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CHAPTER THREE:
TRIAL BATCH DEMONSTRATION

A trial batch is required for a qualifying CMDS, as detailed in Section
501.06, 502.04(b) and 506.05 of the Standard Specifications. Regardless
of the type of pavement concrete, the purpose of a trial batch is much
more than validating the required concrete properties to be within the
specification requirements of the concrete mixture. For example, the trial
batch of a CMDS for QC/QA PCCP also provides an opportunity for the
Contractor’s Certified Technician and the Department’s Qualified
Technician to verify proper equipment calibration and testing procedures
prior to any placement of concrete pavement. The Contractor and the
PE/S should both be assured that QC testing will accurately represent the
concrete for any process control decision and that acceptance testing will
assess the proper adjustment points, if any. Failure to obtain this at the
trial batch for QC/QA PCCP, may result in an inaccurate assessment of
adjustment points or erroneous failed material investigations when
pavement concrete is placed.

The results from a successful trial batch provide the Contractor with
baseline properties from which to plan process control of the concrete
mixture. In addition, should there be any future material changes to the
concrete mix, the original trial batch results provide a means of
performance comparison.

For QC/QA PCCP, the trial batch may be conducted at a concrete plant or
in the laboratory, as detailed in the Standard Specifications. For High-
Early Strength PCCP and PCCP Patching, a trial batch is required to be
conducted through a plant. A trial batch completed through a plant
provides an opportunity for the Contractor and Engineer to witness the
process upstream from the plant (i.e. material receipt, storage, and
handling), through batching and actual concrete production. The complete
process should be inspected to provide insight as to any potential process
control problems prior to production and placement. A properly
conducted trial batch works to resolve many problems which would
otherwise become evident on the day of concrete placement.
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PREPARATION

Scheduling a trial batch is dependent of several key items, which are as
follows:

1) Both the Contractor’s Certified Technician and the
Department’s Qualified Technician are to be present

2) The trial batch is used to evaluate a CMDS that has been
reviewed and approved by the DTE.

3) Adequate time is required to be allocated to complete the
trial batch demonstration. Experience has shown that a
properly conducted trial batch will typically require 4-6
hours to complete. A poorly planned trial batch will
substantially increase the length of the trial batch by several
hours or even days.

A trial batch is not to be used for mix design experimentation or
development. The Contractor and his concrete supplier are required to
have sufficient experience in preparing a CMDS for workable concrete
that will perform as expected during the trial batch. Problems should be
few, if any, and only of a minor nature.

PROCEDURE

A two-page worksheet has been developed for each pavement concrete
type, which outlines a systematic approach to conducting a proper trial
batch in accordance with the appropriate section of the Standard
Specifications (i.e. 501.06, 502.04(b) & 506.05). These worksheets are
part of the Microsoft Excel workbook that was created at the time the
CMDS was originally approved by the DTE. The trail batch worksheet
has a title and tab identification within the Excel workbook to help the
users. Proper use of the worksheets by both the Contractor and
Department has proven to be critical in progressing through the trial batch
successfully in the shortest amount of time. The following is a breakdown
of the various parts of the trial batch worksheets for QC/QA PCCP. The
worksheet is to be prepared and submitted by the Contractor to the DTE;
however, the Department’s representative at the trial batch is required to
be involved in accurately recording and reporting results and other
pertinent information.
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AGGREGATE PROPERTIES FOR QC/QA PCCP

Once the preliminary information is entered at the top of the worksheet,
the first major task is to evaluate the properties of the fine and coarse
aggregate which are to be incorporated into the concrete. Certain
aggregate properties (i.e. bulk specific gravity at saturated surface dry
condition and absorption) were predetermined by the Contractor and
submitted as part of the CMDS that was reviewed and approved by the
DTE. These aggregate properties appear on the trial batch worksheet
when the CMDS is processed by the DTE as part of the Excel workbook.
If working with a blank hard copy of the worksheet forms, the properties
are required to be entered on the form manually. The certified and
qualified technicians are required to obtain samples of sufficient quantity
of the fine and coarse aggregate to test for moisture content and aggregate
correction factor. The moisture contents and aggregate absorptions are
used in determining Water/Cementitious Ratio. Aggregate Correction
Factor is used to determine air content. Additional samples of the fine and
coarse aggregate may also be necessary for gradation analysis and
possibly  rechecking/troubleshooting bulk specific gravity and/or
absorption measurements. For trial batches conducted in the laboratory,
the gradation and moisture determinations shall be in accordance with the
method and procedures defined by ASTM C 192.

