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TITLE

Rheological Characterization of Flow Table Reference Material
BACKGROUND / NEEDS STATEMENT

AASHTO M 152 (ASTM C 230) describes the flow table. This test was revised in 2003 and specifically states in footnote 3 that a reference material for calibration of the flow table is available from CCRL at NIST. Use of Flow Table is also referenced in T 71, “Effect of Organic Impurities in Fine Aggregate on Strength of Mortar”; T 137, “Air content of Hydraulic Cement Mortar”; and T 106, “Compressive Strength of Hydraulic Cement Mortar Using 50-mm or 2-in cube Specimens". The reference material for calibration of the flow table is composed of oil and a silica powder finely ground. The powder fineness is obtained by a permeability method similar to the Blaine. In recent years the particle size distribution of the powder was also measured using a laser diffraction particle size analyzer. The oil viscosity is not measured but the value of the manufacture is recorded. The characteristics targeted are the same as the previous batch of material. Once the two materials are selected, they are mixed and tests are performed using the flow table at CCRL. This flow table is identical to others and is considered as the reference. The values obtained with this flow table are considered the reference values and are used to calibrate all the flow tables in the USA.

 Although, the reference flow table at CCRL is well maintained and have been successfully used for preparation of reference materials in the past, there are several issues with the method: 

1) The reference table is very old and is in danger of breaking. If the CCRL flow table breaks beyond repair, then the reference table is gone and the new reference material could not be developed.

2) The production of this reference material is empirical and is based on trial and error. Therefore, the flow values provided by the table are different from one batch to another.

3) The flow table used for calibration is calibrated itself using a previous batch; therefore there is a strong risk of error propagation.

4) The reference material is prepared in small batches since the properties of the component materials are not being controlled in a large scale. This makes the process very time consuming. 
Considering these issues it seems necessary to explore an alternative method of measuring the flow, that is based on material science, is accurate and precise, and that the results could be easily reproduced. The fundamental rheological properties of the material, which controls its flow are yield stress and plastic viscosity. The high yield stress is needed to avoid the material to flow once the conical mold is lifted. The viscosity should be such that the material will flow under the vibration provided by the drops of the table top. The material should form a patty on the table top after a predetermined numbers of drops but not flow out of the table top. These properties that are controlled by the yield stress and plastic viscosity of the material can be reliably measured in the laboratory using a rheometer. The knowledge of the changes in rheological properties of the mixture with changes in the properties of the component materials would make possible better control of the reproducibility of the flow data from batch to batch. Therefore, it is logical that the production of such reference material be performed by better characterization of the material rather than time consuming trial and error process. In addition, as the characteristic of the components will be known it would be faster to produce it as an oil with a certain viscosity and the powder of a known PSD that could be ordered in larger batches.
RESEARCH OBJECTIVE

This project would determine the characteristics of the flow material using modern and material based methods. Therefore, the following characteristics need to be determined:

· Yield stress and plastic viscosity for proper operation.  

· The viscosity of the oil.
· The optimal PSD of the powder.
WORK TASKS

The research tasks will be done in three phases:

1. Characterize the materials of past reference materials: viscosity of oil, PSD of powder, and rheological properties of the mixture using modern methods of measurements.

· Collect powder and oils from past batches if possible and characterize the components. This implies both rheological and PSD measurements. 

· Establish a correlation between the flow table values, mixture rheological properties, and the components properties. This would imply measuring the flow table spread, yield stress, and plastic viscosity using these materials.

2. Determine the impact on the final properties from changes in the oil viscosity or the PSD of the powder

· Vary the viscosity of the oil to determine the impact on the flow table results and the mixture rheological characteristics

· Vary the powder fineness or PSD as determined by laser diffraction and determine the influence on the rheological properties and the flow table results

· Determine the sensitivity of the materials to changes in temperature.  At first the characteristics will be measured at about 20 °C to 23 °C. Later a wider range of temperature should be investigated.

3. Develop a methodology for developing the reference material and measuring the properties without using the flow table. This method could be a combination of measurements and simulation. From the study above the range of oil viscosity or powder PSD that provide adequate measurements with the flow table should be established.
4. Prepare the final report summarizing the findings of the study and explaining the scientific methodology of preparing and characterizing the reference flow table material.
URGENCY

Characterization of the Flow Reference Material is empirical. It’s a trial and error process, which cannot reproduce the same reference material easily and can be very time consuming. Scientific characterization of the flow material would make possible production of faster, more reliable, and more reproducible reference material, which ensures better performing hydraulic cement mortar.

FUNDING REQUESTED AND TIME REQUIRED
It is estimated that this research will take 12 months to complete and will require $90,000.  
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