of steel (the maximum useful penetra-
tion estimated for the beam), and without interfering with normal opera-
tion of the mixer. This location was such that with the mixer in a hori-
zontal position, the source holder would be on one side of the mixer and
the scintillation detector on the other, with line-of-sight between the two
being about 2 in. above the inside bottom of the mixer and about 2 ft from
the charging orifice. Due to the expanding cone of gamma rays, however,
and to Compton scattering within the mixer, conerete considerably higher
than 2 in, above the bottom would be in a position to influence the amount
of pickup. Fig. 1 shows the approximate location of the beam, the mixer
being free to tip into and out of the cone of radiation, which remained
fixed, Figs. 2 and 3 show the mixer in horizontal and vertical positions,
- respectively.
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An additional complication arose from the fact that there was no
suitable location for the rate meter, recorder, and other electronic gear,
This problem was solved by placing these instruments in the trunk of a
car and running a 100-ft cable to the sciniillation detector. Although
the detector was amply protected from water, cement particles, and other
debris by wrapping it with tar paper, the car had to be washed daily to
remove mortar flecks from the finigh.

Experimental Resulis

All the equipment was installed and in operating condition by the
afternoon of Friday, July 14, 1961, Between that time and the afternoon
of the following Tuesday, a total of 106 cycles was recorded, of which 97
were technically acceptable in all respects, the remaining nine in most
respects. It was then decided fo attempt to make use of the fast neutrons
which were also emitted by the radium-beryllium source, in order to
secure information on water distribution during the mixing cycles. Time
did not permit successful development of a method for satisfactory trans-
mission of slow neutren pulses to the recording system over the 100-ft
cable, however, so that no additional data were secured,

Analysis of the trace data indicated that eight distinct points of
inflection, or transitions in the mixing process, could be identified, A
typical gamma-~ray trace of an average mixing cycle is represented
schematically in Fig. 4, and Fig. 5 is a photographic reduction of an
original trace (cycle 7, tape 2), whose measurements may be found in
the Appendix,

Point 1. At point 1 on this trace, the mixer has been in the hori-
zontal positionfor afew seconds, and charging has progressed sufficiently
that enough materials are now intercepting the beam to reduce its intensity
to the extent that the recording needle has returned to the trace paper
from some position above it. The upper line of the recording paper cor-
responds to approximately 10, 000 counts per minute, and point 1 repre-
sents a return of the needle after having been subjected to a shock dosage
of several million counts per minute during the time the mixer was dis-
charging in a vertical position and nothing was intercepting the beam.
The base line represents zero counts per minute.

Point 2, Since the charging cycle was geared to 41 sec exactly, this
interval has elapsed by the time point 2 is reached, if one makes the
logical assumption that this inflection of the curve (because it is a low
point and therefore means a low count rate or a high density) indicates



that all the materials have now been introduced into the mixer. The

curve goes no lower at this juncture simply because no more materials
are coming in to lower it. As a matter of fact, the curve starts to rise
again, as if in preparation for the marked rise which takes place a few
seconds later at point 3.
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Figure 4. Schematic drawing of a typical gamma-ray trace
from the 8-cu yd mixer.

Points 3 through 8. At point 3, the curve not only rises markedly,
but the amplitude of the needle swings increases tremendously, both
reaching a maximum at peint 4. At point 5, count rate and amplitude
have both returned to about what they were at point 3. Point 4 is invari-
ably closer to point 3 than to point 5, a phenomenon which has not been
explained, but which is thought to be associated with water absorption,
Now the amplitude continues to decrease gradually and steadily until the
end of the mixing cycle, This is not quite true of the height of the curve,
however. The curve reaches a minimum at point 6, the lowest point of
the entire trace, rises slightly until point 7 is reached, then falls very
slightly to point 8. At point 8 the mixer is raised to a vertical position
for discharging, and the recording needle again leaves the graph.

Interpretation of Data from the 8-cu yd Mixer

The field data are summarized in tabular form in Appendix Table 2,
which lists the time intervals between major points of the curves, and
their elevations above the base line (relative penetration of gamma rays).
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The data are arranged in five groups, A through E, corresponding to
the five tapes employed during five different periods of observation,

Perhaps the most characteristic feature of the 106 traces recorded
is the remarkable manner in which they reproduce each other almost
exactly. They all follow the same pattern, and they are all very close
to the same duration, Differences in height above the base line can be
attributed to differences in background radiation, in amounts of sludge
falling on the tar paper wrapping enclosing the scintillation detector or
on the source holder; to differences in the mix ingredients or in their
quantities; in the residual amounts of concrete left after discharge, which
may coat the inside of the mixer; or to statistical variations in geometry
from batch to batch. Any of these factors may have been responsible for
the abrupt change which occurred after cycle 25, tape 2, in Table 2, It
will be noted that this change persisted and was progressive during the
balance of tape 2 and throughout tape 3 (the rest of the day), that the
traces were back to "normal" at the beginning of tape 4, and that they
remained normal thereafter,

A second characteristic feature of all the traces is the temporary
rise in count rate and trace amplifude between points 3 and 5, This has
been ascribed fo a period of mechanical clumping before the mix water
has been thoroughly distributed, resulting in pockets of lesser density
being interposed between discrete "clods" of somewhat higher density.
Obviously, if before mixing is complete large volumes containing more
than their designed amounts of water or air should pass through the beam,
their effect would be to allow increased transmission of gamma rays,
which would be a measure of lesser average bulk density. This is appar-
ently what happens during the period of mechanical clumping.

Since such a process would involve many variables, it is reasonable
that neither the duration nor the effect of this period should be precisely
the same from cycle to cycle. This indeed is the case, the extent of the
rise in transmission varying from moderate to very marked., By ''very
marked" is meant a rise of several thousand counts per minute, enough
to carry the recording needle off the paper in some instances. The
duration of the period of mechanical clumping ranged from 16 to 57 sec,
with a mean of 36 sec.

At point 5, marking the end of the period of mechanical clumping,
the concrete has more of the properties of a plastic fluid, for the trace
now assumes relative uniformity, The wide sweeps of the recording
needle, indicating clumping, have disappeared and all subsequent changes
are very gradual and relatively moderate in amount.

-10-



At least two of these subsequent changes deserve particular attention,
First, the sweep amplitude continues to decrease both gradually and
uniformly right up to the moment of discharge, when it is about half of
what it was at point 5, This is interpreted to indicate a gradual and
steady increase in the uniformity and plasticity of the mix. Second, a
point of minimum count rate occurring at point 6 must represent a point
of maximum density. The air content at point 6 is not zero; it is mini-
mum, Between point 6 and point 8 the count rate gradually increases in
a stepwise manner (density decreases)., This period is interpreted to
comprise the period of useful air entrainment. :

Point 7 illustrates the stepwise nature of the gradual increase in
count rate. This may be the result of a rhythmic forward and backward
longitudinal surging of the batch in the direction of the axis of the mixer,
Extrapolation of the trace suggests that if mixing had continued for two
or three additional minutes, points 6 and 7 might be repeated at higher
and higher count rates to some point of maximum air entrainment, after
which they would be expected to occur at decreasing count rates as long
as air was forced out of the batch and as long as surging continued. In
the event that surging should cease, points 6 and 7 would cease to be
repetitive, and the zigzag pattern of the trace would disappear, although
a new point (9) indicating maximum air entrainment would probably
appear. It is hoped that this extrapolation, as well as the exact air con-
tent at point 6, may be investigated experimentaily.

-11-



THE 3.4-CUBIC YARD MIXER

With the cooperation of the Eisenhour ConstructionCo., the Research
Laboratory Division studied applicability of the gamma-ray monitoring
method toa 3.4~cu yd stationary concrete mixer near Indian River during
operations between September 19 and 28, 1961. Figs. 6 through 13 show
the installation at this site and the associated nuclear instruments and
recording equipment.

Traces covering a total of 768 batches were obtained during this
period. Of these, 349 were entirely experimental, procured for adjust-
ment or calibration purposes only. The remaining 419 traces were usetul
for interpreting various aspects of the mixing process.

The 419 Batch Traces

In all, some 419 complete mixing cycles were recorded for the 3. 4-
cu yd mixer. These were divided into five data groups for analysis.
Group 1 contains 150 batches for which charge fimes were recorded on
the trace and there were no dead times in the mixer. The duration and
magnitude of the recorded trace inflection points from the "subgroups'
within this data group are listed in Table 3.

Group 2 has 19 batches with charging times recorded, but with various
dead times during the mixing cycle. Group 3 containg 20 batches with
dead times in the mixer, but with charging times not hand-recorded.
Group 4 lists 201 batches with no dead times and no charging times -
recorded, Group 5 includes 29 batches in which mechanical clumping
persisted up to the moment of discharge.

Schematic representations of average traces for each of the five
groups, and other traces of interest, are shown in Fig, 14, Details on
cycle or batch duration and other factors in the mixing process for all
five data groups and listed in Appendix Tables 4 through 8.

Group 1. Average mixing time for the 150 batches in group 1 was
79 sec, measured from the moment charging began. Measuring from
the moment charging ended, average mix time was 52 sec. Although this
figure of 52 sec is congiderably less than the 105 sec Michigan specifies

~13-
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Figure 6. General view of Indian River site.

Figure 8. Mixer in horizontal position.

Figure 7. Instrumentation used at Indian River.

Figure 9. Mixer being dumped.
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Mixer raised, with source at left

Figure 10.
and pickup tube at right.

Figure 12. Side view of pickup tube.

Figure 13.

Radium-226 holder for 45-mc source.
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3.4-cuyd mixer, with three examples of unusual mixing period incidents.
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(2), the curve shows that in this group the period of mechanical clumping
had ended 10 sec before discharge. It is believed that this indicates
fairly thorough mixing, since very little discernible change, if any, can
be detected in the traces once the clumping period is over, A slight
reduction in the amplitude of needle swings has been noted, presumably
associated with increased workability; but changes in the mean elevation
of the recording needle above the base line, which would indicate changes
in density, are almost impossible to detect. Charging time averaged 27
sec, and mechanical clumping 29 sec in group 1.

Group 2. Average mixing time for the 19 batches in group 2 was
112 sec after conclusion of charging time, or 7 sec more than Michigan
specifies. In addition to actual mixing, however, there was an average
dead time of 224 sec during which the mixer was not turning. This was
due to unavailability of trucks when they were needed., In these batches,
the last 10 sec of mixing occurred after the dead time. Charging time
averaged 23 sec, and mechanical clumping 32 sec in group 2,

Group 3. Group 3 differs from group 2 in that the end of the charging
period was not hand-recorded. Both the beginning and the end of charging
are accompanied by audible signals, but neither of these two points is
associated with any feature of the trace; therefore, they must be noted
by hand. This was done on all traces for the beginning of charge, but
not in all cases for the end of charge. Average dead time for the 20
batches in group 3 was 131 sec. Mechanical clumping averaged 32 sec
in duration. Mixing time averaged 121 sec from the moment charging
began. If one accepts an average charging time of 26 sec for the 186
batches for which the end of the charging period was noted, this makes
95 sec the average mixing time for the batches in group 3.

