Chapter 23: Special Concrete and Concreting Methods -
Self-Compacting Concrete (SCC)

Introduction

The quality of concrete in heavily reinforced or complex-shaped structures often
suffers due to poor compaction. Traditional vibratory methods can be ineffective in
such areas, leading to honeycombing, voids, and poor interfacial bonding. To
overcome these challenges, Self-Compacting Concrete (SCC) was developed in
Japan in the late 1980s. SCC is a revolutionary material that flows under its own
weight, fills formwork, passes through congested reinforcement, and achieves full
compaction without the need for mechanical vibration.

Self-Compacting Concrete represents a breakthrough in terms of both
performance and workability, eliminating one of the most labor-intensive steps
in concrete construction.

1. Definition of Self-Compacting Concrete (SCC)

SCC is defined as a highly flowable, non-segregating concrete that can spread
into place, fill the formwork, and encapsulate reinforcement without any
mechanical vibration. Its rheological properties are finely tuned to achieve high
deformability, low yield stress, and controlled viscosity.

2. Basic Requirements of SCC
To function properly, SCC must satisfy three fundamental requirements:

1. Filling Ability: The capacity to flow under its own weight and completely fill
the formwork.

2. Passing Ability: The ability to flow through reinforcement without blocking.

3. Segregation Resistance: The ability to maintain a uniform composition
during placement.




3. Mix Design of SCC

The mix design of SCC differs significantly from that of conventional concrete. The
focus is on achieving a balance between flowability and stability. A typical SCC
mix involves:

a. Cement Content
e Higher than conventional concrete.
e Typically ranges from 350-550 kg/m? to ensure self-compaction and
strength.
b. Water-to-Powder Ratio (w/p)
e Lower w/p ratio (~0.3-0.45) to reduce segregation and bleeding.
e The term “powder” includes cement + mineral admixtures (fly ash, GGBFS,
silica fume).
c. Aggregates
e Coarse aggregates: Size limited to 12-20 mm.
e The volume of coarse aggregate is reduced to improve flowability.
* Fine aggregates: Fineness modulus is carefully controlled; higher sand
content improves cohesion.
d. Admixtures

e Superplasticizers (HRWR): To increase flow without increasing water
content.

e Viscosity Modifying Agents (VMAs): To stabilize the mix and prevent
segregation.

e Optional: Retarders, shrinkage-reducers, or air-entraining agents depending
on application.

e. Mineral Admixtures

e Fly ash: Improves workability and long-term strength.

e Silica fume: Enhances cohesion and reduces permeability.

e GGBFS: Improves durability and economy.

4. Properties of Fresh SCC

a. Slump Flow
e No standard slump; instead, a slump flow test is conducted.
e Target: 650 mm to 800 mm.

b. T500 Time (Flow time to reach 500 mm)



e Measures viscosity.
e Ideal range: 2-5 seconds.
c. V-Funnel Test
e Assesses flow time through a narrow section.
e Should be <10 seconds for good flowability.
d. L-Box Test
e Evaluates passing ability through reinforcement.
e Ratio (H2/H1) close to 1 indicates excellent flow.
e. J-Ring Test
¢ Measures flow with obstructions (simulated reinforcement).

5. Properties of Hardened SCC
e Compressive Strength: Comparable to or better than conventional
concrete (depends on mix design).
e Durability: Enhanced due to lower permeability and better compaction.
e Shrinkage: Slightly higher due to increased paste volume.

e Bond Strength: Better interfacial transition zone (ITZ) due to improved
compaction.

e Modulus of Elasticity: Slightly lower than traditional concrete because of
reduced coarse aggregate content.

6. Applications of SCC

e Heavily reinforced structural members (e.g., shear walls, columns).
¢ Architectural finishes (no surface defects).

e Precast elements.

e Piles and deep sections.

e Repairs and retrofitting.

7. Advantages of SCC

* No need for vibration, reducing labor and noise.
e Improved surface finish.

e Better durability due to uniform compaction.

e Higher productivity on site.



e Reduces worker fatigue and injuries from vibration tools.

8. Challenges and Limitations

e Cost: Higher initial cost due to chemical admixtures and higher cementitious
content.

e Quality control: Requires precise batching and mixing practices.

e Sensitivity: Flow can be affected by small changes in materials or ambient
temperature.

e Formwork pressure: Higher than conventional concrete due to fluid nature;
needs stronger and well-braced formwork.

9. Quality Control and Testing
Proper quality control is essential for SCC. Some measures include:

e Regular slump flow, V-funnel, and L-box tests on-site.

e Monitoring of admixture dosage and moisture content in aggregates.
e Maintaining mix temperature and transport time within limits.

e Trial mixes before mass production.

10. Concreting and Placement Techniques

e Pumpable nature allows easy delivery to congested areas.

e Avoid pouring from great heights to prevent segregation.

e Use bucket, chute, or tremie for special placements.

e No vibration tools are used, but light tapping may help in some forms.

