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Abstract 

Supplementary cementitious materials (SCMs) are commonly used in KDOT concrete 

pavements and bridge decks to improve strength and permeability characteristics. The 

supplementary cementitious materials allowed under current KDOT specifications are all by-

products of industrial processes. Volcanic ash is a natural product that has been used as a mineral 

admixture in concrete. The purpose of this study was to evaluate Kansas sources of volcanic ash 

for use in concrete as an SCM. This report will discuss all three stages of the study: material 

testing of the volcanic ash, testing the cementitious properties of Kansas volcanic ash, and 

evaluating the effects of volcanic ash on the properties of concrete such as strength and 

permeability. 

Based on the results and the subsequent analysis, it has been determined that Kansas 

sources of volcanic ash are not suitable for use as SCMs in concrete. Testing indicated that 

Kansas volcanic ash has few cementitious properties and as a result, when added to concrete, it 

has several possible negative effects, including increased bleed, increased set time, negative 

effect on strength, permeability, and finishing. The few benefits that the use of volcanic ash may 

provide (controlling alkali–silica reaction [ASR] and reducing shrinkage, although more testing 

would be necessary to completely determine the validity and extent of those benefits) are not 

significant enough to overcome the detrimental effects of the volcanic ash.  
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Chapter 1: Introduction 

Supplementary cementitious materials (SCMs) are commonly used in KDOT concrete 

pavements and bridge decks to improve strength and permeability characteristics. The 

supplementary cementitious materials allowed under current KDOT specifications are all by-

products of industrial processes. Volcanic ash is a natural product that has been used as a mineral 

admixture in concrete. The purpose of this study was to evaluate Kansas sources of volcanic ash 

for use in concrete as an SCM. This report will discuss all three stages of the study: material 

testing of the volcanic ash, testing the cementitious properties of Kansas volcanic ash, and 

evaluating the effects of volcanic ash on the properties of concrete such as strength and 

permeability. 

Volcanic ash occurs in small deposits in central and western Kansas. Kansas volcanic 

ashes consist of small (<1 mm) particles of silica-rich rock glass that may be cemented by 

calcium carbonate (Carey, Frye, Plummer, & Swineford, 1952). The ash was carried into Kansas 

by the wind from volcanoes to the west or southwest and settled or was washed into shallow 

bodies of water. Volcanic ash has been mined in Kansas since the early twentieth century for use 

as filler in asphalt pavements, ceramic glazes, and as an abrasive. Volcanic ash from sources in 

Europe and the west coast of the United States has been commercially produced as a 

supplementary cementitious material for concrete.  
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Chapter 2: Methods 

The three stages in the evaluation of volcanic ash for use in concrete were analysis of the 

volcanic ash as a material, testing of the cementitious properties of the volcanic ash, and testing 

of the effects of volcanic ash in concrete. 

A complete evaluation of the chemical, mineralogical, and morphological properties of 

volcanic ash from each source was the first stage in this study. Samples of ash were collected 

from two different sources and the following analyses were performed on both ash samples: 

• Chemical Analysis according to ASTM C311 (2005), “Standard Test 

Methods for Sampling and Testing Fly Ash or Natural Pozzolans for Use 

in Portland-Cement Concrete,” including: 

 Moisture Content 

 Loss on Ignition 

 Silicon Dioxide, Aluminum Oxide, Iron Oxide, Calcium Oxide, 

Magnesium Oxide, Sulfur Trioxide, Sodium Oxide, and 

Potassium Oxide contents 

• Petrographic Analysis, including: 

 Identification and quantification of glass and mineral phases 

present 

 Description of color and texture 

• KTMR-32 (2000), “Particle Size Analysis” 

The second stage was testing for effectiveness of volcanic ash as a cementitious material. 

ASTM C618 (2005), “Standard Specification for Coal Fly Ash and Raw or Calcined Natural 

Pozzolan for Use in Concrete,” is the specification used to evaluate the volcanic ash. The 

following ASTM test methods were performed on both ash samples to determine compliance 

with ASTM C618: 

• ASTM C430 (2008), “Standard Test Method for Fineness of Hydraulic 

Cement by the 45-μm (No. 325) Sieve.” 

http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/1/astm_std_4_1_c430-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/1/astm_std_4_1_c430-08.htm&btsr=1
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• ASTM C109 (2013), “Standard Test Method for Compressive Strength of 

Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube Specimens).” 

