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FIELD STUDY OF THE HANDLING CHARACTERISTICS OF MO CONCRETE

ABSTRACT

A fleld study was made on the handling characteristicse
of MO concrete, a new type of concrete containing magnesium
oxychloride cement with iron aggregate. Despite somes Aiffi-
culties which arose during the test, the material shows promise
in the handling of large quentities by conventional methods. This
work is being continued at the new ORNL shielding laboratory in Y-12,
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FIEID STUDY OF THE EANDIING CHARACTERISTICS OF MO CONCRETE

Introduction

There 18 very little information available on the batching,
mixing end pouring characteristics of MO conorete, (magnesium oxychlo-
ride cement with iron aggregate) using conventlonal comstruction equip-
ment on work involving field scale quantities, In ap effort to find
scme of the answers the Oak Ridge Naticnal Laboratory initiated a
fleld test project, the original scope of which is outlined in Appendix
a.

Procedure and Equipment

For reesons of practicality or expediency several changes
were made in Appendix A during the tests. Weight batching equipment
wag not used., Oxdinary 55 gallon steel drums were used for magnesiun
chloride solution mixing end storage, rather than a stainless steel
tank, Compresailon test samples were not made, nor were temperaturs
measurements taken, Because of the possibility of the future use of
MO concrete in Pumpcrete equipment it was decided to investigate its
pumping characteristics, The horizontal pipes installed in the
colum®e were spaced on ¢ight inch centers vertically throughout instead
of at two, four, eix, etc. feet from the bottom. On the MO tremie
column ( Suggested Tests, ¢, Appendix A) the horizontal pipes were
held acourately in position by two steel chamnel Jigs.

A type No, 200 Pumpcrete, with a three cubioc yard pugmill,
and twin reciprocating pumpe {only one of which was used) powered by
a 50 BP electric motor was inestalled on a low-bed traller at the foot
of a bank., A single eight inch steel discharge line extended from the
Pumporete for a distance of approximstely 300 feet up the hi1ll, The
difference in elevatlion between the pump and the pipe discharge end
was 45 feet,

In the batching yard the equipment consieted of one four
cubic yard traneit truck mixer, one 15 ton truck crane, two concrete
pouring buckets and one portable electric agitator,

Batohing and Mixing

Batching methods were relatively slow and crude since it
was not feasible to eatablish a bulk batching plant, The steel punch-
ings were premeasured into steel drume with approximately 1000 pounds
of punchings per drum, The balance of the materials were bagged with
manufacturers' weights indicated therson. The punchinga and ehot were
emptied into a concrete pouring bucket which in turn was emptied into
the truck mixer. Bagse of oxide wepe atacked and holsted to thas top
of the truck mixer and there cpened and dumped into the mizer. The
chloride solution was mixed (by means of a portable electric agitator)
in drums equipped with a valved spout near the bottom, Then the drume



were holsted to the top of the truck mixer and emptied.

Although the specific gravity of MO concrete is a2 little
mors than two end one-half times that of PC (Portland Cement concrete,
it was found that the truck mixer would not hendle a volume of MO
conorete detertiined by inverting this ratio, 1In other words, a four
cubic yard PC concrete mixer would only mix one cubic yard of MO
concrete, This was largely due to a concentration’ of the load in the
drum at & greater-than-normal lever arm. The mix for one cubic yard
of MO concrete was as follows:

780 1be. Mgl
4780 1bs. steel punchings, ca, 3/4" dia,
2160 1lbs, steel shot 1/8"
1440 lbva. steel shot 1/20"
76.5 gal. MgCly aolution, Sp. G. 1.3 (33.5° Be)

Pumping

Following routine pumping practice for PC concrete, a amall
load (ebout 1100 1lbs,) of magnesium oxychloride motar ueing fine shot,
Mg0 and MgCl, eolution wae first placed in the Pumpcrete machine, Thia
was follo‘lfed.zby two, one cubic yard loads of MO concrete, the slump of
which was 7-1/2" and 8" respectively. From time to time between loads
the operator ran the machine for a few test strokes of the pump. The
Pumpcrete appeared to be functioning properly. However, when the third
cublc yard of MO was about to arrive and efforts were made to pump con-
tinuously it eppeared that the machine was not developing sufficient
power elther to move the comcrete or snap the flywheel shear pins, At
thie time the concrete, although somewhat stiff, was fairly workable,
Much time wae spent in en effort to obtain full power from the machine,
ending in the unfortunate results set forth in more detall in Appendix C.

