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SUMMARY

A graphical analysis procedure was used to investigate the rates and amounts of water up-
take in selected aggregates when tested according to the lowa Pore Index Test procedure,
Michigan Test Method MTM 128. The graphical analysis procedure produced curves that
followed power and linear correlations. Aggregates that record high water up-take during the
lowa Pore Index test typically produce high freeze-thaw expansions in concrete beams when
tested according to Michigan Test Method MTM 115 for freeze-thaw durability when following
the standard vacuum-saturation aggregate pre-treatment procedure.

OBJECTIVES

The objective of the graphical analysis was to investigate the types of correlations shown
by the water up-take in selected aggregates during the lowa Pore Index test. The analysis
includes typical examples of the major aggregate types used in concrete.

SAMPLES

Six aggregates were selected to represent both synthetic and natural types that record
high to low freeze-thaw expansions in the freeze-thaw test conducted according to the Michigan
Test Method MTM 115 (1).

Synthetic, absorbent aggregates are represented by expanded shale, blast furnace slag,
and recycled Portland cement concrete.

Heterogeneous gravel, containing many differing rock type categories including varying
percentages of deleterious aggregate, was included to represent similar Michigan glacial gravels.

Heterogeneous quarried stone containing both dense and absorbent rock subtypes was
included as an example of similar sources.

Homogeneous quarried stone containing only dense particles with low absorbency was
included as an example of similar regional sources.

Table 1 lists the aggregates by source name and Aggregate Source Index (ASI) numbers.
The reference numbers in the table indicate the corresponding MDOT freeze-thaw test reports
noted in the References section of this report. The table also includes the aggregate types in the
samples.



TABLE 1
Samples
Sample Ref.
No. Source ASI No. No. Aggregate Type
1 Carolina Solite | 99-004 3 Expanded Shale
2 Levy (Dix) 82-019 4 Blast Furnace Slag
3 1-94 PCC 99-003 5 Recycled Concrete
4 Round Lake 46-047 6 Heterogeneous Gravel
5 Rockwood 58-008 7 Heterogeneous Quarried Stone
6 Cedarville 49-065 8 Homogeneous Quarried Stone

RESULTS OF IOWA PORE INDEX ABSORPTION GRAPHICAL ANALYSIS

The lowa Pore Index measurements, recorded at one-minute intervals for a total of fifteen
minutes during the MTM 128 lowa Pore Index test (2), were graphed on worksheets. From the
data plots, appropriate correlations were identified.

Water uptake rates of the absorbent aggregates produced power correlation curves
resulting from the rapid initial absorption by large, open pores, followed by slower absorption as
the smaller pores became filled. The absorbent aggregates included expanded shale, blast
furnace slag, recycled Portland cement concrete (PCC), the absorbent subtype in the
heterogeneous quarried stone, and the deleterious rock constituents (soft particles and chert) of
the heterogeneous gravel.

The least absorbent aggregates were the igneous/metamorphic and dense carbonate
subtypes in heterogeneous gravel and the dense homogeneous quarried stone.

Absorption curve plots generated from the absorption data are shown in Figures Al
through A4 of the Appendix.

Table 2 includes a list of corresponding freeze-thaw expansions that were recorded for
concrete specimens containing the selected aggregates.

TABLE 2
Freeze-Thaw Expansions
Expansion per
100 Cycles, %

Sample No. Source ASI No. | MTM-115 Report | Ref. No.
1 Carolina Solite 99-004 0.525 3
2 Levy (Dix) 82-022 0.100 4
3 1-94 PCC 99-003 0.067 5
4 Round Lake 46-047 0.160 6
5 Rockwood 58-008 0.044 7
6 Cedarville 49-065 0.003 8
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CONCLUSIONS

The plots of water up-take during the lowa Pore Index test show that absorption occurs at
rates that result in power and linear correlation curves, dependent upon the pore characteristics of
the aggregate.

The absorbent aggregates that show power correlation curves can produce high freeze-
thaw dilations in concrete tested according to the Michigan Test Method MTM 115 procedure.
Aggregate with low water uptake, showing a linear correlation, typically produces low freeze-
thaw dilation in the freeze-thaw test.
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Figure A3. Heterogeneous Gravel
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