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The information contained in this report was compiled cxclusively for the
use of the Michigan Department of State Highways and Transportation. Recom-
mendations contained herein are basoed upon the research data obtained and the
expertise of the researchers, and are not necessarily to be construed as Depart-
ment policy. No material contained herein is to be roproduced—whoily or in
part-—without the expressed permission of the Enginecr of Testing and Research,




INTRODUCTION

On February 2, 1971, the Department's New Materials Committee ap-
proved for further considerationa processed fly ashmaterial called '"Pozi-
con, ' submitted by the Michigan Ash Sales Co., Essexville, Michigan.
This firmobtains the fly ash from a coal-burning power plant and processes
it to remove the larger ash particles and the residual carbon particles.
Uponcompletionof this process, the resulting product '"Pozicon' meets tne
Bureau of Reclamation's Fly Ash Specification, as well as ASTM C 618
(Type F), and U. S, Corps of Engineers CRD 262 F,

This product is being considered to determine whether its pozzolanic
action will effect a significant improvement in the quality of pavement and
bridge concrete, while reducing the guantity of portland cement in the mix.
Pozzolanic action deseribes the chemical reaction that occurs between hy-
drated lime and finely divided non-crystalline, siliceous particles. The
product of this reaction is a natural cement which was commonly used in
the constructionof roads and structures prior to thedevelopment of blended
calcined cements. Processed fly ash is composed of spherically shaped,
minute glassy mineral particles; whenused in modern concrete it combines
chemically with the free lime that is generated as the cement hydrates.
This reaction occurs at normal atmospheric temperatures toform additional
cementing materials and thus enhances the strength of the concrete. Pozi-
con has a loose weight of 75 1b/cu ft, as compared to 94 Ib for portland ce-
ment.

Laboratory work to develop the maximum potential of this material has
progressed since the material's introduction and the completed portion is
described in two reports entitled, ""Evaluation of 'Pozicon' Fly Ash Con-
crete Admixture - Interim Report" (Research Report R-799), and " '"Pozi~
con' Fly Ash Pavement Concrete Development Work" (Research Report R-
973)., The latter report deals in part with the design of three experimental
slip-form pavement concretes, their evaluation, and the observation that
one of them was superior to its control mix.

As a result of this work, an experimental work plan was approved to
introduce the material into an existing contract. At the August 14, 1973
meeting of the MDSHT and the Michigan Concrete Paving Association, La-
boratory personnel described thetype of slip-form field applicationdesired,
and representatives from the Michigan Ash Sales described the necessary
added equipment for the batch plants, It was discovered that no suitable
pavemeant jobs were to be found for the 1973 construction season; however,
there were some slip-form median barrier projects. A revised work plan,
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using the material fora slip-form median barrier was approved by the De-
partmant's Pavemsant Selection Committeeand the contractor, Champagne-
Webber Construction Co., and the Certified Transit Mix Co., agreed to
undertake the work, assuming that no delays or inconvenience were en-
countered with the job. The project was approved by the FHWA and im-
plementation began immediately,

PRELIMINARY WORK

Mix Design Adaptation for Pozicon

Exploratory work in the laboratory with a natural coarse aggregate
concrete, which met the 2-in, maximum slump requirement of slip-formed
median barriers, revealed great difficulty in obtaining the required air en-
trainment. The very low slump concrete was too dry to "roll" very long
in the mixer and would break into an air-reducing 'tumble! soonafter mix-
ing began, Preliminary workwitherushed limestone, thedesignated coarse
aggregate for this project, revealed much less difficulty in developing the
required air entrainment. It was found that a concentrated Vinsol Resin
air entraining agent was ideally suited for use with the fly ash in low slump
concretes.

In the proportioning of the Pozicon mixes from the project mix design
charts, thedevelopment technique employed with PoziconMix BB (Research
Report R-973) was carried one step further; the coarse aggregate and mor-
tar volumes were maintained as a constant between Pozicon and control
mixes, Within the mortar, the volume of Poziconadded equaled the volume
of cement and water removed, plus whatever volume of sand was required

to makeup the difference. This resulted ina Pozicon mix having a slightly

higher ratio of fine aggregate to total aggregate (FA/TA) than would have
been obtained with the Mix BB proportioning technique where the Pozicon
replaced cement and sand only. This revised technique kept the Pozicon
mix directly related to its control and was thought to slightly improve its
consolidation characteristics. The mix designchart for the control mix is
shown in Figure 1 and the mix design measurements per cu yd for both the
control and Pozigcon concretes are shown in Table 1.