Vibration Tests

In order to investigate the action of Internal vibretion on
MO concrete, ome load of concrete was distributed among four forma., The
forms were two-foot cubes. 1In addition to the above mentioned batch-
ing egquipment, an internal sir vibrator and an alr compressor wers
used, Maximum vibration time was sstimated visually as the time at
which about 3/4" of neat cement had risen to the top of the form, The

forms were later stripped and the cubes were fractured with a pneumstic
pavement breaker, The concrete was then examined to determine the

effect of vibration time on segregation and voids, The results are
shown on the following pages.



VIERATION TIME - NONE

Ko voids or honeyoomb evidemced on faces of cube
except for ebout 2 eg. 1n, &t two of the bottom
cornera, No internal volids aspparent on bresking-up,

This specinsn was the most difficult to fracturs
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VIERATION TIME - TWO MINUTES

No volda or hoveycombs, No
appreciable segregation tf the
goarse sgate except for a
1 to 1-1/2" layer at the top
wvhich contained no coarse
aggregate.
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VIIRATION PIME - THREE MINUTES

Wo volds or honeycoub, No co-called "mandatresica
on the faces of the spocimen, Ko appreciabdble
Bogrogation of the coarse aggrepate exoept for a
2 %o 2-1/2" layer =t the top which contained
practleally no coarse aggrogate.

This specimen fractured more reedily than the other
three, The entire top portion broke off so that it
was nrecespary to take two ploturea in an attempt o
gaow ag much as yposslbls of a vertical section. The
Tirst of the twe following pictures mhowe the hottom
porsion of the cubew, The sscond plcture showa a
top corner portion lying on 1ts side on the ground.
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Column Testa

As indiceted in Appendix A, plywood forms coniaining
horizontal pipe sleeves were erected for four columme. Into the
firet column, PC concrete was poured, beginning with a free fall
of eight feet and decreasing atv two foot intervals to a free fall
of one foot at the top of the column. On the next columm PC
cenerote was poursd by means of a tremie plpe. Internal vibration
wag used in these colunns, The concrete was conventlonal PC concrete
(epproximstely 3000 pei) with crushed stone and sand aggregate. These
two colums were poured without unuauvel incident.

An attempt was made to pour the last two columns with MO
concrete but in each case only about a guarter of the column was actually
poured and the balence of the mixer loads had to be diac¢arded. Be-
tween about 1/2 hour apnd 1-1/2 hours after adding MgCl, to the mix,
the concyete becems so stiff that 1t would not flow n a chute or
through a pouring bucket. Nelther was it sufficiently workable to
flow into place msround the pipe sleeves, FKowever, the concrete wvas
plastic and could be readily penetrated and worked by tools or wvsu
by hand, An internal pneumatic vibrator would punch a hole into the
conerste but would not make 1t flow. The time at which this loss
of workebillity occuryed was so erratic that it was declded to post-
pone the completion of thie test until a elower, more stable and more
uniformly reacting magnesium oxide could be foundi, The Weatvaco
Chemical Corporation (ome of the msmbers of the Oxychloride Cemsnt
Asgocigtion) is wndeavoring to £ind a more sultable magnesivm oxide
for thils work,

Conclusions

In spite of the apparently discouraging results of thie
study, it can be said that all the difficulties appear to be capable
of soluticn, and once succesafully solved the other more-favorabls
working characteristice of MO comcrete mentioned later offer definite
advantages.

In planning a fleld Jjob with MO concrete, careful consldera-
ticn must be given to the capecity limitations of the construction
equipment. All personnel concermed should be indoctrinated in the
vorking characteristics of a new material, especially since many will
have inappliceble idees lograined from years of practical experience
with conventicnal. concrete. These precautions coupled with slert
supeyvision should prevent losses from batches "setting up" in the
equipment, However, the most important problem to be solved (and
presently under i{nvestigation) is the provieion of a reliable mag-
nesium oxide which will have a sufflciently slow reaction time to gilve
a remsoneble and reliable vorking pericd for the mixed concrete., It
appears that the provision of such an oxide 1s merely a matter of a
moderate amount of Ffurther investigation.
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During the workable period of MO copcrete, the material
hag a good consistoncy and adequete flow characteristics. Despite
en abnormally high siump compared to PC concrete there is practical-
1y no segregatlon of the aggrepates, Tor these reasscns MO concrete
appears to be an excellsnt materiasl for pumping in spite of the
hayshness of pteel sggregatos,

Although the number of specimens &tudied in the vibration
teste are fow in number, 1t appears that properly workable MO concrete
requires very little vibration in plecing. Prolonged vibration forced
come morter out through the Jointe in the form and displaced some
mortar to the top of the form, theveby apparently weakening the speci-
men eo that 1t was more readlly fractured., However, prolonged vibra-
tion caused no "sand streaks" and produced considerably less cegrega-
tion of the coarse sggregate thep might be expected with PC concreve.

