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ABSTRACT

ASTM C618 is used to qualify fly ash and natural pozzolans for use in concrete and for sale to
the concrete industry. This study tests the notion that ASTM C618 does not adequately qualify
natural pozzolans for use in concrete, with the primary concern that ASTM C618 has the
potential to provide “false positives” for inert materials. Pozzolanicity tests and the tests
outlined in ASTM C618 were performed on a variety of natural materials, including those that
were known to be pozzolanic or inert and those with unknown pozzolanicity. Compressive
strength testing at a fixed water-to-cementitious materials ratio (w/cm) was also performed on
the materials, and the results were compared against the results of the strength activity index
(SAI) from ASTM C618, which has a variable w/cm. This study proves that inert natural
minerals passed ASTM C618 for a Class N natural pozzolan for use in concrete, suggesting that

the standard is inadequate.
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INTRODUCTION

Supplementary cementitious materials (SCMs) are utilized in concrete mixtures because their
pozzolanic and/or cementitious/hydraulic reactivity enhances concrete properties. Pozzolanic
reactivity results in the formation of reaction products with cementitious properties similar to
those formed from the hydration of portland cement due to the reaction between calcium
hydroxide and the oxides in a pozzolan'. Hydraulic reactivity is the setting and hardening of a
binding material by chemical reaction with water that is capable of occurring underwater!.
Materials that are relatively inert and do not react in concrete to form hydration products are
defined as fillers!. SCMs include materials such as fly ash, ground granulated blast furnace slag,
natural pozzolans, silica fume and ground glass. The ASTM International (ASTM) C618
standard, Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete®, consists of a series of tests that are used to determine if fly ashes and natural
pozzolans are suitable for use as SCMs in concrete. ASTM C618 does not directly examine the
pozzolanicity or hydraulic activity of a material, rather the specification uses oxide analysis and
mechanical testing as a way to indirectly assess reactivity. With respect to oxide analysis, ASTM
C618 stipulates that the sum of silicon, iron, and aluminum oxides (SiO2, Fe2Os3, and Al>O3)
must be at least 70% for a fly ash or natural pozzolan to fulfill the requirements of ASTM C618>
for Class F (fly ash) or Class N (natural pozzolan). With respect to mechanical testing, in ASTM
C618, the strength activity index (SAI)® of a mortar containing the material under evaluation is
determined. The SAI compares the compressive strengths of SCM-mortars (20% replacement of
cement with SCM by mass) at 7 and 28 days to those of a control (100% cement) mortar. The
water-to-cementitious materials ratio (w/cm) of the control mortar is held constant at 0.484 and

the w/cm of an SCM-mortar is adjusted to provide a flow that is within £ 5 of the control mortar.



To pass the requirements of ASTM C618, the compressive strengths of the SCM-mortars must
be at least 75% of the control mortar at 7 or 28 days>.

Multiple studies have shown that the sum of oxides and the SAI are not suitable to indicate the
pozzolanicity of a material because they do not compare well to performance of the material in
concrete or to results from test methods for determining pozzolanicity*”’. Test methods for
determining pozzolanicity of a material include the rapid, relevant, and reliable (R*) method® '3,
calcium hydroxide consumption in pastes using thermogravimetric analysis* °!!, the Chapelle
test® 1> 13 the Frattini test'> 4, and a saturated lime test!*.

One reason that the sum of oxides requirement in ASTM C618 does not accurately indicate
pozzolanicity is that it does not take into account the mineralogy of the SCM, neglecting the
distribution of the oxides into crystalline and non-crystalline (amorphous) phases. Some phases
are more soluble than others, with crystalline phases such as quartz present in fly ash and natural
pozzolans being mostly insoluble. Therefore, the SiO; present in quartz and other insoluble or
low-solubility phases should not be considered when accounting for reactive components. It has
been suggested that the sum of oxides in amorphous phases is a more accurate way of
determining pozzolanicity of an SCM than the total sum of oxides, since the amorphous phases
are usually the more soluble phases®. Methods employed to determine the mineralogy of a
material include x-ray diffraction (XRD) and insoluble residue analyses.