Group 4. This group contains 201 batches without dead times, but for
which the end of charging was not noted. Average time of discharge for
these batches was 78 sec, which is also the average mixing time from the
moment that charging began. On the basis of a 26-sec charging period,
however, this becomes 52-sec average mixing time from the moment
that charging was over. In this group, mechanical clumping ended, on
the average, 12 sec before the moment of discharge. Clumping in group
4 averaged 27 sec in duration,

Group 5. This group contains 29 batches in which the period of
mechanical clumping persisted up to the moment of discharge. Both the
Research Laboratory Division representative, R. E. Hanna, and the
plant inspector, Murray Follette, agreed that the materials for these
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batches appeared to be drier than normal. Mixing time averaged 77 sec
from the moment charging began, and the clumping period averaged 37
sec in length, The moment that charging ended was hand-recorded for
17 of the 29 batches, This averaged 27 sec, and if accepted for the
entire group the average mixing time would be 50 sec measured from
the end of charging.

It is doubtful that one should say that the batches in group 5 were
not well mixed, It is far more likely that the sand or aggregate was a
little drier than usual, and that clumping persisted because of lower
slump and much lower workability. It is probable that addition of very
little water would have brought about a rapid end of clumping.

Among all the bhatches recorded in all five groups of data for the
3,4-cu yd mixer, the shortest mixing time measured from the beginning
of charge was 73 sec. A schematic average of four batches of this dura-
tion are shown in Fig, 14,

The trace for the batch mixed for the longest continuous period
without dead time, also presented schematically in Fig. 14, showed a
low level of the recording needle occurring from 117 to 204 sec after
charging ended, or 153 to 180 sec afier charging began. The necedle was
slightly higher before this period and againafter it, apparently indicating
that maximum density occurred during the interval between these two
points. The change in elevation of the needle is so slight, however, that
it is difficult to detect, and the corresponding change in density is un-
doubtedly minimal.

Finally, a trace for the batch remaining in the mixer for the longest
dead time is shown schematically in Fig. 14. Of 19 batches in group 2,
this one was actually in the mixer for a dead time of 1618 sec, during a
total mix time of 1768 sec from the moment the charge began-~in all,
just 32 sec less than one-half hour.

Day-to-Day Variations

The data for the 3.4-cu yd mixer shown in Tables 4 through 8 are
arranged in five groups, and further subdivided by date in subgroups.
Those data marked with an asterisk were excluded from the averages in
accordance with Chauvenet's criterion,

It can be seen that the period of mechanical clumping ranged from
24 sec to 34 sec in Group 1 and from 25 sec to 32 sec in Group 2. It is
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perhaps significant that the longer periods occurred on the same day in
both groups; the same is true of the shorter periods.

Mixing time measured from the end of the charging cycle varied
from 35 sec to 61 sec in Group 1. With a single exception, mixing time
bhecame steadily shorter from September 19 to September 28. During the
same period, however, the length of the charging time increased, Avail-
able data on which to base a correlation of these trends with moisture
contents were inconclusive,



THE 1.3-CUBIC FOOT MIXER (Laboratory)

Certain laboratory tests conducted in connection with this research
project formed the basis for the thesis submitted by Zapata in partial
fulfillment of the requirements for the degree of Master of Science at
MSU (3). A copy of this thesis is in the MSU library. Additional tests
were performed with the assistance of personnel of the Concrete Unit,
Materials Section, in order to confirm some of the preliminary findings
reported in Zapata's thesis.

All laboratory tests were made on concrete mixed in a 1.3-cu ft
drum-type batch mixer. Mix design was furnished by the Concrete Unit
in accordance with the American Concrete Institute recommended mix
design for 10A structural concrete. Air-entraining portland cement type
IA was used in all batches except those for the photographic tests.

Visual Appearance (photographic tests)

. Preliminary tests showed that photographs taken at frequent intervals
during the mixing of normal concrete failed to differentiate the mixing
pattern because of alackof contrast among the various ingredients. When
the gravel was sprayed with black enamel, however, and when white
cement was used, it was found that the mixing process could be followed
visually,

Fig. 15 shows six photographs taken at various intervals up to 60 sec
after the start of mixing. These views disclose no apparent visible im-
provement in the thoroughness of mixing after 45 sec.

Sodium Chloride Dispersal

To test these conclusions more objectively, 200-g quantities of dry,
pulverized, commercial grade sodium chloride were added to the dry
materials in each of three batches prior to addition of the mix water,
The rate of hardening was retarded by addition of 50 g of sugar to the
mix water for each batch. Starting from the moment mixing began,
samples of approximately 1100 to 1200 g were taken at frequent intervals
up to discharge at 210 seconds., These were diluted with distilled water,
filtered, aliquots taken, and the aliquots titrated with 0,098 N silver
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Appearance after 15 sec of
mixing operation.

Sand, black gravel, and white After rotating 5 sec, before
cement ready to be mixed. adding weighed amount of water.

Appearance afte 60 sec of

Appearance after 45 sec of
mixing operation.

mixing operation.

Appearance after 30 sec of
mixing operation.
Figure 15. The batch-type drum mixer of 1.3-cu ft capacity at six stages in the mixing process.
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nitrate. The numbers of milliliters of silver nitrate used in the titration
per 1000 g of fresh concrete were then plotted against seconds elapsed
from the start of mixing, as shown in Fig. 16,
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Figure 16. Effects of mix time on concrete properties using 1.3-cu ft mixer.

As far as batches 1 and 3 are concerned, Fig. 16 shows that the
thoroughness of mixing remained fairly constant from 45 to 210 sec.
Batch 2 was as thoroughly mixed at 75 sec as the other two batches at
45 sec, but then followed them in uniformity. In general, there appeared
to be a slight improvement in thoroughness of mixing up to 210 sec, but
this could have resulted from experimental error. If one accepts the
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best two out of three results, it would be fair to state that the mixes
appeared to be quite uniform after 45 sec, with any subsequent changes
being insignificant.

Conventional Tests

Conventional tests included slump, air content, unit weight or den-
gity, and 7-day compressive strength, The test results are plotted in
Fig. 16 against mixing time up to 210 sec, In all cases, both slump and
air content increased progressively with duration of mixing. The greatest
density occurred ahouf 37 gec after mixing began, followed by another
peak at 70 sec, after which the unit weight dropped as duration of mixing
increased. The compressive strength at seven days showed a marked
rise at 50 sec of mixing, with a rapid decrease in strength as mixing
time lengthened.

Additional Tests

Inasmuch as the results of these conventional tests, which were
reported in Zapata's thesis (3), were based ona small number of batches,
it was considered advisable to conduct some additional laboratory tests
to confirm the earlier results. Accordingly, 15 separate batches were
mixed, monitored by the gamma-ray method, and determinations of air
content, slump, density, and 7-day compressive strength made at inter-
vals up to 423 sec of mixing.

Although measurement of the uniformity of dispersion of sand and
gravel was attempted during this test series, the results of this particular
phase were inconclusive, probably because the sampling technique and
screening procedure were not of sufficient precision for the small total
batch size of 1.3 cu ft.

The results, listed in Table 1 by increasing duration of mixing time,
confirm the results of the first tests almost exactly. Air content reached
a maximum at 210 sec, then dropped slightly. Slump generally tended
to increase with mixing time, Density remained high between 30 and 90
sec, then dropped slightly, The greatest compressive strength occurred
at 55 sec, then dropped markedly as the concrete was mixed for longer
periods,

During the course of this series, it was found that the rate at which
mix water was added had some effect on the duration and degree of
mechanical clumping, as shown in Fig. 17. It was determined, however,
that clumping ended at 55 sec when the rate of water addition was adjusted
to the same rate ag in the first tests (20 sec to add the mix water).
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TABLE 1
PROPERTIES OF CONCRETE FOR LATER TESTS
USING THE 1.3-CUBIC FOOT MIXER

*ok _
Baton Totfil Air Sample Composition Density c 7-Bay .
; i Ht. B2 | Content, | Sand, |Gravel, | Water, Water in_ |Slump, {Unit Weight), (;tmp:esmve
o S;rcl;zg's » | percent percent |percent 1 Sand, perceni in. pef s‘:ing**th* !
i1 1z —-— —-—— ——— T 4.0 === = e
] 17 3.6 36.7 42,7 T 3.3 51/2 134.8 2%, 507
15 25 3.9 35.3 44, 2 8 5.2 51/4 145.6 3,137
[ 30 3.6 35.8 44,4 10 3.6 1 3/4 149.0 3,053
7 3¢ 3.9 35.3 43.8 14 3.4 41/2 148.9 2,814
5 35 3.8 37.1 42. 9 15 4.9 11/4 49,0 3,221
13 35 3.8 36.5 42,0 Ki 4,2 11/8 148.5 2,972
4 44 4.3 35.8 43.7 19 2.8 31/4 148.0 2,828
3 53 4,1 37,1 41,1 19 2.8 1/2 149.0 3,178
i 55 4,4 36.8 43.3 19 3.6 15/8 148.0 3,284
i2 60 4.1 36,4 42.3 7 4.0 11/4 148.5 3,227
8 90 4,7 3.5 44.7 10 3.4 4 148.0 2,930
2 210 7.2 38.0 41.7 -— 4.0 ] 142.6 2,780
10 360 6.2 32.4 45.7 7 6.1 8 143.86 2,324
14 423 6.2 35.3 41.9 61/2 4.1 31/4 145.6 1,998
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Figure 17. Effect of rate of addition of mix water on duration
of the clumping period in experiments using the 1.3-cu ft
mixer, with possible extrapolations at upper right.
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COMPARISON OF THE THREE MIXERS

Relative performances of the three mixers are shown graphically in
Figs. 18, 19, and 20, Here gamma ray penetration is plotted against
time for the significant inflection points, with photographic reductions of
original traces superimposed on the same time scale, Discharge times
prescribed by the formula for stationary concrete mixers in the 1960
Standard Specifications (2) are indicated on the graphs,

The 1. 3~cu ft Mixer

The clumping period ended in the case of the small laboratory mixer
about 55 sec after mixing started, Maximum 7-day compressive strength
was reached by samples extracted between 50 and 55 sec, suggesting that
the end of the clumping period would be a good time to stop mixing, Air
content was about 4, 4 percent, with slump 2 little under 2 in., and den-
sity was high.

