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1. Nomenclature 

 
Bottom Ash: Powdery coal combustion residue that remains at the bottom of a furnace due to its 
relatively high density compared to fly ash. 
 
Bunker Fuel: The type of fuel used on any ship. The fuel is classified under 3 grades: Bunker A, 
Bunker B and Bunker C. Bunker C or residual fuel oil bunker is most used in the shipping 
industry and is the type of fuel considered in this report. 
 
Capping: A step in the grout compression testing procedure as mentioned in ASTM C1019 10.8. 
The step involves the putting on of a hydraulic cement plaster paste on the bottom and the top of 
each grout specimen that is then flattened by glass panels. This is done in order to achieve a flat 
smooth surface so that a uniform pressure is achieved during the loading of the grout specimen. 
 
Coal Ash: A general term for the byproducts of coal combustion. Coal ash encompasses bottom 
ash and fly ash. 
 
Cement: A substance made up of limestone clays and chalk that is used as a binding agent in 
grout and concrete mixes.  
 
CMU: A block that is made up of concrete and used in the masonry industry standing for 
concrete masonry unit. 
 
Curing: The process of keeping adequate moisture and temperature conditions for cement as it 
goes through the chemical process of hydration. Hydration is when the cement is mixed with 
water and starts to crystallize as it gradually soaks up the water. 
 
Diesel #2 Fuel: The type of fuel commonly used in the trucking industry. In California Diesel #2 
Fuel is the fuel used by all long-haul trucking companies and is the type of fuel considered in this 
report. 
 
Grout: A mix of cement, aggregates and water used in the masonry industry to bind together 
CMUs or bricks. The material has a higher water content than concrete making grout better for 
filling gaps. 
 
Harvested Fly Ash: Fly ash that is collected from storage facilities such as landfills and ash 
ponds. 
 
Fly Ash: Powdery coal combustion residue that rises in the furnace due to its relatively low 
density compared to bottom ash. This material is currently used in the construction industry as a 
partial cement substitute in concrete and grout applications and is considered an artificial 
pozzolan. 
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Pozzolan: A siliceous material that gains binding properties similar to cement when in the 
presence of moisture and calcium hydroxide. There are natural pozzolans such as those that 
come from volcanic formations, and there are artificial pozzolans such as fly ash. 
 
Slump Test: Measures the consistency of concrete immediately after it is mixed. It is performed 
to check the workability of a new batch of concrete, and therefore measures the ease of the 
concrete flow. 
 
Ton: Unit of weight that is equivalent to 2,000 lbs. Also known as a U.S ton or short ton. Metric 
tons are slightly larger equaling 2204.6 lbs. 
 
TEU: A Twenty Foot Equivalent Unit, A standard marine shipping container that measures 20 
feet long, 8 feet wide, and 8.5 feet tall.  
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2. Purpose 
This senior project aims to investigate whether natural pozzolans are more sustainable than fly 
ash and a sufficient substitute for cement in the production of grout. By following the intent of 
the ASTM (American Society of Testing and Materials) standards, a conclusion will be made to 
determine if natural pozzolans can contribute comparable strength in compression. The objective 
is to prove that natural pozzolans should be utilized in the production of grout rather than 
alternatives such as fly ash because it can provide similar strength while being more economical 
and more sustainable. 
 

3. Introduction 
Grout is a mixture utilized to fill the cavities of a CMU block in masonry construction. In grout, 
fly ash has traditionally been used to replace a portion of cement in a standard mix. However, it 
has been suggested that natural pozzolans may be a suitable substitute for this conventional fly 
ash.  
 
The purpose of this investigation is to show that natural pozzolans are a reliable and sustainable 
choice in the construction industry. The research findings will demonstrate that natural pozzolans 
are more economical and sustainable than fly ash. The use of domestic natural pozzolans can 
reduce costs associated with potential future importing of fly ash from foreign countries and 
decrease pollution from the inefficient transportation methods used from that fly ash importation. 
Moreover, the use and production of natural pozzolans in the field can create more job 
opportunities for Americans, which can help with the current outsourcing of blue-collar jobs to 
foreign countries. 
 
