This article examines some new prod-
ucts and approaches that are beginning
to affect concrete mix designs and will

likely grow in influence soc

: uce the amount
of nonrenewable energy resources
needed to manufacture, transport, and




assemble building products. A third is to
réduce the energy consumed in inhabit-
ing and maintaining buildings. €oncrete
mix designs are changingin waysithat
will help achieve all these goals.

A producer’siinsights,

Kevin A. MacDonald, vice presndent
of engineesing seryices, Cemstone
@onerete Products Co, Mendota
Heights, Minn,, sees/a number of ways
that mix designs'haye changed and
will continue to change—many due to
sustainability concerns.

“We're getting away fromithe idea
that a particular quantity of cement or a
particular water-cement ratio is the key
to high-quality/concrete,” says Mac-
Donald. Adding portland cement to a
mix design often endsiupito be the easi-
estiand fastest:-way to achieve desired
results; but it’s not/the most sustainable:
The trend now/isito find other. methods
that are. more energy-efficient and envi:
ronmentally friendly.”

One such method s the replace-
ment of some postland cement with
fly ash, blast furnace slag; metakaolin,
and other pozzolansi As byproduets of
other industrial processes, these supple-
mentagy cementitious materials (SCM)
impast strength and other desirable;
propexties to the concrete with less
energy, demand and, cacbon emissions
than would beinvolved in manufactur-
ing/an all-portland mix.

According to,MacDonald; the use of
SCM is well enough established, and:
their beneficial effects are substantial
enough to ensure their continued role
in congrete mixes; evetif thel EPA’s pro-
posal to'reclassify fly ash as a hazardous
waste should i pass. (See Proposed Fly Ash
Reclassification Could Curtail Its Use:)

“I think;the reclassification would be
a disaster, because the proposal is based
on bad science,” says'MacDonald. Ifsfly

ash is reclassified, leading to less fly ash
in/conerete, he expects the use of other
pozzolans to/increase:

On another front, MacDonald!sees

potential for greateruse of recycled

aggregates in concrete, “ASTM €33
[Standard Specification for @oncrete
Aggregates] allows the use of resycled
aggregates. There is a perception that

recyeled aggregate resultsiin somewhat
lower quality concrete, but we need

to educate the industry to combat

that misperception. In fact, it's maybe

a bit better becauselit contains some
residual cementitious materials. Mote
efforts also are needed to separate and
reuse materials so they’re not rejected,”
says MacDonald.

MacDonald sees a trenditoward
more customized mixture designs; as
ready-mix producers work closely
with the contractor clients to:get

' the desired characteristics in'the
\plastic mixture, using the spegific

cementitious materials'and aggregates
that are available. “®ontractors are
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concerned about properties like set
time and strength gain, and producers
are developing a better undeérstanding
of how various admixtures can
interact to achieve the desired results,”
he says. He believes that progress
on this front is hampered somewhat
beeause conerete plants often don’t
employ engineers who can develop
effective mixtures.

Looking ahead, MacDonald expects

air entrainment methods to/change the
‘most over the next 10 years, He sees a

moye toward methods thatcan achieve

more stable air contents without ad-

versely affecting concrete strength.

“ONE OVERARCHING
GOAL IS TO. PRODUCE
STRONG, DURABLE

STRUCTURES THAT.

USE MATERIALS
EFFICIENTLY."”

Configuration of macrosynthetlc fiber allows relnforcement to be used ln hlgh
dosages. With earller'microsynthetic fibers, high dosages made mixing, placlng,
and finishing difficuit. prioTo: FORTA CORP.
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Event Center.

EPS beads in'the mix

One innovative product that’s begin-
ning'to make a difference in some
conectete mixtures!is an additive called
Elemix. It consists of uniform poly-
meric spheres—expanded polystryrene
beads—that are reported to reduce the
variability of concrete mixtutes while
improving the characteristics of the
concrete. Manufactured by Syntheon
Inc., Moon Township, Pa., the addi-
tive was inttoduced at the Wozld of
@©onectete in 2009,

Macrodynﬂ'leﬂc ﬂbdrs alter the t'exturii
of fresh cohcrete, so contractors should
place and finish'a prejobitrial slabto
galn experience with it. PHOTO: FORTA CORP

Addition of polymeric
beads to the mix facilitated
pumping of concrete for
seating tiers at Central
Michigan University’s Rose

PHOTO: SYNTHEON INC.

