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‘Measure what is measurable and make measurable what is not so.’
Galileo (1564-1642)

‘If you can’t measure it, you can’t improve it.’
Lord Kelvin (1824-1907)

‘If you torture the data long enough, it will confess to anything.’
Ronald Coase (1910-2013)

‘More development is needed, but let's remain cautious…!’
Pierre Siccardi (1993-)
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Tablet

Display

Flowmeter

Slump probe

On-board monitoring system
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Real-time data measurement

• Drum direction and rotationnal speed

• Mixing turn count

• Volume of concrete

• Production status

• Temperature

• Slump

• Water addition

Slump adjustment using water addition

Loading & mixing Transportation

Arrival on site & 

re-mixing Unloading
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Five years project on on-board monitoring sensors and systems

Different topics: rheology, air content and density measurement, 

machine learning, concrete mixing and homogeneity…

5

Research project
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The cost of mixing

Time

(Loading + Mixing + 

Adjustment)

Fuel Cost

(Salary + Truck cost + 

Fuel)

CO2

14.5 min 4.26 L 29$ 11.5 kg

11 min 3.31 L 22$ 9 kg

Dry-Batch

Wet-Batch

+ 30%

For the truck alone:
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Current situation for wet-batch

• Using a wattmeter for stationnary mixer

17% energy consumption

and

32% mixing duration0
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(Ngo et al., 2017)

• ASTM C94 requires no minimum mixing duration if mixer performance tests 
have been conducted

How on-board sensors can help detect concrete homogeneity and the end of 

mixing for dry-batch to save time, emissions and money while ensuring quality?



Copyright © 2023 Command Alkon. All rights reserved. 8

What’s in ASTM C94?

In 1955, limits have been introduced for concrete delivery:

300 revolutions maximum – Removed in 2013 but still required in 

many states

90 minutes maximum – Removed in 2021

In 1935, limits have been introduced for dry-batch initial in-drum mixing:

70 to 100 revolutions – Still required
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What’s in ASTM C94?

In 1935, limits have been introduced for dry-batch initial in-drum mixing:

70 to 100 revolutions – Still required

Can sensors challenge this?
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Slump probe

On-board monitoring system
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Béton

17

Measurements from the slump probe
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Pressure evolution

Example of a typical load

Time (mm:ss)

Step: LoadingMixing
Mixing + Slump adjustment 

with water
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Signal processing

Time (mm:ss)

Challenge:

How to analyse pressure data to detect 

homogeneity?

→ Development of the End of Mixing Detection Algorithm (ADFMI)

(The torture phase…)



Copyright © 2023 Command Alkon. All rights reserved. 20

Outcomes

After the monitoring and post-processing of several hundred loads, 

the developped algorithm has been validated on test batches.

The main observations were:

Homogenization occurs during mixing and is quantifiable through 

slump probe data

Material loading sequence and many other parameters (load volume, 

drum speed, quantity of water, etc.) influence mixing kinetic

Homogenization occurs after retempering and is detectable by the 

slump probe

Revolution amount needed to achieve homogeneity vs. prescription

in standards
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Environmental Benefits

Is it possible to go further?

To conclude:

On-board sensors enable end of mixing detection thereby enhancing 

production and delivery cycles and consequently reducing CO2 emissions

This questions the existence of prescribed mixing revolution limits

Additionally, on-board workability sensors have also helped in minimizing 

load rejection on-site by detecting out-of-specification slump.
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Air Content Sensor

Improved on-board monitoring system
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Air content evolution in a truck

10 turns @ 

5 RPM
2 RPM 3-4 RPM

Air content is somewhat like slump; it evolves during delivery.

6%

3%

4.5%

This evolution is influence by many parameters as mix design, air entraining admixture 

composition, mixing history, etc.

Real-time air content monitoring helps the operator in making inform decisions 

thereby allowing to reduce rejection at site.
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Thank you!

Pierre Siccardi, Ph.D.
psiccardi@commandalkon.com
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