The grout produced in this experiment is a mixture of cement, water, lime, coarse and fine 
aggregates, and incremental amounts of natural pozzolan. The amounts used were proportioned 
in increments of 10 percent starting at 20 percent and ending at 50 percent of the total cement 
volume. These natural pozzolans used in testing were transported via truck from volcanic 
deposits in Nevada produced by Nevada Cement Company. The grout strength will be 
determined by conducting 12-day, 26-day, and 54-day compression tests per ASTM C1019 while 
varying the mix design with natural pozzolan quantities to determine the extent of any 
differences when compared to a control mix design with zero natural pozzolans. 
 
The strength of the material is critical for this study because it is a reliable indicator of grout 
quality. It is important to note that the compression tests in this study will follow the intent of 
ASTM C1019. The tests will not follow laboratory curing conditions as per ASTM C157 5.4.1 
but rather will have “absorption conditions similar to those experienced by grout in the wall” per 
ASTM C1019 3.3. To obtain these conditions, the cells of CMU blocks will be filled with grout 
and left to cure. This approach aims to provide an accurate representation of real-world strength 
values due to the field curing conditions. The compression test results will indicate whether 
natural pozzolans are an adequate replacement for fly ash in the construction industry. If the 
results show a significant difference, the theory is not valid. Conversely, if the substitution 
proves successful, these findings could lead to a healthier and more affordable society. 
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4. Background 
4.1  Fly Ash 
Fly ash is used as a partial substitute for cement in the concrete and grout industry. As a partial 
cement substitute, fly ash has been marketed as sustainable in concrete construction since cement 
production consumes a lot of energy; however, fly ash may not be as sustainable as the industry 
has been led to believe. Sustainability according to the U.S General Services Administration 
seeks to, “reduce consumption of non-renewable resources, minimize waste, and create healthy, 
productive environments” (U.S General Services Administration 2023). Fly ash, while reducing 
the amount of waste and pollution that comes along with cement production, is trending towards 
becoming a non-renewable resource and is not a viable solution in the long run if consumption 
remains constant. 
 
This trend as a non-renewable resource is occurring due in part to more and more coal plants 
being retired in the U.S. resulting in declining fly ash production. According to the American 
Coal Ash Association, power plants in the U.S. in 2017 produced 38 million tons of fly ash, 
while decreasing production to just 28 million tons in 2021 (Adams 2022). Fly ash recycling 
rates have been on the rise which to some extent counteracts the decreasing total production. In 
2000 just around 32% of fly ash was used, while in 2021, a little over 67% of fly ash was used 
with around 64% of that recycled fly ash being used in concrete and grout applications in that 
year (Adams 2022). Increasing the percentage of recycled fly ash with decreasing production still 
results in lower total production. Due to this decreasing production, there has been an increase in 
effort and research on the use of fly ash that has been stored in landfills and lagoons, as well as 
the use of bottom ash (Hooton et al. 2021). The use of stored fly ash and bottom ash seems like a 
good solution for the time being since the U.S has hundreds of landfill sites stockpiled with coal 
ash according to the EPA (United States Environmental Protection Agency 2022). The problem  
with the use of stored fly ash and bottom ash is that it isn’t sustainable for the long term. 
Assuming the U.S isn’t producing coal ash or is producing at a very reduced rate in the future, 
the supply at these sites will eventually run out and fly ash will be considered a non-renewable 
resource. 

 
     Figure 1: U.S Fly Ash Production and Use 
     Cite: Adams, T. (2022). Fly Ash - Production and Use 



  Background 
 

 

 
 
Spring 2023 7 

To solve the fly ash renewability problem, importing fly ash from other countries into the U.S 
should be considered. The importing of fly ash is logical due to the increasing industrialization of 
the world. Industrialization will lead to increased coal ash production rates worldwide, 
particularly in developing countries. Currently the U.S. imports a portion of its fly ash from 
Turkey, India and South Korea as well as from various other countries (Volza LLC 2023). The 
problem with importing fly ash into the U.S from other countries is that the importation causes 
lots of pollution and carbon emissions through the transportation of the fly ash via freighters. 
One study from the University of Colorado Boulder actually found that shipping fly ash over 
great distances (from Asia to the U.S) can eliminate any environmental benefits fly ash has and 
can actually worsen the material’s environmental impact (DeRousseau et al. 2020). Due to 
negative effects that come from importing fly ash, this report will consider natural pozzolans 
produced domestically as a sustainable solution to replace fly ash in the construction industry.  