The additive supplements ot replaces|
other'aggregates to produce a lighiter’
weight mixture/that achieves/structural
compressive strengthsi It also/enhances
the congrete’s thermal properties; resis-
tance to cracking, and pumpability.,

Syntheon senior sales manager Larry
Ghappell says one key to the additive’s
benefitsiisithat it eliminates the need
for conventional air entrainment, “The
beads compress and act like air voids in
the presence of frozen water. Non-air-
entrained mixtureswith the additive
sucgessfully withstood 999 eyeles in the
A ©-666 [Breeze/l‘ haw ResxstanceJ
. _ MetthS_ ‘a
testing for UL and ULC fire xahngs

“The additive also makes conerete
slightly more ductile; so it helps reduce
shrinkage cracking substantially. Tt stops
microcracks from forming beneath the
sutface, producing smaller'and fewer
cracks overall,” says Chappell.

The additive was used to replace half
of the lightweight aggregate in concrete
to build 20 seating tiers at the Rose
Event Center at Central Michigan/Uni-
versity in Mt. Pleasant. Paul Albanelli,
president:of Albanelli @ment:Contrac-
tors; Livonia, Mich., learned of the:

product at.an AG[ committee mesting
in'‘May 2009 and thought it could be
beneficial for the project.

“It can be difficult to: pump or pourn
concrete with lightweight aggregate,
because the aggregate is porous and
absorbs water. We typically woulds
use at least a 4-inch or preferablya
S-inch hose to/pump it; but we thought
it would be'too hard tordragia'4- os
S-inch line to place concreteifor those
20 rows. With the additive, we were
able toiuse:a 290-foot pump)line,
the last 80 feet  of which was 3:inch-
diameter/rubber hose: The concrete
maintained its 4-inch slump through
theplacement, and we had none of the
delamination that often happens when
you try to give lightweight/concrete/a
hard-troweled finish,” says Albanelli.

“The seating tiers used 120 yards 6f
3000-psi concrete:inthree/placements:
With a 50% replacement-factor, the:
beads added $5/cubic yard over sypical
lightweight aggregate; but the time and
effort we saved made up the differ-
enceon ajob of this size. Ifiaisimilar
opportunity and e¢onomics came up
on another project, I'd be glad to use it
again,” says‘Albanelli;
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Macrofiber. reinforcement

A new generation of synthetic fiber
reinforcement products is helping to
realize the promise long felt but seldom
achieved by earlier versions of the mate-
rial. Microsynthetic fibers—i.e., very
fine single-filament polypropylene and
nylon fibers and deformed, net-shaped
polypropylene fibers—have been avail-
able for decades. These were designed
to reduce plastic shrinkage and help
control thermal'cracking when'added to
a concrete mixture. Their effectiveness
was limited, however, by the fact that
the fibers made mixing and placing dif-
ficult when used in dosages high enough
to reduce cracking substantially.

In 1999, Forta Corp., Grove Gity,
Pa., introduced a macrosynthetic fiber
reinforcement product with charac-
teristics that address the challenges'of
mixing; placing; and finishing concrete
with high-dosage fiber reinforcement.
The newer product has atwisted-
bundle shape to prevent balling, a
revised chemical composition and
longer lengths to inerease strength, and
concrete-gray color'and a special fiber
shape to enhance finishability.

The ability to incorporate high dos-
ages|of synthetic fiber reinforcement
intola concrete floor slab allows the
slab a degree of ductility that prevents
it from cracking; while still maintaining
a hard, durable susface and the strength
to withstand heayy loading, Project ex-
perience has/shown that joint spacing in
a fiber-reinforced slab can be widened
considerably without detrimental effects
on'performance.,

Beginning in early 2009, CONGRETE
CONSTRUGTION sponsored alfield'test in
Bartlett, Ill:, to document how: variables
such'as mix design, aggregate/size and
proportioning, admixtures, finishing
methods; and synthetic fiber reinforce-
ment affect slab/shrinkage and eurl-
ing. A.60;000-square-foot warehouse
floor slabiwas divided'into S000- and
10,000-square-feet sections. Inithe
test section with the highest dosage of
macrosynthetic fibers! (7% pounds/cubic
yard), joints were saweut to form 38
x42Y4-foot panels. This section exhib-
ited no significant elevation changes

over its first year in service. You can
read senior editor Joe Nasvik’s detailed
reports on CC’s Field Test research in
the February 2009, May 2009, Septem-
ber 2009, and March 2010 issues at
WWW.concreteconstruction.net,