The SAI test is problematic for determining pozzolanicity for many reasons. For example, mass
replacement of the cement with an SCM does not take into account that the densities of most
SCMs are significantly lower than that of cement, resulting in a reduction of the water volume
fraction* °. Other standards, such as the ASTM C595 Standard Specification for Blended

Hydraulic Cements" and the NBR 5752 Pozzolanic Materials: Determination of the Pozzolanic



Activity Index', utilize a 35% volumetric replacement of cement by pozzolans> °, thus taking the
specific gravity of the SCM into account. Bentz et al.> have proposed that the SAI test in C618
use constant volumetric proportioning to take into account the densities of the SCMs tested,
which can vary widely. They also showed that another advantage to the use of constant
volumetric proportioning is that the 7-day SAI results correlated directly to heat produced in
isothermal calorimetry testing.

The use of a varying w/cm in the SAI test has been criticized because the impact of w/cm on
mortar compressive strength masks the impact of the materials tested®* > 4. Adjustment of the
w/cm of an SCM mixture with low water demand to achieve an equivalent flow to the control
mixture can reduce the water content of the mixture, which can occur with some fly ashes. The
reduction of water content typically results in an increase in the compressive strength of the
mixture. Conversely, the compressive strengths of SCM mixtures with high water demand will
typically be reduced due to the necessary increase in water content to achieve equivalent flow to
the control mixture. The use of a constant w/cm for the SAI test has been proposed by
Pourkhorshidi et al.* and Donatello et al.'* to reduce the variability in results. The use of water
reducers has been recommended to achieve standard consistency of the mixtures with a constant
w/cm> . It has also been suggested that the strength criteria acceptance limit for SAI of 75% be
increased to 80% or 85%°. Another problem with the SAI test is that SCMs found to be
pozzolanic at later ages (i.e. slow reacting) may be prematurely rejected based on the results of
testing at 7 and 28 days. Therefore, an increase in testing age to 56 and 91 days has been
proposed’. Testing at later ages also eliminates the potential for inert materials to pass the SAI at

7 days due to the “filler effect,” which causes increased early formation of hydration products on



the increased sites for nucleation and growth that are provided by the surfaces of the inert
material. This increased hydration results in increasing early age compressive strength!! 17-1°,
Utilizing ASTM C618 for the qualification of natural pozzolans, in particular, poses concerns
because of the wide variety of natural materials with diverse mineralogy that fall under this
classification. Since the standard does not include a pozzolanicity test, there is potential for non-
reactive materials to pass the criteria in the specification. This has negative implications for the
concrete industry as inert materials could be marketed as pozzolans based on the results of
ASTM C618.

This study tests the notion that ASTM C618 does not adequately qualify natural pozzolans for
use in concrete, with the primary concern that ASTM C618 has the potential to provide “false
positives” for inert materials. The tests outlined in ASTM C618 were performed on a variety of
natural materials, and the results were compared against the standard’s thresholds. Compressive

strength testing at a fixed w/cm and pozzolanicity tests were also performed on the materials in

this study to compare against the results of ASTM C618.

RESEARCH SIGNIFICANCE

The test methods prescribed by ASTM C618 for qualifying natural pozzolans do not measure
pozzolanicity, which is a critical characteristic of an SCM. In the absence of pozzolancity
testing, inert natural materials can be classified and sold as natural pozzolans under ASTM C618,
and may be assumed to be applicable for use following American Concrete Institute (ACI)
recommendations for durable concrete. This study provides insight into the shortcomings of
ASTM C618 by comparing results from ASTM C618 to those from other test methods, including

pozzolancity tests.