 
 

Figure 2: Embodied Carbon per Transportation Method with and without Fly Ash 
Cite: DeRousseau, M.A. et al (2020). Comparison of embodied carbon for different 

transportation scenarios and fly ash replacements 
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4.2  Bunker Fuel  
As previously mentioned, fly ash importation has adverse effects on the environment due to 
pollution associated with transportation.  Fly ash is transported aboard long-haul shipping 
freighters. According to The Geography of Transport Systems, the average shipping freighter is 
classified as a bulk vessel also known as a container vessel. These ships travel at a normal 
cruising speed of 24 knots (28 mph) and at a streaming speed of around 19 knots (22 mph) 
(Rodrigue 2023). These values are taken as the average speed when considering ship size, shape, 
and speed range; it is not a true representation of every possible ship in use today. One of the 
biggest environmental hazards of shipping is the consumption and storage of bunker fuel oil. 
Bunker fuel is residual fuel oil of high viscosity and is most commonly used in ocean travel. The 
average ship used in this transportation process uses about 225 metric tons per day of bunker fuel 
at cruising speed (Rodrigue 2023). This equates to 9.38 metric tons per hour of bunker fuel used. 
One metric ton is equal to 2,204.6 lbs. With bunker fuel having a density of 50 pcf and knowing 
there are 0.1336 cu ft/gal, it is given that one metric ton is equivalent to 330 gallons of fuel. 
When examining 9.38 metric tons per hour it is also safe to use 3,096 gallons per hour. This is a 
large quantity of fuel burned in a very rapid frame of time and is especially bad when 
considering the fuel type used in this process is bunker fuel. At this rate of consumption, there 
will be a large amount of fuel burned for long distance transportation. Taking for example a ship 
traveling from South Korea to California, the number of gallons used can be calculated. The 
average shipping distance from South Korea to California is 5,050 miles. This is an average time 
of 180.36h or 7.5 days traveling at 24 knots (28 mph).  Given that amount of time, 560,000 
gallons of fuel is consumed with 1,120,000 gallons being consumed round trip.  
 
4.3 Bunker Fuel Ship VS. #2 Diesel Truck  
Once the quantity of fuel burned in a shipping route is known, it is vital to compare with the 
alternative shipping methods used in the transportation of natural pozzolans. A ship that burns 
225 metric tons of fuel per day can hold 8,000 Twenty Equipment Units (TEUs). This is 
equivalent to 8,000 shipping containers that are 20 feet long x 8.5 feet high x 8 feet in width. The 
fly ash shipped in these units has a bulk density of 30 lb/cu ft (Brabender 2023) and the average 
container is 1360 cu ft. Therefore, each container can fit 40,800 lbs of fly ash. The relative size 
of this quantity of material will fill the volume of the container, which has a limit of 52,900 lbs 
per container. This means each shipment by boat can yield 326,400,000 lbs of fly ash in all 8,000 
shipping containers. This total weight of fly ash transported can be compared to the weight of 
natural pozzolans shipped in a standard long-haul truck. According to Transwest, the average 
long-haul truck has a trailer size of 53’x14’x8.5’. This gives a volume of 6307 cu ft per truck 
trailer (Team 2023). The U.S. Department of Transportation limits the capacity of gross weight 
to 80,000 lbs for a tri-axle trailer, and the average truck unloaded is 15,000 lbs (Team 2023). 
This gives the max cargo load to be 65,000 lbs. Utilizing a tri axle trailer over a typical double or 
single axle trailer allows for a heavier load to be transported while still abiding by department 
regulations. Domestically sourced natural pozzolans have a density of 48 lb/cft (CRMinerals 
2023), and using the 65,000 lbs trailer capacity of pozzolans, the volume needed is 1354 cu ft 
which can fit in the trailer volume. This is less than the maximum capacity of the trailer and 
therefore can be used further in the analysis. When comparing the methods of shipment and the 
quantity of trucks required to achieve the same amount of shipped product, it would take 5000 
trucks to equal 1 bunker vessel on a purely capacity oriented analysis. For a truck, the distance 
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from Nevada Cement Company to San Luis Obispo California is 450 miles. The average semi-
truck gas mileage is about 7.5 miles per gallon which means about 60 gallons of diesel #2 fuel 
would be consumed per truck. Given 5000 trucks to transport the same amount of weight as 1 
bulk vessel, 300,000 gallons of diesel #2 would be used. 300,000 gallons of diesel #2 is well 
below the 560,000-gallon one way port to port consumption of bunker fuel. It should also be 
noted that the ship transporting fly ash would also require trucking fuel to get to San Luis Obispo 
which would add an additional 140,000 gallons of diesel #2 if transported from Long Beach. 
This comparison of total gallons used demonstrates that the trucking of natural pozzolans is a 
comparable substitute to shipping fly ash by use of bulk vessels. 
 
