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In the last few years, there has been a tremendous
increase in the use of high performance concrete. High per-
formance concrete no longer means only high strength but
includes low permeability, self consolidation, low heat gain,
low shrinkage, toughness, abrasion resistance, among other
things. These requirements all demand flexibility in concrete
mix design. With more need of HPC, prescriptive methods of
design are quickly becoming outdated.

The National Ready Mix Concrete Association, the
Portland Cement Association and more locally, the New York
City Building Department, along with many other specifiers
around the country, are now advocating performance over
recipe. This means that designers are now focusing on plastic
and hardened concrete performance rather than what is in the
concrete.

Long gone are the days of a prescription bag amount
of cement with a fixed water cement ratio. With today’s high
strength mixes, the cement’s contribution alone may not be
enough to meet the needs of HPC.

For instance, as cement content increases, so does the
byproduct of hydration, calcium hydroxide, which by itself
does not contribute to strength but can negatively, affect
concrete performance. However, products such as fly ash,
slag cement, silica fume, and natural pozzolans can chemically
change this material into more glue for the concrete, adding to
strength and density.

and flexibility can produce a
highly efficient concrete. Al-
lowing the concrete producer
this flexibility does not require
a great leap of faith. The designs
to meet performance specs are
not a “Black Box”, but rather a combination of well-tested ma-
terials. The basis for these performance designs are the ASTM,
AASHTO, and ACI guidelines.

For example, the following specifications and guidelines
apply to all materials typically used in modern concrete:
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Portland Cement ASTM C-150 ACI -225
Blended Cement ASTM C-595 ACI- 225
Performance Cement ASTM C -1157 ACI- 225
Slag Cement ASTM C-989 ACI- 233
Fly Ash ASTM C-618 ACI- 232
Silica Fume ASTM C-12 ACI- 234
Natural Pozzolans ASTM C-618 ACI- 232
Air Entraining Agents ASTMC-260 ACI- 212
Chemical Admixtures ASTM C-494 ACI- 212
Aggregates ASTM C-33 ACI- 221, 213

The issue then becomes how to use these materials and
what combinations to blend.
Cement corporations besides producing portland ce-
ment types [-V also manufacture blended cements which can
include slag cement, fly ash, silica

Modern chemical admixtures
also contribute to the dispersion
of these cementitious materials al-
lowing for more efficient hydration.
With the addition of these compo-
nents it is possible to substantially
increase concrete performance
while using the same water/cement
ratio.

Concrete performance is all
about paste structure and its bond
with aggregates. So how this paste
performs can have great bearing on
the performance of concrete and
adjusting its parameters can make
concrete conform to the strictest
specification.

The knowledgeable concrete
technician of today can tailor this
paste to react in these many differ-
ent ways and given the proper trust |

fume or natural pozzolans. Blended
cements are usually combined at
the cement manufacturing facil-
ity and are subject to the rigorous
testing of normal portland produc-
tion. These combinations can be
optimized by customizing gypsum
levels to provide the best perfor-
mance for each blend of material.

The ultimate modern cement
is the performance cement gov-
erned by ASTM C-1157 as stated
above. This cement itself is not a
prescriptive chemical mix but is
categorized by its performance. Ce-
ment in these categories are clas-
sified as General Use (GU), High
Sulfate Resistance (HS), Low Heat
(LH), High Early (HE), etc.

Most prevalent today is when
fly ash, slag cement and silica
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fume are added at the concrete plant. These products have a
long proven history of success not only in New York City but
around the world. These can be used in a binary mix with nor-
mal cement or together in a ternary or even quaternary blend.

A combination of these products blended with portland
at the cement or concrete plant along with the proper chemical
admixture and aggregate can provide the ultimate versatility to
meet the needs of almost any job.

However, in designing a mix it is important to keep in
mind that demanding performance to meet one parameter
may affect the action of another and can result in a compro-
mise of strength gain, finishing and curing. For instance:

v/ A mix designed for a low heat of hydration most likely
would require 56 days to reach specified strength and could
also require longer curing because of a slower strength gain.

v’ A higher strength mix may create conditions for more
shrinkage or may set too fast in hot weather.

v Use of fly ash, slag cement, or natural pozzolans to
increase water tightness may create longer set time or lower
early strength gain.

v/ Optimizing aggregate ratio for strength may affect
finishing and pumping characteristics.

v How a concrete performs in summer can be very dif-
ferent from how it performs in winter.

Below are examples of high performance concrete mixes
that were designed to fit the unique needs of a job.

Low Heat Mass Concrete Mix

This mix was for a slab greater than eight feet thick. The
concern was that the inner core temperature would be much
hotter than the outer surface thus subjecting the concrete
to thermal cracking. A lower cementitious content was first
designed to minimize the exothermal reactions of hydration,
but in addition, 70% of the portland cement itself was replaced
by slower reacting slag. This kept the maximum concrete core
temperature below 150 F and the greatest difference between
center and surface no more than 35 E However, because of
the slow heat gain required, the ultimate strength of 4000 psi
was specified at 56 days rather than the usual 28. In the end
the average strengths at 28, 56 and 90 days were 5140, 5913
and 6214 psi, respectively.

Cement 183 lbs
Slag Cement 427 lbs
Stone #4 980 lbs
Stone # 7 980 lbs
Air Ent Admix 17.4 oz
Super Plast 9150z
Water 29.3 gallon

High Strength Mix
This mix was a quaternary blend of portland cement,
type C fly ash, silica fume and slag. This combination resulted
in a slow heat gain but also produced a strength gain of more
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than 16,000 psi in 56 days. This was achieved with only 820

b cementitious.

Cement 300 lbs
Slag 367 lbs
Fly Ash Type C 129 lbs
Silica Fume 24 lbs
Sand 1338 Ibs
Stone #67 1143 lbs
Stone #8 490 lbs
W/C Ratio .27 lbs
Air 1.3%

High Sulfate Resistance Mix
This mix was created to deal with a highly reactive
sulfate soil. As a type V cement was not available, 30% of the
type I cement was replaced by class F fly ash. Mortar testing
using ASTM C-1038 showed that this combination could pro-
duce a sulfate expansion of less than .1% in 12 months.

Cement 430 lbs
Type F Fly Ash 180 lbs
Coarse Agg 1860 lbs
Sand 1250 lbs
Water 266 lbs
Water Reducer 30 oz
Air Entrainment 6 oz

These mixes were all designed with performance in mind
which would not have been possible if governed by a prescrip-
tion mix. This required the team of design engineers, owners,
concrete producer and contractor to produce the best product
for the issue at hand. As performance specifications are used
all stakeholders in the process should be open to adjust-
ing their past practices. The team of concrete professionals
working together and communicating effectively is essential to
optimizing the required performance.

Engineers and architects need to be more open in speci-
fication, allowing the concrete producer to focus on function
rather than composition. The emphasis should be on perfor-
mance rather than how to make it.

Contractors must recognize that one property required
may affect placement, finishing and time of set requiring ad-
justments in mix proportions.

The ready mix producer now has more responsibility
and is required to have a good knowledge of materials and
how they affect each other. A quality control/assurance system
is absolutely critical and should be staffed with properly certi-
fied technicians/managers.

In today’s world, sustainability is becoming more im-
portant every day. Optimizing concrete mix designs based on
performance makes a lesser impact on our environment while
improving performance. Remember, the most sustainable
structure is one that does not have to replaced.

Being flexible in design, knowledgeable in materials,
certified in quality, conscientious in placement and curing will
produce the best concrete overall. %