MATERIALS AND METHODS

Several natural materials, considered to be potential natural pozzolans, were tested in this study.
These included two pumicites (P): P-1 is a white pumicite that was known to be pozzolanic, and
P-2 is a less pure, tan pumicite that is overburden from the same quarry and whose pozzolanicity
was uncertain due to its reduced purity. P-1 and P-2 were examined with Rietveld quantitative
XRD, which revealed that the amorphous contents for P-1 and P-2 are 90.5% and 68.8%,
respectively. P-1 contained crystalline phases of sanidine and quartz. P-2 contained crystalline
phases of albite, anorthoclase, sanidine, and quartz. Four other natural minerals (NM),
designated NM-1 through NM-4, had unknown pozzolanicity and were evaluated to determine if
they are suitable for classification as natural pozzolans (Class N) and to determine whether or not
they are pozzolanic. NM1 through NM4 were examined with XRD and generally contained
crystalline phases of phyllosilicates, plagioclase feldspar, alkali feldspar, and some quartz. A
fine quartz powder, designated as Q, was tested in order to evaluate a known inert material. A
cement conforming to ASTM C150% Type I specifications (herein denoted as OPC) was used in
this study. The oxide compositions of all the powder materials (i.e., OPC, natural minerals, and
quartz) were determined by x-ray fluorescence spectroscopy (XRF). Particle size analysis was
conducted via laser diffraction using a Malvern Mastersizer 2000 Laser Diffraction Particle Size
Distribution Analyzer. Specific gravity was determined using ASTM C6042!. The results from
the XRF, particle size analysis, and specific gravity for the powder materials are summarized in
Table 1. Graded standard sand in accordance with ASTM C109% from Ottawa, IL was used as

received.

ASTM C618 Tests

ASTM C618? outlines the chemical and physical properties required for a natural mineral to be

classified as a Class N pozzolan. The test methods specified in ASTM C618 are outlined in



ASTM C3113, and include moisture content, loss on ignition, fineness, strength activity index,
water requirement, soundness, and density. The chemical and physical requirements in ASTM
C618 are shown in Tables 2 and 3, respectively. These tests were performed on all of the
potential natural pozzolans and the inert quartz following the standard procedures in ASTM

C311.

Compressive Strength Testing
It is important to evaluate the compressive strength of mortars containing SCMs at a constant

w/cm, particularly at later ages such as 56 and 90 days to observe increases in strength due to
pozzolanic reaction. However, to keep mortar flow constant, the SAI test in ASTM C618 varies
the w/cm, which makes it difficult to use the ASTM C618 SAI results to compare the effects of
SCMs on compressive strength of mortars. ASTM requires SAI determination at 7 and 28 days;
in this study, mortars were tested for compressive strength based on ASTM C109*? at 1, 3, 7, 28,
56, and 90 days. The mixtures consisted of a 20% by mass replacement of the cement with
SCMs, a ratio of fine aggregate-to-cementitious materials of 2.75, and a fixed w/cm of 0.485.

Volumetric proportioning, as suggested by Bentz et al.>, was not explored in this study.

Pozzolanicity Tests
As discussed earlier, many testing methods are available to determine the pozzolanicity of

materials. In this study, two tests were used: the rapid, relevant, and reliable (R*) method® '3 and
calcium hydroxide (Ca(OH)2, or CH in cement chemistry notation) consumption in pastes

) 4 %11 The R? method was chosen due to

measured using thermal gravimetric analysis (TGA
promising results in the literature® !> and the ease in the setup and performance. The R® method
involves testing a paste mixture of the potential SCM, water, calcium hydroxide, and adjusted

levels of sulfate and alkalis. The adjusted sulfate and alkali levels in the mixture were achieved

with the addition of gypsum and 0.5 M of potassium hydroxide solution, respectively. Note that