Not only is trucking more efficient in terms of the quantity of gallons of fuel used, but it is far 
better in the quality of the fuel being burned off. Trucks use diesel #2 fuel which according to 
Kendrick Oil is defined as a “chemical compound that holds the highest amount of energy 
components and lubricant properties in one mixture and offers the best fuel performance 
available on the market today” (SEO 2018). This diesel type also doesn’t require the same depth 
of refinement as other grades of diesel fuel. On the other hand, the storage and burning of bunker 
fuel causes many pollutants to be released into the environment. These pollutants are causing and 
have caused many environmental impacts that are being felt around the world. One of the biggest 
pollutants and byproducts of bunker fuel is sulfur. According to the U.S. Energy Information 
Administration, for the marine shipping industry, there are sulfur limits set in place to help 
mitigate these effects (Ricker 2023). While this is true, there are still better and more 
environmentally friendly ways of sourcing fly ash alternatives such as natural pozzolans. A ship 
uses 225 metric tons of bunker fuel per day at cruising speeds. For 7.5 days it is expected that 
total fuel used is upwards of 1688 metric tons. This is in contrast with the still harmful but more 
regulated trucking industry. The trucks used in shipping do not produce sulfur, but instead create 
carbon dioxide. For trucks, diesel #2 fuel consumptions in the United States have resulted in the 
emission of carbon dioxide. Carbon dioxide is a common greenhouse gas that in large quantities 
is still very harmful to the environment. Fortunately, in the U.S. there are trucking regulations 
that only permit a certain level of carbon dioxide to be omitted into the atmosphere. When 
looking at the world, the United States is on the cutting edge of pollution regulations. Many such 
regulations centered around the trucking industry. Trucking pollution and use of natural 
pozzolans in the U.S. is drastically more environmentally stable than that of sulfur pollution 
produced by globally sourced shipping.   
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5. Experiment 

This section will cover in detail the information necessary to carry out the grout compression test 
used to justify the utilization of natural pozzolan in the production of grout, as specified in 
ASTM C1019. This will include materials, the location of the experiment, and an explanation of 
the following processes with supplemental images of: 

• Mix procedure 
• Slump test 
• Grout curing 
• Grout sample cutting 
• Capping and compression testing 

 
 
5.1 Materials 
The determination of the grout mix design followed the intent of ASTM C476 by portioning out 
components based on volume within the provided range for conventional grout in Table 5.3.1.1. 
Adjustments to water volume were made to obtain a soupy mix consistency and recorded in 
Table 5.3.1-4. Components used in the mix design are as follows: 

• Type II/V Portland Cement (PC) from Cal Portland 
• Domestic natural pozzolans from Nevada Cement Company  
• High calcium hydrated lime from Western Lime 
• Sand (fine aggregate) 
• Gravel (coarse aggregate) 
• Hose water 

Equipment used to mix were: 
• Digital scale with accuracy to the hundredths ± 0.02  
• Electric drum mixer with 5 cubic foot capacity – loaded to 3 cubic foot maximum 
• Wheelbarrow 
• Metal hoe 
• Gallon buckets 
• 6 in. x 12 in. plastic cylinder molds 