Should a trail batch be conducted at a concrete plant, the aggregate
samples are to be representative of the material batched in the concrete, as
defined by the CMDS. If the plant is equipped with a moisture probe(s),
the samples should be obtained from material passing over the probe so
that a check may be made on the accuracy of the moisture meter.
Subsequent changes in the moisture meter reading, prior to batching,
would then serve as a basis for adjusting the moistures entered in the
worksheet at time of batching. If there are no probes to monitor moisture
in the aggregate(s), batching is required to contain the aggregates that
were accurately represented by the samples. In such a situation, the trial
batch should occur on a day when production for commercial and/or other
INDOT work is minimal. The moisture content results between the
certified and qualified technicians are required to be fairly close, otherwise
there may be too much discrepancy in results for Water/Cementitious
Ratio and questions arise as to material uniformity, proper sampling
and/or testing. The trial batch should not progress until aggregate
moisture discrepancies are resolved.

An example of how the aggregate properties may look on the worksheet is
presented in the table below (boldface numbers). In this example, the
aggregates have a moisture content in excess of the saturated surface dry,
ssd, condition; however, this may not always be the case.
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AGGREGATE TEST RESULTS
. Contractor ACI INDOT IND.O.T
Properties Certified Qualified
Result Result
Tech Tech

FA Bulk Sp. Gr.(SSD) | 2.658 - NA NA

FA Absorption, % 1.36 _— NA NA

FA Moisture 5.23 --- 5.25 ---

CA Bulk Sp. Gr. (SSD) | 2.652 - NA NA

CA Absorption, % 1,82 - NA NA

CA Moisture, % 3.23 - 3.26 -—-

Agg. Correction Factor ---

The aggregate correction factor may be determined at this stage of the trial
batch; however, a more effective use of time may be to conduct the test
during the agitation period, which is intended to simulate the delivery time
after batching and mixing of the concrete. Testing is required to be done
by both the certified and qualified technicians to establish an accurate
value to be used in measuring the air content. Aggregates in Indiana have
been found to range from a value of 0.1 to 1.0 percentage points for the
correction factor. Aggregates having a high absorption do not necessarily
correlate to a high aggregate correction factor. The property is only
determined by testing.

CONCRETE BATCHING & MIXING FOR QC/QA PCCP

The next step in the worksheet addresses concrete batching. The mix
design batch weights from the CMDS are simply transferred to the second
column of the table entitled “Concrete Batching”. This is done
automatically if working in the Excel workbook processed by the DTE.
The third column in the table for concrete batching identifies what the
target batch weights should be for one cubic yard of concrete, based on the
aggregate moisture contents measured by the Contractor’s qualified
technician. The Excel worksheet calculates the moist aggregate target
weight by multiplying the ssd aggregate weight (defined by the CMDS) by
1 plus the difference between total moisture content and absorption, as a
decimal. An example of this calculation for the moist fine and coarse
aggregate targets are as follows for a CMDS that has a cement content of
480 1b, fly ash content of 106 1b, ssd fine aggregate content of 1330 1b, ssd
coarse aggregate content of 1763 Ib and water content of 217 Ib:

Example: 1330 x [1 + (0.0523 - 0.0136)] = 1381 1b moist fine aggregate
weight

1763 x [1+(0.0323 - 0.0182)] = 1788 Ib moist coarse aggregate
weight



The target batch weight for mix water is required to be reduced by the
amount of free water provided by the aggregates. The difference between
the aggregate batch weights in a moist condition and the saturated surface
dry condition gives the needed result. An example of these calculations is
as follows:

Example: 1381 — 1330 = 51 Ib free water from fine aggregate
1788 — 1763 =25 1b free water from coarse aggregate
51 + 25 =76 1b free water contributed by aggregates

The Excel worksheet automatically determines the amount of free water
contributed by the aggregates and subtracts the free water from the water
content identified in the CMDS that was approved by the DTE. An
example of this calculation is as follows:

Example: 217 — 76 = 141 1b of target batch water

The following table shows how the first three columns of the Concrete
Batching table would appear based on the aggregate moistures for the
example CMDS and calculations above. The summation of the batch
weights are the same for the second and third columns (i.e. whether
dealing with the CMDS, with aggregates at ssd condition, or batch weights
adjusted for moisture content).

Materials Design Batch Weights | Target Batch Weights
(SSD Aggregate) Ib (Moist Aggregates) 1b
Cement 480 480
Fly Ash 106 106
GGBFS 0 0
FA 1330 1381
CA 1763 1788
Water 217 141
> 3896 3896

The moist aggregate weight may not always be above the weight
representing a saturated surface dry condition. This is more likely to
happen with a crushed stone coarse aggregate, particularly if that material
is produced by a dry crushing operation. If the moisture content of an
aggregate is below the absorption value, then the aggregate free water
becomes a negative amount and additional water will be required to batch
concrete at the target water/cementitious ratio.
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Many computerized batching systems for concrete plants make water
adjustments by the same method as described above, using the free
moisture content of the aggregates. The concrete producer and technicians
present at the trial batch are required to understand the difference between
total moisture content and free moisture content of an aggregate.

