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Session Objectives

� Understand the properties, behavior, and applications of 
specialized concrete types.

� Evaluate the influence of materials and environmental 
conditions on performance.

� Recognize essential quality control measures for durable 
concrete construction.



Content
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Lightweight Concrete



Definition and Classification

• Structural lightweight concrete combines 
reduced density with adequate load-carrying 
strength capacity.

• Equilibrium density typically ranges between 
1,440 and 1,850 kilograms per cubic meter.

• Three categories include structural, 
moderate-strength, and insulating lightweight 
concrete types.

• Classification depends on density, strength, 
aggregate type, and intended function.

 Source: Leca UK. (n.d.)



Constituent Materials

 Source: Author’s own elaboration



Main Characteristics of Lightweight 
Concrete

 Source: Author’s own elaboration



Fresh Concrete Properties

• Workability depends strongly on aggregate characteristics, 
conditioning, and admixture usage.

• Lightweight concrete generally exhibits good resistance to 
segregation during placement.

• Proper aggregate pre-wetting improves pumpability and maintains 
mixture consistency effectively.

• Finishing procedures resemble conventional concrete 
but require careful surface handling.



Hardened Concrete Properties

• Structural lightweight concrete commonly achieves compressive 
strengths between twenty and fifty-five.

• Tensile and flexural strengths remain adequate for many structural 
applications.

• Properly designed mixtures provide excellent durability under 
aggressive exposure conditions.

• Air entrainment improves freeze-thaw resistance 
and supports long-term performance reliability.



Main Applications

• High-rise buildings benefit from reduced 
structural loads and smaller foundations.

• Lightweight bridge decks reduce demands on 
girders, piers, and foundations.

• Precast elements facilitate transportation, 
handling, and installation during construction 
projects.

• Rehabilitation projects minimize added dead 
loads while maintaining structural capacity.

 Source: Leca UK. (n.d.)



Quality Control Measures

• Aggregate moisture control significantly 
influences workability, strength, density, and 
pumpability.

• Sampling, slump testing, and temperature 
monitoring ensure production consistency 
requirements.

• Unit weight and density verification confirm 
compliance with design assumptions.

• Strength testing, curing control, and aggregate 
inspection ensure concrete quality.

 Source: Open AI (2026)



High-Strength Concrete



Definition and Classification

• High-strength concrete achieves significantly 
greater strengths than conventional structural 
concrete.

• Strength classifications range from moderate 
high-strength to ultra-high-strength concrete 
categories.

• Moderate high-strength concrete commonly 
reaches strengths between fifty-five and seventy.

• Classification depends primarily on compressive 
strength and intended structural applications.

 Source: ResearchGate. (2021)



Constituent Materials

 Source: Author’s own elaboration



Main Characteristics of High-Strength Concrete

 Source: Author’s own elaboration



Fresh Concrete Properties

• Low water-cementitious ratios are essential for achieving high 
compressive strengths.

• Superplasticizers provide excellent workability while maintaining 
low water contents effectively.

• Silica fume increases cohesiveness and reduces segregation during 
concrete placement.

• Higher cement contents may generate excessive 
hydration heat requiring thermal control.



Hardened Concrete Properties

• Strength development often continues beyond twenty-eight days 
with supplementary materials.

• Tensile strength increases but reinforcement remains necessary for 
structural applications.

• Excellent abrasion resistance benefits industrial floors, pavements, 
and hydraulic structures.

• Low permeability improves corrosion resistance and 
protects reinforcing steel effectively.



Main Applications

• High-rise buildings utilize smaller columns for 
improved structural efficiency benefits.

• Prestressed concrete members accommodate 
larger prestressing forces and heavier loads.

• Long-span bridges benefit from reduced 
member sizes and improved durability.

• Offshore and industrial structures require 
exceptional strength and durability 
performance. 

 Source: QGreen Tech. (n.d.)



Quality Control Measures

• Material qualification verifies consistency, 
compatibility, and performance before production.

• Water-cementitious ratio control critically 
influences strength, durability, and concrete 
quality.

• Fresh concrete testing monitors slump, 
temperature, air content, and consistency.

• Comprehensive documentation verifies 
compliance, quality control, and specification 
requirements.

 Source: Open AI (2026)



Self-Compacting Concrete (SCC)



Definition and Classification

• Self-compacting concrete flows without vibration 
while maintaining stability and uniformity.

• Filling ability ensures complete formwork filling 
under concrete self-weight alone.

• Passing ability allows movement through congested 
reinforcement without blockage occurring.

• Segregation resistance maintains uniform 
aggregate distribution during placement and 
hardening.