Equipment used to conduct the slump test as per ASTM C143 include: 
• Slump cone mold 
• Metal tray 
• Metal rod 
• Tape measurer 

Equipment used in the pouring and curing processes are: 
• 40 double corner CMU blocks (80 total cells) 
• Wheelbarrow 
• Metal scoop 
• Metal rod 
• Moisture controlled room with level surface 
• Wetted paper towels 
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Equipment used to cut grouted samples include: 
• Concrete wet saw 
• Cured CMU blocks (6 in) 

Equipment used in the capping and testing procedures consist of: 
• Plaster 
• Pledge® enhancing polish – lemon scent 
• Glass plates 
• Metal weights 
• CM-5000 Series Compression Testing Machine 

 
5.2 Location 
All procedures took place on the campus of California Polytechnic State University, San Luis 
Obispo. Grout mixing, cutting, and slump testing were performed in the CAED Concrete Yard, 
while the curing and compression strength testing of the grout samples took place in Engineering 
West Building 21, Room 17. 
 
5.3 Experimental Procedure 
This section will cover the procedure leading up to the compression tests of the grouted samples. 
Compression tests were originally planned after 12, 26, and 54 days of curing. Due to strength 
discrepancies found during the 12-Day Test, the mixes for 0%, 20%, and 30% natural pozzolan 
substitution were re-mixed using a wheelbarrow and remeasured proportions. It was expected 
that these samples contained more sand and less cement than designed for due to their low 
strength, flaky texture, and tan color as pictured in Figure 14 in Section 5.3.5 below. These new 
mixes underwent compression testing after 14 and 28 days of curing. Though new batches of mix 
were produced, the original mixes were tested throughout the experiment for additional data.  
 

5.3.1 Mixing 
Prior to mixing, calculations were completed to portion out the proper mix design. The 
theoretical proportions were within the range ASTM C476 provides for conventional 
grout mix proportions by volume in Table 5.3.1-1. The actual mix design was slightly 
modified to achieve the desired consistency. Each of theoretical and actual mix designs 
are located below in Tables 5.3.1-2 through 5.3.1-5 below.  Grout components were 
mixed using two methods: the mechanical concrete mixer (Figure 3) for the original mix 
and a wheelbarrow (Figure 4) for the new mix. The wheelbarrow method was used to 
correct unexpected low strength results most likely due to non-uniform mixes by creating 
an evenly distributed mix and to avoid clumping from the mechanical concrete mixer. 
Dry components were added first and mixed for five minutes to ensure even distribution. 
This included sand, gravel, Portland cement, hydrated lime, and natural pozzolans (if 
required by specific mix design). Frequently a rod was used to get rid of clumps. Next, 
water was added in intervals to prevent the mixture from forming clumps. Following the 
combination of each component, the mixer was operated for an additional five minutes to 
ensure the right consistency; qualitatively soupy. 
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  Table 5.3.1-1 ASTM C476 Conventional mix proportions by volume 

 
 

 

 

 

 

 

 

 

 Figure 3. Mixing with electric concrete mixer           Figure 4. Mixing in wheelbarrow 
 
 
 
Table 5.3.1-2 Theoretical mix proportions by volume 
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Table 5.3.1-3 Theoretical mix proportions by weight 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.3.1-4 Actual mix proportions by volume (Original Mix) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.3.1-5. Actual mix proportions by weight (New Mix) 
 
 
 
 
 
 
 
 
 

5.3.2  
5.3.3  
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5.3.2 Slump Test 
The concrete slump test was conducted following the intent of ASTM C143 as explained 
in this section. Once the desired consistency was achieved, a slump cone mold was 
positioned on top of a flat metal tray with feet planted on the sides of the cone to hold it 
firmly in place. This setup is displayed below in Figure 6. A portion of the mix was then 
scooped into the cone in 3 layers (approx. 1/3 cone volume per layer), each time being 
rodded down 25 times uniformly across the entire cross section to ensure proper 
consolidation. Once the top layer was filled and rodded, the rod was used to level off the 
top before the cone was removed directly upwards in one motion. Measurements were 
taken immediately from the top of the mold to the peak of the slump and required to be 
within 8-11 inches as per ASTM C476 4.2.1. This procedure is pictured in Figure 5. 
Slumps were recorded to the nearest ¼ in. and are displayed below in Tables 5.3.2-1 and 
5.3.2-2.  
 