The next step in a trial batch is for the Contractor’s representative to
establish a target batch size of concrete to make. At a plant, the batch is
required to be sufficiently large to account for the limited accuracy of the
scales at low weights and preset gate openings for charging materials into
the weigh hoppers. A minimum size of 3 to 4 yd? is recommended. A
lesser batch size may be out of tolerance creating a yield problem or a mix
that does not represent the CMDS that was approved by the DTE. Once
the target batch size is established and entered in the Excel worksheet, the
total batch weight targeted for each ingredient is automatically calculated.
This calculation is done by multiplying the value in the target batch weight
column by the target batch size. If the target batch size is set at 5.0 cubic
yards for the example that has been presented, the total target batch
weights would be as shown in the table below:

Design Batch Target Batch ]];Zi%flt Total Target
Materials Weights Weights Size Batch
(SSD Agg)Ib | (Moist Agg) Ib yd® Weights Ib
Cement 480 480 5.0000 2400.00
Fly Ash 106 106 5.0000 530.00
GGBFS 0 0 5.0000 0.00
FA 1330 1381 5.0000 6907.36
CA 1763 1788 5.0000 8939.29
Water 217 141 5.0000 703.35
> 3896 3896 NA 19480.00

The total batch weight calculated by the worksheet for each component is
required to be checked against the values that the batch plant operator
intends to use. This should be done even with plants that have a
computerized batching system. Miscommunication or errors in control
panel settings or aggregate moisture inputs may quickly create significant
delays in time and effort. The amount of water to be batched by the plant
may intentionally be reduced by the amount of water to be introduced in
washing down the funnel and fins of a transit mixing truck. This amount
of water, which is typically 25 to 42 Ib, may have a significant effect on
water/cementitious ratio in a reduced size batch of 3 to 4 cubic yards. The
Excel worksheet has been set up to calculate total target batch weights to
the nearest 0.01 Ib, in order to provide a worksheet that may be used for
trial batches conducted in the laboratory in accordance with ASTM C 192.
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Once the total trial batch weights are confirmed as being correct, the
ingredients may be weighed and recorded in the column entitled “Actual
Batch Weights”. The percentage error between the total target batch
weight and the actual batch weight is calculated by the Excel worksheet
and recorded in the last column of the form. This calculation is done by
subtracting the total target batch weight from the actual batch weight and
dividing by the total target batch weight. This number is then multiplied
by 100 to determine percentage. For example, if 6960 lbs of moist fine
aggregate was batched into the mixer, the calculation for batching error
would be as follows:

Example: [(6960.00 — 6907.36)/6907.36] x 100 = 0.76 % batching error,
fine aggregate

The table below illustrates an example data entry and calculations on the
worksheet for all ingredients.

Design Target Batch | Target | Total Target | Actual .
Materials Batch Weights Batch Batch Batch B::t:g:g Alg)rv:(a:?le

Weights (Moist Agg) Size Weights weights p Y

(SSD Agg) Ib b yd® b 1b = =
Cement 480 480 5.0000 2400.00 2400.00 0.00 +149
Fly Ash 106 106 5.0000 530.00 530.00 0.00 +1.49
GGBFS 0 0 5.0000 0.00 +1.49
FA 1330 1381 5.0000 6907.36 6960.00 0.76 +249
CA 1763 1788 5.0000 8939.29 8980.00 0.46 +249
Water 217 141 5.0000 703.35 708.00 0.66 +1.49

> 3896 3896 NA 19480.00 19578.00 NA NA

At this stage of a trial batch, a determination is made whether the batched
concrete represents the intended proportioning of the CMDS. Batching
tolerance is required to be within the requirements of Section 508.02(b),
as follows:

Required
Material Accuracy
Cement +1%
Aggregates +2 %
Water +1%
Admixtures +3%

These tolerances are also defined in the last column labeled “Allowable
Error” in the Concrete Batching tabulation on the worksheet. For the
example problem, all of the ingredients were batched well within the
allowable tolerance and considered representative of the CMDS. The
same procedure is followed for air entraining and chemical admixtures.
After batching, the concrete is to be mixed for the appropriate number of
revolutions of the drum at mixing speed. Once mixing is complete, the
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concrete should be discharged. Prior to sampling and testing, the concrete
agitation and/or transit time to the point of placement on the job should be
simulated.