no portland cement is actually used in the R® test. Rather, by using an aqueous solution of
calcium hydroxide, sulfates, and alkalis, the R3 test synthesizes an environment similar to an
actual cement pore solution to accelerate the pozzolanic reaction and to induce the formation of
reaction products in a manner similar to what would occur in actual blended cements. Since
portland cement is not used in the in the R? test, it is not intended to predict the amount of CH
consumption, but rather, to determine the degree of pozzolanicity of a material. The mixture
designs of the materials are included in Table 4. The pastes were mixed for 2 min using an
overhead laboratory mixer at 1600 rpm. The pastes were then placed in a glass ampoule and the
heat of the reaction was measured in a TAM Air isothermal calorimeter at 40 °C (104 °F) for 7
days against reference water samples of equivalent specific heat. The cumulative heat was then
calculated from the evolved heat. In this study, the R? method was performed on the potential
natural pozzolans and quartz. The quartz was used as a control material to help assess the
pozzolanicity of the potential natural pozzolans, since the quartz is known to be inert. Categories
of the degree of pozzolanicity of a material have not been developed for the R? test. However,
based on the results of the testing performed for this study, the materials can be categorized as
being highly pozzolanic if the cumulative heat is greater than 200 J/g; moderately pozzolanic if
the cumulative heat is between 100 J/g and 200 J/g; or inert if the cumulative heat is less than
100 J/g. These categories are consistent with the results at 7 days presented by the developers of
the test method® 12

CH consumption by SCMs in cement pastes was also used as a measurement of pozzolanicity,
since a reduction in CH over time indicates that a pozzolanic reaction has occurred.
Simultaneous differential scanning calorimetry (DSC) and TGA were used to quantify the CH

content in cement pastes containing the natural minerals, the pumicites, and Q. In DSC/TGA



testing, the amount of CH present in the tested sample is determined by measuring the water lost
during decomposition of CH during heating.

The pastes consisted of 20 g (0.71 oz) cement, 5 g (0.17 oz) potential natural pozzolan/Q (or
20% of the cement by mass), and 11.25 g (0.40 oz) water, giving a w/cm of 0.45. The pastes
were mixed for 2 min using an overhead laboratory mixer at 1600 rpm. DSC/TGA testing was
performed at 1, 7, 28, and 90 days, so the sample mixtures were separated into four individual
containers and cured at 23 °C (73 °F) and 100% relative humidity (RH) for the specified amount
of time. Upon reaching the target age, the samples were removed and hydration was stopped
using vacuum desiccation. First, the edges of the sample were removed and discarded in order to
remove CH crystals that orient along the edges of the sample and walls of the container. Next,
the sample was quickly crushed to pass the No. 100 sieve (150 wm) and then placed in a vacuum
desiccator for a minimum of two weeks to cease hydration. The samples were then ground to
pass the No. 325 sieve (45 um) and placed back under vacuum prior to testing to prevent
carbonation of the materials.

The DSC/TGA testing was performed utilizing a Mettler Thermogravimetric Analyzer, Model
TGA/DSC 1. The heat flow and mass loss of 10 mg (3.5 x 10 0z) of each material in a 70 pL
(2.4 x 107 fl 0z) crucible were recorded as the materials were heated from 40-1000 °C (104-1832
°F) at a rate of 20 °C/min (36 °F/min) within a chamber with N> gas flowing at 50 mL/s (1.7 fl
0z/s) to prevent carbonation of the material while the test was underway. The water loss during
CH decomposition is converted to the amount of CH per gram of cement by normalizing by
ignited weight (mass after heating to 1000°C (1832°F)) and accounting for the mass percent of
the cement in the sample tested. The method of analyzing the DSC curve as outlined by Kim

and Olek? was used to pinpoint the exact start and end temperatures when the mass loss of water



during the degradation of CH occurs, which is typically between approximately 350-550 °C

(660-1020 °F).