• ASTM C441 (2005), “Standard Test Method for Effectiveness of 

Pozzolans or Ground Blast-Furnace Slag in Preventing Excessive 

Expansion of Concrete Due to the Alkali–Silica Reaction.” 

• ASTM C157 (2008), “Standard Test Method for Length Change of 

Hardened Hydraulic-Cement Mortar and Concrete,” with samples 

prepared as per ASTM C311, Section 21-23, as a mortar. 

The third stage of this study was making 15 test batches of concrete in the laboratory. 

Prism and cylinder samples of each of the 15 mix types were cast in the laboratory and cured 

under standard conditions. The following tests were performed on specimens of all 15 mixes, 

except where noted:  

• KT-73 (2010), “Density, Absorption and Voids in Hardened Concrete 

(‘Boil Test’).” 

• AASHTO T 277 (2005), “Standard Method of Test for Electrical 

Indication of Concrete's Ability to Resist Chloride Ion Penetration.” 

• KT-76 (2010), “Method for Testing the Compressive Strength of Molded 

Cylindrical Concrete Specimens.” 

• ASTM C457 (1998), “Standard Test Method for Microscopical 

Determination of Parameters of the Air-Void System in Hardened 

Concrete.” 

• KTMR-22 (2012), “Resistance of Concrete to Rapid Freezing and 

Thawing.” 

• ASTM C157 (2008), “Standard Test Method for Length Change of 

Hardened Hydraulic-Cement Mortar and Concrete” (Free Shrinkage), with 

samples prepared as concrete. 

• KTMR-23 (1998), “Wetting and Drying Test of Sand and Sand-Gravel 

Aggregate for Concrete.” 

 

http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/1/astm_std_4_1_c109c109m-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/1/astm_std_4_1_c109c109m-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/2/astm_std_4_2_c157c157m-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011032109193563820&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/2/astm_std_4_2_c157c157m-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011031812402060571&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/2/astm_std_4_2_c157c157m-08.htm&btsr=1
http://www.astmdot.com/cgi-exe/cpage.dll?pg=x&sid=2011031812402060571&qy=CitationSearch&aph=0&Hi=0&hlc=FFFFFF&srchm=0&ref=SearchResults&rp=/indx/astm/std/4/2/astm_std_4_2_c157c157m-08.htm&btsr=1
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The following tests were performed on plastic concrete from all 15 mixes: 

• KT-18 (2003), “Air Content of Freshly Mixed Concrete by the Pressure 

Method.” 

• KT-20 (2002), “Mass per Cubic Foot (Meter), Yield, and Air Content 

(Gravimetric) of Freshly Mixed Concrete.” 

• ASTM C232 (1999), “Standard Test Methods for Bleeding of Concrete.” 

• KT-21 (2000), “Slump of Portland Cement Concrete.” 

• KT-71 (2007), “Air-Void Analyzer.” 
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Chapter 3: Materials 

Fifteen batches of concrete were made in the laboratory to measure the effects of volcanic 

ash on concrete properties. Two different mixes were used, one containing a coarse fine mix 

(LS) consisting of 50% limestone and 50% sand and one with total mixed aggregate (TMA) 

consisting of MA-2. Both were combined with volcanic ash from two sources. Cement in the 

mix designs was replaced with 10%, 20%, or 40% volcanic ash. The testing matrix for this stage 

is shown in Table 3.1. 

 
Table 3.1: Testing Matrix of Concrete Mixes for Stage 3 

Batch Date Cast Coarse 
Aggregate 

Volcanic Ash 
Replaced 

Cement, % 
Volcanic Ash 
Sample No. 