-

5 A

T. Rockwell

Approved by
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APPENDIR A

OAX RIDGE NATIOHAL IABORATORY
INTER-COMPANY COREESPONDENCE

July 1, 1948

To: J. C, Stewart
Fraoms 8, Mclain

Sub ject: Pouring and Strongth Tests of MO Concrete

It is requeated that facilities be furnished and assitance be rendersd
the Technilcal Division in condacting pouring and strength tests on MO concrete,

MO conerote has been developed for use in shielding reactors, shipping
containers, stc. It conaipts of magnesium oxychloride cement, or Sorel's
cement, and iron punchings and shot as aggregate, A description of this
cemerete with 1ts properties was given in ORWL Report No, 17, "Englneering
Data on "MO" Shielding Concretes snd Boron (Thermal Shield) Cement," by
T. Rockwell and F, J, Roehrenbeck dated Maxrch 17, 1948, The concreste
which we desire to have poured has the Tollowing composition:

Mg0 162-1/2 1b,
Steel Punchloge, 3/4" x 3/4" 1000 b,
8teel Bhot, 1/8" 450 b,
Steel. Shot, 1/20" 300 1b.

Saturated Solution MgClpa(32° Be) 16 gal,

This concrete differs from normsl conorete meinly in 1ts specific gravity
and wime and menner of setiing. Ordinary conorete has an initisl set 4in
two to four hours and a Tinal set in twenty-four hours or more, MO concrets
has an initiel set in two to three hours and reaches full strength in
twenty~four to forty-eight hours, The specific gravity of the MO ccmerete
ia 5.80 as conpared with 2,3 for ordinary concrete,

Since amall @cale tegts only have been made to date, there is no infor-
mation avallable on the practical aspects of large scale pouring tests., We
nesd sdditiopal information on all pheses of such teats as listed in the

following paragraphs:

. Forma, All forme must be designed much heavier because of ths
higher specific gravity of the concrete. No special
precautions need be taken 1n yespect to stripping the
forms ng both wood and steel strlp readily,

Y




J. ¢, Stewart from Mcleln July 1, 1948

6. BRav Materialg Handling. No @ifficulty is foreseen relative
to rav materials handling.

be

¢. Mixing., Bateching, welghing, and dry mixing are expected to

% similar to’norml cm:orote except that the batch size
must be out down ons half because of the greater density

of the concrete,

ion
d. Wet mixing, The addition of the magnesium chloride solut
and wet mixing are expected to be similar to water addi-
tion in ordinary conorete mixing.

t three

o. Slump teste, The slump of the MO concrete will be abou
inches. 'The MO concrete 1s considerably more viscous than
ordinary concrete, Slump tests should be made at each
pouring.

f. Pouring., Smaller amounts must be handled than in ordinary work.
We wish to obtain as much information as possible from this
part of the teat, We desire especially, information con-
corning the distauce the raw concrete may be dropped with-
out affecting segregation.

g. Vibration, We have no information concernipg the amount of vibra-
tion necessary to obtain good concrete., In fact ome of
the teets requested is designed to evaluate this point.

h, BSegregation, Considerable segregation is anticipated in the MO
conorete dropped excessive distances or in the concrete
given excessive vibration, This aleo is ocne of the most
important items to be investigated.

1, Test samples, Teet samples from each pour should be made for the
standerd compression tests.

J. Temperatures, Thermocouples will be placed in the center of the
small scale tests to measure the temperature rise due to the
heat of setting,

k, VWorking properties, Detalled data and visval observations on the
working properties of the MO concrete in comparison with
regular concreve are desired, The times required for mix-
ing, ease of cleaning of the mixers and tools, ease of
rexcvel end appearance of the forms are desired.

1. Equipment, We would like to have the conocrete mixed and handled
in regular egquipment in order to determine what difficulties
will be encountered in practice. We suggest the use of
batchlng and weoighing equipment, a stainless stesl storage
tapk for the magnesium chloride solution, a transit mix truck,

a truck or cravler crane equipped with a sultshle conerste
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pouring bucket, suitable tremle piping, and an air
vibrator. The pouring bucket should either have a
emall pouring mouth or be provided with a hopper and
furmel, Information concerning the adequacy of thiw
equipment 1@ an important part of the test.