                        

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  

Table 5.3.2-1 Slump 
test for original mix 

Table 5.3.2-2 Slump 
test for re-mix 

Figure 6. Rodding grout with correct foot placement Figure 5. Slump measurement               
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5.3.3 Pouring and Curing 
Once slump requirements were met, grout was poured into CMU cells and rodded, then 
left to cure. The labeling convention consisted of dots representing the percentage of 
natural pozzolan substitution (e.g., two dots for 20% substitution). Figure 7 below 
provides a visual of this naming scheme. Grout curing followed the intent of ASTM 
C1019, which involved covering the surface with a damp cloth and storing them in 
temperatures ranging from 60°F to 80°F. As shown in Figure 8, the CMUs were stored in 
a controlled environment in Engineering West Building 21, Room 17. 

 
                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

5.3.4 Cutting 
After meeting the desired curing time (e.g., 12 days for the 12-Day Test), the CMUs were 
cut into samples using a concrete wet saw as displayed in Figure 9. To ensure accurate 
strength values, three samples were cut for each level of pozzolan substitution on each 
test day. The blocks were cut on all six sides to meet the desired dimensions as well as 
create a flat surface for testing. This also allowed for the walls of the CMU block to be 
removed such that when testing, the only material was the grout itself. To remain in 
accordance with ASTM C1019-20 6.1.2 and 6.1.3, the specified dimensions were cut to a 
width between 3.0 and 3.75 inches and a height between 1.75 and 2 times the average 
width of each sample. In this experiment, 1.85 was used as the multiplier. Dimensions 
were recorded to the nearest 1/16 inch and taken at mid-width and mid-height of each 
side surface as shown in Figure 10. Once each block was cut, the saw and surrounding 
area were cleaned with a water hose and stored away. Samples were labeled using the 
same naming convention and assigned numbers 1-3 to organize the recorded strengths.   
 

  
Figure 7. CMU blocks with labels 
and empty cell                                             

Figure 8. CMU blocks after filling cells and 
covering with damp cloth 
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5.3.5 Capping and Testing 
After cutting the samples, hydraulic cement plaster powder and water were mixed in a tin 
metal tray. Before plaster was applied, all glass plates were sprayed with lemon scented 
non-stick enhancing polish to prevent sticking for easy removal. Grout samples were 
firmly pressed into the plaster as displayed in Figure 11, then topped with plaster and 
another glass plate with a weight shown in Figure 12. Once left to dry for approximately 
30 minutes, the plastered samples were separated from the glass plates with a twisting 
motion and compressed in the testing machine one at a time.  

 
In the CM-5000 Series Compression Testing Machine shown in Figure 13, a stack of 
metal blocks was used as a platform to decrease the gap between the top of the samples 
and the head of the machine. Compression load was applied until the sample failed, 
which was represented by a drop in applied loading on the screen. Figure 15 below 
displays a visual representation of this failure. Once this occurred, the final loading was 
recorded and used to calculate the compression strength of each sample. This was done 
by dividing the force by the cross-sectional area and is measured in PSI (Pounds per 
square inch). Following each test, the samples were placed in a wheelbarrow shown in 
Figure 16 and disposed of in a concrete-only waste bin. The machine was then cleaned in 
preparation for the next test to prevent any bias. 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 9. Wet saw used to cut grout 
samples out of CMU cells 
 

 Figure 10. Sample height 
measured at mid-height 
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Figure 11. Capping bottom end of samples for testing         
 

Figure 12. Plaster drying process 

Figure 13. CM-5000 Compression  
Testing Machine                                                                                 

 
Figure 14. Tan coloring of sample 
containing excessive sand 
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Figure 15. Sample failure following     
compression test 
 

 

Figure 16. Samples in wheelbarrow 
prior to being disposed of 
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6. Results 
This section provides results of grout prism testing on days 12, 26, and 54 for the original mix 
and days 14 and 28 for the re-mix. For information on the testing procedure, refer to section 
5.3.5.  
 