L1-0 1/21/2010 LS-1 0 
 

L1-20-1 1/21/2010 LS-1 20 09-0809 

L1-40-1 1/26/2010 LS-1 40 09-0809 

T1-0 1/26/2010 TMA-1 0 
 

T1-20-1 2/4/2010 TMA-1 20 09-0809 

T1-40-1 2/4/2010 TMA-1 40 09-0809 

T1-20-2 2/18/2010 TMA-2 20 09-0808 

T2-40-2 2/18/2010 TMA-2 40 09-0808 

T1-0 2/25/2010 TMA-1 0 
 

T2-20-2 2/25/2010 TMA-2 20 09-0808 

L2-20-2 3/4/2010 LS-2 20 09-0808 

L2-40-2 3/18/2010 LS-2 40 09-0808 

L2-0 3/25/2010 LS-2 0 
 

L2-40-2 4/4/2010 LS-2 40 09-0808 

L2-10-2 4/22/2010 LS-2 10 09-0808 

 

The ash represented by Sample Number 09-0808 was from Adams Pits in Pratt County, 

Kansas. This ash is 95% glass shards and 5% rounded quartz grains. The ash represented by 

Sample Number 09-0809 was from Schoeppel Silica in Trego County, Kansas. This is a very 

clean volcanic ash that consists of 99% glass shards.  
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The limestone coarse aggregate used in combination with the volcanic ash was a Class 1 

limestone that met the CA-6 gradation from Mid-States Materials. This aggregate was produced 

from the Ervine Creek Ledge of the Plummers Creek Quarry in Osage County, Kansas. The fine 

aggregate used in the limestone mixes was an FA-1 sand from Klotz Sand, south of Lakin in 

Kearny County, Kansas. The limestone mix was a 50:50 mix. The total mixed aggregate used 

was a sand/sand gravel from Klotz Sand that met the MA-2 gradation. Table 3.1 lists two 

samples of both limestone and TMA. In both cases, this is a second sample obtained of each rock 

from the same locations in order to finish the outline mixes. 
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Chapter 4: Results and Discussion 

4.1 Stage 1: Volcanic Ash Material Testing 

As described, material testing performed on the volcanic ash samples consisted of ASTM 

C311, a petrographic analysis, and KTMR-32. The chemical analysis, ASTM C311, reported that 

Sample 09-0808 primarily consisted of 75.75% silicon oxide (SiO2) and 11.00% aluminum oxide 

(Al2O3). Sample 09-0809 primarily consisted of 72.10% silicon oxide (SiO2) and 13.23% 

aluminum oxide (Al2O3). The petrographic analysis performed indicated that Sample 09-0808 

consisted of approximately 95% glass shards. Sample 09-0809 consisted of approximately 99% 

glass shards. The particle size analysis (KTMR-32), along with the ATSM C311 and 

petrographic reports, are included in Appendix A. The chemical, petrographic, and particle size 

analyses are all consistent with historical analyses of Kansas volcanic ash performed by the 

Kansas Geologic Survey (Carey, Frye, Plummer, & Swineford, 1952).  

 
4.2 Stage 2: Cementitious Properties of Volcanic Ash 

The specification used to evaluate the cementitious properties of the volcanic ash was 

ASTM C618. Test methods ASTM C430, ASTM C109, ASTM C441, and ASTM C157 are the 

methods used to determine the compliance of the sample with ASTM C618. Complete results for 

all of these tests can be found in Appendix B. In this section, ASTM C157 was used to evaluate 

the length change properties of the volcanic ash as a cementitious mortar. ASTM C157 was also 

used in Stage 3 to determine the length change of concrete with volcanic ash as a SCM. 

Volcanic Ash Sample 09-0808 failed the ASTM C430 and ASTM C109 portions of 

ASTM C618. ASTM C430 indicated that the sample contained approximately 30% more 

material retained on the No. 325 sieve than specified. ASTM C109 indicated that the sample did 

not meet the minimum 75% of control strength at both 7 and 28 days (sample was 56% and 64%, 

respectively). The sample also exceeded the maximum 105% of control for the water 

requirement (108%). 

Volcanic Ash Sample 09-0809 failed the ASTM C109 and ASTM C157 portions of 

ASTM C618. The sample had strengths of 63% and 73% of control and a water requirement of 
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107% of control. The control cement used for comparison of both volcanic ash samples was 

Monarch Type I/II with a lab number of 08-1042. Table 4.1 outlines these results. 
 