EXPERIMENTAL RESULTS AND DISCUSSION

ASTM Cé618
The results of tests specified by ASTM C618 to determine the chemical requirements and

physical requirements of a material are shown in Tables 2 and 3, respectively. From the results,
it can be seen that all of the potential natural pozzolans, including the inert quartz, Q, passed the
chemical and physical requirements set forth by ASTM C618. Note that soundness testing was
not performed on the inert quartz, Q. Since x-ray fluorescence showed that the quartz contained

an insignificant quantity of magnesia (Table 1), it is not expected to fail the soundness test.

Compressive Strength Testing
Mortar compressive strength results at constant w/cm are shown in Fig. 1a, whereas Fig. 1b

presents the compressive strength results normalized with respect to the OPC control mortars. In
Fig. 1a, the mortars containing Q have compressive strengths at, or lower than, the OPC control
at all ages, and the reduction in compressive strength is more significant at 90 days. These
results indicate that the dilution of cement by the inert quartz has a large effect on compressive
strength at later ages. The less equivalent loss in strength at earlier ages has been observed
before and is the result of the filler effect!! '""!°. The compressive strengths of the mortars
containing NM-1 through NM-4 were similar to the mortars containing Q and did not increase
significantly beyond 28 days. The results of the mortar compressive strength testing suggest that
the natural minerals are not pozzolanic, since the results are similar to inert quartz.

The compressive strength of the mortar containing P-1 increased over time and was significantly
higher than the OPC mortar at 90 days, which is indicative of a pozzolanic material. The

compressive strength of the mortar containing P-2 was similar to the OPC mortar at each age



tested, with the exception of 56 days, indicating that the material may be moderately pozzolanic
since the strengths are generally greater than those of the quartz mortar at later ages. The
compressive strength of mortar containing P-1 was higher than that of the mortar containing P-2
at each age tested, with a significant difference at later ages, despite P-1 and P-2 having similar
oxide compositions and particle size distributions. The higher compressive strengths of mortar
containing P-1 is due to the significantly higher amorphous content of P-1 compared to P-2.

It should be noted from Fig. 1b that all of the materials, including the quartz control material,
resulted in compressive strengths within 75% of the OPC control mortar at all ages. Therefore,
an SAI test with a fixed w/cm and a passing criterion of 75% at any age would pass all of these
materials, including the known inert quartz. These results suggest that if modifications to the
SAI test are explored, fixing the w/cm alone is not sufficient, but changes to the passing criterion

and perhaps the replacement amount should also be explored.

Pozzolanicity Testing
The results of the R* method are shown in Table 4 as the final cumulative heat evolved per gram

of potential natural pozzolan (J/g, kcal/lb). Greater cumulative heat values correlate with greater
pozzolanicity of the tested material. As expected, the final cumulative heat of the mixture
containing inert quartz, Q, was the lowest at 20.0 J/g (2.2 kcal/lb). The final cumulative heat of
the P-1 mixture was the greatest at 271.8 J/g (29.5 kcal/lb), as expected since it is a known
pozzolan, and was significantly greater than the heats from the natural mineral mixtures. The
final cumulative heats from the natural mineral mixtures were slightly higher than that from the
Q mixture, ranging in value from 33.4 J/g (3.62 kcal/lb) to 83.2 J/g (9.0 kcal/lb) for NM-4 and
NM-2, respectively. The final cumulative heat from the P-2 mixture was 178.3 J/g (19.3
kcal/lb), which is significantly higher than those from the natural mineral mixtures; however, the

value is lower than that from the P-1 mixture, indicating that P-2 is less pozzolanic than P-1.



Therefore, the R? testing suggests that the natural minerals are not pozzolanic and that P-2 is
moderately pozzolanic based on the categories of pozzolanicity previously discussed. The
results of the R? testing agree well with the mortar compressive strength data.

It should be noted that there is some heat produced by the mixtures containing Q and NM. This
was also seen by Snellings and Scrivener'® for quartz. It is possible that the relatively high
testing temperature (40°C (104°F)) results in some dissolution of crystalline silica, causing some
heat release. Nonetheless, the heat released from Q and NM is so much smaller than that from

the pumicites and materials tested in other studies® !°

that the low values suggest non-reactivity.