Tly Ash Auxiliary Equipment at Batch Plant

The concrete mix plant at the site did not have an extra circuit for
metering an additional material so Michigan Ash Sales Co. engineers de-
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signed and built anauxiliary hopper. This enclosed vented hopper sat on a
portable platform scale which could be tared, and measured the weight of
Poziconbeing pneumatically pumped inside. Input and dischargelines were
connected to the hopper by flexible rubber tubes so as to not transfer any
load to the hopper; the discharge line ran down between the plant's sand and
stone hoppers and opened directly above the conveyor belt., With this ar-
rangement, the hopper could be filled with thedesired weight of fly ash and
manually discharged onfo the belt without excessivedusting, The ash would
fall onto the sand from the first hopper and be immediately covered with
limestone from the second hopper. Views of the plant and a view of the
Pozicon hopper in Place at the plant are shown in Figure 2.

Mix Design Field Adjustments

Discussion at the job site with Department personnel, indicated that
the concrete used in constructing the median barrier in the adjacent con-
tract, also by Champagne-Webber, had a harsh consistency and had yield-
ed a deficient volume., To rectify the situation, 12 lb more sand per sack
of cement thanwas shown on the designchart was used and asimilar amount
of sand was added per cu yd in the Pozicon concrete to maintain compata-
bility. Hence, it was determined that 12 lb per sack additional sand in the
control mix equated to 13 1b per sack in the Pozicon concrete.

A review of the project inspector's reports suggested that the harsh
consistency and volume deficiency in the conerete could have been the re-
sult of two contributing factors; first, the water requirements were con-
sistently less than the caleculated value, which suggested that the calculated
moisture content of the sand was probably not representative of the true
averagevalue; second, entrained air measurements takenat the batch plant
would not be representative of the concrete discharged from the truck, be-
cause low slump concrete transported in transit mix trucks will lose air in
transit due to its inevitable stiffening and continuous agitation.

Securing a representative value of the moisture content in a pile of
sand, which has been exposed to the weather, is very difficult because of
the non-linear variation of moisture with depth., Sand near the bottom of
the pile may contain up to twice the moisture content of sand in the cenfer
depending upon the permeability of the surface it is piled upon., Many times
a close idea of the actual moisture content can be obtained by averaging the
moisture of samples taken at the middle and bottom of the pile.




Figure 2. Batch plant (above) and special weigh hopper (below) used to
discharge Pozicon onto the plant's conveyor belt.




CONSTRUCTION TECHNIQUE

As a subcontractor in the I 75 widening project, Champagne-Webber
was responsible for the construction of the concrete valley gutters, the
shoulder, and the median barrier; together, they completely covered the
strip between the new inside 12 ft lanes of the northbound and southbound
roadways, The valley gutters, shoulders, and barrier wall were all inde-
pendently constructed by the slip-form technique using a machine manufac-
tured by the Miller-Formless Co. of McHenry, Ilinois; different attach-
xJnents for consolidating and forming made it possible for this one machine
to do theentire job. As the shoulder was poured, staggered lines of verti-
cal tie bars were embedded in the concrete so as to provide anchorage for
the barrier wall. During the construction of the barrier, grade A concrete
was transported in 8 cu yd batches from the batch plant to the job site ih
transit mix trucks. Figure 3 shows a view of the shoulder and valley gut-
ters just ahead of the slip~form machineand atransit mixtruck discharging
concrete into the hopper of the slip-form machine. The consolidation com-
partment of the slip~form machine used for forming the barrier wall con-
tained three 3-in. diameter probe vibrators extending only a short distance
into the forming portionof the compartment. The top vibrator was located
onh the vertical center line of the barrier wall 8 in. below the top surface;
at this position it was virtually centered in the upper slope portion of the
wall, The other twovibrators were located within 1 in, of the forming sur-
face, and were centered on the lower slope; this placed them at an 8-in.
elevationabove the base of the wall. A cross-sectional diagram of the wall
in Figure 4 shows the location of these vibrators. As with most slip-form
machines their alignment and elevation are governed by electronic sensors
which follow along a reference line. A rear view of the machine in Figure
5 shows these Sensors and the finished wall surface emerging from the
machine. After the crew became accustomed to the work they established
a good production rate and the machine advanced at a speed of about 6 ft per
minute. Finishing menbehind the machine trowelled the wall surface blem-
ishes; it was then given a broom finish. Plans required that contraction
joints be placed in the wall at a maximum spacing of 24 ft, and expansion
joints at a maximum spacing of 72 ft. The contraction joints were made
with false joint edging tools but proved to be ineffective as the wall shrank
and cracked at random locations. The expansion joints were placed in the
finished wall by cutting out a slot and inserting the expansion joint material.
Figure 6 shows a view of this operation,




