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Abstract: Self-compacting concrete (SCC) is considered by many to be the greatest breakthrough in
construction for many decades. The major reason for development of SCC was the need to improve the
quality of concrete structures. SCC was launched in Japan in late 1980’s and has been widely accepted
since then. Now SCC is routinely used in large quantities in many countries around the world. Selfcompacting concrete is changing the material technology concept and changing the concrete construction
process by improving productivity. At the same time it provides significant advantages in terms of the
environmental aspects of construction. SCC has been successfully used in New Zealand in a number of
projects since 2000. What makes fresh SCC different to normal concrete is the extreme deformability
without any mechanical intervention. High deformability and stability of SCC allows it to pass through the
tight reinforcement and fill in the entire formwork under its own weight without vibration and without
segregation. Mechanical properties of hardened SCC are considered to be the same as those of normal
concrete of the same W/B (water-to-binder ratio), but, at the same time, SCC usually produces greater highperformance properties, like high strength and durability. Improved working environment, faster
construction, less remedial work, and increasing overall productivity are the benefits to the construction
industry from the utilisation of self-compacting concrete technology.
Keywords: Self compacting concrete, improved productivity, design opportunities, health and safety.

1. Introduction
The basic technique of placing fresh concrete has remained unchanged for many decades. Concrete
transport equipment and compaction tools have become more sophisticated and reliable; concrete
admixtures made it possible to better control some of the concrete properties; and concrete compaction
could be done with less effort, but the basic concept of concrete compaction by using vibration energy has
remained unchanged. One of the problems associated with manual compaction by vibration is the assurance
of quality especially in complex structures, resulting from insufficient compaction during casting.
Limitations of current concrete construction methodologies often impose considerable restrictions on the
project architects and their structural designers. Another significant problem is related to the impact of
conventional handling and placing techniques on the health and safety of concrete workers. These two
factors combined in driving the need for some significant breakthroughs improvement in concrete
construction from the point of view of quality assurance and increased efficiency, as well as improved
working conditions.
The introduction of self-compacting concrete (SCC) technology has significantly changed the way the
concrete operation is executed. It enables improvements in the concrete construction techniques for
increased and efficient results. Elimination of discontinuous mechanical vibration makes concrete
structures with more consistent and reliable properties. General enhancement of the working environment
is paid off by improvement of health and safety of workers, which also adds to the increase of productivity.
Another bonus the SCC technology brings to the industry is advanced specialist knowledge, which was not
in demand before.

2. Why SCC?

Compaction plays a significant role in the development of hardened concrete properties. When certain
properties are considered for performance of concrete structures it is assumed that concrete is well
compacted and homogenous; the purpose of compaction hence is therefore to achieve the highest possible
density. Vibration, which is still the most common way of compacting concrete, has the effect of
fluidifying the mortar component of the mix so that internal friction is reduced and closer packing of
concrete aggregate takes place. But compaction via vibration is a discontinuous process resulting in
hardened concrete with uneven compaction and therefore with different mechanical and durability
properties.
SCC was first developed and defined in Japan in 1980’s. The avoidance of vibration was not the
primary reason for the development however; the starting point was a growing concern about difficulties of
assuring the quality of complex concrete structures because of poor compaction of in-situ concrete. This led
to increased construction costs and jeopardized long-term durability of structures. The only practical option
was to eliminate the reliance of the concrete compaction on concrete workers and to replace it with the
ability of concrete itself to guaranty the full filling of formwork, perfect compaction, and the full
encapsulation of all reinforcing bars.
After a period of fundamental research and development work, the new SCC technology was tested in
full scale applications in practice. In Japan, the development of SCC has been strongly focused in
improving the concreting process of complicated structures and developing concrete for demanding
situations (Fig.1).

Figure 1a Akashi-Kaikyo bridge anchor

Figure 1b LNG Tank, Osaka Gas Company

The achievements in Japan raised a great interest in Europe, where the development of SCC started in
early-middle 1990’s. The driving force in Europe, though, was the possibility of increasing productivity of
this new technology. The European precasting industry, where single player is normally in full control from
constituent materials to the delivery of finished product was quick to recognize the advantages of SCC.
There is also some evidence in European markets of the concrete supplier taking responsibility of the cast
structure instead of just the fresh concrete. The first development and applications of SCC in New Zealand
are began by early 2000. Since then there have been a number of successful projects completed. But SCC
in New Zealand is still regarded as a concrete for special applications, when conventional concrete can not
be successfully and safely used.