 Source: American Concrete Institute. (2015)



Constituent Materials

 Source: Author’s own elaboration



Main Characteristics of Self-Compacting 
Concrete

 Source: Author’s own elaboration



Fresh Concrete Properties

• Filling ability measures capacity to completely fill formwork under 
gravity.

• Passing ability evaluates flow through reinforcement without 
blockage or segregation.

• Segregation resistance maintains mixture uniformity and prevents 
aggregate settlement problems.

• Proper viscosity balances flowability, stability, and 
resistance to bleeding effects.



Hardened Concrete Properties

• SCC achieves compressive strengths comparable to many 
conventional structural concretes.

• Tensile strength and elasticity generally match conventional 
concrete performance levels.

• Improved consolidation reduces voids, permeability, and potential 
durability problems.

• Shrinkage and creep characteristics remain similar to 
conventional concrete mixtures.



Main Applications

• Heavily reinforced structures benefit from 
improved placement and complete 
consolidation.

• Precast manufacturing uses SCC for 
productivity, quality, and dimensional accuracy.

• High-rise buildings utilize SCC within congested 
columns, walls, and cores.

• Bridges, tunnels, and repairs benefit from SCC's 
exceptional flowability characteristics.

 Source: American Concrete Institute. (2015)



Quality Control Measures

• Material qualification verifies aggregate 
grading, fillers, admixtures, and cement 
consistency.

• Moisture control prevents variations affecting 
flowability, stability, and SCC performance.

• Slump flow, J-Ring, and L-Box tests assess fresh 
properties.

• Continuous monitoring ensures uniform 
strength development, stability, and 
workability.

 Source: Open AI (2026)



Pervious Concrete



Definition and Classification

• Pervious concrete contains interconnected 
voids allowing water infiltration through 
pavement.

• High void contents typically range between 
fifteen and thirty percent.

• Structural pervious concrete provides drainage 
capability and moderate load-bearing capacity.

• Classifications depend on intended drainage, 
structural, or architectural performance 
requirements.

 Source: Bay Area Pervious Concrete. (2015)



Constituent Materials

 Source: Author’s own elaboration



Main Characteristics of Pervious Concrete

 Source: Author’s own elaboration



Fresh Concrete Properties

• Fresh pervious concrete appears stiff due to low paste volumes.

• Adequate cohesion maintains aggregate bonding while preserving 
interconnected void structures.

• Small water variations significantly affect permeability, strength, 
and workability performance.

• Prompt placement and curing are essential for 
achieving desired properties.



Hardened Concrete Properties

• Compressive strengths are lower than conventional concrete due 
to voids.

• Permeability remains the defining property governing hydraulic 
performance effectiveness overall.

• Freeze-thaw durability depends on proper drainage and system 
design considerations.

• Properly maintained pervious concrete can provide 
decades of reliable service.



Main Applications

• Parking lots utilize pervious concrete to 
reduce stormwater runoff effectively.

• Sidewalks, walkways, and plazas benefit 
from improved drainage performance.

• Residential streets and parks support 
sustainable water infiltration practices.

• Green infrastructure systems use pervious 
concrete for groundwater recharge 
purposes.

 Typical section of a Pervious Concrete Pavement. 
Source: Sonebi, M., Bassuoni, M. T., & Yahia, A. (2016)



Quality Control Measures

• Aggregate gradation control ensures consistent 
void structure and permeability performance.

• Moisture monitoring prevents variations 
affecting strength, workability, and infiltration 
capacity.

• Density and void content testing verify 
compliance with design requirements.

• Proper curing and maintenance preserve 
long-term drainage and durability 
performance.

 Source: Open AI (2026)



Shotcrete



Definition and Classification

• Shotcrete is pneumatically projected 
concrete or mortar applied at high velocity.

• Dry-mix shotcrete adds water at nozzle, 
enabling flexible placement operations.

• Wet-mix shotcrete provides consistency, 
reduced dust, and higher productivity.

• Fiber-reinforced and structural shotcrete 
improve toughness and load resistance.

 Source: Instituto del Cemento y del Hormigón de Chile. (n.d.)



Constituent Materials

 Source: Author’s own elaboration



Main Characteristics of Shotcrete

 Source: Author’s own elaboration



Fresh Shotcrete Properties

• Adequate pumpability ensures continuous material delivery 
through hoses efficiently.

• Proper cohesion minimizes segregation and promotes uniform 
shotcrete placement.

• Rebound characteristics influence material waste, quality, and 
construction efficiency.

• Build-up capacity allows thick applications without sagging  
or sloughing.



Hardened Shotcrete Properties

• Compressive strengths comparable to conventional structural 
concrete are achievable.

• Strong bond develops with concrete, rock, masonry, and steel.

