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Overview

- Why do we need to measure aggregate moisture?
- What is available?
* Do they work?

* Where next?




Why do we need them?

» Great concrete depends on
* w/cm
* Air void system
» Cementitious system
- Aggregates




Levers to control mixture performance

- How these elements fit into our design goals:

Workability | Transport Strength Cold Shrinkage | Aggregate
weather stability
Aggregate System |Type, gradation v - - - . v
Paste quality S e v v v vv v v
type and dose
Paste quantity |Vp/Vv v - - - vv -




Hydration

* Portland cement reacts with water in a series of irreversible
reactions that lead to set, impermeability and strength




Water-to-cementitious ratio (w/cm)

Low w/c ratio High w/c ratio

Image: Todd Han




Why do we need them?

» Controlling water (and air) in the field is hard
- Aggregate moisture
- Wash out water
» Evaporation
* Hydration
* “Add 10"
* Blessing




Absorption

* A function of the amount and connectivity of void space in the

aggregate

- Saturated surface dry (SSD) used in proportioning
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Why do we need them?

- Aggregate moisture

* Aggregates comprise ~ 75% of volume

* 1% moisture change = ~0.03 w/cm change
- Workability
 Durability
- Strength

» Can move by up to 5%

» Changes by the load

* Impacted by weather




Measurement of Aggregates

Microwave

Radar

Optical or Infra Red
Chemical




What is available?

* Microwave

- Water changes the phase of microwaves that pass
through them.

 Also absorb and reflect some of the microwave energy.

* Device compares transmitted
and reflected microwaves

» Can be calibrated to report
the amount of water




What is available?

» Microwave
« Sensor has to be in contact with the material
» Underneath a bin or above a conveyor
* Faceplate is at 60° to the flow of material.
» Stainless steel with a ceramic faceplate
« Still prone to wear
» Accuracy is £0.3% of the total moisture
* Penetration depth ~ 3 to 4 inch
* The device is sensitive to temperature changes



What is available?

* Radar

» Monitoring changes in Time Domain Reflectometry (TDR)
to assess dielectric constant (Ka)

- Ka depends on the permittivity of the constituents
iIncluding water

» Can be calibrated to report the amount of water




What is available?

- Radar
* The sensor has to be in contact with the material
- Typically located 12 in. directly under the gate
* Accuracy is £0.1% of the total moisture




What is available?

* Optical or IR

« Compares the reflectance of particles over a range of light
frequencies

» Water absorbs light at about 1.4 and 1.9 um

* Differences in reflectance at these frequencies indicate
the amount of water




What is available?

* Optical or IR
* The technology does not report absorbed moisture

* The device is installed above a moving sample behind a
dust shield

* Depth of penetration into the sample stream is only ~1
Inch A SO

* Accuracy is 0.3% to 0.6% ™~
by weight




What is available?

* Chemical

 Calcium carbide is mixed with a sample in a pressure
vessel

- Water in the sample reacts with the carbide, producing
gas, so increasing the pressure

» Can be calibrated to the moisture
content




What is available?

» Chemical
* Accuracy is ~ £ 0.5%.
- Calibration is relatively easy.

» Challenge is the risk of explosion or fire if the carbide is
exposed to water outside the vessel

* Arepresentative sample has to be collected.




Do they work?

* All of the technologies are complex

* Sensors are expensive
* Maintenance
- Calibration
» Durability

* Periodic recalibration is required for all the systems available
» This activity is often complex
- Challenging when several aggregate sources are in use



Do they work?

» Variability within a load may not be detected
- Data processing may take a significant amount of time
+ ~60% of each load can be evaluated

* Plants may be operating one load behind the actual moisture
content

* The volume of material sampled by a sensor may be small

* Protocols to handle the information are needed




Do they work?

« Operators reported using all the different types

+ Used to monitor fine aggregate due to its relatively large
specific surface

» More useful in dry-batch plants because they do not have the
ability to adjust water based on workability

* Some operators monitor trends only




Where Next?

22

* There is no magic bullet

- What are we trying to achieve?
 Control water in the mixture




Where Next?

« Can measure it directly — or look for side effects
- Workability '
- Power meter
* New approaches?
« Strain gage on a probe?
* VKelly?
* Others
* Phoenix
» Microwave

* This is not a new problem...
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