Chapter 18: Mix Design - Principles and
Influencing Factors

Introduction

Concrete mix design is a scientific and systematic process to determine the most
economical and practical combination of various ingredients (cement, aggregates,
water, and admixtures) to produce concrete with required workability, strength,
durability, and economy. The objective is to achieve the desired concrete
properties in both fresh and hardened states by carefully proportioning the
materials.

This chapter delves into the fundamental principles of concrete mix design and the
numerous factors influencing it. Emphasis is placed on both theoretical and
practical aspects, including standards (like IS 10262:2019), performance-based
considerations, and site-specific parameters.

18.1 Principles of Concrete Mix Design
The following are the guiding principles of concrete mix design:
18.1.1 Workability

Workability is the ease with which concrete can be mixed, transported, placed,
compacted, and finished without segregation. It depends on:

e Water content

e Aggregate shape and texture

e Grading

e Use of admixtures

e Method of compaction and placing

The target workability is chosen based on the method of compaction and the
complexity of the structural elements.



18.1.2 Strength

The compressive strength of concrete is a primary criterion. Mix design aims to
achieve the characteristic strength (fck) at 28 days with a defined margin to
account for variability. This margin is called the target mean strength (fcm) and
is calculated as:

fcm:fck+k xS
Where:

e f.: Characteristic strength (MPa)
e k: Statistical factor (usually 1.65 for 5% defective)
e s:Standard deviation based on past data

18.1.3 Durability
Durability ensures that concrete resists environmental actions such as:

e Chemical attacks (sulphates, chlorides)
e Freeze-thaw cycles

e Carbonation

e Abrasion and weathering

Durability is achieved by limiting water-cement ratio, choosing appropriate cement
type, ensuring sufficient cover, and using pozzolanic or mineral admixtures.

18.1.4 Economy

Economical design means minimum cost without compromising performance.
Cement is the most expensive ingredient; hence, optimizing the water-cement
ratio and aggregate grading is essential.

18.1.5 Compatibility with Site Conditions

The mix must be practical for the available materials, local climate, and
construction practices.

18.2 Factors Influencing Mix Design

The design of a concrete mix is influenced by a variety of material and
environmental parameters:



18.2.1 Water-Cement Ratio (W/C Ratio)

e Key factor affecting strength and durability

e Lower W/C - higher strength but lower workability

e Recommended values are based on exposure conditions as per IS 456:2000
e Typical W/C ratio: 0.35 - 0.65

18.2.2 Cement Type and Content
e Cement grade (e.g., OPC 43/53, PPC, PSC) affects early and ultimate
strength

e Minimum cement content required for durability, particularly for
aggressive environments

e Excessive cement can cause shrinkage and thermal cracking

18.2.3 Aggregate Properties
a) Grading
e Well-graded aggregates reduce voids = lower cement paste demand
e Combined grading of coarse and fine aggregates must conform to IS
standards
b) Shape and Texture
e Rounded aggregates — better workability
e Angular aggregates — higher strength but reduce workability
c) Size
e Maximum size limited by structural element dimensions and reinforcement
spacing
e Larger size = reduced surface area - lower water demand

18.2.4 Water Quality

e Must conform to IS 456:2000
e Should be free from organic matter, oils, acids, alkalis
e Potable water is generally acceptable

18.2.5 Admixtures
e Plasticizers/superplasticizers: Improve workability at reduced water
content
e Air-entraining agents: Improve resistance to freeze-thaw
e Retarders: Delay setting for large pours
e Accelerators: Increase early strength



e Mineral admixtures: Fly ash, silica fume, GGBS to enhance durability and
reduce permeability

18.2.6 Exposure Conditions

As per IS 456:2000, classified as:

e Mild

e Moderate

e Severe

e Very Severe
e Extreme

Each category recommends:

e Minimum cement content
e Maximum W/C ratio
e  Minimum cover

18.2.7 Desired Properties in Fresh and Hardened States
e Fresh state: Workability, cohesion, pumpability
e Hardened state: Strength (compressive, flexural), durability, impermeability

18.2.8 Method of Compaction and Placement

e Hand-compacted concrete requires higher workability
e Machine-compacted or vibrated concrete can use stiffer mixes
e Pumped concrete needs a cohesive mix to avoid segregation

18.2.9 Ambient Temperature and Weather
e Hot weather: Increased evaporation - rapid stiffening - need for retarders
e (Cold weather: Risk of freezing = need for accelerators or heated materials
18.2.10 Construction Type and Section Size

e Thin sections = higher workability needed
e Heavily reinforced members = smaller maximum aggregate size

18.3 Steps in Concrete Mix Design (As per IS 10262:2019)

1. Determine target strength using standard deviation and required margin
2. Select W/C ratio based on strength and durability



© NOo kW

Estimate air content for specific applications (especially in cold regions)
Select water content based on desired workability

Calculate cement content = water / W/C ratio

Determine proportions of coarse and fine aggregates

Adjust for moisture content and absorption

Trial mixes are prepared, tested, and adjusted until the desired properties
are achieved

18.4 Performance-Based Mix Design (Advanced Approach)

Modern construction increasingly favors performance-based design, focusing on:

Strength at early and later ages
Workability retention
Shrinkage and thermal control
Chloride penetration resistance
Life cycle cost analysis

This approach is particularly relevant for infrastructure projects, high-performance
concrete (HPC), and self-compacting concrete (SCC).