One can increase air content by mixing a few seconds longer, but
compressive strength starts to decrease noticeably in about 10 sec. One
solution might be stopping the mixer about 5 to 10 sec after clumping
ends, which would be between 60 and 65 sec after mixing begins.

The 3,4-cu yd Mixer

Congidering the laboratory results, one could reasonably suggest
discharge of mixers of this capacity about 10 sec after clumping ends.
Since clumping ended 70 sec from the moment the charge began, and
since charging time averaged 26 sec, this would mean a change in speci-
fications to permit discharge at 54 sec whenmeasuring from the moment
that charging ended. A safety factor of an additional 10 sec might be
considered, in which case discharge might be permitted at 64 sec after
the end of charging, In any case, 64 sec would be a minimum, without
regard to possible further improvement in uniformity.

The 8-cu yd Mixer

-With this mixer, which was rated at 7.78 cu yd, clumping ended 80
sec after the trace first returned to the recording chart. If one assumes
that charging ended at the lowest point on the trace before clumping began,
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this would mean that clumping ended 57 sec after charging ended., An
additional 20 sec of mixing would bring the total mixing time to 77 sec,
which might be considered as a minimum mixing time for this mixer,
after which relatively minor increases in uniformity would be achieved
by additional mixing.

A relatively minor improvement in uniformity, however, may be
important. A clue to the extent of such improvement is given by the
changes in density of the materials passing through the gamma-ray beam.,

If one accepis point 2 in the fraces as being the instant that charging
ended, anassumption which seems very plausible, it is seen that the point
of maximum density occurred 93 sec later, with minimum density 121 sec
after charging ended. On the average, the batches were mixed 16 sec
longer than this,

W B8-CU YD MIXER
5

3.4-CU YD MIXER

:
i

4 | 1.3-CU YD MIXER
3 %
]
[+] 10 20 30 40 50 60 70 80 90 160 1t0 §20 i3¢ [E:14] 150

MIXING TIME, SECONDS

Figure 21. Schematic drawings of gamma-ray traces
from the three mixers, '

Fig. 21 shows schematic drawings of gamma-ray traces from the
three mixers, and Figs. 22, 23, and 24 give photographic reductions of
typical original gamma-ray traces. Fig. 25 provides a comparison
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between the nuclear technique applied to the 8-cu yd mixer, and results
obtained by Cortright, Legg, and Vogler (¢) for the same mizer., The
gamma trace point 7, at 121 sec after completion of the charging period,
appears to coincide with these authors' "third point" (120 sec). The
gamma trace point 6, at 93 sec, evidently coincides with their "second
point" (90 sec).

CONCLUSIONS

The gamma-ray monitoring technique offers a method of continuously
recording certain features of the concrete mixing process nondestructively
while mixing is in progress., Once agreement has been reached on the
significance of the phenomena bheing recorded, the method appears useful
for calibrating a mixer to produce the desired degree of uniformity under
the conditions imposed.

A well-defined period of mechanical clumping was discovered, which
generally must be completed before mixing can be considered thorough
and the mixture uniform throughout,

Variations in density, plasticity, and air content appear to be re-
flected in the traces. The physical property of strength does not appear
inthe traces, but this may be determined indirectly by calibration against
known factors which do appear,

The results of the study indicate that a reappraisal of present require-
ments for mixing times for central plant mix concrete is justifiable.
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FUTURE RESEARCH

If additional experiments of this type are authorized, it would be
desirable to study the effect of varying the location of the beam of gamma
rays, and to develop a reliable method of calibrating against true density.
Such acalibrationwould necessitate first and foremost a precisely repro-
ducible geometry, which implies improved collimation of the beam to as
narrow a cone as possible and its passage through a suificiently large
bulk that surface effects are completely negligible, A single sealed
source of approximately 200 mc of radium 226 would probably be ideal
for mixers of 8-cu yd capacity. Sensitivity to air entrainment would be
improved, since this atfects density; but sensitivity to such phenomena
as surging and mechanical clumping would probably be reduced.

Reproducible geometry also implies a means of preventing a steady
buildup of sludge from forming on the source holder and scintillation
detector, even though these are protected by tar paper. Such a buildup
acts both as an abgorber and as a scattering medium, whose effect is a
function of its thickness, Although it may be impossible to eliminate
sludge formation entirely, its buildup into layers should be kept at a
distance from the holder and tube by meansg of a baffle or shelf on which
the deposits may accumulate without detrimental effect.

In addition, it is hoped that a practical means will be found of trans-
mitting slow neutron pulses through 100 ft of cable, so that water dis-
tribution may be followed during the mixing cycle by means of a fast
neutron beam. Although experiences reported by Burley, Block, and
Diamond (5, 6) indicated that 2 c of plutonium-beryllium were required
to give "an accuracy of plus or minus 0.05 percent at the three percent
level in less than one minute" in measurements of moisture in foundry
sand, those authors had some difficulty in fransmitting through 28 ft of
cable, with a preamplifier located at the counter tube site. This is an
area in which further progress depends largely on electronic develop-
ments,
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APPENDIX

Batch Tests for the 8~cu yd Mixer

Table 2.

Durations and Magnitudes of Trace Inflections

Batch Tests for the 3, 4-cu yd Mixer

Table 3.
Table 4.
Table 5.
Table 6.

Table 7.

Table 8.

Durations and Magnitudes of Trace Inflections

Group 1:
Group 2:
Group 3:
Group 4:

Group 5:

Charge and Clumping Times (No Dead Times)
Charge, Clumping, and Dead Times

Clumping and Dead Times (Charge Times not
Recorded)

Clumping Times (No Dead Times--Charge Times
not Recorded)

Discharged Before End of Clumping Period With
Some Charge Times Recorded (No Dead Times)
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TABLE 2
DURATIONS AND MAGNITUDES OF TRACE INFLECTIONS
8-cu yd Mixer

=

Group B; Tape 2

cyel Intervals Between Points of Inflection Indicated, seconds Heights of Points Indicated, mm
Cie
smllzmzlimaI1m4l1m5]1ms|1m7]1ma 1 | 2 l 3 I 4 [ 5 | & l 1 l 8
1 45.8 18.6 58.0  68.0 79.0 129.0 154.4 163.6 | 40.0 180 22.0 300 22,0 130 185 150
= 2 34.0 2.0 53.0 640 82.0 1410 1470 1580 | 40.0 17.¢ 2L5 280 180 140 165 150
- 3 46.0  20.6 48.4 58,0 750 1210 130.0 153.8 | 40,0 27.0 28.0 42,0 26.¢ 20.0 240 22.0
g3 4 36,6 20,0 47.0  6€2.0  77.4 108.0 143.4 155.6 | 40.0  24.5 27.0 350 23,0 18,0 250  23.0
& 5 .4 36,6 47.0 630 7.0 117.0 143.0 154,90 | 40.0 245 28.0 400 250 20.0 25,0 2LO
Lo & 33.0 46.0 53.0 7lL2 94,6 1246 140.4 159.4 | 40.¢ 140 150  28.0 180 10.0 140 10.0
:.‘Z’.— 7 82.4 89,0 58.8 65.0¢ 5.0 125.0 144.0 160.0 § 40.0  13.0 16,0  27.0 21,6 10.0 4.0  13.0
g 8 45,0  14.6 41.0  57.C 74,0 104,4 125,6 147.6 | 40.0 22,0 28.0 450 26.¢ 159 250  2L0
3“.’ a 43,0 2.6 47.6 50.0 78,2 124.6 144.0 149.6 | 40.0  23.0 32.5 440 250 160 240 17.0
5 10 38.8 19,0 45.¢ 66,0  83.0 120.0 141.2 154.0 | 40.¢ 25,5 32,0 450 32,0 19,0 240 210
- [ — — —— — —— —— ——— . —
Average: 37.5 27,1 48.9 82.4 80.5 121,2 141,3 155.6 | 40.0  20.7 25.0 36.4 23.8 155 2L0  17.8
1 28.0 17,0 42.¢ 56,6 84.0 110,60 152.0 166.9 | 40.0 7.0 23,0 36,0 240 13.0 17.0  14.0
2 36,0 20,0 40.0 52,6 72,0 102.0 152.0 156.0 | 40.¢  16.5 24.0  37.0 25,0 12.5 18.5  11.0
3 315 240 42,0 54,0 76,0 109.0 157.0 161.5 | 40.0¢  16.0 26.¢  87.0  25.0 11,5 18.0  16.5
4 30.8  17.5 47.¢  6i.5  90.0 1145 134,5 162.0 | 40.¢ 16,0 27.0  37.0 18.5 13.0 19,0  15.9
5 31,6 27.5 41.0 56.0 B3.0 1180 139.0 1620 { 40.0 150 8.5 36,5  20.5 12,5 18,0  16.5
i 32,0 265 34,¢ 5.5 83.0 118.0 142.5 161.0 | 40.0 155 22.0 359 315 1L5  18.0  17.0
7 33.0 23,5 4L.5 55.0 73.5 11,0 151,8 160.7 § 40.0 15,0 27.0 350 22.5 12.6 18.5  15.0
8 30.3 23,7 4L5 56.5 B84.5 1055 136.0 1625 } 40.0  18.5 2v.0 87,0  2L.0 13.¢  20.0  17.5
9 3.2  23.0 420 60,5 85.8 124,7 141.3 162.3 | 40.¢  16.5 27.0  36.5 26,0 11.0 18.5  16.0
0 30.4 22,0 42.2 54.0 88.8 117.6 132.5 161.3 { 40.0 150 29.5  37T.0  20.0 12.¢6  20.5  18.0
il 33,8 29,4 39.8 57.5 96.3 133.4 156.9 160.4 | 40.0 16,0 265 450 170 4.0 18,0  15.0
2 80.83 26,0 450  65.8 102.2 124.3 144.8 162.3 | 40.0  19.0 24.¢ 340 20,0 13.5 18.0  16.5
13 32.4  '20.% 84.5  5L7 B4.0 1435 ——-ne 161.3 | 40.0  17.5 24.5 87,0 30,0 14.0  --w—  20.0
14 82.0  17.0 40.7  60.0 89.4 119.3 14d.4 160.4 | 40.0  17.5 25.0 350  20.5 I2.0  21.0  13.5
15 31.4 22,8 39.2 544 77.0 1017 130,3 160.4 | 40,0 15,0 23.5  37.0 21.0 13.0  20.0 16.5
16 30.0  24.0 41,4 559 843 1140 145.7 162.0 | 40.0  18.0 24.5 36,0  25.0 14.5 19.0  18.5
17 82.0 2L5 39.3 58.4 82,5 1010 137.8 1613 § 40.0 18.0 23.5  36.0  23.0 15.¢  16.0¢  18.0
; 18 32.0 195 350 50.2 7l4 1057 1481 162,2 | 40.0 18,0 250 355 21.5 150  20.0 14.5
3 19 32.3 217 44.4 66,3 72,1 1185 139.2 158,8 | 40.0  18.5 30.0  37.0 28.0 13,5 18.5 15.6
o) 20 31.8  18.9 36.0 54,0 83.3 109.8 145.3 161.1 | 40.0 17.5 26.0 86,5 23.5 15.0 20.5  16.5
- 21 5L,4  18.4 40.2 56,8 B0.0 103.2 1475 161.%2 | 40,0 18,5 27.5  36.0 25.0 150 20.5  15.5
€ 22 30.8 242 48.9  66.3 86,2 3156 162.8 1v7.0 | 40.0 17,6 315 350 26.5 16,5 19.0  14.0
g 23 26,6 ---- -———  TL1 ---- 125.0 140.8 171.6 | 40.0  -——— = 26,0 —-—- 12.0  17.0  13.0
1oz 33.7 210 46,5  59.3 54,0 124.5 150.0 160,60 § 40,0 185 245 48.0 17.0 1L.5 15.0  13.0
2 25 33,7 20,0 30.6 53.5 8.8 111.5 147.1 158.8 | 40.0  17.0 20,5 45.0 29.3 1L5 16.6  13.5
[ —
o Average: 40.¢  17.0 25.3 36,1 22,1 13.1 18.8  15.8
z6 32,6 25,0 46,0 63,7 B9.4 1240 142.5 160.§ | 40.06 140 29,0 385 22.0 8.5 13.6  1LO
27 33.0 18.8 41.0  §7.8 83,7 1137 1463 160.4 | 40.6 16.5 22.5 44.0 250 10,0 115 9.5
28 33.0 22,2 42.7 59,2 82,6 18,5 144.8 161.0 | 40.¢ 115 26.5 44.0 24.0- 8.5 13.5 1L 0
28 32,8 19.8 39.0  50.2  B3.2 1060 149.0 160.1 | 40.0 14.0 18.5 355 12.5 8.0 13.6  10.0
30 32,0 19.6 43.2 56.1 75.6 128.8 1dl.o 160.5 | 40.¢ 155 21.5 38,0 20.5 9,5 13.5  10.0
a1 31.6 210 44.0 57.0 69.8 1040 132.6 1600 | 40.¢  13.5 19.¢ 42,0 160 8.5 135  10.5
32 3.0 22,6 47.8 59.9 Y82 127.6 148.8 1612 | 40.0  12.5 23.5 30.0 18,5 9.0 15.5 12.0
33 32,2 26.4 33.9 530 BL3 1216 14L.3 1611 | 40.¢ 135 7.6 37.5 18,5 8.5 13.0  1iL5
a4 32,56 24.0 419 52.4 70.3 108.7 140.4 160.6 § 40.¢  13.5 26,0  34.0 19.5 9.5  13.0 8.5
a5 32,6 22.8 38.8 50.0 OZB 904 140.7 159.4 | 40.¢ 12,0 17.5  3L5 190 9.0 150  10.5
36 28.6  25.0 46.3 54,8 645 83,2 140.4 162.0 | 40.¢  13.5 20,0 26,5 I7.5 6.5 13.5  10.0
ar 20,2 24.2 47.3 556 66.1 93.1 147.6 1615 | 40,6 115 155 24.0 150 8.5 130 9.5
KT 3.0 241 47,8  50.6 80.8 120.9 141.6 1614 | 40.0  13.0 19,6 310 130 7.5 13.0 115
39 3L6 191 47.3  60.0 V7.1 114.0 146.2 160.8 | 40.0¢ 14,5 215 340 175 9.0  12.0  i0.0
40 29.7 243 45,8 62,0 7B.2 116.0 147.3 1625 | 40.0 120 20.5 255 140 7.5 145  10.0
Average: 3L.6 22,2 416 56.6 80.7 113.5 143.6 1610 | 40.0¢  13.4 2.2 32,2  18.2 &5 13.2  10.4

