Chapter 20: Mix Design - Acceptability Criteria
and Variability

Introduction

Concrete mix design is not just about achieving the target strength; it also ensures
workability, durability, and economy under varying site and material conditions.
Once a concrete mix has been designed and implemented in the field, it becomes
crucial to evaluate whether the mix meets acceptable performance criteria. This
chapter delves into acceptability criteria—the parameters that define a
successful mix—and explores the variability inherent in concrete production due
to material inconsistencies, human errors, and environmental factors. These two
aspects help determine whether a mix can be approved for use in structural
elements or needs modification or rejection.

1. Acceptability Criteria in Concrete Mix Design

Acceptability criteria are the minimum standards a concrete mix must satisfy to be
considered suitable for construction. These include strength, durability,
workability, consistency, and compliance with specification standards.

1.1 Compressive Strength Requirements
e Target Mean Strength (f'ck): The mix is designed for a target mean
strength higher than the characteristic strength to account for variability.

e Characteristic Strength (fck): Defined as the strength below which not
more than 5% of test results are expected to fall.
[ a=fatt s
Where:
o f’.,=Target mean strength

o f. = Characteristic strength

o t=Tolerance factor (from statistical tables, usually 1.65 for 5%
probability)



o s=Standard deviation of compressive strength

1.2 Workability
e Defined as the ease with which concrete can be mixed, placed, and
compacted.
e Acceptability is measured through slump test or compaction factor test.

e Varies depending on construction method (e.g., hand placing, pumping, or
machine compaction).

1.3 Durability
e Durability requirements are based on exposure conditions (IS 456:2000).

e Acceptability involves limits on:

0 Minimum cement content

0o Maximum water-cement ratio

o Cover to reinforcement

o Type of cement or mineral admixtures used

1.4 Consistency and Cohesiveness

e A mix should remain uniform throughout mixing and placing.
e Should not segregate or bleed excessively.
e Acceptability judged through visual inspection and practical trials.

1.5 Conformance with Standards

e Acceptance depends on compliance with:

IS 456:2000 (Plain and Reinforced Concrete Code)

IS 10262:2019 (Concrete Mix Proportioning Guidelines)
IS 1199 (Testing of Fresh Concrete)

IS 516 (Testing of Hardened Concrete)
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2. Evaluation of Test Results

After testing concrete specimens (typically 150 mm cube specimens for
compressive strength), evaluation is based on statistical analysis.

2.1 Frequency of Sampling (as per IS 456:2000)
e Minimum one sample per 5 cubic metres of concrete or part thereof.



e At least one sample per day of concreting.
2.2 Criteria for Acceptance (IS 456:2000)
For a group of 4 consecutive test results:

e The average strength should be = characteristic strength.
e Individual results should not fall below characteristic strength - 4 MPa.

For example:
e If fck =25 MPa (M25 grade), then:

o Average of 4 consecutive cubes = 25 MPa
o Individual values = 21 MPa

3. Variability in Concrete Production

Variability refers to the inherent fluctuations in concrete quality due to multiple
factors. Understanding and minimizing variability is essential for reliable and
consistent concrete production.

3.1 Sources of Variability

a) Material Variability
e Inconsistent cement properties (e.g., fineness, setting time)
e Aggregate gradation and shape irregularities
e Moisture variation in sand
e Variable admixture dosage
b) Production Variability
e Improper batching (volume vs. weight)
e Variation in water content
e Mixing time inconsistencies
e Equipment malfunction
¢) Environmental Variability
e Temperature, humidity, and wind speed affect:

o Rate of hydration
o Evaporation losses
o Setting time



d) Human Error
e Inaccurate measurements
e Poor workmanship
e Misinterpretation of mix proportions

4. Statistical Quality Control in Mix Design
4.1 Standard Deviation (s)

A measure of how test results deviate from the average value.
S=VY 666
Where:

e x =individual strength result
e % =mean strength
e n=number of samples

Higher standard deviation = more variability = higher target mean strength
required

4.2 Coefficient of Variation (CV)

CV=2x100%
X

Helps compare variability across different mixes.
4.3 Control Charts

Used to track variations in compressive strength over time to detect trends and
deviations.

e Upper Control Limit (UCL) and Lower Control Limit (LCL) are set.

e Results outside these bounds may indicate process problems needing
correction.