2. What is SCC?
SCC is not a new material, but rather new and improved way of executing the concreting operation.
SCC, similar to CVC (conventional vibrated concrete), has a wide variety of properties to achieve specific
targets. A wide number of definitions can be found in the literature, but all of them describe SCC in the
common way: SCC is a concrete that is able to flow under its own weight and completely fill the formwork
and encapsulate the reinforcement, while maintaining homogeneity and can consolidate without the need
for vibration compaction. The use of SCC offers benefits in the key areas such as construction process,
concrete quality, energy conservation, and health and safety. It also brings benefits to other stake-holders:
designers, architects, construction workers, precasters, concrete manufacturers, clients and those living or
working adjacent to the concrete works. But, to extract those benefits SCC must be considered as a
concrete technology integrated into the whole design and construction processes. As with any other

techmology, SCC has its own limitations: it may not be suitable for every concreting application (at its
current state of the development); and it should not be used to compensate for poor design, planning, or
execution.

3. Requirements for fresh SCC
The functional requirements of fresh SCC are different from those of CVC (conventionally vibrated
concrete). SCC is a liquid particle suspension and exhibits very different properties in its plastic state. The
following properties define the compliance with self-compactability:
• Filling Ability –

Complete filling of formwork and encapsulating of reinforcement and
inserts and substantial horizontal and vertical flow of the concrete
within the formwork while maintaining homogeneity. Filling ability
is normally measured by either slump flow (Fig.2a), or J-Ring
(Fig.2b) tests. Depending on the application, the slump flow values
can vary from 550 (for precast and flat applications) to 850 mm.
• Passing Ability Passing of obstacles such as narrow sections of the formwork, closely
spaced reinforcement etc. without blocking caused by interlocking of
aggregate particles. Passing ability is normally measured by L-Box
(Fig 2c), or J-Ring. SCC is considered to comply with passing ability
requirements when H1/H2 ≥ 0.80.
• Resistance to Segregation - Maintaining of homogeneity throughout mixing, during
transportation, and casting. The dynamic stability refers to the
resistance to segregation during placement. The static stability refers
to the resistance to bleeding, segregation, and surface settlement after
casting. It can be the most difficult property to quantify. It is normally
referred to checked visually, although there have been a number of
attempts to quantify the segregation resistance [5]

Figure 2a Slump Flow Test

Figure 2b J-Ring Test

Figure 2c L-Box test

Self-compacting concrete is a two phase (solid and liquid) particle suspension and is very fluid. The
challenge than is to maintain the flowability of the suspension and to avoid the segregation of the phases.
The main mechanism to control the flowability and stability of SCC is related to the surface chemistry.
Thus, development of SCC has been strongly dependant on surface active admixtures as well as particle
packing properties.
Fresh SCC behaviour can not be fully comprehended without understanding its rheology. Rheology in
the broad sense is the science of flow and deformation of matter. The placing, spreading, pumping and
compaction of any concrete depends on rheology. Using the science rheology it is becoming possible to
predict fresh properties, select materials and model processes to achieve the required performance.
Rheology is now seriously considered by concrete users, rather than being seen as an area of specialized
domain of cement science. The basic key rheological parameters are yield stress and plastic viscosity
(Fig.3). Fresh concrete can be seen as a fluid, providing that a certain degree of flow can be achieved and
the concrete maintains its homogeneity. Flow of fresh concrete is described by Bingham model, i.e. by the
equation (1):

τ = τ o + µγ
where
τ - shear stress applied to material,
τ o - yield stress
µ - plastic viscosity
γ - rate of shear

(1)

Yield stress is representing a minimum force required to start concrete flowing. For normal concrete,
vibration is such a force. Plastic viscosity can be described as a resistance to flow, or the stiffness of fresh
concrete.
The rheological behaviour of SCC is different to vibrated concrete, as its yield stress approachs 0
(which means that SCC flows under it own weight) and viscosity increases.

Figure 3. Concrete rheological models

Rheology is increasingly used in understanding the mechanisms; in optimizing the constituent
materials, in understanding the relation between thixotropy and formwork pressure, in the modeling the
flow etc. Although rheological evaluations are seriously considered by users they are still primarily used
for research and development and not yet in any significant way as a tool in quality control and quality
assurance procedures. This is mainly because of the complexity and high cost of the equipment. Further
developments in this area will soon provide suitable equipment.
In material design, in practice, as well as in quality control and quality assurance, fresh SCC properties
are evaluated by methods specifically developed for SCC. These include slump flow, L-box, J-ring, U-box,
V-funnel.