• Fiber reinforcement improves toughness, energy absorption, and 
crack resistance.

• Proper design and curing ensure durability under 
aggressive exposures.



Main Applications

• Tunnels and mines use shotcrete for 
support and stabilization.

• Slope stabilization benefits from shotcrete’s 
adaptability to irregular surfaces.

• Repairs of bridges, dams, and structures 
commonly utilize shotcrete.

• Water-retaining and underground 
structures frequently rely on shotcrete 
systems.

 Source: Instituto del Cemento y del Hormigón de Chile. (n.d.)



Quality Control Measures

• Material qualification verifies cement, 
aggregates, fibers, and admixture quality.

• Aggregate moisture and grading control 
ensure consistent shotcrete performance.

• Nozzleman certification improves 
application quality and construction 
reliability significantly.

• Strength, thickness, bond, curing, and 
surface inspections ensure compliance.

 Source: Open AI (2026)



Hot Weather Concrete



Definition of Hot Weather Concreting

• Hot weather includes conditions accelerating 
hydration and moisture evaporation rates.

• High temperatures, wind, humidity, and 
sunlight affect concrete performance.

• Problems commonly increase when concrete 
temperatures exceed thirty degrees.

• Environmental factors collectively determine 
severity more than temperature alone.

 Source: Sika Limited. (n.d.)



Environmental Factors Affecting Concrete

 Source: Author’s own elaboration



Effects on Fresh Concrete

• Higher temperatures increase water demand and reduce 
workability retention.

• Rapid slump loss complicates transportation, placement, 
consolidation, and finishing.

• Accelerated setting shortens finishing time and increases cold-joint 
risks.

• Plastic shrinkage cracking develops under evaporation 
exceeding bleeding rates.



Effects on Hardened Concrete

• Elevated temperatures reduce long-term strength despite rapid 
early gains.

• Increased drying shrinkage contributes to cracking and 
serviceability concerns.

• Thermal gradients may generate stresses causing thermal cracking 
damage.

• Durability decreases due to permeability, cracking, and 
aggressive exposure.



Curing Requirements

 Source: Author’s own elaboration

• Curing prevents rapid moisture loss 
and preserves concrete performance.

• Moist curing methods include spraying, 
ponding, and wet burlap.

• Curing compounds reduce evaporation 
when wet curing is impractical.

• Extended curing periods may be 
necessary under severe conditions.



Main Applications

• Building projects frequently require hot weather concreting during 
summers.

• Highways and pavements experience intense heat and solar 
exposure.

• Bridges and mass concrete structures require temperature control 
measures.

• Industrial and marine projects often face challenging hot 
environments.



Quality Control Measures

• Monitor temperature, humidity, wind 
speed, and solar radiation continuously.

• Measure concrete temperature and 
workability using standard ASTM 
procedures.

• Evaluate strength, air content, unit weight, 
and sampling quality.

• Inspect curing effectiveness and document 
environmental and testing data.

 Source: Open AI (2026)



Cold Weather Concrete



Definition of Cold Weather Concreting

• Cold weather concreting requires 
protection against freezing and strength 
loss.

• Conditions include low temperatures, 
snow, ice, and frozen ground.

• Temperature fluctuations during curing can 
adversely affect concrete performance.

• Main objective is maintaining temperatures 
above freezing during hydration.

 Source: AKCP. (2021)



Effects on Fresh and Hardened Concrete

 Source: Author’s own elaboration



Main Applications

• Buildings often require winter concreting to maintain project 
schedules.

• Highways and bridges frequently need cold weather placement 
procedures.

• Industrial facilities in cold regions rely on specialized practices.

• Infrastructure and precast projects require year-round 
temperature control.



Quality Control Measures

• Monitor weather conditions, temperatures, 
wind speeds, and forecasts continuously.

• Measure concrete temperature, slump, air 
content, and unit weight.

• Strength testing and maturity monitoring 
verify adequate strength development.

• Inspect protection systems and maintain 
comprehensive project documentation.

 Source: Open AI (2026)



Conclusions 
❑ Specialized concretes such as lightweight, high-strength, self-compacting, 

pervious concrete, and shotcrete have expanded the capabilities of 
modern construction by addressing specific structural, construction, and 
environmental requirements.

❑ Each type provides unique benefits, including reduced weight, increased 
strength, improved constructability, enhanced sustainability, or greater 
adaptability to complex applications.

❑ Environmental conditions, particularly hot and cold weather, significantly 
affect concrete performance and require appropriate construction and 
curing practices.

❑ The successful use of any concrete technology 
depends on proper mixture design, quality materials, 
effective curing, and rigorous quality control to ensure  
long-term strength, durability, and performance.
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