The results of the CH content testing using TGA are shown in Fig. 2 as CH content (%) by mass
of cement at each sample age. In Fig. 2, it is clear that the quartz and natural minerals increase
early CH content, which is a result of the filler effect!!- ""'°. When the CH content of an SCM-
containing paste is lower than that of the OPC paste, this indicates that a pozzolanic reaction has
occurred. It is also clear from Fig. 2 that the natural minerals are not pozzolanic because they do
not reduce the CH content of the pastes for the timeframes considered in this work. From Fig. 2,
it can be seen that the CH content of P-2 was slightly lower than the OPC at each age considered
in the work, indicating moderate pozzolanicity of the material. The results of the compressive

strength testing, R® method, and CH content testing are consistent and assessed the materials

similarly.

CONCLUSIONS

ASTM C618 is used to qualify fly ash and natural pozzolans for use in concrete and for sale to
the concrete industry. Utilizing ASTM C618 for the qualification of natural pozzolans poses
concerns because of the wide variety of natural materials with diverse mineralogy that fall under

this classification. Since the standard does not include a pozzolanicity test, there is potential for



non-reactive materials to pass the criteria in the specification. This study tests the notion that

ASTM C618 does not adequately qualify natural pozzolans for use in concrete, with the primary

concern that ASTM C618 has the potential to provide “false positives” for inert materials. All of

the materials included in this study passed ASTM C618 for a Class N natural pozzolan for use in

concrete. The degree of pozzolanicity of the materials was assessed with mortar compressive

strength testing, the R*> method, and CH content testing to determine their suitability for use in

concrete.

Based on the results of this experimental investigation, the following conclusions are drawn:

1.

It is clear from the results of the compressive strength testing and pozzolancity tests that
the natural minerals (NM) are not pozzolanic and that P-2 is moderately pozzolanic.

The natural minerals (NM) and inert quartz, Q, passed ASTM C618 for a Class N natural
pozzolan for use in concrete despite these materials not being pozzolanic. Therefore,
ASTM C618 provides false positives for materials to be classified as acceptable for use in
concrete as a natural pozzolan.

The strength activity index (SAI) should be re-evaluated. Potential avenues to pursue
are: volumetric proportioning to account for varying densities of materials; a constant
w/cm to better compare materials with varying water demands; and increasing the testing
age to not include inert materials with early increases in compressive strength due to the
"filler effect," as well as to capture SCMs that are pozzolanic at later ages. The results of
this study also indicate that evaluating the minimum compressive strength requirements

with the use of a constant w/cm is necessary for the passing criteria.

It should be noted that the role of particle size distribution of a material was not assessed in this

paper; however, particle size distribution of SCMs greatly affects the compressive strength of



mortar and concrete. When comparing compressive strengths among SCMs with similar
compositions, those with a smaller particle size distribution will generally yield higher
compressive strengths”. Therefore, if modifications are considered to ASTM C618, the
assessment of material fineness by the material retained when wet-sieved on a 45-um (No. 325)

sieve, should also be re-evaluated.
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Table 1-Oxide Compositions and Particle Sizes of Materials
Si02 ALOs Fe:0; Ca0O MgO SOs; Na:0O K:O dio dso deo  Specific
%) () () () () () (%) (%) (um)* um* (um)* Gravity
OPC 20.36 5.82 230 6249 1.36 3.3 0.15 0.89 2.293 13.907 44.42 3.17
Q 99.20 0.21 0.13 0.18 0.03 0.09 0.02 0.03 4.41 16.19 40.32 2.64
P-1 73.99 13.08 2.08 0.33 0.00 004 440 427 1.62 5.19 14.02 2.44
P-2 73.69 13.08 2.39 0.75 0.20 0.04 3.65 430 1.51 6.38 23.04 2.57
NM-1 65.47 15.83 5.15 2.80 1.36 0.07 370 3.12 1.62 6.55 40.61 2.87
NM-2 56.09 18.14 7.26 1.63 0.59 0.17 6.03 5.85 1.45 7.17 27.74 2.84
NM-3 5774 1948 4.05 1.82 099 0.19 589 585 2.09 12.89 48.23 2.72