4. Hardened properties of SCC
Composition of materials for SCC differs from the composition of materials for CVC. SCC is usually
sandier, and the binder (cement plus filler) content is higher. Properly proportioned and executed SCC is
generally more compact and less variable than equivalent CVC. A combined worldwide experience proves
that that there is only a small difference between SCC and CVC hardened concrete properties of the same
water-to-binder (water-to-cement) ratio, although research is showing that some of those properties (e.g.
compressive strength, bond to reinforcement, permeability, drying shrinkage, etc.) are enhanced in SCC. (It

is interesting to note that despite the fact that SCC normally has higher paste and lower coarse aggregate, it
does not show higher drying shrinkage characteristics that would logically be expected; instead because of
its reduced moisture content, and denser microstructure, drying shrinkage is slightly lower than CVC).
Improvements in compressive strength and some durability characteristics of SCC (i.e. oxygen and water
permeability) are related to the reduced porosity of the interfacial transition zone (between cement paste
and aggregates) of SCC and general improvement of the microstructure of SCC compared with CVC
concrete Fig.4 (images are courtesy of Swedish Cement and Concrete Research Institute)

Figure 4a Microstructure of CVC

Figure 4b Microstructure of SCC

For the safety reasons it is generally accepted that hardened SCC properties should be considered the
same as for the CVC of the same water-to-binder (water-to-cement) ratio. But nevertheless, the designer
has to be aware that New Zealand Concrete Structures Standard (NZS 3101:2006) refers to the use of selfcompacting concrete and it does not distinguish between SCC and CVC in any of the design formulae,
except for the coefficient of thermal expansion. It requires increasing the design values of coefficient of
thermal expansion by 15% when SCC is used.

5. Value
The high deformability of SCC and the elimination of vibration offer substantial benefits to the quality
of concrete structures, to the design opportunities, and to the construction process. Some of the benefits are
obvious and measurable, but others are less so. There are at least three major advantages that SCC
technology brings to the concrete construction sector: productivity improvement, design opportunities, and
an improvement of working environment.
5.1 Architects

Concrete structures made with SCC are more likely to have a high quality off-form finish than CVC.
Complex shapes and fine details are no longer a problem with SCC. The only limitation is the designer’s
limited imagination. Some remarkable examples are shown in Fig.5.

Figure 5a 4x8 ft sample

Figure 5b 83 m high Stockholm Airport Tower

5.2 Designers

When designed for it, SCC can consistently produce very high strength concrete. It would be quite
normal for SCC to have 60-70 MPa of compressive strength, and up to 100 MPa compressive strength is a
relatively easy target for SCC. High strength and extreme flowability, and the passing ability of SCC
allows for smaller, heavily-reinforced sections to be designed, which potentially lead to lighter structures
and lower material usage. Fibre reinforced SCC is another great combination to achieve superior structure
performance. As fibres tend to position themselves along with the flow of concrete, their orientation can
more accurately be predicted. The result is the better utilization of fibre reinforcement and an improved
structural response of a concrete structure.
5.3 Constructors

The introduction of SCC can positively alter the construction process. SCC technology allows the
concrete construction process to be accelerated, it requires much less labour to cast structures and generally
much less effort to place SCC. SCC can be placed by pumping from the top or from the bottom of the
formwork, or by bucket or skip. Although it is generally expected that SCC, with a very low yield value,
will exert a full hydrostatic pressure, the thixotropic nature of SCC can result in lower than hydrostatic
pressure, particularly when placed from the top. However in the case of pumping from bottom-to-top, due
to the constant pump pressure and non-thixotropic behaviour (concrete is in constant motion) the formwork
pressure can be higher and will reach full hydrostatic pressure.

Figure 6a Pumping SCC from the top

Figure 6b Pumping SCC from the bottom up

The elimination of the need to vibrate concrete produces significant improvements in the working
environments and in the health and safety of workers. Exposure to harmful noise levels is a serious and
recognized problem. Not only is noise directly detrimental to the workers’ hearing, it also makes effective
communication difficult. The benefits of lower noise levels for meeting increasingly stringent
environmental requirements for urban construction sites should also be considered.
Construction contractors now have an attractive option to construct better quality concrete structures
more economically and to provide much improved working conditions to the employees. But the SCC
technology benefits are recognized only with an increased use of the technology, and when the changes
from conventional concreting execution are applied. Building confidence is a key to success on
construction sites. The confidence can only be attained with the support of the whole industry: designers
not restricting contractors by specifying fresh concrete properties; providing more flexibility to contractors
to choose how to deliver the required structural properties; concrete suppliers closely working with the
contractors and designers on understanding the technology and helping them with practical applications.