5. Acceptance Based on Statistical Parameters

Concrete production is acceptable if:



e The mean compressive strength = f'ck
e No result falls below fck - 4 MPa
e Standard deviation is within permissible limits as per IS 456

For example:

Standard Deviation (s) as per IS

Grade 456:2000
M10-M15 3.5 MPa
M20-M25 4.0 MPa
M30-M35 5.0 MPa

M40 and above 6.0 MPa

6. Rejection and Remedial Measures
If concrete fails to meet acceptability criteria:

6.1 Immediate Actions

e Identify source of error (material, water, batching, etc.)
e Stop further concreting if necessary
e Conduct core tests if concrete is already in place

6.2 Long-Term Measures

e Recalibrate mix design

e Improve quality control protocols

e Use more accurate batching systems
e Regular training for site personnel

7. Improving Mix Reliability
e Use of automated batching plants
e Real-time moisture sensors in aggregates
e Statistical monitoring of all raw materials
e Adopting ready-mix concrete from certified plants
e Continuous feedback loop between field performance and mix design




8. Mix Design Validation and Field Trials

Before large-scale use, even a laboratory-optimized concrete mix must be
validated under real field conditions. This is necessary because actual site
constraints, handling methods, and material storage may introduce unforeseen
variability.

8.1 Trial Mixes

e Trial batches are created under field conditions using the actual materials,
mixers, water sources, and labour.

e Multiple batches are tested to evaluate:

Slump/workability

Compaction and placement characteristics
Compressive strength at 7 and 28 days
Setting times

Bleeding and segregation tendencies
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8.2 Pilot Pours
e Often conducted on non-critical components like temporary slabs or
footpaths.

e Helps assess placement logistics, vibration practices, and finishing
techniques.

8.3 Correlation with Lab Results

e Strength from site cubes is compared with the lab batch.

e Acceptance is only granted if field results match or exceed the lab outcomes
within reasonable tolerance.

9. Acceptance Criteria for Durability Parameters

Beyond compressive strength, durability is equally important—especially for
long-term performance under aggressive environments.
9.1 Water-Cement Ratio Limits

e Lower water-cement ratios improve strength and impermeability.
e For marine or sulfate-rich environments, w/c ratio should be < 0.45.



9.2 Cement Content

¢ Minimum cement content ensures dense matrix and long-term binding.
e IS 456 recommends:

o Mild exposure: = 300 kg/m?
o Severe exposure: = 320-360 kg/m? depending on type

9.3 Admixture Acceptability

e Admixtures must comply with IS 9103.

e Site trials are conducted to ensure no retardation, incompatibility, or
segregation.

e Superplasticizers should not excessively reduce setting time or slump
retention.

9.4 Permeability Testing

e Important for durability.

e Tests like Rapid Chloride Penetration Test (RCPT) or Water Permeability
Test help verify the resistance of concrete to fluid ingress.

10. Acceptance of Ready-Mix Concrete (RMC)

For large projects, Ready-Mix Concrete (RMC) usage is common. Acceptance of
such concrete must follow a detailed protocol.

10.1 RMC Quality Assurance

e Batch plant must be RMCMA certified (Ready Mix Concrete Manufacturers'’
Association).

e (Calibration of weigh scales, moisture probes, and mixers must be up-to-
date.

e Cement and aggregate stock must be protected against contamination and
moisture gain.

10.2 Delivery Acceptance
At site, the following are checked before acceptance:

e Transit time < 90 minutes
e Slump at site matches design



e Temperature < 30°C for hot climates
e Cube samples taken for strength testing
e Delivery docket verification

10.3 Acceptance Criteria of RMC
e 7-day and 28-day cube test results should conform to acceptance limits
discussed earlier.

e Workability retention must be evaluated especially when superplasticizers
or retarders are used.

11. Control of Long-Term Variability

Variability may not always be visible immediately—it can accumulate over weeks or
months. Hence, it is important to maintain long-term records and performance
trends.

11.1 Monthly Statistical Reports
e Mean, standard deviation, and COV (Coefficient of Variation) should be
computed monthly.

e Plots of cube strength vs. date help identify any deterioration in mix
performance.

11.2 Feedback Loop to Design Office

e Iflong-term strength shows a downward trend:

0 Reassess cement quality
o Recheck aggregate source
o Examine changes in admixture brands or dosages

e Design office may revise target mean strength upward or modify mix
proportion.

12. Role of Quality Control Personnel

Human supervision remains critical, especially for onsite acceptance and real-time
decisions.



12.1 Duties of Site Engineer / QA Engineer

e Ensure material testing is done on schedule
e Approve or reject concrete on-site based on:

o Slump test
o Temperature
0 Appearance

12.2 Technician Training

e Personnel must be trained in:

Handling testing apparatus

Proper cube casting and curing
Reading from control charts
Identifying non-compliance indicators
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13. Advanced Tools for Acceptance Monitoring

Modern construction sites are increasingly using technology-driven tools for
improving accuracy and traceability.
13.1 Digital Batching Systems
e Automated batching plants store records for:
o Mix proportions
o Batching time

o Water addition
e Reduces operator error and ensures compliance with mix design.

13.2 Concrete Sensors

e Embedded sensors in concrete elements track:

0 In-situ temperature
o Strength development (using maturity method)
o Humidity and thermal gradients

13.3 Statistical Software

e Tools like Minitab, Excel, or custom dashboards help:



o Real-time tracking of cube strength
o Forecasting future performance
o Triggering alerts for non-compliance
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