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Nomenclature

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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Nomenclature

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 1bs.

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 & Introduction

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.

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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Background

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.

FLY ASH - Production and use

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

Percent Used

—~ FLY ASH (millions of short tons)
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Background

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.
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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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Background

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 Ibs. 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 Ib/cu ft (Brabender 2023) and the average
container is 1360 cu ft. Therefore, each container can fit 40,800 Ibs 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 Ibs for a tri-axle trailer, and the average truck unloaded is 15,000 1bs (Team 2023).
This gives the max cargo load to be 65,000 Ibs. 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 1b/cft (CRMinerals
2023), and using the 65,000 Ibs 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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Experiment

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:

e Mix procedure

e Slump test

e Grout curing

e Grout sample cutting

e 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:

e Type II/V Portland Cement (PC) from Cal Portland

e Domestic natural pozzolans from Nevada Cement Company

e High calcium hydrated lime from Western Lime

e Sand (fine aggregate)

e (Qravel (coarse aggregate)

o Hose water
Equipment used to mix were:

o Digital scale with accuracy to the hundredths + 0.02

e Electric drum mixer with 5 cubic foot capacity — loaded to 3 cubic foot maximum

e  Wheelbarrow

e Metal hoe

e Gallon buckets

e 61in.x 12 in. plastic cylinder molds
Equipment used to conduct the slump test as per ASTM C143 include:

e Slump cone mold

e Metal tray

e Metal rod

e Tape measurer
Equipment used in the pouring and curing processes are:

e 40 double corner CMU blocks (80 total cells)

e  Wheelbarrow

e Metal scoop

e Metal rod

e Moisture controlled room with level surface

o Wetted paper towels
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Equipment used to cut grouted samples include:
o Concrete wet saw
e Cured CMU blocks (6 in)
Equipment used in the capping and testing procedures consist of:
o Plaster
e Pledge® enhancing polish — lemon scent
e (lass plates
e Metal weights
e (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

TABLE 1 Conventional Grout Proportions by Volume

Type

Parts by Volume of
Cement”?

Parts by Volume of
Hydrated Lime or Lime

Aggregate,
Measured in a Damp, Loose Condition

Putty
Fine Coarse
Fine grout 0-10 2Ya -3 times the sum of the
volumes of the cementitious
materials
Coarse grout 0-Y10 2Ya -3 times the sum of the 1-2 times the sum of the

volumes of the cementitious
materials

volumes of the cementitious

materials

Figure 3. Mixing with electric concrete mixer

F

igcure 4. Mixing in wheelbarrow

Table 5.3.1-2 Theoretical mix proportions by volume
Theoretical Prism Test Mix Proportions by Volume (in%)
Sample | Partby | Partby Parts by Aggregate Dry Water
ID Volume | Volume of | Volume of Measure in a Volume | Volume
of PC Natural Hydrated Damp Loose Total Total
Pozzolans Lime Condition
Fine Coarse
PC 540 0 40.5 1350 810| 2740.5 585
NP (20%) 432 108 40.5 1350 810| 2740.5 585
NP (30%) 378 162 40.5 1350 810| 2740.5 585
NP (40%) 324 216 40.5 1350 810| 2740.5 585
NP (50%) 270 270 40.5 1350 810| 2740.5 585
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Table 5.3.1-3 Theoretical mix proportions by weight

Theoretical Prism Test Mix Proportions by Weight (Ib)
Sample | Part by Part by Parts by Aggregate Dry Water
ID Weight | Weight of | Weight of Measure in a Weight | Weight
of PC Natural Hydrated Damp Loose Total Total
Pozzolans Lime Condition
Fine Coarse
PC 23.1 0 0.9375 59.1 41.31| 124.45 15.9
NP (20%) 19.5 3 0.9375 58.2 39.6| 121.24 15.9
NP (30%) 16.2 4.8 0.9375 58.5 39.3| 119.74 15.9
NP (40%) 13.8 5.4 0.9375 58.8 41.1| 120.04 15.9
NP (50%) 11.1 7.8 0.9375 58.2 39.9| 117.94 15.9
Table 5.3.1-4 Actual mix proportions by volume (Original Mix)
Actual Original Prism Test Mix Proportions by Volume (in3)
Sample | Part by | Part by Parts by Aggregate Dry Water
ID Volume | Volume of | Volume of Measure in a Volume | Volume
of PC Natural | Hydrated Damp Loose Total Total
Pozzolans Lime Condition
Fine Coarse
PC 508.9 0 50.9| 1324.7 720| 2604.5 575
NP (20%)| 407.12 101.78 50.9| 1324.7 720 2604.5 575
NP (30%)| 356.23 152.67 50.9| 1324.7 720 2604.5 575
NP (40%)| 305.34 203.56 50.9| 1324.7 720 2604.5 575
NP (50%)| 254.45 254.45 50.9| 1324.7 720| 2604.5 575
Table 5.3.1-5. Actual mix proportions by weight (New Mix)
Actual Re-Mix Prism Test Mix Proportions by Weight (in3)
Sample | Part by | Part by Parts by Aggregate Dry Water
ID Weight | Weight of | Weight of Measure in a Weight | Weight
of PC Natural | Hydrated Damp Loose Total Total
Pozzolans Lime Condition
Fine Coarse
PC 22.18 0 0.83 63.97 41.68| 128.66 17.38
NP (20%) 17.75 4.44 0.88 63.47 41.68| 128.22 14.86
NP (30%) 15.53 6.65 0.78 63.47 41.68| 128.11 14.54
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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 %4 in. and are displayed below in Tables 5.3.2-1 and
5.3.2-2.