*JuIld Jeou g4 I “j0oload

JI9TAIR(G UBIpOW WJIOJ-dI[S °g£ aanSiq

P W

*ouryorwW WJIOJ-dI[S 973 JO peoye
A[ojerpowrmal sSurj00] ISLIIB] pue I9)Ind AS[[BA

*Juswlredwod uoIyepIosuod ay3 03 xoddoy oy3
WOJII 939I0U09 9y} sAdAu00 108ne ue ‘xaddoy
oy} OJuI XTwr SOZIBYISIP YONJI} XTW~-JISUBL} IOV



Il2

Ilg—lz

ug_l' — el e “|—||—T<-

. SNOI1LVD0T

d01vddIiA €

‘wre13elp oyj 1od se IolIIeq
"y ean3rg

oY} woIJ udye} Sureq soidwes 910D




Wall surface emerging from the slip-form machine. Note the alignhment and
elevation sensors which control the machines direction.

Finishing and brooming the fresh concrete wall. The conveyor belt returns
excess concrete to the consolidation hopper.

Figure 5.
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Figure 6. Workmen cutting expansion joint in wall with two-man cross-cut
"Saw. " Bottom view shows edge of joint being refinished after insertion of
fiberous expansion material.
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EVALUATION PROCEDURES

Sampling of Fresh Concrete

In the afternoon of October 4, 1973, following an all morning rain, the
contractor began construction on the median barrier with the control con-
crete. Research Laboratory personnel sampled the fresh concrete for
slump and air measurements and cast several test specimens. Following
the first sampling at 3:10 p.m., it was noted that the entrained air was
only 4.3 percent so the air-erntraining admixture was increased from 1/2
fl ox per sack of cement to 3/4 fl 0z. The sampling at 4:00 p.m. showed
the air level to be only up to5.3 percent so the admixture was raised to one
full f1 oz. On October 5, a third sample of the control concrete was taken
at 11:07 a.m., and the air level was noted as being at 7.7 percent which
was considered good. Since the greatest threat of deterioration to the wall
comes from freeze-~thaw attack, high air entrainment is not considered ob-
jectionable; in fact, a higher limit was specified for an earlier barrier wall
contract, but was lowered because of the difficulty in building entrained air
in a very low slump concrete containing natural coarse aggregate.

On October 6, construction on the median barrier started with the ex-
perimental Pozicon concrete. Samples were taken at 10:20 a,m,, 12:50
p.m., and 2:10 p, m. Inspectors and workmen on the project noted the fol-
lowing characteristics of the Pozicon concrete.

1) It was stickier than the control concrete and took longer to empty
out of the mixing drum at the batch plant. It mixed thoroughly in the same
one-minute mix time used for the control, but seemed to cause more of a
residuval build-up which required both water and scrubbing to dislodge at
the end of the day.

2) When arrivingat the jobsite in transit mix trucks the Poziconcon-
crete proved to be much more sensitive toslump adjustment water than wag
the control. Due to its internal fluidity, it required much less water to
produce the desired consistency, but remained at that consistency for a
shorter time interval,

3) When the concrete was wet enough to come down the truck chute
conventionally, it gave the finishing crew problems because it would slump
after coming out of the machine; when they had it about right for the slip-
form machine, it was too stiff to come out of the truck properly. They
finally arrived upon a solution of lightly spraying the chute from the truck
to help the stiff concrete slide down, and also lightly spraying the concrete

-12 -




as it was conveyed up the auger into the consolidation compartment. Once
in the consolidation compartment the probe vibrators easily consolidated
the concrete and it slip-formed readily through the machine.