v L.




TABLE 2 (Cont,)
DURATIONS AND MAGNITUDES OF TRACE INFLECTIONS
8-cu yd Mixer

y Intervals Between Poiata of Inflection Indicated, seconds Heights of Peints Indicated, mm
cle
Cy Btol!lwzllw3!1w4llm5]1w6|1w7|1t.08 1 | 2 i 3 | 4 I 5 i & ! 7 I &
1 41 33.0 -—-- 45,2 55,2 72,0 102,0 143.2 159.2 40.0 --=- 15.5 25.¢ 9.0 3.0 7.5 5.6
= 42 31.6 22.5  46.0 56.2 74.¢ 129.4 150.2 160.6 40.90 8.5 20.0 35.0 15,0 3.0 9.0 7.0
: 43 32,1 2.2 44.4 54.6 9,06 132.6 143.4 160.4 40,0 8.6 22.0 36.0 18.0 3.0 10.5 8.5
bl 44 32.0 19,6  42.6 63.6 91.0 122.2 148.0 160.4 40.0 8.5 17.5 33.0 i7.5 4.0 11.5 1L.¢
§- S 45 312 21.2  39.8 55.8 84.4 118.0 137.6 160.0¢ 40.0 7.0 16.0 31,5 4.0 4,0 10.0 8.5
EH ; 46 29,6 23.8 35.8 58.8 81.2 103.6 156,2 165,0 40.0 $,0 15.0 27.0 8.0 4.0 13.0 9.0
I g 47 29.4 21,6 53.8 60.6 82.2 1i1.8 138.6 161.0 40.0 ¢.0 15.0 2.0 9.0 4.6 8.0 7.5
& 48 30.8 26,4 44.4 61.0 81.0 128.8 139.2 161.6 40.0 8.5 17.0 32.¢ 14.0 4.5 10.5 8.0
E 5!' 49 30.4 20,6 45.4 60.6 84.0 127.4 152.6 161.8 40.0 7.5 18.0 3L.6 14,0 5.0 10.0 7.5
S 50 29.4 21.4 42.0 59.6 7¢.6  102.0 143.0 162.2 40,0 7.0 18.0 35.0 15.0 6.0 10.0 8.0
Z 51 29,8 25.8 48.0 85.8 90.0 123.2 137.6 161.4 40.9 10.¢ 22,0 33.0 17.0 4.5 11,5 8.0
Average: 30.8 22,4 44.3 58.3 81.7 118,3 144.5 16%.2 40.0 8,1 171.8 30.9 13,7 4.1 10.1 8.0
>_ 1 33.5 2.0 39.0 59.0 9i.¢ 142.6 158.0 160.2 40.0 16.0 19.0 47.0 23.0  10.0 ir.o 15.0
2 28.0 == == e 158.4 49,0 ————me——— —-—— ———— em—— —-——= ————
3 33.3 28.6 42,4 57.0 78.0 109.0 134.6 160.4 40.0 15,0 18.0 48.¢ 23.0 8.5 17.0 2.5
4 33.7 21.5 42.0 61.0 80.0  118.0 156.4 159.4 40.0 16.0 25.0 40.¢ 22.0 10.0 17.0 4.5
5 33.0 25,0 41.8 52.4 67.0 100.0 130.6 159.8 40.0 14,0 25.0 33.¢ 23.0 12,0 17.0 14.0
L} 32.7 21.2 45,0 58.8 77.4 121.0 157.6 160.6 40,0 14,0 23.0 42,0 24.0 9.0 14,5 13.0
7 32.4 23,0 39.4 52,0 .0 110,0 15:.6 160.8 44.9 15.¢ 23.0 42.0 22.0 10,9 17.0 12,5
8 32.4 25.0 43.0 50.0 79.6 133.6 149.2 160.4 40.0 15,6 28.0 43.90 19.0 9.5 7.0 15,0
E 9 33.4 23.4  40.86 53.0 7.0 116,0 156.4 160,4 40.9 16.5 22.0¢ 43.0 216 11.0 i5.0 2.0
B 10 33.6 23.4 35.0 55.8 78.8 1i2.6 143.6 159.5 40.0 13.0 23.0 43,0 20.¢  10.5 16,0 11,0
Py 11 32.8 22.0 41,6 56.0 68.4 106.4 182.6 159.4 40.0 16,0 25.0 41.0 23.0 16.5 17.9 14,0
ﬁ‘g 12 33.0 20,6 41.0 60.0 79.¢  111.2 156.4 160.4 40.0 15.0 22.0 40.0 23.0 1l.0 18.0 12.0
= - 13 33.0 22.¢ 4.0 59.4 83,0 115.4 147.0 160.6 46.0 18,0 24,0 43.0 20.0 9.5 17.0 14.0
& ;.; 14 34,8 7.0 42.0 56.0 v9.6 123.0 142,8 159.8 40.0 17.0  26.0 45.0 23,0 11,9 17.0 12,0
&, 15 33.0 25.4 39.2 65, 4 82.4 133.0 152.4 l60.¢ 40.0 4.6 2L.0 40.0 19.0  10.0 18.0 13.5
£ o 16 33.2 29.0 40,4 64.4 88.0 130.4 146.4 160.4 40,90 16.0 23,0 41.9 23.0 12,90 8.5 14.0
@ 'o_lo' 17 35.6 20,0 34.8 59.2 90.0  128.4 153.4 162.4 40.90 15.¢ 22.¢ 46.0 28,6 12,0 18.0 12.0
K 18 34.0 21.0  38.0 65. 6 84,0 145.0 153.4 160.0 40.90 16.0 R6.C 47.0 25,0 11.0 i7.0 16,0
18 32.4 26.4 40.4 60.2 90.4 148.8 161.4 161.4 40,0 15.0 23.¢ 1.0 19.¢ 110 16.0 16.0
20 32.4 28.0 45.6 57.8 93.0 113.4 150.4 161.4 40.0 15.¢  29.0 4.0 1s.¢ 110 18.9 16.0
21 32.6 21.6 38.2 60.2 90,8 11l.2 148.0 160.8 40.90 1.0 21.0 43.0 16.0 12.0 17.0 1s5.¢
22 31.0 22.4 40.0 86.0 85.0 118.0 154.0 161.6 40.0 16,0 23.0 38.0 18,9 12.¢ 18.0 i7.0
23 3l.4 30.0 39,0 59.0 78,0 119.6 136.0- 161.2 40.0 16.0 20.0 37.0 24,0 11,0 17.0 16.0
24 33.8 22.0 40.4 80.4 790 o e e 40,0 16.0 25.0 38.0 23.0  ---—- — ——
Average: 33,1 23.8 40.5 59.0 8i.6 121.2 14B.T7 160.5 40,0 15.4 23,3 41.9 217  10.7 17.9 14,6
25 32.0 20.0 41,8 65.0 83.8 107.0 146,0 160.¢ 40.0 14,0 22,0 47.0 21.6 12,5 19,0 4.0
26 32.8 23.6 47.6 52.6 77.0 1320 141L.0 161.0 40.0 6,0 33.0 45.9 29.5 13.0 20.5 i4.0
27 34.4 20.8  40.0 60.0 §7.6 116.8 146.4 158.8 40.0 18.0 25.5 43,0 25.0 2.0 . 20.0 15.5
28 34,6 23.6 44.6 5L.0 60.2 97.6  140.0 158.0 40.9 18.0 34.0 39.0 32.0. 12,0 20,0 20.0
29 32.0 20.0 48.0 §1.4 78.4 133.2 148.0 159.4 40.0 17,0 32.0 38.0¢ 27.0  11.0 1.0 15.0
30 33.90 22.4 47.8 63,6 77.6  i03.4 i24,0 159.8 40.0 18,0 286.0 44.0¢ 26,0 12.0 21.¢ 15.0
g 3l 36,2 16.¢ 42.0 55.2 73.4  117.0 142.4 159.4 40.0 16,0 31.0 39.0 27.0  11.0 20.0 15,0
2 32 32.8 29.¢ 41.2 54.8 73.¢ 105.6 125.0 159.8 40,0 19.0 32.0 39.0 26,0 13,0 2190 18,0
b a 33 32,2 24,0 47.0 60.4 v8.0  128.¢ 130.6 160.0 46.0 15,5 23.0 39.0 25.0 12,0 21.9 16.¢
% 34 32.6 22,8 43.0 62.8 78.2 120.0 144.6 159.9 46,0 16,0° 26.0 40,0 . 25.0 13,5 19.9 15.5
B 5 35 33.6 26.4 43.4 55.6 74.0 102.0 150.0 159.4 40.0 13.5 25.0 43.0 28.0 12.5 290.¢ 16,0
o B 36 a3.4 16.0 46.0 55.6  68.0 117.0 150.0 I58.6 40.9 6.5 25.0 38.0 25.0  13.9 19.0 17.5
i g a7 4.6 19.4 43.0 59,2 72.0 84.0 147.0 157.0 40.9 8.0 27,0 41.0 25.0 13,9 19,0 18,0
=B"_'.. 38 33.0 22.4 45.8 54.8 84.6 112,0 I48.0 159,0 40.0 17,0 27.0 39,0 26.0 14.0 9.0 17.5
[CRH] 38 32.6 21.0 42,0 = 56,6 80,0 134.¢ 159.0 159.4 40.0 16.5 24.0 43.0 24.0 12,5 21,0 21.0
= 40 32.8 30.6 42,4 49.6 61.6 106.0 148.0 159.6 40.0 18.0 26.0 38.0 28.0 12.0 20.0 20,0
o 41 34,2 19.6 44.8 53.8 65,0 162.0 135.0 159.0 46.0 17,0 29.0 39,0 36.0  13.0 22,9 17.0
42 36,4 19,4  36.4 48.6 67.4  111,4 124.8 159.6 46.0 i7.0  29.0 38,0 - 29,0 12,0 21,0 i8.0
43 34.2 28.6 41,6 58,6 66,0 114.4 146.2 158.6 40.0 17.0 22.0 9.0 25.0 12,0 20.0 19,0
44 L6 28,2 48,2 58.4 79.4 106.4 148.2 160.2 40,0 18.0 28.0 38.0 20.0 13.0 20,5 16,6
45 34.0 19.0 40.9 5lL,4 704 ~--mrm aommm oo 40.0 16,0 26.0 41,0 30,0  ~-e- -— ———-
L Average: 33.5 22,5 43.5 56,5 73.1 1125 142.2 169.3 40.0 6.8 27.3 40.5 26.5 12,5 20.1 16,9
Grand —_—
Average: 32.8 23.1 43.7 58,0 79.7  115.8 144.3 160.0 40.0 15.6 23.8 87.3 2.6 111 i7.1 14.2