The following teats are suggested:

a,

Prepare and pour four wooden forms with MO ooncrete for the
purpose of carrying out vibration teste, The form sizes
ghould be approximstely two feet cubed, The firet form
should be poured without vibration and the next with guffi-
cilent vibratlion to produce visible segregaticn with the
appearance of neat cement at the top of the form. The
other two forms ehould be vibrated one-third and two-thirds
of the time need on the second form.

Prepares the forms for and pour a column eighteen inches square
and sixteen feet high. It is suggested that the form bracing
and the scaffolding for the full height be prepared in advance
with platforms for pouring and cbservation erected at eight
foot 1ifts and with the form prefabricated in units eight feet
long eo that the units can be readily placed and quickly se-
cured cne on top of the other during powring, Seotlons of
gtendard two inch pipe should be placed in & horizontal position
through two faces of the form on elght inch centers two, four,
gix, etc,, feet from the bottom, This will allow two rows of
pipes from the bottom to the top of the columm, It 15 desired
tc pour the concrete by letting it fall freely a variable dis-
tance from as much as five feet to es little as one foot,
decreaging the distence of free fall as the colummn is poursd,

No reinforcing stesl will be used in this or the next test. The
vibration time in this and the next test should be the optimum
as determined by the small cube tests.

Prepare wooden forme for and pour a gsecond column of the same
dimeneions ae the firat, including the eame pipe spacing except
that the form should be initially placed to full helght before
any concrete 1s poured, This form should be pouwred by tremie
methode using & suitable glze diamster pipe. Removable windowe
or panels may be used if desilred.

Prepare and pour one wooden form with regular Portland cement
conorete for the purpose of comparison of time and coste with
the MO concrete., This concrste should be given the regular
vibration used in regular work, alump tests, etc. The mir used
ghould be a typilcal wall mix e.g,, (3-2-1).

Prepare &and pour one colum eighteen inches equare and sixtesn

feot high., Crose pipes ehould be placed se in the column in b
asbove, The mix should be the same sp (d) and slump tests, etc,
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should be made, The pour should be made by regular tremie
methods as in ¢ ebove. Time and costs figures should be kept
Tor comparison with the MO tests.

Forms may be removed one day and tests conducted five daye
after pouring,

The columms will be brokem up into two foot sections., These
seotlons apd the two foot cubee will be broken and examined
for segregation around the cross-pipes and from top to bottom.
In addition the test samples poured at the same time as the
cubes and columns will be tested for compression strength.

The Technical Division will furnish the raw materials, It is
estimated that four cublc yards of concrete will be poured.
Costs on the work should be charged to H41SL.

Time studies and cost records of the work are desired in order that

labor costs, equipment costs, and material cosis may be accurately estil-
mated on & unit basis, Photographs of all phases of the work are desired,

8/_Stuart McLain

8M:eg
Coples to: Blizard, Kyger, Lane, Peterson, Rockwell




APFENDIX B

Photographs of Test

General View of the Test Site
Preparing the Batch

The Pumpcrote Test

The Vibration Test

Tremie Columm Tests

Free Fall Column Tegts
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25-27
28,29
30,31
32,33
34-36



GENERAL VIEW FROM THE NORTH
SHOWING THE BATCHING SITE AND THE TEST COLUMNS
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GENERAL VIEW FROM THE SOUTH
SHOWING THE BATCHING SITE AND TEST COLUMNS
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EMPTYING STEEL PUNCHINGS INTO A POURING BUGCKET

ADDING STEEL SHOT
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EMPTYING THE
BUCKET INTO THE
TRUCK MIXER

HOISTING BAGS
OF M@0 TO THE
TOP OF THE
TRUCK MIXER
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PREPARING AND AGITATING MgCl2 SOLUTION

ADDING MgCly, SOLUTION TO THE MIXER
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THE PUMPCRETE MACHINE

THE DOISCHARGE END OF THE PUMPCRETE
PIPELINE WITH THE TRUCK MIXER AND THE

PUMPCRETE MAGHINE IN THE BAGCKGROUND
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TRUGK MIXER POURING MO INTO THE PUMPCRETE PUGMILL
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POURING MO INTO FORMS FOR VIBRATION TEST