4} The concrete surface extruded from the machine was much smoother
than the control concrete and this significantly reduced the amount of finish-
ing work.

The remaining portion of the slip-forming work on the project was com-~
pleted with Poziconconcrete on October 7, but was not sampled. Figure 7
is a diagram of the project area which shows the distance completed each
day and the type of concrete used. The slump and enfrained air measure-
ments made on the fresh conerete are shown in Table 2 along with the test
results obtained from the specimens molded from this concrete.

Sampling of Hardened Concrete

On October 30, 1973, it was planned to cut three cores from the com-
pleted wall at the locations where thefresh concrete samples had been taken.
The cores were to be drilled at the top of--and normal to--the lower slope
of the wall such that at least 12 in. and preferably 14 in. of core could be
recovered. Figure 4 shows a cross~sectional diagram of the wall, its di-
mensions, and the location where the core was to be cut. This drilling at-
titude permitted the bit to pass over the top of any anchor dowel on the near
gide and hopefully miss any dowel on the far side. It was intended that the
core be of sufficient length to provide surface and interior core segments
for specific gravity and permeabil ity work as well as an 8-in. section for a
compression test, The core holes were patched with hand mixed fresh
concrete. Views of the cores cut from the wall are shown in Figures 8 and
9.

The cores drilled at the sampling location were drilled at 5 ft inter-
vals,

Concrete Specimen Test Results

Fresh Conerete Test Specimens ~ Eachset of fresh conerete testspeci-
mens that were molded in the field and the test intervals are deseribed be-
low:

Nine 6 by 12-in. cylinders to be tested in compression in groups of
three after moist curing three days, sevendays, and the 28-day special
cure; this Jatter cure was designed tosimulate a 28-day field cureand con-
sisted of one week moist curing, two weeks air drying, and an additional
week of moist curing.

-13 -
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Figure 7. Location of experimental and control concrete on I 75 median
barrier (Project IS 25032-05292A).
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Figure 8. Control concrete cores cuf from median barrier near sampling
stations shown.
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Figure 9. Pozicon concrete cores cut from median barrier near sampling

stations shown.
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PERCENT CHANGE FROM INITIAL WEIGHT

0.2
ol
e
0.1
0.2
0.3
0.4
© CONTROL CONCRETE {AVG OF 3 SETS)
0.5k O POZICON CONCRETE (AVG OF 3 SETS)
0.6
| { ] i | 1 1 ] | i 1 1 1 | i 1
b3 14 3 44 31 2 413 6!1 311 2 4|
( DAYS |  WEEKS i DAYS WEEKS i MONTHS |  DAYS WEEKS |
A A A I ﬁg,,__.___).. ________ )I
' CURING TIME / DRYING OUT TIME ¢ MOIST ROOM RECOVERY |
N O -
13
Figure 10, Shrinkage prism length variation.
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Figure 11, Shrinkage prism weight variation.
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Six 4 by 4 by 16-in. flexural beams that were tested in groups of two
after the same cure intervals used for the cylinders. The wet bulk speci-
fic gravity was measured from the beam ends of the seven-day cure speci-
mens,

Three 3 by 4 by 16-in. beams were given the special cure and then
tested through 336 freeze-thaw cycles in a rapid cycle machine where the
beams froze in air and thawed in water. Their condition was monitored
every 42 cycles on a sonometer that determined the transverse vibration
frequency at which the beam resonated. This testing was carried out in
accordance with the procedure described in ASTM C 666~73, Method B.

Three 3 by 3 by 15-in, shrinkage prisms were given the special cure
and were measured for length and weight changes during the cure at one,
three, seven, 21, and 28 days, and during the dry-out period at one and
three days, one, two, and four weeks, and three and six months. The dry-
out period was followed by a 28~day moist room recovery period with mea-
surements at one, three, seven, 14, and 28 days.