3. 4-cu yd Mixer

TABLE 3
DURATIONS AND MAGNITUDES OF TRACE INFLECTIONS

Batch | Trace | Intervais Beh Pointa of huflect] & | o Haight of Points Indicated, mm

No. . [ow1 [ otz [otws [owd [ols [ows| 1 [ 2 [ a [ 4+ [ 5 |3

1 33 15 36 n 53 72 85 40 5 8 3 8 7

2 M 1 32 34 53 73 85 19 EI - 35 8 8

a 85 14 95 a8 48 63 85 4 3 9 kN 8 3

! 36 13 3'.' 33 51 67 85 40 5 10 1 u &

& 37 12 H 40 55 75 85 40 4 10 33 10 -3

s 6 38 12 a 3 52 71 85 40 4 5 15 4 5

@ v 38 12 as ¥ 60 82 85 40 3 10 LR 15

¥ 8 40 12 ky 40 80 84 50 40 4 10 40 9 12

@ ® 7 13 2% a8 56 89 T3 40 3 a U 6 2

1 1 n 34 36 48 70 85 49 3 7 3 4 2

1 1ws 12 33 35 4 83 85 40 EI a0 14 2

17 e 14 3 40 65 72 8¢ 0 3 1z 35 5 4
- Average 12,6 347 3 528 TLE 850 | 40.0 3.6 9.6 338 7.8 &2

1 8 12 1 9 4 2 7 40 T 2 10 5

15 10 i4 3z 36 44 85 i 40 8 16 33 8 a

16 n o) 36 L] 53 7 4 0 T s 13 13

i 13 15 3 40 54 7% 78 40 [ % 1z 5

18 14 15 36 40 32 62 75 40 a 1w ® 1 T

19 15 13 % 0 47 56 i5 40 7 1z az 8 4

016 n 3 40 4z 55 75 40 7 M 35 8 3

21 26 14 36 3 48 a 75 40 5 9 11 7

2 30 14 3z a 45 50 % 40 8 1z 3 1 5

2 32 1 38 4 55 70 75 40 6 13 B 15 17

25 56 u 34 38 52 ™ 5 40 8 15 5 15 13

26 58 14 3 40 18 65 75 40 8 16 W 10 ]

27 58 1z 38 40 48 65 T4 40 a1 35 $ 6

28 60 13 51 a6 4 60 75 0 T 2 8 4

29 52 14 7 0 48 85 7 40 6 1 8 8 6

| @ 86 1 a7 a0 52 a8 75 40 T 5 9 8

IR 67 14 38 41 52 89 75 40 T 12 35 8 7

&1 83 62 13 3 40 50 66 7 40 Y 1z 1 8

ol 3 70 14 as s 48 a0 75 40 I 34 8 1

a5 73 18 38 40 54 67 7% o 713 12 8 "

36 74 4 37 a 53 1 75 40 515 ® 10 5

a 75 14 3 ) 48 66 75 40 7 1 a0 8 4

38 76 14 % 28 43 57 75 40 7 1z 28 6 3

40 78 11 a1 39 48 65 75 40 5 13 2 1 7

4 75 1 a2 38 58 75 78 40 T15 % 15 16

42 80 13 a6 38 55 71 75 40 5 15 0 15 17

43 8L un a3 36 54 7 75 0 5 12 0 i 15

44 8z 1 a ki 45 50 5 0 512 0 6 3

45 83 1 3 38 43 55 75 40 & 16 ag 5 2

46 84 13 as 40 45 a1 75 40 i n 28 4 1

a1 a5 1 aa 8 53 72 75 40 2 9 B 14 18

48 87 2 2 40 58 79 96 40 3 1w = & 2
Average .9 357 3.0 495 649  75.8 | 4.0 6.3 135 3¢ 10.8 7.2

>—~ 13 2 19 31 a4 4t 68 L& 40 7T 40 8 8

50 4 15 36 38 49 88 78 0 9 18 30 9 6

6t s 13 33 36 18 86 75 0 6 17 2 8

52 7 14 a6 39 50 70 78 10 8 13 w10 10

53 8 14 as 38 48 a6 78 40 8 1 30 8 [

54 10 T = 40 a1 1 79 0 I * w1 5

&5 12 4 36 39 4 68 75 0 7 1 £ 8 5

56 14 14 3t 38 4 64 78 0 8 15 4 8 7

57 15 12 36 a8 41 15 86 40 715 w1 1

58 16 12 34 3 46 55 4 40 ) E T 6

59 18 10 a 22 4 55 5 10 8 15 % 12 6

] 19 n 3t s 52 ki 8% 40 8 14 40 6 1

61 20 14 36 38 50 1 76 40 9 18 3\ 12 8

62 22 u 33 34 a 43 kil 10 5 10 30 8 5

63 23 12 ar a1 64 76 81 40 6 1 40 9 9

s | & 24 1 a7 49 51 ag 8 40 7 10 10 7

Y | 26 14 36 ar 46 53 B2 0 718 m 10 5

o 88 30 18 a5 39 50 74 85 40 ] 13 40 4 3

P8 ) @ 34 36 46 76 88 0 2w 30 7T 2

1w 32 12 ¢ L) 45 75 83 40 210 3 2 :

1 84 1 33 a6 ar 62 85 40 9 15 % 12 s

72 a5 10 34 38 51 7 82 40 310 32 6 5

73 a 12 35 0 64 74 63 40 4 10 D) 8 6

™ 39 12 as 38 a 65 83 49 0 12 b 4 1

75 4 10 kX 35 45 8 8z 0 a1 1’ on 5

70 42 9 aa 35 1 89 82 40 3 13 16 5 =

ki 43 9 33 4] 60 50 99 o 7 15 0 1 10

78 44 i1 34 a 59 70 81 0 6 1z 0 8 2

78 46 12 33 36 P4 ] 74 40 8 1 35 a 5

80 18 12 T 41 71 a6 0 o 6 iz 40 a 8

82 55 13 38 © 54 78 78 40 5 10 14 14

a3 58 14 a 12 54 70 75 40 5 12 30 9 9

84 80 14 2 1w 51 73 14 40 a 18 % 12 12
Average 122 847 374 404 701 80,5 | 40,0 6.5 130 94.F 4.8 6.2