Material




NM-4 6326 17.56

4.69 1.69

0.07  3.60

427 1.55

5.55

38.75 2.85

* 1 in = 25400 pm

Table 2—Results of ASTM C618 Class N Chemical Requirements for Potential Natural

Pozzolans
. :;%;_ SO; Moisture Los.s.on Passes
Material Fe:0s (%) Content Ignition ASTM
(%) (%) C618?
(%)
Q 99.54 0.09 0.7 +/-0.14 0.2 +/- 0.00 YES
P-1 89.1 0.04 2.6 +/-0.25 2.1 4/-0.15 YES
P-2 89.2 0.04 1.9 +/-0.10 1.2 +/-0.16 YES
NM-1 86.4 0.07 1.3 +/-0.10 1.0 +/-0.10 YES
NM-2 81.5 0.17 0.08 +/- 0.05 0.5 +/-0.25 YES
NM-3 81.3 0.19 1.3 +/- 0.06 1.6 +/-0.15 YES
NM-4 85.5 0.07 0.9 +/- 0.06 2.9 +/-0.02 YES
Citg;l;dl“ 50% 4% 3% 6%
C 61 8 min max max max

Table 3—Results of ASTM C618 Class N Physical Requirements for Potential Natural

Pozzolans
. Fineness SAI* SAI* Water Soundness Passes
Material (% Retained) 7 Days 28 Days Requirement (%) ASTM
(%) (%) (%) C618?
Q 1.2 81 100 100 - YES
P-1 0.0 95 122 100 0.00 YES
P-2 0.0 89* 92 95%* 0.00 YES
NM-1 6.7 86* 81* 112* 0.00 YES
NM-2 0.2 70%" 75% 112* 0.00 YES
NM-3 4.2 75% 69*" 110* 0.19 YES
NM-4 7.3 90* 93* 103* 0.01 YES
Cffse;l;/[m 34% 75% 75% 115% 0.8%
C618 max min min max max

* Values provided by the suppliers of the materials.

A The SAI results for some of the days did not meet the minimum requirements; however, ASTM C618
specifies that the material passes as a Class N if the values meet the minimum requirements on at least one of

the two testing days.

Table 4-Results of R? Testing for Potential Natural Pozzolans

Final Cumulative

Mixture Design

Material Heat Evolved per Mass of Mass of Mass of Mass of
Gram of SCM Material Gypsum Portlandite KOH
J/g)n (g)* (g)* (g)* (g)*
Q 20.0 +/- 0.2 3.95 0.00 11.85 15
P-1 271.8 +/- 6.2 3.83 0.50 11.48 15
P-2 178.3 +/- 0.1 3.83 0.50 11.48 15
NM-1 43.7 +/- 0.1 3.80 0.60 11.40 15




NM-2 83.2+4/-2.6 3.78 0.68 11.34 15

NM-3 67.3 +/-3.6 3.77 0.73 11.31 15
NM-4 33.4+/-0.1 3.78 0.66 11.35 15
*11b=4535¢
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Fig. la—Compressive strength of mortars containing 20% replacement (by mass) of cement with
potential natural pozzolans (w/cm=0.485)
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Fig. 1b—Compressive strength of mortars containing 20% replacement of cement (by mass) of
potential natural pozzolans as a percent of control cement mortar compressive strength
(w/cm=0.485) with dashed lines indicating 100% and 75% of the OPC compressive strength
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Fig. 2—CH content (% by mass of cement) of pastes containing 20% replacement of cement (by
mass) with potential natural pozzolans



