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Introduction

Self-Consolidating Concrete (SCC) is a highly flowable, yet stable concrete that can
spread readily into place, fill formwork with little to no consolidation and without
undergoing significant separation. This type of concrete can be ideal for use in precast
given the many advantages, but as with conventional concrete SCC mixes should be
carefully designed to achieve the required performance characteristics, properly placed
and cured. Implementing SCC can be a challenge, however, with proper training,
guidance, and attention to quality control producers can take advantage of its many
benefits. . This guide was developed to assist precast producers through the process of
investigating and implementing SCC in their operations.

What is SCC?

SCC was developed in Japan in the late 1980s due to a void of skilled concrete laborers.
The goal was to create a new type of concrete that required no vibration or additional
energy to place and compact. Lack of an adequate work force, highly congested
reinforcement, and formwork that was difficult to work around were some of the
complications that led to the introduction of SCC. To be classified as an SCC, three
primary components must exist:

1. Flowability — The ability to flow into and completely fill all intended spaces in a
form — under its own weight and without external energy.

2. Passing Ability — The ability to flow through reinforcement and openings
without the development of aggregate blockage.

3. Stability — The ability for SCC to remain a uniform, homogeneous mix during all
phases of transportation and placement.

SCC is known for having several advantages. Some of these include:
Reduced labor and energy to place and consolidate

Reduced noise from consolidation

Reduced maintenance of vibrators and forms

Improved finish with fewer voids

Decreased re-work on finished product

Improved safety by eliminating personnel standing on forms to vibrate
Decreased energy to pour densely reinforced members
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SCC is believed by many to be the future of the concrete industry. With the passing of
each year, it becomes more affordable and easier to use, while the number of facilities
manufacturing with SCC continues to grow.



INVESTIGATION

The process of investigating and implementing SCC into your operation can be broken
into three components.
1. Examine your current materials and equipment. Determine what changes may
need to be made or equipment purchased in order to produce quality SCC.
2. Begin a trial batch and training process. A company should allow enough time for
experimentation and factor in a learning curve.
3. Perform a cost/benefit analysis for your plant and products to determine the
overall impact of switching.

Products to be Manufactured

Considerations should be made to determine the slump flow, passing ability and
stability requirements for the product type to be cast using SCC. Flat slabs with minimal
reinforcing will generally require a less robust and flowable mix than thin wall vertical
wall panels with congestive reinforcing and/or intricate formwork. Likewise, SCC
transported in a ready-mixed truck with agitation will not require the segregation
resistance of a concrete transportation vehicle without agitation transported over rough
terrain. The assistance of your admixture supplier or other qualified person will help with
these determinations.

Raw Material Selection

Coarse Aggregate

Coarse aggregate for use in SCC should conform to ASTM C33. SCC has successfully
been manufactured using aggregate from 1 %2" nominal size to ¥2" nominal size, and
even smaller in special circumstances. The type of product manufactured, thickness of
the unit, minimum required concrete cover over reinforcement, economic
considerations and other factors ultimately must determine the size limitations and
selection of the coarse aggregate chosen for a given mix. Coarse aggregate containing
material, which is retained on a 200 sieve and pan (providing it is not water soluble or
deleterious) may be advantageous to an SCC mix. As with conventional-slump concrete,
moisture contents must meet or exceed saturated surface dry (SSD) conditions.

Lightweight Coarse Aggregate

Lightweight aggregates for use in SCC must meet ASTM C330. These materials require
a close monitoring of air content. The pore structure and absorption rates of these
materials make SCC with lightweight course aggregate particularly challenging. Follow
manufactures recommendations for minimum absorbed moisture percentages and unit
weight capabilities.

Fine Aggregate

Fine aggregate for use in SCC should conform to ASTM C33 with the exception of
gradation requirements. Grading may deviate to achieve a more ideal grading curve
when blending with other aggregates to develop a robust SCC design. Variations in the
fineness modulus (FM) should not deviate from the qualification design by more than +/-
0.20.