~45-




TABLE 3 (Cont.)
DURATIONS AND MAGNITUDES OF TRACE INFLECTIONS
3. 4-cu yd Mixer

—
Batch Trace |IEtervels Between Points of nflection Indloated, seconda Helght of Polnts Tndicated, mm

Ho. Be w1 [ otes | 0wa | otd | oo [aws| 1 | z ] a I N l 8

4 85 a 11 36 41 52 75 g0 40 0 7 28 4 0

45 4 12 37 42 50 88 78 40 g 2 3¢ T %

a7 5 12 37 41 49 64 78 40 3 7 27 4 0

a8 8 1 38 41 49 64 L 40 2 7 78 3 o

- 89 7 11 a8 40 54 67 w7 40 2 8 32 10 4

5 30 8 11 ar a1 50 87 81 40 4 8 35 9 4

@ 9 i 12 38 10 58 @B . 16 40 a [ 3z 16 ]

. 82 2 1 37 42 56 66 79 40 3 10 34 8 2

93 13 11 37 42 58 68 83 40 3 8 35 11 1

94 14 18 38 41 52 60 76 EY] 3 B 32 5 1

85 15 12 37 41 55 88 76 40 4 6 30 10 8
Average 11.5 35.9 41.1 53.0 66. 6 78,3 40,0 2.5 T.6 3.2 7.4 2.1

?— 36 1 [ 6 38 a1 [ 20 40 4 a 30 § 0

a7 3 17 ap 43 B1 7 88 40 4 ] 40 6 2

98 4 14 ag 41 65 5 85 40 4 7 40 5 9

29 5 14 a8 40 54 &8 76 40 4 8 38 ] 1

160 6 1z 38 40 57 72 &3 40 4 g 40 T 1

101 T 14 33 35 48 85 74 20 5 12 38 5 2

102 [ 1 34 ar 56 73 86 40 4 10 40 10 1

103 10 12 a7 40 48 [:1:] 74 40 B 7 35 9 10

104 1 15 35 38 46 87 74 40 a 10 36 9 4

106 13 14 a8 a9 59 [i13 T4 40 1 16 aF 10 35

108 15 17 40 41 48 67 % 40 5 10 0 8 4

107 16 14 ag 40 51 63 74 40 4 12 29 7 1

108 17 i3 a3 41 48 66 73 40 5 1 28 5 4

109 18 15 39 40 52 73 4 40 3 12 39 B 8

119 15 1 35 37 58 LK 74 40 3 8 30 0 10

11 2¢ 4 a7 10 58 65 74 10 4 E] 32 5 2

13’ 22 1 a6 a9 56 75 83 40 4 8 as 5 i

— | 1a 23 12 37 40 52 89 75 40 5 11 30 E 7

1 14 26 13 37 40 55 75 92 40 4 o 35 ] 3

N 16 29 13 a4 38 42 62 74 40 q 10 229 7 4

) 118 43 7 44 42 51 74 75 40 4 12 28 7 4

- 118 45 10 39 41 53 w0 75 48 4 ] 28 4 2

120 46 7 36 a8 15 85 75 40 4 $ 29 7 3

121 a7 1z 38 I3 48 59 75 40 3 10 29 5 3

123 49 1z 38 40 44 64 75 40 2 12 a0 4 1

124 50 12 a4 a7 48 61 76 40 E 7 a5 10 3

125 51 8 a3 41 46 74 75 10 8 1 30 6 3

128 53 15 a8 4l 50 74 75 40 4 7 28 [ 5

127 55 13 35 39 49 71 75 40 4 10 30 9 7

120 57 15 38 41 48 8¢ 75 40 5 11 a7 L] 4

130 58 12 36 39 a4 54 82 40 5 9 30. [ !

191 a8 25 37 41 47 71 75 40 17 26 40 14 0

132 69 24 a7 43 48 &8 76 40 15 18 40 10 8

133 T 2z ac 35 46 an 75 40 14 20 40 12 9

135 74 21 a7 40 48 71 75 10 13 21 10 13 12

136 16 20 5] 35 47 75 05 40 12 18 40 15 7

138 1] 24 38 32 55 73 76 40 13 18 40 12 &
>__ AveTage 4.1 36.8 9.5 50.4 69,1 78.2 | 40.0 56 11.3 337 1.8 4.4

239 9 25 40 42 52 [ 75 40 1B 18 0 15 1

141 13 29 38 41 53 63 73 10 17 23 10 18 15

143 13 21 38 40 50 59 78 40 16 24 10 12 0

_ | 14 15 18 ag 41 53 66 (& 40 15 17 40 18 15

S| 245 17 13 38 as 54 76 75 40 14 23 40 9 14

D] 8 19 21 3 35 47 57 51 40 15 18 40 18 18

! 47 20 22 36 39 49 58 6 40 15 16 40 19 14

a i 48 21 6 39 43 56 0 79 40 14 20 40 14 1

149 23 27 40 43 §5 71 75 10 16 25 40 20 16

; 150 24 27 40 43 57 ) 75 10 14 24 40 25 20
\_| Avero 2.0 28,0 40,9 526 647 75,6 | 20.0 152 20,3 0.0 1.8 141
Grand Average 13.8 35.5 39.0 50.8 68,1 78.1 40,0 6.7 12.6 34,5 9.9 6.7

46—




TABLE 4

GROUP 1. BATCH CHARGE AND CLUMPING TIMES (NO DEAD TIMES)
3, 4-cu yd Mixer

Seconds from Start of Charge Total Total Total Mixing Time, seconds
Batch | Trace en . Clumnpi; Dead
No. No ConPtacted End of S Mixirg Discharge Timlze,ng Time, From Start From End
Chart | ©P2%8e | Start | End | Stopped |[Resumed seconds |seconds | ©f Charge of Charge
-
i a3 16 19 37 72 85 - 35 85 66
2 34 11 29 34 73 85 39 85 56
3 35 14 25 38 63 85 25 85 60
4 36 13 25 39 67 85 28 85 60
_ [} 37 12 2% 40 75 85 35 85 63
o [ a8 12 29 33 71 85 - 38 85 56
* 7 38 12 18 37 82 85 45 85 66
n 8 40 12 19 40 84 90 44 920 71
o B 47 13 24 as 69 79 31 79 55
10 107 11 26 36 70 8b 34 85 59
11 08 12 28 36 63 8h 27 85 57
12 109 i4 25 40 72 86 32 86 61
Average 12.6 24.2 7.3 1.8 85,0 34.4 85.0 60,8
>_ 13 ] i2 17 a9 60 74 21 74 57
14* o* 15% 24+* 36% 56% 307* 21* 307+ 2B3*
15 10 14 23 36 55 T4 18 T4 51
16 11 14 18 39 71 74 32 74 56
17 12 16 16 40 T0 79 a0 79 63
i8 14 15 17 40 62 5 22 75 58
18 15 13 18 40 60 75 20 75 57
20 16 11 15 40 55 75 15 75 3]
21 23 14 17 3% 61 75 22 75 58
22% 9% 14% 17% 41% 59* 267+ 18* 267 250 %
23 a6 14 32 ar 60 5 23 75 43
24 32 11 15 41 70 75 25 75 59
25 56 11 %1 38 70 75 32 75 54
26 58 14 24 40 65 75 25 75 51
27 59 12 17 40 65 74 25 74 57
28 80 13 28 36 60 75 24 75 43
29 62 14 17 40 51 75 21 75 58
o 30+ e3* 13* 1g* ag* B1* 123* 13* 123* 105+
) 31 66 13 26 40 69 75 29 75 55
S 87 14 21 41 €9 75 28 75 54
; 33 64 13 18 40 66 ki 26 77 59
34 T0 14 6 a9 6O 5 21 5 59
35 73 13 17 40 67 7% 27 75 59
36 74 4 15 41 71 75 30 75 60
37 75 14 16 41 56 75 25 5 59
38 16 14 i5 33 57 75 1% 5 80
39* 77* 13% 16* 39+ 53% 145% 14%* 145 % 129*
490 78 11 34 39 65 5 26 75 61
41 ke 11 18 a8 73 16 35 76 58
42 8¢ 13 21 38 71 75 33 75 54
49 81 11 28 36 7L 75 35 75 49
44 82 11 16 37 60 76 23 75 59
45 83 14 19 38 55 75 17 75 56
46 84 13 19 40 81 % 21 75 56
47 85 11 16 as 72 il 34 5 59
48 87 12 15 40 79 9§ 39 96 81
Average 12.9 187 39,06 64.9 175.8 26. 9 5.8 57.1

* Not used in averages {Chauvenet's criterion).

LY .




TABLE 4 (Cont.)

GROUP 1. BATCH CHARGE AND CLUMPING TIMES (NO DEAD TIMES)

3. 4-cu yd Mixer

Seconds from Start of Charge Total Total Total Mixing Time, seconds
Batch | Trace P - . Clumping | Dead
No, No. en End of Clumping Mixing ) ) : From Start From End
Contacted Discharge| Time, Time, © Charae
Chart Charge | start Stopped ‘Resumed seconds | seconds of Charge o g
48 2 13 35 34 7% 34 7 42
50 4 15 25 39 T8 29 T8 53
51 i 13 30 36 16 30 76 48
52 T 14 ar 39 78 31 18 51
53 8 14 23 38 T8 28 78 55
54 10 14 28 40 79 31 79 51
55 12 14 42 39 75 27 76 34
56 14 14 26 38 T8 26 76 50
57 15 12 26 38 8§ ar 86 60
58 16 12 2% 38 m 27 kid 55
59 18 16 29 32 ki 33 75 46
60 19 11 28 36 87 41 87 58
61 20 14 23 39 76 32 76 53
62 22 11 26 34 7 29 17 51
b 63 23 12 27 41 51 5 81 54
1 64 24 il 24 40 78 29 78 54
by 65 26 14 28 37 82 26 82 53
] 66% a7* 16* 2g% 39% 166* 26% 100% T1*
o™ 67* 29* 10* 6% 36* 116% 44% 116% 91%*
68 30 13 24 39 85 ki 85 61
69 31 9 24 36 88 40 88 64
10 32 12 24 a7 83 38 83 59
71 a4 11 31 36 83 26 83 52
T2 35 10 31 36 82 39 32 51
73 37 12 29 40 33 34 83 54
74 39 12 28 38 83 27 83 55
5 41 10 26 35 82 27 B2 56
76 42 9 26 35 82 34 8% 56
77 43 9 25 35 99 45 4 74
78 44 11 22 37 81 a3 €1 59
79 46 i2 30 36 74 30 74 44
a0 48 12 34 41 50 45 90 56
81* 50* 12% 25+ 38* 121% 40% 121* 96+%
82 55 13 25 40 76 33 76 61
83 56 14 25 42 5 28 75 5¢
84 GO 14 21 40 74 33 T4 53
>‘ Average 12.2 27,5 37.6 80.5 32.5 80.5 53,0
86 3 11 38 4] 80 34 80 42
a6 4 12 39 42 78 26 18 39
87 5 12 35 41 78 23 78 43
88 [ 11 34 41 ki 23 77 43
s 89 7 11 36 40 77 21 k&i 41
] 20 B 1 34 41 81 26 81 47
:"3 91 11 12 39 40 76 25 1% 37
1 a2 12 11 32 42 79 24 79 47
] 93 13 11 30 42 83 26 83 23
94 14 13 34 41 76 15 76 42
95 15 12 30 41 76 27 76 46
Average 11,5 34.6 41.1 78.3 25.5 78.3 43.7

* Not used in averages (Chauvenet's criterion),
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GROUP 1. BATCH CHARGE AND CLUMPING TIMES (NO DEAD TIMES)

TABLE 4 (Cont.)