6.1  Specimen Recorded Dimensions 
As described in section 5.3.4, specified dimensions were cut to a width between 3.0 and 
3.75 inches and a height between 1.75 and 2 times the average width of each sample in 
accordance with ASTM C1019-20 6.1.2 and 6.1.3. Dimensions were taken at mid-width 
and mid-height of each side surface and were recorded to the nearest 1/16 inch as 
displayed below in Table 6.1-1 and 6.1-2. 
 

Table 6.1-1 Original Mix Specimen Dimensions 
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Table 6.1-2 Re-Mix Specimen Dimensions 
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6.2 Compression Results  
Once the dimensions were recorded, the specimens were then subject to a compressive 
force by a CM-5000 Series Compression Testing Machine. The maximum load prior to 
failure was documented for each sample in the field book. The cross-sectional area was 
calculated by multiplying the average of the sample widths on each side. By dividing the 
recorded load by these cross-sectional areas, the compression strength was determined 
per sample. The compressive strengths of all samples are tabulated in Table 6.2-1 and 
6.2-2, then averaged as displayed in Table 6.2-3. 

 
Table 6.2-1 Test Results of Original Mix 
 

 
 
Table 6.2-2 Test Results of Re-Mix 
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Table 6.2-3 Average Compressive Strength of Original Mix and Re-Mix  
 
 
 
 
 
 
 
 
 

 
 
After the 12-day test, it was clear that the 20% pozzolan sample in the original mix had a 
noticeably lower strength than expected and compared to the 0%, 30%, 40% and 50% 
mix. With these results along with the observation of a tan color and sandy texture of the 
sample shown in Figure 14, the 20% samples were deemed to have a lower cement 
proportion than the design mix called for. The inconsistency in the mix composition 
caused the lower strength. The 0% also yielded strengths lower than expected due to the 
partial segregation of cement from the samples as clumps formed in the electric drum 
mixer, therefore the 0%, 20% and 30% mixtures were re-mixed. This re-mixing process 
consisted of the same mix ratios as before, but this time the quantities were hand mixed 
by use of a wheelbarrow. Since the 30% mix performed as expected, it was used as a 
reference to connect the original mix to the re-mix by comparing the similar strengths.  
 
As expected, the average strength of all samples increased as the cement was given a 
longer period to cure. At 54 days, the 30% yielded an average strength of 1,867 psi, the 
40% yielded an average strength of 980 psi, and the 50% yielded an average strength of 
1,787 psi. With the unexpectedly low values for the 0% mix, a conclusion could not be 
made regarding the difference in strength when substituting natural pozzolans compared 
to the control sample with 0% pozzolan. 
 
Due to time restrictions, a 56-day test was not conducted for the re-mix. The 0% and 20% 
natural pozzolan re-mixes produced results that aligned with expectations compared to 
the original mix. The average 14-day compressive strength for the 0% mix for the re-mix 
was 2,055 psi, which was much higher than the 523 psi obtained prior. Because these 
results were rational, the results are much more useful in comparing the 0% mix in the re-
mix than the original mix to the 20% and 30% mixes. The average 28-day compressive 
strengths for the 0%, 20% and 30% mixes for the remix respectively were 2,473 psi, 
1,909 psi, and 2,237 psi. This shows that partially substituting cement with natural 
pozzolans produces similar results to cement based grout. Looking at the varying percent 
substitutions of natural pozzolan in the mixes, the 30% mix in the remix had a slightly 
higher 28-day average compressive strength than the 20% mix, but more research would 
need to be done to conclude decisively what percentage partially substituting the cement 
yields the best strength.
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7. Conclusion 