Forta vice president of sales Dan
Biddle says the company makes it easy
for. designers to select the right fiber
reinforcement product for a particular
job by devising and publishing a “4-C
formula” that specifies its configuration,
chemistry, contents (dosage rate), and
cortrect length. Although this formula
gives the material characteristics, it
doesn’t specify the workability, mixing,
and finishing characteristics.

“The steps needed to achieve work-
ability will vary with fiber dosage,”
says Biddle. “At 3 to S pounds of fibers/
cubic yard, mixes don’t need to be
altered—you canuse the same aggre-
gate pradation/and admixtures that
you would without the fibers. For a
5- to 7%:-pound dosage, you’d want
to look closely at the mixture design
and maybe alter the aggregate grada-
tion'and water-cement ratio to ensure
workability: Above 7Y% pounds/cubic
yard, you might need to add a mid-
range water reducer or polycarboxylate
superplasticizer to the mix to maintain
proper flowability. We recommend that
contractorsido a preplacement trial to
get used to the differences in handling
the fiber-reinforced material.”

Aceording toBiddle; the cost of
adding a pound of macrosynthetic
fiber reinforcement to aicubic yard of
concrete isiapproximately 1.5¢/square
foot/inch of slab thickness. Some of
this cost can be offset by:eliminating
steel reinforcement; the need for fewer
sawcut jointsialso reduces labor costs.
However, the potential improvements
in slab performance, durability; and
customer satisfaction may, be the/most
important benefits. CC

Kenneth A, Hooker is a/freelance con-
struction writer based in Oak Rark, Ill.
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To/learn|more about this topic, visit our website.

Proposed Fly Ash Reclassification
Gould Curtall Its Use

The U.S. Environmental Protection Agency
(EPA) is currently considering a proposal

1o regulate coal combustion residuals
(CCRs), such as fly ash generated at power
plants across the country. The proposal
was prompted in part'by theidisastrous
2008 failure|of a fly ash/impoundment at a
Tennessee Valley Authority. plant in Kingston,
Tenn., which released coal ash slurry into
the|Emory:and Clinch Rivers, covered 300
acres of |and, and damaged nearby. homes.

Twoloptions are under consideration: The
first.would reclasstfy/CCRs as “special” or
hazardous wastes when they!re being sent
to Jandfills or impoundments for disposal;
the second would leave the current clas-
sification|intact but impose, more stringent
conditions on disposal; Either option would
move.oversight responsibllity from the
statesto the!federalllevel.

EPA's intention is to exempt fly ash from
the regulations when it is to be reused in
concrete or other beneficial products, but
there is concern that reclassification as a
“special” waste would carry a stigma likely
1o curtail fly ash use anyway. In a white pa-
per published last December, Orville “Bud"
Werner, president of CTLIThompson's
commercial testing laboratories wrote:
“Power companies and concrete industry
officials claim that the stigma ... will deter
shipment and use of fly ash for production
of concrete. The power companies have
suggested that the liability of shipping fly
ash, plus any incidental ‘disposal’ of fly
ash at a concrete plant, make it a liability
that is greater than its economic good. It
Is rumored that specifications are being
revised to exclude fly ash in portland ce-
ment concrete, and that plans are being
made to stop shipping fly ash to concrete
production facilities.”

It's hard!toitel] what theireal consequenc-
es of reclassification might be. If fly ash
were no longer avallable for. use in concrets,
though, it would affect the/industry signifi-
cantly; because there is no'real substitute
for/it. Using portiand cement instead would
greatly increase the cost and environmental
impact of concrete production. Other naturat
pozzolans;require;fuelito process, and still
don't/duplicate'allof the beneficial effects of
fly:ashi|FUrthermore, if fly ashiis not reused,
the power: [ndustry will have that much
more to/stockpile and dispose.

Adecisionion the propased regulation is
expected sometime this year, and Concrere
ConstrucTion will continue to report on
developments.