Concrete requires enough paste fraction in its matrix to maintain stable entrained air
contents. Paste contents also assist in suspending the aggregate and water in the
concrete. SCC may require a higher paste fraction in order to produce a more viscous,
non-segregating mix. Aggregates with a higher percentage retained on a 200 sieve and
the pan (as long as the material is not water soluble or deleterious) may be
advantageous. Aggregate particles that are smaller than 0.005 inches are considered
part of the powder content of a mix.

There are many programs available that will allow the mixologist to input the grading of
a prospective coarse and fine aggregate source (or sources). This allows graphic
viewing, at any proportional ratio and volume of CA to FA, the percentage of total
particles on each sieve size as it is blended in a mix. Such a blending program can help
the preparer determine the optimum blend of available aggregates.

SCC incorporating multiple fine aggregate sources, or single sources that are not local,
can significantly alter the stability, segregation resistance and compacting ability of a
desired mix. Merely using local fine aggregate sources because they cost less per ton
may not be the most economical solution for SCC in the long run. This is a common
mistake when developing SCC. Minimum paste contents with contributions from fine
aggregate often will be more economical than higher priced additional cementitious
materials. In some instances, communication with your aggregate suppliers may assist
them in providing your plant with “custom graded” aggregate to attain better
performance of your SCC mixes. This same logic applies to conventional concrete as
well and overall could prove to be beneficial to all concrete mixes utilized at a production
facility.

As there are an infinite number of aggregate blends, particle size distributions and
profiles, the only logical method to attain an SCC mix capable of performing as required
is to carry out trial batching, preferably with the assistance of an experienced
professional with a detailed knowledge of SCC.

Cement

Cement must meet ASTM C150. Be aware that some state and agency DOTs require
AASHTO M35 as acceptance criteria also. Inspect and record Mill Certifications for
fineness (Blaine) when running mix qualifications. If Blaine changes significantly during
production there could be a change in concrete stability and character. Overall paste
volume and particle size may alter SCC mix characteristics. A switch from one type of
cement to another, or a source change, should prompt a re-qualification of a particular
mix design.

Blended cements must meet the requirements of ASTM C595. These cements are in
many instances desirable due to the multiple particle sizes and configurations of the
material, which can aid in mix stability and robustness.

Supplementary Cementitious Materials (SCMs)

Pozzolans generally meet ASTM C618 (Fly ash), C989 (Slag), or C1240 (Silica Fume).
These additions may be added for numerous reasons. They may lower the cost per
cubic yard. Other enhancements may include higher performing hardened properties
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such as reduced permeability, more desirable entrained air bubble matrix, increased
strength, lower heat of hydration, sulfate resistance, etc. Efflorescence and ASR
mitigation may be minimized with the use of pozzolanic materials.

As pozzolans are of different particle sizes and configurations than cement alone, the
stability and segregation resistance may also be enhanced.

Fly Ash

There are generally two types of fly ash. Class F ash has low calcium content and
usually has pozzolanic properties but is not cementitious. This means it possesses little
or no strength in the presence of water, but reacts with cement to enhance
cementitious properties. Class C ash has a higher concentration of calcium and is
cementitious as well as pozzolanic in nature. Both of these ashes are spherical in
configuration. Care must be taken when incorporating ashes into concrete, as changes
in set time and early strength gain may be experienced. Whenever possible, choose
sources with lower carbon content. High-carbon ashes have been known to cause air
content fluctuations and carbon bleeding to the surface after placement. Due to their
spherical nature and the fact that they exhibit a different particle size than other
pozzolans and cements, the use of fly ash often lower the water demand of concrete
and provide a higher viscous, more robust character. Typical cement replacements
range from 15% to 30%, but higher percentages have been used successfully.