3.4-cu yd Mixer

Seconds from Start of Charge Total Total ;Total Mixing Time, seconds
Batck | Trace Pen Clumpiny i Clumpi: Dead
No. No. | Contactaq | £0d of L) Mixiag Discharge Tinl::g Time, From Start Frem End
Chart Charge | start End Stopped | Resumed seconds | seconds of Charge of Charge
96 i 8 41 38 60 99 22 99 58
97 3 17 31 43 77 86 M 86 55
98 4 14 32 41 75 85 34 85 53
99 5 14 RES 40 68 76 C 28 76 43
100 [ 12 23 40 72 83 32 83 60
101 7 14 26 35 65 74 30 74 48
102 9 11 37 37 73 86 36 86 49
103 10 12 29 40 69 74 29 74 45
104 11 15 36 38 67 74 29 74 38
105 13 14 35 39 64 74 25 74 39
106 5 17 31 41 87 76 26 76 45
107 16 14 21 40 63 T4 23 74 53
108 17 13 16 41 66 73 25 73 87
109 18 15 21 40 73 74 33 74 53
110 19 11 22 a7 73 74 38 4 52
111 20 14 19 - 40 85 74 25 74 55
112 22 i1 28 39 75 83 36 83 55
113 23 12 30 40 69 75 29 76 45
114 26 13 28 40 75 92 35 92 64
115% 28+ 13+ 33+ 40 75% 125% a5* 125% 92+
5 118 28 13 36 38 63 74 25 74 a8
| 117* 30% 12% 31* 39+ 71* 133* az* 133% 102*
w18 43 7 26 43 74 75 a2 75 49
t 119 45 19 22 41 70 76 29 75 53
@ 120 46 7 21 38 65 75 27 5 54
121 47 12 20 41 69 75 28 75 55
122+ 48* 13+ 21% 39% 88+ 1aa* 29% 132# 113*
123 49 12 25 40 64 75 24 75 50
124 50 12 26 37 61 75 24 75 49
125 51 8 19 41 74 75 33 75 56
126 58 15 20 41 74 75 33 75 56
127 55 13 27 29 71 75 32 % 48
128% 56% 16% 32+ 41% 72¥ 218% 31% 218* 186%
129 57 15 37 41 67 75 26 75 38
130 58 12 33 38 84 82 25 82 49
131 68 25 26 a1 71 75 30 75 48
132 69 24 31 41 68 75 27 75 44
133 70 22 30 38 87 75 29 75 45
134* 1% 18 aa* 33% 62* 269%, 29% 269% 236%
135 74 21 24 40 71 75 3l 75 51
136 16 20 30 35 16 106 40 165 75
137F  18* 19% 26+ 38 84% 157+ 46% 157* 131+
138 19 24 34 39 73 76 34 76 42
Average 14.1 27.7 39.5 69.1 78,2 29,8 78.2 50.5
?- 138 9 25 365 42 65 75 23 75 ag
140% 10* 28* 32+ 38% 85% 174* 27+ 174* 142%
1431 n 29 36 41 63 73 22 73 37
142%  12* 22* 35% 40+ LEAS 135% 28+ 135% 100*
143 13 21 39 40 59 73 19 73 kLS
® 144 15 19 36 41 66 75 25 75 39
s s 17 13 58 38 70 75 32 75 17
N 146 19 21 &1 36 57 81 21 81 20
lo14r 20 22 49 39 58 75 18 75 26
* 148 21 18 3 43 70 79 27 9 48
148 23 27 30 43 71 75 28 75 45
159 24 27 30 43 68 75 25 75 45
Average 22.0 40.6 40.9 64.7 75,6 23.8 75.6 35.0
N
Grand Average 13.6 26,7 39.0 68,1 78.7 29.1 78.7 52,0

* Not used in averages (Chauvenel's criterion),
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TABLE 5

GROUP 2. BATCH CHARGE, CLUMPING, AND DEAD TIMES
3.4-cu yd Mixer
Seconds from Start of Charge Tatal Total Total Mixing Time, seconds
Batch { Trace _ i
Pen Clumping Mixing Clumping | Dead i
No. No. |contacted g:d of Discharge| Time, | Time, rrfog; Start F?E:E End
Chart SY8e | start | End § Stopped | Resumed seconds | seconds | ©F ChATEE ot Charge
4 )
™ 715 638
0 134
: i a3 12 16 36 59 {76(} {174() 1768 23 { 280 15
é 2 57 9 13 34 61 104 178 200 27 T4 128 113
N 3 81 18 18 39 65 g2 108 123 26 27 96 80
» 4 65 12 16 39 63 75 197 226 24 122 104 88
>_ 5 7 13 14 28 63 103 165 188 25 62 126 1z
6 3 i4 24 30 83 100 138 159 44 a8 121 97
7 5 10 28 35 52 100 202 325 27 102 174 146
° 270 ars 49
1 :) 9 13 24 40 68 112 189 211 28 kK 134 110
ﬁ 9 11 iz 25 40 80 120 239 260 40 119 141 1186
; 19 13 12 28 38 80 152 179 198 42 27 171 143
11 7 14 20 38 70 260 385 423 32 185 238 218
12 33 i6 24 39 71 128 208 233 3z 80 153 129
13 61 i0 i8 39 70 85 152 262 kil &7 135 117
N
9-23 14 9 Y 47 41 87 85 182 202 28 97 106 58
(—— 15 8 i3 20 41 85 122 347 360 45 225 135 115
? 16 14 10 29 39 71 a7 244 256 a2 147 109 82
R: 17 24 10 30 38 75 96 158 169 a7 52 107 77
L‘!. 18 az 12 26 40 87 105 205 237 47 100 117 a1
9-28 19 25 23 27 41 68 81 1051 1096 27 670 126 949
Average 12.9 23.3 38.6 7.0 388.7 32.4 223, 6 135.2 111.8
TABLE 6
GROUP 3. BATCH CLUMPING AND DEAD TIMES
(NO CHARGE TIMES RECORDED)
3.4-cu yd Mixer
Seconds from Staxt of Charge Total Total |[Total Mixing Time, seconds
Batch | Trace Pen Chumping Mixing Clumping | Dead
Na, " Mo, {Contacted | End of Discharge| Time, Time, From Start A From End
Chart Charge | Start End Stopped | Resumed seconds | seconds | ©f Charge of Charge
o 1 18 15 40 86 a3 169 171 48 76 95
& 2 23 14 35 74 75 86 88 39 11 ki
I 3 46 12 38 70 &8 148 149 32 60 89
s 4 19 117 40 59 85 251 276 19 iga 104
5 5 89 12 40 96 104 151 166 56 AT 119
9-22 5 25 10 36 65 168 184 208 29 76 132
9=23 7 31 j1y 40 73 168 127 142 33 19 123
E 8 i2 13 41 79 89 123 144 33 34 110
@ 9 17 24 . 38 75 8L 152 168 36 71 97
¢ iB 22 a8 63 136 460 510 25 324 188
11 i 24 ag 61 105 153 204 22 48 156
12 37 24 39 61 78 i52 e 22 76 102
- 13 41 22 38 66 8a 129 136 z8 41 95
? i4 43 25 a5 12 78 278 298 37 200 98
g 15 51 22 40 65 98 237 258 25 139 159
", 18 53 24 40 64 132 are 387 24 244 143
17 67 22 39 66 84 652 876 27 568 168
18 63 24 33 64 94 336 352 3t 241 113
19 87 23 40 62 128 246 265 22 118 137
20 111 11 a8 88 130 195 235 50 65 170
N
Average 18.4 38.4 70,5 251.17 32,1 131.2 126,56
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TABLE 7
GROUP 4. BATCH CLUMPING TIMES
(NO DEAD TIMES--CHARGE TIMES NOT RECORDED)
3.4-cu yd Mixer

Sgeonds from Start of Charge Total Total Total Mixing Time, seconds
atch TACE i Clampi Dead
BNt:. TNo. Coftea:',ted End of Fheoplos Mg Discharge Tirgeljg Time, From Start From End
Chart Charge i Start End Stopped | Resumed seconds | seconds of Charge of Charge
-

1 9 8 33 81 75 28 75
2 1¢ 9 34 85 76 31 76
3 13 16 41 71 75 3o 75
4 14 17 41 a7 15 26 76
5 15 17 42 72 75 as 75
-] 16 12 32 64 15 32 75
7 17 L] 32 65 75 a3 75
8 19 18 41 T 5 29 5
9 20 13 a8 T 75 33 5
10 23 18 35 71 75 36 75
11 29 15 39 &5 75 26 75
12 30 15 as fili] 75 31 T8
13 31 13 38 86 75 28 15
4 32 14 40 £9 86 29 86
i5 49 12 a7 69 85 32 85
18 51 14 36 85 75 29 15
17 52 16 39 T2 75 33 75
by 18 53 i2 38 86 75 28 5
o" 19 54 14 38 60 75 22 15
- 20 55 14 a7 83 75 16 15
. 21 57 9 a2 49 75 17 75
22 -3 13 22 50 ki 28 78
23 59 11 34 55 T3 21 T8
24 0 11 32 73 75 39 15
26 61 8 az 9 75 a7 15
26 §2 8 32 70 79 38 79
27 63 9 31 80 75 29 15
28 §4 12 35 &5 84 30 84
29 65 9 32 66 Vi 34 5
% 66 ] 3l 60 76 29 76
31 67 9 34 62 75 28 78
32 110 iz 38 72 85 a6 85
33 I11 i2 a6 72 85 36 85
34 112 i2 a8 68 85 30 a5
a5 113 12 ki 75 85 a8 85
36 114 12 38 70 85 az 85
a7 115 13 38 T2 85 34 85

