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MITIGATING ALKALI SILICA REACTION (U of UTAH)

Mortar mix designs tested according to a modified ASTM (1567 procedure
using Type 1 cement and 25% replacement of fine aggregate with ground
cullet glass. The percent length change for “acceptable expansion”is less than
0.10% at fourteen days with reactive aggregates.
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EFFECT OF PUMICE: SETTING TIME; WATER DEMAND (U of UTAH)

Setting times were determined by a Vicat Needle test method according to
ASTM (19112. Penetration resistance indicates the setting characteristic of
cement mixture paste.
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Fresh State Properties, Setting Time and Water Demand
U of Utah: There is an increase in initial and final setting time for
the mixtures containing pumice compared to 100% cement
(ASTM Type II/V) when tested at a constant flow without
admixtures. The increases are well within the limits of ASTM
C5957 specification for blended hydraulic cement, which is likely
attributed to the increased water demand. Water demand was
more for mixtures containing pumice compared to 100% cement.
The increase in water demand can be addressed by addition of
common water-reducing admixtures.

FRESH STATE PROPERTIES (U of TEXAS-AUSTIN)

Concrete slump was measured according to ASTM C 143. The air content of the
fresh concrete mixtures was measured according to the pressure method
described in ASTM C 231. The unit weight of the mixture was found using the
procedures described in ASTM C29. The setting time of concrete mixtures was
found using the procedures of ASTM C403. In addition to the penetration
resistance tests, ultrasonic tests were investigated to continuously monitor the
setting process on concrete samples and sieved mortar samples. (This study
aims to develop a field-applicable nondestructive testing method for in-situ
monitoring of the setting and hardening process of concrete.) RESULTS: The
pumice SCM concrete mixture was able achieve the target slump with the help
of a superplasticizer and achieved final set in 3.4 hours, compared to the final
set of the control at 4.5 hours.

Optimum SCM Replacement Dosage
U of Texas-Austin: The minimum replacement limit for a given SCM is
dictated by its effect on concrete durability—specifically, mitigating
expansions from ASR, especially important in regions where ASR is a
common source of durability problems. The minimum replacement
level for SCMs in this project was determined through the accelerated
mortar bar test for ASR (ASTM C 1567). Long-term measurements of
concrete specimens using ASTM C 1293 confirmed these minimum
replacement dosages to be effective in mitigating ASR. The maximum
dosage was determined by the cost of the SCM and its effect on mixture
workability. Strength was also an important factor in determining
maximum dosage, as the higher the replacement amount, the lower the
early age strength of mixtures, due to the dilution effect of replacing
hydraulic cement with a slower reacting, pozzolanic material.

The pumice SCM was able to keep ASR expansion below the limit at
a replacement dosage of only 15%.

PUMICE REPLACEMENT DOSAGES (U of TEXAS-AUSTIN)
(BY WEIGHT OF CEMENT IN CONCRETE MIXTURES)

MINIMUM MAXIMUM
PUMICE 15% 25%

Concrete Mix Admixture  Slump Air Unit Initial Final
Description Dosage (inches) (%) Weight Set(Hrs)  Set (Hrs)
(% of max) (Ib/ft3)

(ONTROL 12.70 3.25 1.6 150.0 34 4.5

PUMICE (15%) 15.48 2.50 1.8 1496 3.6 5.0
FLY ASH (15%) 2.24 3.75 2.0 1488 35 4.9
PUMICE (25%) 43.73 525 2.0 1488 38 53
FLY ASH (25%) 0.00 5.50 1.6 1488 3.9 53
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Conclusions

U of Utah: Pumice tested in this research was determined to be
pozzolanic and potentially complementary in its reactions in Portland
cement concrete. The various grades of pumice behave differently in the
hydration characteristic even with the same chemical composition,
which may be due to varying particle size distribution. Ultrafine
pumice (Hess UltraPozz) showed improved performance over other
grades of pumice in hydration, strength and in durability characteristics
such as sulfate resistance and alkali silica reaction (ASR). The greater
hydration characteristics of ultrafine pumice are also supported by the
compressive strength and the penetration resistance results of the same.
Although the water demand may be slightly higher for mixtures
containing pumice, the use of a water reducing admixture will
effectively offset this demand, resulting in comparable set times to
100% cement mixtures.

DS-325 pumice (Hess Pozz) showed improved performance over
cement in durability characteristics. If the application requires
primarily durability characteristics, i.e. high sulfate resistance and high
ASR resistance, then DS-325 pumice can be used as a part of cementi-
tious material. If the requirement is both strength and durability, then
ultrafine pumice can be used. The heat produced from mixtures
containing pumice is less than that of mixtures with 100% cement
which makes it advantageous in mass concrete placements. To
maintain higher strength, improve durability characteristics, and
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reduce the potential for thermal cracking, ultrafine pumice can be used
as a portion of the total cementitious material content.

U of Texas-Austin: The concrete results showed that drying shrinkage
and CoTE would not be a problem if pumice pozzolan was used in
concrete mixtures. In terms of strength, the pumice SCM performed
very well with strengths similar to or higher than the control at 90 days.
Nor did the measurement of the fresh state properties of the concrete
mixtures reveal any problems.

Pumice-blended cement will perform well to increase the durability
of concrete and is recommended in applications where high early
strength is not a requirement.
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