Table 4.1: Stage 2 Cementitious Properties Results Sample 09-0809 

ASTM 
Result 
Sample 
09-0808 

Result 
Sample 
09-0809 

Requirement per 
ASTM C618 

C430 63.5%1 21.4%1 34% Max 

C109 (7 days) 56%2 63%2 75% Min 

C109 (28 days) 64%2 73%2 75% Min 

C109 (water) 108%2 107%2 105% Max 

C441 47%2 27%2 120% Max 

C157 0.003 0.008 0.03 Max 
1 Value is percent retained 
2 Value is percent of control 

 

It can be concluded based on these results that Kansas sources of volcanic ash should not 

be used as a cementitious material. Both samples passed ASTM C441 and ASTM C157, 

indicating that the material could be used to reduce either alkali–silica reaction (ASR) or 

shrinkage. These properties are investigated further in Stage 3. 

 
4.3 Stage 3: Effects of Volcanic Ash on Concrete Properties 

4.3.1 KT-73, AASHTO T 277, KT-76 

The results of Stage 3 testing of the effects of volcanic ash on the properties of concrete 

are given in this section. Results for KT-73, AASHTO T 277, and KT-76 are presented in 

Table 4.2. KT-73, known as the “Boil Test,” measures the volume of permeable pore space in a 

concrete sample. It is used by KDOT as a concrete permeability test along with AASHTO T 277, 

known as the rapid chloride permeability test (RCPT). KT-76 measures the compressive strength 

of concrete cylinders. KDOT specifications require that for standard concrete, KT-73 must be 

less than 12.5% at 28 days, AASHTO T 277 must be less than 3,500 C at 56 days, and KT-76 

must be greater than 4,000 psi at 28 days (KDOT, 2007, Division 400: Concrete). Only six of the 

15 concretes passed KT-73, three concretes passed AASHTO T 277, and 10 concretes passed 
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KT-76 at 28 days. KT-76 was also run on samples at 56 days of age for Batches 12–15. The 

decision to add those tests was made to determine if there was a significant strength gain due to a 

delayed pozzolanic reaction of the volcanic ash.  
 

Table 4.2: Stage 3 Permeability and Strength Test Results 

Batch KT-73 
Boil % 

AASHTO T 277 
RCPT, C 

KT-76 Strength, 
psi (28 Day) 

KT-76 Strength, 
psi (56 Day) 

L1-0 12.4 5,198 6,015 N/A 

L1-20-1 12.8 4,028 4,830 N/A 

L1-40-1 14.4 2,251 4,250 N/A 

T1-0 9.9 2,882 5,830 N/A 

T1-20-1 11.7 4,692 4,620 N/A 

T1-40-1 12.6 4,916 3,260 N/A 

T1-20-2 13.3 6,229 2,570 N/A 

T1-40-2 13.1 7,115 2,910 N/A 

T1-0 11.6 4,849 5,320 N/A 

T2-20-2 12.2 5,417 3,850 N/A 

L2-20-2 13.0 3,662 5,000 N/A 

L2-40-2 13.7 4,664 3,120 3,310 

L2-0 13.0 3,356 5,400 5,680 

L2-40-2 13.7 3,556 5,080 3,970 

L2-10-2 11.9 5,080 4,810 5,410 
 

Table 4.3 outlines the boil, RCPT, and Strength results based on batches containing 

limestone and percentage of volcanic ash. The percent change values presented are based on the 

zero percent volcanic ash control batches. Note that beneficial results would be a decrease in boil 

and RCPT but an increase in strength. Table 4.4 displays the same information for batches 

containing TMA. 
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Table 4.3: Boil, RCPT, and Strength Percent Change for Batches Containing Limestone 
Percent Volcanic Ash 0 10 20 40 

Average Boil, % 12.7 11.9 12.9 13.9 

Percent Change (±) - -6% 2% 10% 

     Average RCPT, C 4,277 5,080 3,845 3,490 

Percent Change (±) - 19% -10% -18% 

     Average Strength at 28 days, psi 5,710 4,810 4,915 4,150 

Percent Change (±) - -16% -14% -27% 

      