Fresh Concrete Specimen Test Results

The test results fromthe fresh concrete specimens are shown in Table
2 and in Figures 10 and 11. The data shown in Table 2 includes slump and
entrained air measurements of the fresh concrete, the individual average
values for each set, and the three set average values for both control and
Pozicon concretes. Figures 10 and 11 show the three set average values of
the shrinkage prism length and weight variations for both concretes. A
close examination of the data in Table 2 and Figures 10 and 11 shows the
control and Poziconconcretes to both have excellent characteristics and to
be very comparable to each other,

Hardened Concrete Test Results

An 8~in. compressionspecimenwas cut from the center of the concrete
cores taken fromthe wall; while thetwo ends, having anapproximate length
of 2,5 in, each, were measured for absorption, specific gravity, and per-
meable voids in accordance with ASTM C 642, For the cores from cach
sampling station, the results of these tests were averaged and are shown
in Table 3; also shown is the combined average for each concrete.

A study of the table shows a more dense concrete existing at the sur-

face of the wall than is present in the interior. This is indicated by all
three related measurements; absorption, specific gravity, and permeable
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voids. Tt will also be noted from the table that the Pozicon concrete is
generally denser than the control conerete; anapparent contradictionto this
is at station 855+50 of the control and 920+25 of the Pozicon, where the
respective specific gravities at the surface are 2.25 and 2,23, It will be
noted at these locations that the entrained air level of the Pozicon concrete
was much higher than it was for the control concrete while the absorption
and permeability were less. This would indicate that although there was a
greater number of tiny isolated air bubbles of entrained air in the Pozicon
concrete, there must have been fewer of the larger trapped air voids, at
least those that were interconnected. This fact itself would suggest that
the Pozicon concrete was better consolidated.

The strength measurements shown in Table 3 indicate the Pozicon
concrete is substantially stronger in compression than the conirol con-
crete, again reflecting better consolidation,

CONCLUSIONS

From the strength, specific gravity, absorption, and permeability
averages in Table 3, a comparison was made which is presented in Table
4, 1t shows the average values for both concretes and the improvement in
the Pozicen over the control. As shown, the improvement of the Pozicon
. over the control is substantial.

Recalling the fresh concrete values from Table 2, where only anegli-
gible difference existed between the performance of the Pozicon and con-
trol concretes, and the substantial improvement shownby the cores inTable
4, two facts must be concluded: first, that the rapid pozzolanic activity of

TABLE 4
SUMMARY OF POZICON IM PROVEMENTS OVER CONTROL CONCRETE
SLIP-FORMED CONCRETE MEDIAN BARRIER
Project IS 25032 05292A

Characteristic Pozicon Control Improvement
Average Compressive Strength 3,930 psi 3,010 psi 31 percent increase
Average Specific Gravity (dry bulk) 2,25 2,21 0,04 inerease
Average Absorption 4,9 percent 5,7 percent 14 percent reduction
Average Permeable Voids 11,1 percent 12.7 percent 13 percent reduction
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the Pozicon was adequate to produce a 6 sack performance with 5.5 sacks
of cement under simulated field curing; second, that the internal fluidity
provided by the Pozicon gave it a substantially improved consolidation in
an actual field application.

In view of this revelation, the natural conclusion is to surmise that if
a 5.5 sack mix with Pozicon will effect this substantial improvement, that
a 6 sack mix with the proper amount of Pozicon will provide a concrete
vastly superior to the 6 sack control. However, in view of the substantial
reduction in the volume of fine aggregate to accommodate the Pozicon and
the additional required water, it is doubtful if this concrete will have a suf-
ficiently increased workability to give further improvement in consolida-
tion. Laboratory work is presently inprogress toexplore this supposition,

RECOMMENDATIONS

Since a slip-formed concrete mix has been developed that will conserve
the valuable commodity, cement, utilize the waste product fly ash to its
fullest potential, and produce a moderately superior concrete at a modest
savings in cost, there can be no other course than to recommend its usage.
At present this recommendation must be restricted to specifying it as a
preferred alternate to conventional eonerete in the slip-form construction
of conerete medianbarriers and other similar outdoor structures. Its ap-
plication in slip-form concrete pavements was explored in an experimental
paving project constructed during the 1974 constructionseason and the re-
sults contained in another report.

The decision touse the fly ash concrete option in a projeet will neces- -
sitate that the contractor make arrangements with the Michigan Ash Sales
Co. of Essexville, Michigan, to supply him with Pozicon and to modify his
batch plant, if necessary, to accommodate it. The proper mix with Pozi-
con would be designed by the Department. :
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