18.5 Nominal Mix vs. Design Mix

18.5.1 Nominal Mix

Definition: Prescribed proportions of cement, sand, and aggregate without
detailed testing.

Used where concrete grade requirements are not stringent (e.g., M10, M15,
M20).

Examples:

o M10 - 1:3:6 (cement:sand:aggregate)
o M15-1:2:4
o M20-1:1.5:3

Based on volumetric batching.

Advantages:



e Simple and convenient for small projects.
e No need for laboratory testing.

Disadvantages:

e Lacks accuracy.
e Quality control is difficult.
e Not suitable for grades above M20.

18.5.2 Design Mix

e Definition: Proportions are based on lab tests and calculations to meet
specific strength and durability requirements.

e Applicable for grades above M20.

e Involves weight-based batching.

Advantages:

e Optimized use of materials.
e Better control over quality and strength.
e Tailored to site-specific conditions.

Disadvantages:

e Requires skilled personnel and laboratory facilities.
e Initial trial mixes needed.

18.6 Mix Design Methods

Different methods are used globally and in India. Each method follows a
systematic procedure. Major ones include:

18.6.1 Indian Standard Method (IS 10262:2019)

e Updated standard for concrete mix design in India.

e Incorporates statistical methods.

e Suits both conventional and high-performance concrete.
e Requires inputs such as:

o Target strength
o Standard deviation



o Aggregate grading
o Workability

18.6.2 American Concrete Institute (ACI) Method
e Widely used in the US and internationally.

e Considers:

o Type of cement and aggregate
o Moisture adjustments
o Volume batching

e Suitable for a wide range of concrete types including air-entrained and
lightweight concrete.

18.6.3 DOE Method (UK Department of Environment)

e Popularin the UK.

e More empirical than theoretical.

e Considers durability requirements early in the process.
e Focuses heavily on workability and cohesion.

18.6.4 Other Advanced Methods

e Packing Density Method - Focuses on achieving maximum packing of
solids.

e Optimized Aggregate Gradation Method - For self-compacting and high-
performance concrete.

e Rheology-Based Mix Design - Important for 3D-printed concrete and SCC.

18.7 Mix Adjustment on Site

Concrete mix designed in a lab may require adjustments on site due to variable
conditions. Common parameters adjusted include:

18.7.1 Moisture Content Adjustment

e Aggregates may carry moisture - reduces actual water required.
e Requires frequent measurement of:

o Free surface moisture
o Water absorption capacity



18.7.2 Workability Adjustment

e If workability is too low:

o Slightly increase water
o Add superplasticizer
e Iftoo high:

0 Reduce water
o Add fine material to reduce bleeding

18.7.3 Batch Size and Equipment Calibration

e Volume to weight conversion errors can affect mix proportion.

e Batching equipment (weighing machines, mixers) must be calibrated
frequently.

18.8 Quality Control and Testing of Designed Mix
After design and production, it is crucial to ensure the mix meets requirements:

18.8.1 Fresh Concrete Tests

e  Slump test (IS 1199)

e Compacting factor test
¢ Flow table test (for SCC)
e Air content test

18.8.2 Hardened Concrete Tests

e Compressive strength at 7 and 28 days (IS 516)
e Flexural strength

e Modulus of elasticity

e Water permeability

e Chloride ion penetration

e RCPT (Rapid Chloride Penetration Test)

18.9 Case Studies and Field Applications

Case 1: Infrastructure Bridge Project

e Required M50 grade concrete



e Designed with:

o Low W/Cratio: 0.35
o Silica fume for durability
o Superplasticizer for workability retention

e Challenges:

o Pumping over long distances
o Heat of hydration control with fly ash

Case 2: Residential Building

e Used nominal M20 mix
e Targeted low-cost construction
e Achieved reasonable strength and workability with locally available

materials

18.10 Environmental and Sustainability Considerations

Concrete production has a significant environmental footprint due to cement
manufacturing. Sustainable practices in mix design include:

e Use of Supplementary Cementitious Materials (SCMs):

o Flyash
o Ground Granulated Blast Furnace Slag (GGBS)

o Silica fume
e Use of recycled aggregates

e Design for longer service life and lower maintenance

e Optimizing cement content to reduce CO, emissions
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