5.4 Concrete Manufacturers

Unlike CVC, where the placing workmanship is a major contributor to the quality of concrete
structures, the quality of concrete structures made of SCC nearly entirely depends on the quality of the
concrete. Concrete manufacturers are not directly benefiting from the SCC technology, but increased
responsibility for the quality of SCC demands tighter quality control measures and assurance of the quality.
Self-compacting concrete mix design development and its fresh properties are too different from
conventional vibrated concrete and this requires extra knowledge, often exceeding their general
comprehension of established concrete technology. With SCC technology new terms and meanings have
been introduced: such as rheology, plastic viscosity, yield value, thixotropy, particle interaction, surface
chemistry and so on. Without such extra knowledge the successful use of SCC for different applications
would not be possible. Tightness of the quality control requires extra staff training (and sometimes
necessitates the selection of appropriate personnel). All these measures are ultimately reflected in the
improved overall quality of concretes produced by the supplier. The supplier becomes more armed with the
extra knowledge and expertise, which lifts the profile of the concrete ready mixed industry.
5.5 Concrete Product Manufacturers (Precasters)

Concrete product manufacturers value the SCC technology more than most. There are a number of
reasons for this: the benefits of SCC are evaluated and recognised faster and more accurately at a precast
factory than on construction site; precasters are not restricted by the selection of the type of concrete and
technology; precast production is a repeated process much more suitable to the implementation of
automation. There is no therefore surprise that, especially in Europe, the precast concrete industry uses
SCC at much greater volumes than the construction industry. Some factories have converted to 100% SCC
and are fully automated. In New Zealand we know of at least one advanced precaster who has been fully
committed to the use of SCC for more than 6 years and now all his products are made of SCC (Fig.7). SCC
has enabled him to improve the productivity by:
• Producing superior quality products,
• Elimination returns and remedial work,
• Increasing the mould life,
• Substantially improving working environment, and, as a result, reducing labour turnover and
absenteeism.

Figure 7a Septic tank made of SCC

5.6 Health and Safety

Figure 7b Water Tank made of SCC

The introduction of SCC can positively change the construction process and eliminate the necessity for
mechanical vibration improving the working environment and the health and safety of workers. Vibrators
used for the compaction of concrete are a major source of noise on construction site and in concrete precast
factories. There is also an increasing awareness of ‘hand-arm vibration syndrome’ also known as ‘white
finger syndrome’ caused by regular or prolonged use of vibrators. Self-compacting concrete technology
eliminates the use of vibrating equipment and so minimizes the risk of injuries or harm caused by exposure
to continuous high frequency noises and mechanical vibration.

6. Specifying SCC
At present there are no specific guidelines in New Zealand on how to specify SCC. As was previously
mentioned, self-compacting concrete is an alternative method of concreting execution, not an alternative
material. So, as far as the structural properties are concerned, the specification, performance and
conformity requirements are given in NZS 3104 Specification for Concrete Production and NZS 3109
Concrete Construction. However some properties of fresh SCC exceed the limits provided in these
standards. According to the NZS 3104 classification, SCC falls under the Special Concrete category as it
has to comply with special requirements: that is, filling and passing abilities. As far as fresh SCC properties
are concerned there are four main characteristics, which determine the performance of SCC: (1) flowability
(slump flow test), (2) viscosity (T500 slump flow or V-Funnel test), (3) passing ability (L-Box test), and (4)
resistance to segregation or stability (sieve test). It seems appropriate to group SCC into different classes
depending on those specific performance requirements. A number of specification guidelines are available
[7, 8]: in New Zealand we will most probably follow the European Guidelines for Self-Compacting
Concrete. SCC is normally developed to meet the specific requirements of a particular construction need,
therefore it needs to be specified on a performance requirement. Performance-based specifications assume
the use of proprietary concrete, where a concrete producer assures the performance subject to good practice
in placing, compacting and curing and for which the producer is not required to declare the composition.
European guidance on SCC [7] provides very good directions on how to specify SCC properties for
specific applications. Below (Fig.8) is a table that illustrates examples of SCC classes and applications.

Figure 8a SCC classes

Figure 8b Properties of SCC for various applications

7. Conclusions
SCC has been seen by many to be one of the most significant breakthroughs in construction for many
decades, and the most significant achievement in concrete technology, ever. It changes the basic material
technology concepts and transforms the concrete construction process. The unique properties of SCC open
the possibilities for automation of concrete construction and concrete product manufacturing processes and
allow us to build concrete structures in more efficient ways. This increased productivity can be achieved
through increasing the speed of construction, reducing the labour requirements, minimizing remedial work,
and improving the working environment. To achieve this, close co-operation is required during design and
construction processes, between designers, constructors and SCC producers. Both the world-wide and New
Zealand experiences clearly show that SCC technology is a long-waited solution for the concrete

construction industry. ‘We now have SCC – the old times will never be back!’- Klaus Juvas, Consolis
Technology Oy Ab (Finland).
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