Ground Granulated Blast Furnace Slag

Blast furnace slags are divided into different grades. Grade 80 slag has the lowest
reactivity, while grade 100 and grade 120 have higher reactivity levels. Grade 120 slag is
favored by most users due to its higher reactivity. Water demand of grade 120 slag is
approximately equal to that of cement. Typical cement replacements range from 20% to
40%, but special applications have demanded percentages as high as 75%.

Silica Fume

Micro silica is highly reactive with cement. This characteristic, along with its extremely
small particle size, densifies and creates significant strength gains over straight cement
mixes. Because of the extreme surface area of this material, small replacements can
exhibit characteristics somewhat like viscosity modifying admixtures (VMAS) in that it
can contribute significant paste and stability to an SCC mix. Water demand of silica
fume is higher than cement alone, and the economics of this material may influence its
use. Typical usage range is 3% to 8% cement replacement.

Inert Material

Nominally inert materials have little or no pozzolanic or cementitious qualities. Pulverized
limestone, finely divided quartz, dolomite, marble, granite and other materials are
commonly used as filler for SCC. These components are generally quite economical
because they are mostly based on waste materials.

Depending on size, inert material may be an attractive addition to SCC mixes because of
the low cost of the fines that they may contribute to the mix. As they are also a
different particle size and configuration from other materials, they can assist in the



stability and robust character of SCC. These are generally not a replacement of cement,
but an addition to the mix or a substitution for a portion of fine aggregate.

Addition rates vary significantly, so trial batching is essential for successful use of these
products. Research must be done to ensure that no deleterious effects to the long-term
durability of the concrete result from the use of the particular filler proposed.

There are many other types of pozzolans and cementitious materials available, such as
Metakaolin, in use around the world with much success. This White Paper does not
discuss all of them.

Water

Water, whether potable (drinkable) or non-potable, must be free of injurious
contaminants such as oils, acids, salts, chlorides or other compounds that may harmful
to concrete. Wash water used in manufacturing SCC must meet the chemical limits of
ASTM C94.

Chemical Admixtures

Admixtures for use in concrete are used to enhance and/or obtain certain properties of
fresh and hardened SCC. HRWR (High Range Water Reducers) are essential to SCC in
that they provide the plasticizing effects, allowing the concrete to flow to self-
consolidation

Air Entraining Admixtures

Air entraining admixtures must meet ASTM 260 specifications. Air entrainers are used
to entrain microscopic air bubbles throughout the matrix of the concrete. Entrained air
improves freeze-thaw durability and scaling resistance. It is especially advantageous to
SCC by improving workability and flowability, and also reduces segregation and
bleeding.

It is generally added to the mix at the beginning of the mixing cycle, added to the mix
water, or dosed onto the sand prior to discharging into the mixer. Many variables affect
the amount of air entraining required to achieve a given air content. Aggregate amounts
and grading, cement amounts and chemical makeup, pozzolan amounts and chemical
makeup (particularly fly ash), and other raw material fluctuations all play a part in the air
content achieved. Due to the viscosity of the paste fraction and other factors, SCC is
particularly vulnerable to small changes in the amounts and character of the raw
materials.

High Range Water Reducers

Water reducers play an integral part in the success of SCC. Polycarboxylate high range
water reducers are highly recommended for use in SCC. Their technology allows very
high water reduction (up to 45%) with good overall mix characteristics. HRWR's must
meet ASTM C494 Type F specifications. These materials are generally quite potent,
with many using high solids and low dosages. This requires accurate metering and
controlled adjustments to assure consistent SCC. Overdosing indicators may include a
mix exhibiting air bubbles escaping to the surface of static SCC, and segregation.



Dosage rates vary greatly from source to source, so consult your supplier for specifics
on the application for each mix. Consult source for mix timing and proper sequence.