11. Recent Developments and Innovations

e Eco-SCC: Low-cement SCC using industrial by-products (fly ash, slag).

* Fiber-reinforced SCC: For seismic zones and crack resistance.

e Lightweight SCC: Using lightweight aggregates for reduced dead load.
e 3D printable SCC: For additive manufacturing in construction.




12. Rheology of Self-Compacting Concrete

Rheology deals with the flow behavior of fresh concrete. In SCC, this is a critical
aspect that determines how the mix deforms and flows under its own weight.

a. Key Rheological Parameters
1. Yield Stress (To) - Minimum stress to initiate flow. SCC requires low yield

stress.

2. Plastic Viscosity (p) - Resistance to flow once movement starts. Should be
moderate to prevent segregation.
3. Thixotropy - Time-dependent recovery of structure. Important for shape
stability after placement.

b. Rheometers

Laboratory instruments such as ICAR rheometers or Brookfield viscometers are
used to measure flow curves (shear stress vs. shear rate) for SCC.

13. Differences Between SCC and Conventional Concrete

Conventional

Aspect SCC Concrete
Compaction Self-compacting Needs mechanical

vibration
Workability Very high Medium
Formwork Pressure  Higher Lower

Surface Finish
Labor Requirements

Segregation
Resistance

Superior, defect-free

Lower (no vibrator
required)

Built-in with VMA

14. SCC in Precast Industry

May require repair or
rubbing

Higher (skilled
vibrator operators)

Depends on water
content

The precast concrete industry is one of the largest users of SCC because it allows
faster production cycles and better surface finishes.



Benefits in Precasting:
e Eliminates need for vibration tables.
e Faster mold filling and turnover.
e Minimal defects = reduced rejection rate.
e Enhanced mold detail capture (fine architectural finishes).

Examples of Precast SCC Elements:
e Bridge girders
e Tunnel segments
e Beams, slabs, columns

15. Durability Aspects of SCC

SCC's uniform compaction and reduced porosity improve its resistance to
environmental degradation.

a. Chloride Penetration Resistance
Lower permeability = enhanced protection for reinforcement against corrosion.
b. Sulfate Resistance

Use of supplementary cementitious materials (SCMs) like slag improves
resistance in aggressive soils.

c. Carbonation

SCC's dense microstructure delays carbonation depth, but lower coarse
aggregate volume can sometimes reduce alkalinity.

d. Freeze-Thaw Resistance

Air-entrained SCC can perform well in cold climates with appropriate curing and
design.

16. Sustainability in SCC

a. Use of Industrial By-products
e Fly ash, GGBFS, rice husk ash, metakaolin: Replace up to 60% of cement.
e Reduces carbon footprint and promotes circular economy.



b. Reduction in Noise Pollution
e No vibrators = quieter construction sites.
e Especially useful in urban, hospital, and educational zones.
c. Resource Efficiency
e Reduces labor hours and energy costs.
e Minimizes material wastage due to fewer rejections and honeycombs.

17. Field Case Studies and Examples
a. Burj Khalifa, Dubai

SCC used in high-strength columns and congested sections due to excellent
workability.

b. Japan Railway Bridges
Extensive use of SCC in precast segments and earthquake-resistant construction.
c. Indian Metro Projects

Delhi, Mumbai, and Bangalore Metro projects used SCC in tunnel lining, station

columns, and overhead decks for improved speed and finish.

18. Common Defects and Troubleshooting in SCC

Issue

Possible Cause

Remedy

Segregation
Bleeding

Blockage around
rebar

Formwork bulging

Slump flow too low

High water-powder
ratio, poor VMA

Insufficient fines or
powder

Inadequate passing
ability

Excess pressure due
to high flow

Insufficient
admixture or
hydration delay

Adjust mix; increase
viscosity

Add filler (fly ash,
lime powder)
Reduce max.
aggregate size;
increase flow
Reinforce formwork
adequately

Check admixture
dosage or re-blend



19. BIS Standards and Guidelines for SCC (India)
India has adopted guidelines based on international codes.

e 1S510262:2019 - Mix proportioning of concrete (includes guidelines for SCC).

e EFNARC Guidelines (2005) - Widely followed international guide for SCC
design and testing.

e IS 456:2000 - General code on concrete construction (still applicable for SCC
design).

20. Future Trends in SCC Technology

a. 3D Printable SCC
e Requires extreme control of thixotropy and buildability.
e Used in prototype homes and modular elements.
b. Carbon-Cured SCC
e Accelerated curing using CO; injection.
e Enhances early strength and permanently sequesters CO..
c. Smart SCC
e Embedded with sensors or fibers for real-time stress/strain monitoring.
e Used in infrastructure health monitoring systems.
d. Nano-Modified SCC

e Use of nanomaterials (nano-silica, graphene) to improve durability and early
strength.
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