Space is provided at the bottom of the first page of the worksheet for
entering pertinent information concerning the aggregate sampling and
moisture measurements, as well as the batching operations. This
information is valuable in explaining the details of events that occurred
during the trial batch.

CONCRETE TESTING FOR QC/QA PCCP

The Contractor should conduct a series of initial tests for slump, air
content and unit weight on the plastic concrete after completion of the
mixing cycle. This initial testing may serve as an early indicator of
compliance and results may be compared to the true testing conducted
after the simulated transit time. If the air content is less than the 5.0%
minimum requirement, the Contractor may add additional air entraining
agent (AEA) to the mixed load of concrete in an effort to increase the air
content, prior to discharge from the mixer. However, this procedure is
difficult to obtain since a very large dosage of AEA will increase the air
content only a few tenths of a percentage point. Additional water may be
used to assist in the dispersal of the AEA within the mixed concrete if the
water is measured accurately and recorded as part of the batch water. If
more than one adjustment is needed to obtain the desired air content, the
truckload should be rejected and another batch prepared.

At the end of the mixing and delivery simulation, the concrete is tested by
the qualified and certified technicians. Both technicians are required to
test the concrete for the specified plastic properties and cast at least two
beams for flexural strength determination at 7 days. The plastic concrete
properties and technician name are reported on the second page of the
worksheet within the table entitled “Plastic Concrete Test Results,
501.06”. An example of such testing is presented as follows:
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PLASTIC CONCRETE TEST RESULTS, 501.06

. Contr.actor ACI INDQT INDOT
Plastic Property Certified Certified Qualified Qualified
0935010078 Technician . . Technician . .

Technician Technician
Results Results
Water/Cementitious 0.371 - 0.372 -
Unit Weight. (pcf) 143.8 - 143.1 -
Air Content (%) 7.3 -—- 7.4 ---
Slump (in.) 1.50 —
Relative Yield 1.008 - 1.013 -

The technicians are required to check the plastic concrete properties
against the requirements stated in Section 501.06. Failure to meet these
requirements will be cause for rejecting the trial batch as not being
representative of the CMDS and another attempt should be made if the
Contractor wishes to pursue the use of the mix. The Excel worksheet
automatically calculates the water/cementitious ratio and relative yield and
enters the result in the appropriate cell. Without the Excel worksheet,
water/cementitious ratio is required to be calculated in accordance with
ITM 403. Since air content influences unit weight, the air content also
has an effect on the relative yield. The following table indicates what
should be the expected range of relative yield based on the measured air
content:

Air Content Relative Yield
5.0 % 0.980 —0.990
6.5 % 0.995 —1.005
8.0 % 1.010 - 1.020

10.0 % 1.030 - 1.040

The DTE should be contacted if there are any concerns or questions about
relative yield results for the measured air content. The DTE may request
that the certified and qualified technicians obtain fine and coarse aggregate
samples for the possibility of testing bulk specific gravity (ssd) and
absorption.

The beam specimens are required to be cured and transported properly to
the testing laboratory. The specimens should be clearly identified as to
which CMDS they represent. The age at which the specimens are to
broken is clearly identified on the worksheet. Beam specimens that are
tested at an age other than 7 days, are to be considered for information
only. The test results and technician name are reported on the second page
of the worksheet within the table entitled “Flexural Strength Test Results,
501.06”. An example of this testing is as follows:




FLEXURAL STRENGTH TEST RESULTS, 501.06

A Contractor’s Contractor INDOT Qualified | INDOT
EC Lab Results Technician Result | Qualified
in . Tech .

Davs psi psi Tech

Y Specimen | Avg. Specimen | Avg
7 625 — 635 -—-
7 625 625 635 635 -

Based on the two individual beam results entered, the Excel worksheet
automatically calculates the average flexural strength and reports the
flexural strength in the appropriate cell.

Space is provided at the bottom of the second page of the worksheet for
entering pertinent information concerning the plastic concrete tests results
and flexural strength results. Test result from a third party (e.g.
Independent Assurance Technician) should be entered in the comments
section of the worksheet. Such information is very valuable in explaining
the details of events that occurred during a trial batch.

TRIAL BATCH REQUIREMENTS FOR PCCP HIGH EARLY STRENGTH & PCCP PATCHING

The trail batch worksheets for High-Early Strength PCCP and PCCP
Patching concretes are similar to what has been previously explained for
QC/QA PCCP. The specific requirements are detailed in Sections
502.04(b) and 506.05, respectively. Trial batch worksheets for these
concretes follow the requirements of the Standard Specifications and
should be self explanatory.
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