Grout is widely used in the construction industry and will continue to be a prominent component 
in the future of concrete masonry. The results showed that at 28 days the average compressive 
strength of the 20% and 30% natural pozzolan mixes were 1,909 psi and 2,237 psi respectively. 
This data compares well to the purely cement based grout at 28 days at an average compressive 
strength of 2,473 psi. Given the results of this experiment, using natural pozzolans as a partial 
substitute for cement in the production of grout produces similar compressive strengths than 
grout without natural pozzolans.  Based off the statistical literature search, natural pozzolan is a 
more sustainable substitute than imported fly ash as the material emits less pollutants into the 
atmosphere. Natural pozzolans are domestically sourced rather than shipped from global 
suppliers, which also creates new jobs for the labor force in the United States and contributes to a 
thriving economy. Considering sustainability and domestic sourcing, natural pozzolans are a 
better alternative than fly ash in grout production and should be used as a cement substitute in 
the future construction of masonry.
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standard lays out the specifics of where to measure the slump from (from the 

center of the top surface of the specimen to the top of the mold), as well as how to 

record the slump (nearest ¼ inch).  

 

 

 



  References 
 

 

 
 
Spring 2023 29 

ASTM Standard C157/C157M, 2017, " Standard Test Method for Length Change of Hardened 

Hydraulic-Cement Mortar and Concrete,” ASTM International, West Conshohocken, PA, 

2017,                                                                              

<https://compass.astm.org/document/?contentCode=ASTM%7CC0157_C0157M-

17%7Cen-US> 

The standard published by ASTM documents the procedure that is supposed to be 

followed when storing grout specimens while they cure. Specifically, the standard 

gives the temperature and humidity that the room is supposed to be maintained at 

to keep the specimens within laboratory conditions. Notably the report mentioned 

that its procedure is not following the exact temperature and humidity conditions 

specified but is following the intent of the standard. 

 

“Bulk Density Table - Sawyer/Hanson.” (2003). Brabender Technologie, 

<http://www.sawyerhanson.com/uploads/Brabender%20Ingredient%20bulk%20density%

20table.pdf> (accessed 19 April 2023). 

This document displays the bulk density of various structural compounds and 

materials. This density is distributed in terms of pounds per cubic foot and is 

published by Brabender Technologies. Brabender is based out of Ontario Canada 

and the company has over 60 years of experience and expertise in the handling of 

bulk materials. This is relevant to this report in that by using these bulk densities 

one can deduce the volume of materials in question.  

 



  References 
 

 

 
 
Spring 2023 30 

DeRousseau, M.A., Arehart, J.H., Kasprzyk, J.R., Srubar III W.V. (2020). “Statistical variation 

in the embodied carbon of concrete mixtures.” Journal of Cleaner Production, 275, 

Article 123088. 

The article written by DeRousseau et al demonstrates the various factors that 

contribute to embodied carbon in concrete and grout production. Specifically the 

article weighs the alternatives of using no fly ash in concrete and grout 

applications and transporting fly ash from Asia( Shenzhen, China) to New York 

City. The article considers distance, transportation methods and the amount of 

cargo the given transportation method can hold. The relevant conclusion to the 

report is that transporting fly ash from long distances via cargo ships can cancel 

out the benefits the material has on reducing embodied carbon production. Even 

more, distances such as from Shenzhen, China to New York City can make the 

embodied carbon 4% higher in concrete with fly ash, versus concrete without fly 

ash. The article confirms the report’s claims that transporting fly ash from foreign 

countries into the U.S isn’t sustainable. 

 

Hooton, D., and Thomas, N. (2021). American Coal Ash Association, <https://acaa-usa.org/wp-

content/uploads/2022/12/Harvested-fly-ash-Report-Oct-15-2021-rev-Oct-31.pdf> 

(accessed 22 April 2023). 

The article written by Hooton et al investigates the use of “harvested” fly ash, 

bottom ash, as well as mixtures of the two. Harvested fly ash is fly ash taken from 

storage facilities such as landfills and lagoons. Bottom ash is ash in the coal 

combustion process that sinks to the bottom of the plant as it has a higher density 



  References 
 

 

 
 
Spring 2023 31 

than fly ash. Harvested fly ash and bottom ash are examples of ashes that have 

previously not been used in concrete and grout applications. This article 

concludes that with some mining techniques and some grinding down of 

materials, “harvested” fly ash and bottom ash are adequate for use in concrete and 

grout applications. This is relevant to the report as the use of these materials is 

another solution to declining fly ash production as opposed to the use of natural 

pozzolans considered in the report. The report talks about the advantages and 
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