Accelerators

Accelerating admixtures must meet ASTM C 494, TYPE C specifications. There are two
different types of accelerators that alter the early strength characteristics of concrete in
two distinct ways. Set accelerators shorten the 0 to 500psi set time (ASTM C403),
whereas strength accelerators speed up very early strength gain (4 to 8hrs) but do little
to alter the initial set characteristics. Dosage rates vary from different suppliers, so
consult your supplier for product details and mix timing. The use of Calcium Chloride
accelerators are not recommended as the additional chlorides promote the degradation
of reinforcing, and may promote drying shrinkage. The 28-day strengths of concrete
incorporating accelerating admixtures may be slightly lower than mixes without them.
SCC mix designs should take these factors into consideration during trial batching and
production.

Retarders

Retarders for use in concrete must meet the criteria spelled out in ASTM C494 Type B
specs. These products slow the setting time of concrete to the 500psi threshold (ASTM
C403). This allows the plant to deliver the concrete to its final destination with the
desired fresh properties, helps to homogenize multiple batch placements in the same
member (preventing cold joints), and alters the natural stiffening long enough to
complete the desired surface finish. Dosage rates vary with supplier and product. Care
should be taken to avoid overdosing which may delay the stripping of the molds and
time to serviceability to be extended past their intended target.

Controlled retardation may increase early and late strength gain by allowing the water to
hydrate the cement more completely. Mix trials and historical data will help determine
the optimum dosages at seasonal environments.

Consult your supplier for mix timing and proper sequence.

Corrosion Inhibitors

Corrosion resistant admixtures generally work by forming a film around steel reinforcing,
which prevents the chloride ions from reaching and attacking it. Dosage rates vary but
generally range from 2 Gal/cu. yd to 5 Gal/cu. Yd. Many of these products, particularly
ones based on Calcium Nitrite, can accelerate the setting time of concrete and cause
rapid loss of spread.

More water reduction may be noted when polycarboxylate based HRWR's are utilized with
higher dosages of corrosion inhibitors, Mix trials should be performed to confirm this. Also, note
the water from corrosion inhibitors should always be considered as part of the mix water as
contributing to the overall wy/c.

Viscosity modifying admixtures (VMA)

These materials are designed to alter the paste viscosity, and/or bind the water into the
concrete matrix of SCC. Mixes with less than desirable paste and /or mortar volumes at
the flow required for a particular application, and those incorporating poorly graded
aggregates may benefit by a strategic dose of VMA. Some VMA's can help stabilize the
air content at specific doses.
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Overdosing of VMA's can lead to lowered slump flows, incomplete self-compaction,
voids, honeycombing, harsh or sticky finishing character, and poor aesthetics. Consult
your admixture supplier for application data, mix introduction, and dosage rates.

Dampproofing admixtures

These materials prevent the ingress of moisture, chlorides and other injurious materials
from attacking the durability of concrete members. Due to their pore blocking nature,
they have been used successfully to minimize efflorescence also. Consult source for
dosage rates.

There are many other types of admixtures available for numerous applications. Pumping
aids, fungicides, shrinkage reducers, ASR mitigates, and others are available for specific
projects. These guidelines cannot discuss all of them in this format.

Equipment

Forms may need to be altered due to the low viscosity of the paste with SCC. Larger
gaps at joints could bleed paste out. This loss of paste will be displaced by either the
other raw materials in the mix, causing honeycombing, or may leave air pockets. In
certain cases, small air bubbles may enter the filled formwork and work their way up the
form’s wall, appearing what some would incorrectly interpret as poorly consolidated,
bughole. Also of particular concern is the static and dynamic outward pressure that SCC
could exert on formwork. In order to maintain dimensional tolerances, additional bracing
may be necessary, especially on wooden or other semi-flexible materials.

Generally, a mixer that can produce homogenized, high quality conventional slump
concrete will adequately produce SCC of like caliber. As discussed elsewhere in this
guideline, sequencing of raw materials may require a timing change for highest
efficiency of speed and mixing. Incorrect raw material sequencing may also create
unmixed cement balls that do not disintegrate prior to discharging from the mixer,
causing multiple problems.