Table 4.4: Boil, RCPT, and Strength Percent Change for Batches Containing TMA 
Percent Volcanic Ash 0 20 40 

Average Boil, % 10.8 12.4 12.9 

Percent Change (±) - 15% 20% 

    Average RCPT, C 3,866 5,446 6,016 

Percent Change (±) - 41% 56% 

    Average Strength at 28 days, psi 5,575 3,680 3,085 

Percent Change (±) - -34% -45% 

     

As expected based on the Stage 2 testing, the addition of Kansas volcanic ash to concrete 

in large proportions had a significant effect on these tests. KT-73 Boil Test results indicate that 

the addition of more than 10% volcanic ash increases permeability. AASHTO T 277 RCPT 

results indicate that the addition of volcanic ash improves RCPT (decreases permeability) in 

limestone mixes but increases permeability in TMA mixes. The variation in these results would 

indicate that more testing should be done. However, given the best-case scenario, limestone with 

40% volcanic ash with an 18% reduction in RCPT, the results barely passed KDOT’s 3,500 C 

requirement. This would not be sufficient to overcome the significant reduction in strength as 

measured by KT-76 or in the increase in the boil results. The combination of these three tests, 

not considering other results, would indicate that Kansas volcanic ash is not suitable for use as a 

replacement of cement in concrete. 
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4.3.2 ASTM C457 and KTMR-22 

Results for ASTM C457 (percent air and spacing factor) and KTMR-22 (durability factor 

and expansion) are presented in Table 4.5. KDOT does not specify the hardened air percent or 

spacing factor as tested by ASTM C457. KDOT specifies these values based on plastic concrete 

testing. KTMR-22 determines the resistance to rapid freezing and thawing of concrete. KTMR-

22 follows ASTM C666 (1997) Procedure B, with the following exceptions: 

• Use the following proportioning of materials and specific types of materials as 

stated: 

• 25% -3/4” +1/2” (saturated surface dry [SSD] by toweling) 

• 25% -1/2” +3/8” (SSD by toweling) 

• 50% FA-A (correction made for moisture) Kaw River sand 

• Yield cement factor (Y.C.F.) 601.60 lbs/yd3 

• Water–cement ratio (w/c) 0.4431 to 0.4874 (tap water) (Monarch Cement, 

Type II) 

• Air 5 to 7% (A.E.A. Air Tite by Gifford-Hill) 

• Slump 1½” to 2½” 

• Total volume approximately 0.6 ft3 concrete 

• For this test the specimens shall be cured for 90 days as follows: 

• Place beams in a moisture room for 67 days. 

• Transfer beams to a room having a relative humidity of approximately 

50% and a temperature of approximately 73 °F for 21 days. 

• Place beams in a tempering tank maintained at 70 °F for 24 hours. 

• Place beams in a tempering tank maintained at 40 °F for 24 hours. 

KDOT Specifications require KTMR-22 only on concrete containing limestone or 

dolomite aggregates; however, it was run on all batches in this study for consistency. The 

specifications require that the durability factor be greater than 95 and the expansion be less than 

0.025%. KDOT defines the durability factor and expansion at 300 freeze-thaw cycles per ASTM 

C666 (KDOT, 2007). No correlation between the KTMR-22 results and the amount of volcanic 
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ash present in the mix is obvious. The variation in results from batch to batch is within the 

precision of the test. 
 