POURING MO INTO FORMS FOR

VIBRATION TEST

30



I

VIBRATING

MO TO STUDY SEGGREGATION CHARACTERISTICS
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TOP VIEW OF THE P.GC. TREMIE COLUMN

TOP VIEW OF THE MO TREMIE COLUMN SHOWING GHANNEL JIGS




SIDE VIEW OF THE MO TREMIE GOLUMN
SHOWING GHANNEL JIG

VIEW OF COLUMNS SHOWING TREMIE PIPE AND HOPPER
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SIDE VIEW OF ONE OF THE °FREE
COLUMNS

34
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"FREE FALL" GOLUMN

POURING A

POURING A "FREE FALL" COLUMN




36

[ SIDE VIEW OF ONE OF THE PR C.
, COLUMNS AFTER POURING
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APPERDIX C
ADDITTIONAL FEMARKS ON FUMPCRETE TEST

For record purposea it seems advisable to clarify the events
prior to and during the experimental MO concrete pour which utilized
the Pumpcrete mechlne rented from the Martin Machinery and Supply
Company of Knoxville on August 16 - 17, 1948,

MO concrete had been experimented with in several small scale
laboratory teats at CORNL. During the past year, M concrete was
batched, mixed and poured in several small scale field tests using
6 cubic foot batches, In the first of these, the materials reacted
more rapidly than ezpected and due to inexperience in handling the
material, a portion of the conorete set-up in the mixer., The mixer
wag cleaned out and the remaining batches presented no problem. As a
result of these ezperiments there was every reason to believe that MO
concrste could be pumped and would remain workable for pumping purposed
and subjest to flushing with water for 2 hours or longer., This was the
information previouely given to Mr. Hay and Mr, Coopexr of the Martin
Machinery and Supply Company.

The Pumpcrete machine appeared to be working properiy and the
pumo wae operated ocecasionally while the second and third batches were
being mixed. As the load on the pump gradually built up it became
apparent that the rated power waes not beilng delivered to the pump, The
reason for this power deficiency is not certain but it is belleved to
have been caused by & faulty electric motor, Significant is the fact
that the motor would not ghear the flywheel shesar pins, This fact is
lnmportant when considered wilth the time factor, for if the motor's fail-
ure, or if & Jam in the pump valve hed been readily evidemt, there would
have been time to clean out the pug mill and the pump while the comcrete
was atill subJect to handling and water flushing. Ae 1t was, the lack
of power only gradually became evident with the increase in the load and
even then much time was lost while Mr, Cooper endeavored to get the motox
to operate properly. After the power fallure was evidemt, Mr, Coopen
repeatedly stated that if the pump were jJjammed or over-loaded and if the
machine were developilng its rated power, the machine would buck and vibrate
and would certainly shear the flywheel shear pina, The 1line voltags wan
checked and found adsquate by an electrician foreman of the C&CCC.

During the time that. efforts were being made to get the motor to
fupction, Mr. Cooper wes repeatedly requested to dismantle the pipe and
dlspose of the concrete, Apparently his years of experience in punping
Portland cemsnt copcrete led him to underestimate our concern. By the
time that efforts to make the motor function were dropped, 1t was too late
to flush the MO concreote out of the pugmill with water, partly because of
inaccessibility and pertly bocause after a relatively short tims (comparaed
to Portland cement) water has little effect on oxychloride cement,




36

Following this, about an hour was spent in a futile effort to
remove the pug mill from the machine., A truck crane availlable on the
project wvas unable to 1ift the pug mill, By then the ccnorete had
begun to set up sufficlently to make 1t evident that 1ts removal would
have to be accomplished by hend, It would cost the ORNL as much or more
to clean out the concrete with its own forces as it would if the work
were done by the Martin Machinery and Supply Compeny, In order to term!-
nate the dally rental, it was declded to return the Pumporete machine
to Knoxville,

Mr. Hay of Martin Machinery and Supply Company reports that
during cleaning operationa some pleces of steel too large toc pass througn
the pump valves were found in the pug mill, Although these pieces of
steel hed evidently been in the coarse aggregate, this fact was not known
by anyone on the project. Considerable cbservation and use of the coarss
agaregate prior to and during the experimsntal pour had not revealed auy
ateel pileces of exceselve aize among the punchings, Even though a pump
velve may have been jemmed by a large plece of steoel, there should havs
been time to remove the concrete from the machine, If thie condition had
been evident by the feilure of the flywheel shear pins under normal pover,