Transporting equipment must have tight dispensing gates. Gates with gaps or weak
closing apparatus may allow a breach of the paste. Gates need to be rigid enough to
prevent a breach of their integrity, both from a safety factor and efficiency standpoint. If
a vehicle is used to transport the concrete from the mixer to the point of placement,
several factors should be considered. Is there rough terrain to be traversed during this
time? If so, the mix qualification should have reflected a simulation of this phase in the
process, along with post-transport testing to ensure stability and adequate plastic
properties at point of placement. Another way to handle this situation would be to use a
transport vehicle that agitates the concrete during this trek, such as a ready mix truck.

Vibration and finishing equipment - If the mix qualification phase included the vibration
of forms, the intensity and duration may need to be changed from conventional
concrete to prevent over vibrating. SCC requires in most cases, no vibration. However,
even lower flow mixes that needs some energy to self-compact, will require
considerably less than conventional concrete. If over vibration occurs, the outcome will
be just as dangerous as a poorly designed, segregated mix. The coarse aggregate will



sink, leaving only paste at the surface, and could cause depletion of the entrained air in
the matrix of the concrete. Water may also bleed to the surface.

Finishing SCC may require a timing adjustment to when floats and trowels are used.
Small entrapped air bubbles may surface for a short time, delaying finishability. Slump
loss and early set may change from conventional concrete, which may also alter finish
timing. Surface screeding and vibratory screeding may also require a change in timing,
vibration duration, and intensity. It is possible that the normal process of using a
vibrating screed may be eliminated as a step in the process with SCC. As in the case of
conventional concrete, casting SCC outside during warm weather and in windy
conditions can be a challenge as the surface may dry out quickly yet the concrete's
paste will remain plastic. This could result in a crusting of the surface and make finishing
very difficult, and possibly create surface cracking from the loss of moisture on the top.
A finishing aid/evaporation retardant will assist in minimizing these effects.

QA/QC Program
As part of standard quality control practice as outlined in the NPCA Quiality
Control Manual, the plant’s quality control program will need to include:
1 Request and review all relevant mill test reports, evaluation reports and
technical information.
Establish mix designs and set parameters for slump flow and air contents
Establish minimum frequency of calibration of scales and meters and
probes
1 Establish minimum testing frequency of aggregates including gradation
and moisture content
1 Establish minimum testing frequency of fresh and hardened concrete

T
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In particular standard procedures need to be discussed, reviewed and
implemented to cover issues related to the following:

9 Standard procedures to be followed with respect to evaluation and fate of
inadequate concrete.

What adjustments to inadequate mixes should be permitted?

When should a mix be discarded?

Who will make these decisions?

Are post cast inspections required? (to check for paste leakage, make
spot checks for dimensional integrity and static segregation of mix,
evaluate air and water bleeding from mix)
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Mix Trials

Mix trials should be performed with multiple sources of raw materials to determine
which constituent suppliers best support the final product objective. There is a balance
between economy, performance, and availability of materials, consistency from
equipment, and other factors relating to the overall performance of the product cast that
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should be evaluated. Each design should be formulated to ensure it can maintain the
required performance using actual plant equipment during day-to-day fluctuations. If it
cannot, then alterations are needed to the mix, plant equipment, or both.

The assistance of a professional, qualified mixologist that can be trusted to providing the
best possible SCC mix given the parameters available is most helpful.

Formulation development should follow the guidelines in ACI 211. Coarse aggregate
volumes may need to be altered from these specifications due to the higher paste and
mortar requirements of many SCC mixes. Hardened shrinkage testing may be required
when mixes utilize more than 50% fine aggregate to total aggregate by volume. Trial
batching in the lab when in the development stages may be attractive to minimize
concrete waste and preserve time savings.

When final mix(s) are developed in the lab, production mixes should be made in the
same mixer that will be utilized during normal production. This will determine actual mix
character exhibited under daily use.

EVALUATION

Cost/Benefit
Producing any product efficiently requires the manufacturer to reduce or eliminate steps
within the operation which do not add value to the product. Consumers do not wish to
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