Table 4.5: Stage 3 Air Void System and Freeze-Thaw Durability Test Results 

Batch ASTM C457 
% air1 

C457 Spacing 
Factor, mm1 

KTMR-22 
Durability 

Factor 
KTMR-22 

Expansion, % 

L1-0 11.90 0.089 97 0.019 
L1-20-1 9.30 0.148 100 0.016 
L1-40-1 6.20 0.159 97 0.008 
T1-0 7.85 0.135 98 0.002 
T1-20-1 7.60 0.121 100 0.007 
T1-40-1 8.55 0.122 100 0.008 
T1-20-2 16.45 0.092 100 0.009 
T1-40-2 12.60 0.097 100 0.007 
T1-0 8.50 0.127 100 0.012 
T2-20-2 8.45 0.133 100 0.006 
L2-20-2 8.80 0.105 98 0.004 
L2-40-2 13.85 0.095 100 0.012 
L2-0 12.30 0.075 97 0.020 
L2-40-2 8.20 0.107 100 0.010 
L2-10-2 11.05 0.093 100 0.009 
1 Average of two cylinders 
 

4.3.3 ASTM C157 

The length change of hardened concrete was measured according to ASTM C157, 

commonly referred to as free shrinkage. In Stage 3, ASTM C157 was used to measure the strain 

in concrete due to shrinkage. The procedure used for these tests is ASTM C157 with four minor 

exceptions. The first exception was that six prisms were cast instead of the required three. The 

other variations include the curing temperature, the length of time the samples were cured, and 

the frequency at which readings were taken, as described next.  

Prisms were cast and cured for 24 hours in a moist room, then were removed from the 

molds and placed in a lime-saturated solution maintained at 73±3 °F. An initial length reading 

was taken, and then the prisms were returned to a lime-saturated solution and placed in the moist 
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room for humidity (100%) and temperature control. Each prism was placed in a lime-saturated 

solution while the other specimens were being taken out of the molds. When all prisms had been 

demolded, the initial readings were taken. For all samples, after the initial readings were taken, 

three of the samples were cured in the lime-saturated solution for 7 days and the second set of 

three prisms were cured for 14 days. All specimens were kept in the lime-saturated solution in 

the moist room for temperature control purposes. When the prisms were removed from the lime-

saturated solution, three at 7 days and three at 14 days, a measurement was taken for each prism. 

The prisms were then placed in a temperature- and humidity-controlled room at 70±3 °F and 

50±4% relative humidity.  

The following time descriptions refer to the specimen age from the cast date. For the first 

30 days, a reading was taken Monday through Friday. After 30 days, a reading was taken three 

times a week, on Monday, Wednesday, and Friday, until the specimens reached 90 days of age. 

After 90 days, a reading was taken once a week on Monday until the age of 180 days. For the 

remainder of the 365 days, a reading was taken on the first of each month. A comparator was 

used to measure the length. The comparator was zeroed with a reference bar and then the 

measurement on the prism was recorded. The shrinkage of each prism was calculated based on 

the initial reading taken on the day of demolding. Strain values were calculated by dividing the 

change in length (from the initial reading) by the overall length of the prism. Plots of these strain 

values over specimen age are presented in Appendix C. Plots for Batches 2, 3, and 4 are not 

included because an initial reading at the time of removal from the molds was not taken, 

therefore a change in length could not be determined. However, the length change of the prisms 

over 365 days was still recorded. It would be possible to obtain an estimate of the strain in these 

prisms by taking the first reading after the specimens were removed from the lime solution as the 

initial reading. This would only be an estimate as the prisms underwent shrinkage while they 

were curing that would not be accounted for.  

The results of ASTM C157 would indicate that the addition of Kansas volcanic ash did 

not significantly affect the shrinkage. Batches containing 40% volcanic ash did tend to 

experience a larger amount of strain at 365 days, but strain values for all samples at around 30 

days were consistently similar. 
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4.3.4 KTMR-23 

The KTMR-23 Wetting and Drying Test is used to determine the resistance to ASR of 

sand and sand-gravel aggregates to be used in concrete construction. In this study, KTMR-23 

was used to determine if the addition of volcanic ash would promote or reduce ASR with 

aggregate that would otherwise pass KTMR-23. KTMR-23 measures both the percent expansion 

and modulus of rupture of concrete prisms. Six prisms are cast, three of which are tested for 

modulus of rupture at 60 days and the other three at 365 days. The percent expansion is read on 

the prisms at intervals of 30, 60, 120, 180, 240, 300, and 365 days (note that only one set of three 

prisms is read beyond 60 days as the first set is used to test for modulus of rupture). KDOT 

specifications require that the prisms have a minimum modulus of rupture of 550 psi at both 60 

and 365 days; maximum percent expansion shall not exceed 0.050% at 180 days and 0.070% at 

365 days. Results for KTMR-23 (modulus of rupture) are presented in Table 4.6. Results for 

KTMR-23 (percent expansion) are presented in Appendix D. 