>_ Average 1.9 35.6 65,8 77.6 a6, 2 77.8
38 2 16 43 59 15 26 T5
39 3 15 40 80 15 20 75
40 4 17 42 59 15 7 ki)
41 5 14 39 55 15 . 16 75
42 6 13 38 BT 15 19 75

43 T 15 40 62 75 22 75
44 13 12 36 G8 73 a2 73
45 17 14 36 82 16 16 75
48 i8 14 A0 :4] 75 20 75
47 21 17 40 83 75 23 75
48 22 16 32 62 75 23 75
49 23 14 40 62 75 22 75
50 24 1z 9 3] kkd 20 ki)
51 25 14 a9 62 15 23 75
- 62 25 17 a8 3] 75 3l 75
? 53 27 16 41 61 79 20 79
o 54 34 17 32 80 80 21 80
N 58 %5 15 41 85 75 24 75
™ 58 36 14 46 61 85 21 88
57 a7 12 40 70 75 30 75
58 38 13 as 85 75 26 75
5% 99 13 40 62 75 22 76
(] 40 14 41 65 %5 24 kil
61 41 14 39 68 98 29 98
62 42 11 37 61 75 24 78
83 44 13 40 69 75 hoit] 75
84 45 15 a8 T2 76 a3 T8
65 46 11 36 60 75 24 75
66 47 16 4¢ 60 75 20 75
67 48 15 41 a7 76 25 75
&8 30 16 46 58 75 18 7%
] 51 17 42 66 75 23 76
70 52 iz 35 62 758 27 75
71 53 15 42 68 15 26 kL]

-51-




9 -20~ @it

v

9-22~8l

}—

9-23-81

9 -27-61

e-28-81

TABLE 7 (Cont.)
GROUP 4. BATCH CLUMPING TIMES
(NO DEAD TIMES--CHARGE TIMES NOT RECORDED)
3. 4-cu yd Mixer

Seconds frem Start of Charge Total Total Total Mixing Time, seconda
B;(t)cjh T;l::a Cmp:;1 o o Clumplng Mixing pischarge Cf;:lfnz ﬁ;‘i From Start | From End
Chart Chorge | gyary | pog {Stopped |Resumed seconds |seconds of Charge of Chiarge
72 54 13 41 67 75 26 75
13 56 12 ki 66 89 28 89
T4 64 13 39 53 5 18 75
75 68 15 39 &6 8 21 75
% 72 1 33 65 75 32 75
77 86 13 38 % 8L a8 81
78 88 13 40 79 92 38 92
79 82 13 39 59 75 30 15
Average 14.0 39.2  563.9 76,9 24,7 76,9
80% 21+ 12+ 2g% 78 183% 3% 183+
81 258 13 35 59 81 24 81
a2 a6 B4 29 73 83 a4 83
83 38 12 38 60 83 24 83
84 40 13 18 64 4 26 84
85 45 13 3 70 101 3z 101
86 52 12 41 87 94 46 94
a7 [:3) 12 38 75 79 a7 79
Average 12,7 37.8  B9.6 84,0 3.8 84.0
88 10 19 a7 63 79 26 ki
89 15 10 40 65 83 25 83
90 20 12 30 58 75 28 75
3 21 10 40 59 75 19 75
92 22 11 38 55 75 17 5
93 23 10 38 55 75 17 75
94 25 10 39 73 84 3 84
95 26 6 36 61 75 25 75
26 27 10 38 64 75 26 75
97 28 13 40 68 75 28 75
98 29 10 a7 665 77 28 7
99 30 8 a6 70 B4 30 84
100 3z 10 38 69 76 5 6
Average 10.6 3.8 63.5 77.5 25.7 77.5
101 33 12 38 68 T4 30 74
102 35 16 41 67 s 28 ki
103 37 16 41 71 75 30 75
104 39 12 41 74 75 33 75
105 40 14 40 70 8z 30 82
106 41 13 40 68 75 28 75
107 12 13 41 74 7% 33 75
108 59 1z a8 64 75 26 75
109 60 14 41 71 ki 30 75
110 61 16 41 73 75 a2 75
111 54 23 41 89 75 28 75
112 &5 24 40 70 75 30 75
113 66 22 a8 89 75 31 75
114 75 23 40 7% 75 az 75
115 76 23 38 69 5 30 75
118 77 28 41 70 75 29 75
117 78 27 41 89 ki) 28 75
118 o 24 39 70 75 31 75
Average 18.4 40,1 89,9 75.3 29.8 75.3
119 1 22 38 85 75 27 75
120 2 22 41 it 75 25 745
121 3 24 12 11! 75 26 FH]
122 4 21 39 T4 75 35 75
123 H 28 45 75 75 30 75
124 8 23 38 71 106 33 106
125+ 8+ 24* 36+ 68* 125% az* 125+
128 14 17 n 60 78 23 78
127 26 17 35 62 86 26 a8
1z8*  29% 19% 39% B3* 1a7% 24% 187*
128 30 20 39 58 75 19 75
130 32 22 42 58 75 16 75
131 33 21 40 68 89 28 89
132 34 al 38 69 75 3 75
133 36 21 44 63 75 16 75
134 a8 21 kil 58 75 21 75

* Not uged in averages {Chauvenst’s criterion).
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TABLE 7 (Cont, )
GROUP 4, BATCH CLUMPING TIMES
(NO DEAD TIMES--CHARGE TIMES NOT RECORDED)
3.4-cu yd Mixer

Seconds from Start of Charge Total Tetal Total Mixing Time, seconds
Bateh | Trage Pen i i Clumping | Dead
No. No. | Contacted End of Clumping Mixing Discharge Tir:e, Time, From Start From End
Chart Charge | oo o End Stepped { Resumed seconds | seconda § ©f Charge of Charge
135 39 22 43 a7 15 25 75
136 4G 28 43 69 15 26 156
137 42 22 38 66 15 28 18
138 44 23 39 38 18 19 75
139 45 21 40 65 85 25 85
140 46 27 4f) GB 15 28 75
141 48 23 42 67 75 25 75
142 49 24 41 52 75 22 75
143 50 25 38 &0 75 22 5
k44 52 24 42 55 7a 23 75
145 B4 21 38 64 75 26 75
146 55 24 4) 65 a3 25 93
147 56 25 43 65 75 2z 7a
148 58 29 37 65 87 28 87
149 60 22 4G 70 15 ao 75
150+ 61* 20* 35+ 67+ L46* 32+ 146+
151 62 21 39 66 75 26 75
162 H4 24 41 fi6 T3 25 75
153 68 25 48 88 a6 40 96
154 69 21 42 46 102 24 102
135 71 20 37 82 9G 25 44
156 T2 21 40 653 K] 23 15
157 74 22 41 G5 7% 24 75
158 75 28 43 63 75 20 73
159 T 21 42 63 73 21 75
160 78 29 39 59 5 20 75
161 51 20 +7 67 75 20 75
162 61 19 44 67 75 23 15
163 62 14 40 61 75 21 78
164 43 13 40 B4 T7 24 Kk
165 64 13 41 63 75 24 75
164 65 15 41 63 74 22 75
4 187 67 16 42 63 75 21 75
7 168 68 16 41 63 15 22 75
L] 169 69 16 42 §7 75 25 75
S 0 16 4 &7 75 23 75
> 171 Tl 18 45 65 5 20 75
172 73 16 41 66 5 25 75
173* 74+ 12+ 404+ T4% 124% K2 124+
174 5 16 41 58 75 17 75
175 76 13 40 64 81 24 81
176 77 15 41 67 T8 26 T8
177 78 13 38 T4 75 36 K]
178 79 14 42 T2 75 30 . 75
179 80 15 42 T3 75 31 15
180 8l 15 43 T2 ki 29 5
181 83 16 43 69 T8 28 75
182 21 18 40 60 75 20 75
133 92 18 41 62 KE] 28 75
184 93 17 40 64 76 24 T4
185 a5 16 37 65 75 28 75
188 130 20 45 8L 107 36 107
187 m 13 41 73 99 32 99
188 102 i3 36 G4 a1 28 81
189 103 17 43 81 110 38 110
190 104 15 431 &5 88 24 a8
191 105 13 39 ;1 79 25 79
1492 106 16 39 64 75 25 %
193 107 14 39 64 23 25 92
194 168 12 40 59 38 29 88
196 109 12 37 61 75 24 75
196 110 17 40 70 Kl an 77
197 113 1z 40 TS 7 35 7
198*%  115* 18* 40* 94* 132+ 54+ 132+
199 118 17 44 76 T 32 T
200 119 13 39 70 i 31 75
201 120 15 40 T4 76 3 76
. 79,3 25,9 79.3
_ Average 18.¢ 40,6 66.5
Grand Average 15.7 39.0 66,0 4.1 27.0 78.1

* Not uaed in averages (Chauvenet's criterion),
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GROUP 5.

TABLE 8

BATCHES DISCHARGED BEFORE END OF CLUMPING PERIOD
WITH AND WITHOUT CHARGE TIMES (NO DEAD TIMES)

3.4-cu yd Mixer

Seconds from Start of Charge Total Total |Total Mixing Time, seconds
Batch | Trace Pen End of Clumping Mixing . Clumping | Dead From Start | From End
No. No. {Contacted Discharge| Time, Time, ¢ Charee of Chazee
Chart |CParge | Start | End |Stopped ;Resumed seconds | seconds | © & B
'/__ 1 41 13 21 40 85 85 64
° 2 42 10 29 36 85 85 58
@ 3 43 10 35 93 93
Z 4 44 10 38 85 85
8
> 5 117 12 36 s 85
9-20 6 31 13 33 40 74 74 41
/‘-
7 47 14 25 40 74 74 49
8 49 10 30 35 73 73 43
P 9 51 15 27 40 75 75 48
410 53 10 38 75 75
o 11 54 10 38 T4 74
& 12 57 12 23 40 77 77 54
13 58 12 22 42 75 75 53
14 59 15 23 41 79 79 56
k 15 21 10 28 40 74 74 46
16 25 8 29 38 80 80 51
-1 27 14 28 42 76 76 48
? 18 31 12 27 39 72 72 45
~ 19 38 i5 42 75 75
9 9 44 13 31 40 75 75 44
@ g 52 14 26 41 75 75 49
22 20 18 23 37 75 15 52
23 22 27 30 42 15 75 45
f 24 47 23 39 75 75
s 25 82 16 42 75 75
: 26 112 17 41 " 77
& 27 114 i8 42 76 76
& 28 118 14 42 76 76
28 117 16 41 16 76
e
Average 13.8 26.8 39.6 77.2 77.2 45,6