 
Table 4.6: Stage 3 KTMR-23 Modulus of Rupture Test Results 

Batch KTMR-23 Modulus of 
Rupture at 60 days, psi 

KTMR-23 Modulus of 
Rupture at 365 days, psi 

KTMR-23 Expansion at 
365 days, % 

L1-0 829 780 0.019 
L1-20-1 580 738 0.016 
L1-40-1 791 324 0.008 
T1-0 696 904 0.002 
T1-20-1 689 602 0.007 
T1-40-1 562 635 0.008 
T1-20-2 444 410 0.009 
T1-40-2 438 593 0.007 
T1-0 722 693 0.012 
T2-20-2 635 910 0.006 
L2-20-2 726 839 0.004 
L2-40-2 541 642 0.012 
L2-0 806 832 0.020 
L2-40-2 700 798 0.010 
L2-10-2 700 745 0.009 
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Results from KTMR-23 would indicate that, while not a significant factor, the addition of 

more than 20% Kansas volcanic ash could be detrimental to the modulus of rupture and/or the 

expansion. All but one batch containing 40% volcanic ash failed at least one of the rupture tests 

and Batch L1-40-1 failed the 365-day rupture and the percent expansion. However, with regard 

to the percent expansion values, all batches, with the exception of L1-40-1, consistently passed at 

both 180 and 365 days. 

4.3.5 KT-18, KT-20, ASTM C232, KT-21, and KT-71 

KT-18, KT-20, ASTM C232, KT-21, and KT-71 were run on plastic concrete for all 

batches. Results for KT-20 (Unit Weight), KT-18 (Air Content), KT-21 (Slump), and KT-71 

(Spacing Factor) are given in Table 4.7. Results for ASTM C232 (Bleed Test) are presented in 

Appendix E. The bleed test showed that adding ash significantly delayed setting times and 

increased bleeding. Increased bleeding increases water loss during curing and can negatively 

affect the strength and permeability of hardened concrete. Excess bleed water also causes 

finishing issues. 

 
Table 4.7: Stage 3 Plastic Concrete Test Results 

Batch KT-20 
Unit Weight, lb/ft3 

KT-18 
Air Content 

KT-21 
Slump, 
inches 

KT-71 AVA 
Spacing Factor, 

mm 
L1-0 138.7 8.00% 2.5 0.080 
L1-20-1 138.1 9.00% 3.0 0.136 
L1-40-1 140.6 6.25% 1.75 0.155 
T1-0 141.2 7.25% 1.75 0.122 
T1-20-1 140.1 7.75% 2.0 0.130 
T1-40-1 137.0 9.00% 2.0 0.111 
T1-20-2 - 17.25% 9.0 0.090 
T1-40-2 133.5 9.00% 2.5 0.107 
T1-0 142.0 6.50% - 0.132 
T2-20-2 - 8.50% - 0.141 
L2-20-2 139.4 7.25% 2.25 0.096 
L2-40-2 131.0 11.75% 4.0 0.086 
L2-0 138.0 9.00% 4.0 - 
L2-40-2 138.5 8.00% 1.5 0.105 
L2-10-2 - 8.00% 5.25 0.086 
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The results for these tests do not give an indication of the effectiveness of Kansas 

volcanic ash in concrete. By the very nature of some of these tests, they are highly dependent on 

several variables not related to SCMs and can vary from minute to minute during the mixing 

process. Additionally, due to some of the irregularities experienced while performing these tests, 

it has been determined that the results should be for information only and not included in the 

analysis of Kansas volcanic ash. 
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Chapter 5: Conclusion 

Based on the results and the subsequent analysis, it has been determined that Kansas 

sources of volcanic ash are not suitable for use as SCMs in concrete. Testing indicated that 

Kansas volcanic ash has few cementitious properties and as a result, when added to concrete, it 

has several possible negative effects, including increased bleed, increased set time, negative 

effect on strength, permeability, and finishing. The few benefits that the use of volcanic ash may 

provide (controlling alkali–silica reaction [ASR] and reducing shrinkage, although more testing 

would be necessary to completely determine the validity and extent of those benefits) are not 

significant enough to overcome the detrimental effects of the volcanic ash.  
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Appendix A: Stage 1 Volcanic Ash Material Test Results 

 
Figure A.1: ASTM C311 Chemical Composition Report for Volcanic Ash Sample 09-0808 
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Figure A.2: KTMR-32 Particle Size Analysis Results for Volcanic Ash Sample 09-0808 
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Figure A.3: Petrographic Analysis Report for Volcanic Ash Sample 09-0808 
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Figure A.4: ASTM C311 Chemical Composition Report for Volcanic Ash Sample 09-0809 
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Figure A.5: KTMR-32 Particle Size Analysis Results for Volcanic Ash Sample 09-0809 
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Figure A.6: Petrographic Analysis Report for Volcanic Ash Sample 09-0809 
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Appendix B: Stage 2 Volcanic Ash Cementitious Property 
Test Results 

 
Figure B.1: Summary of ASTM C618 for Volcanic Ash Sample 09-0808  
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Figure B.2: ASTM C430 for Volcanic Ash Sample 09-0808 
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Figure B.3: ASTM C109 for Volcanic Ash Sample 09-0808 

  



30 

 
Figure B.4: ASTM C618 ASR Mitigation for Volcanic Ash Sample 09-0808 
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Figure B.5: ASTM C157 Results for Volcanic Ash Sample 09-0808 
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Figure B.6: ASTM C157 Data Sheet for Volcanic Ash Sample 09-0808 
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Figure B.7: Summary of ASTM C618 for Volcanic Ash Sample 09-0809 
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Figure B.8: ASTM C430 for Volcanic Ash Sample 09-0809 
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Figure B.9: ASTM C109 for Volcanic Ash Sample 09-0809 

  



36 

 
Figure B.10: ASTM C618 ASR Mitigation for Volcanic Ash Sample 09-0809 
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Figure B.11: ASTM C157 Results for Volcanic Ash Sample 09-0809 
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Appendix C: Stage 3 ASTM C157 Concrete Length Change 
Results 

 
Figure C.1: ASTM C157 Batch 1 Limestone 1 with 0% Volcanic Ash 
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Figure C.2: ASTM C157 Batch 5 TMA 1 with 20% Volcanic Ash 

 

 
Figure C.3: ASTM C157 Batch 6 TMA 1 with 40% Volcanic Ash 
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Figure C.4: ASTM C157 Batch 7 TMA 2 with 20% Volcanic Ash 

 

 
Figure C.5: ASTM C157 Batch 8 TMA 2 with 40% Volcanic Ash 
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Figure C.6: ASTM C157 Batch 9 TMA 1 with 0% Volcanic Ash 

 

 
Figure C.7: ASTM C157 Batch 10 TMA 2 with 20% Volcanic Ash 
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Figure C.8: ASTM C157 Batch 11 Limestone 2 with 20% Volcanic Ash 

 

 
Figure C.9: ASTM C157 Batch 12 Limestone 2 with 40% Volcanic Ash 
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Figure C.10: ASTM C157 Batch 13 Limestone 2 with 0% Volcanic Ash 

 

 
Figure C.11: ASTM C157 Batch 14 Limestone 2 with 40% Volcanic Ash 
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Figure C.12: ASTM C157 Batch 15 Limestone 2 with 10% Volcanic Ash 
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Appendix D: KTMR-23 Wetting and Drying Test Results 

 
Figure D.1: KTMR-23 Percent Expansion for Batches Containing Limestone 

 

 
Figure D.2: KTMR-23 Percent Expansion for Batches Containing TMA 
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Appendix E: Stage 3 ASTM C232 Bleed Test Results 

 
Figure E.1: ASTM C232 Bleed Test for Batches Containing Limestone 
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Figure E.2: ASTM C232 Bleed Test for Batches Containing TMA 
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