| SR
Figure 5. Slump measurement Figure 6. Rodding grout with correct foot placement
Table 5.3.2-1 Slump Table 5.3.2-2 Slump
test for original mix test for re-mix
Sample Slump Test Sample Slump Test
Results of Results of
Original Mix Re-Mix
Sample | Slump
ID (in) Sample | Slump
PC 8.5 ID (in)
NP (20%) 10.75 PC 9.5
NP (30%) 9 .
NP (40%)| 10.75 NP (20%) 9.5
NP (50%) 10.5 NP (30%) 9.25
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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% y o i

& \ rm : i y -
Figure 7. CMU blocks with labels Figure 8. CMU blocks after filling cells and

and empty cell covering with damp cloth

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.
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Figure 9. Wet saw used to cut grout Figure 10. Sample height

samples out of CMU cells measured at mid-height

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.
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T
/

Figure 11. Capping bottom end of samples for testing Figure 12. Plaster drying process

Fig' ure 14. Tan coloring of sample
containing excessive sand

Figure 13. CM-5000 Compression
Testing Machine
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Figure 15. Sample failure following
compression test

Figure 16. Samples in wheelbarrow

prior to being disposed of

Spring 2023

18



Results

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

Original Mix Design
. 12 Day Test 26 Day Test 54 Day Test
Percent Pozzolan Di
Specimen #1 Specimen #2 Specimen #3 Specimen #1 Speci: #2 Speci #3 Speci £#1 Speci £2 Speci &3
3 3/16 3 1/16 3 1/16 3 3/16 31/8 3 3/15 3 1/4 3 5/16 3 5/16
. 31/4 318 3 318 3 3/16 3 3/18 31/4 3 3/16 31/4
Width [In] 31/8 3 3/16 31/8 3 3/16 3 3/16 31/8 3 1/4 3 3/8 3 5/16
o 31/4 31/8 3 1/16 318 3 3/16 3 3/16 3 5/16 3 3/16 31/4
5 3/4 5 3/4 513/16 (3 57/8 513/16 6 515/16 6
. 511/16 S 3/4 513/16 3 513/16 513/16 6 515/16 3
Height [In] 511/16 5 3/4 513/16 6 57/8 513/16 515/16 515/16 6
5 3/4 5 3/4 513/16 6 5 7/8 57/8 515/16 515/16 [
31/8 3 31/8 3 3/16 3 3/16 3 1/16 3 3/16 3 5/16 3 3/8
. 3 318 3 5/16 3 3/16 3 3/16 31/8 3 5/16 31/4 3 3/16
Width fin] 31/8 3 1/16 31/8 31/4 3 3/16 31/8 31/4 31/4 3 3/8
20% 3 1/16 31/8 3 5/16 31/8 3 3/16 3 3/1s 3 5/16 31/4 3 3/16
5 5/8 5 3/4 5 3/4 6 513/16 5 3/4 515/16 5 7/8 5 3/4
511/16 5 3/4 53/4 3 5 7/8 513/16 57/8 57/8 513/16
Height [in]
511/16 513/16 5 3/4 515/16 5 7/8 5 3/4 57/8 515/16 513/16
5 5/8 5 3/4 53/4 515/16 5 7/8 5 3/4 515/16 515/16 5 3/4
3 3/16 31/8 318 3 3/16 31/3 3 1/4 3 3/16 3 3/16 31/4
Width [in] 3 3/16 31/4 3 3/16 31/4 3 5/16 31/4 31/4 31/4 3 5/16
3 3/16 3 3/16 318 31/4 3 1/4 31/4 3 3/16 3 3/16 3 1/4
20% 3 3/16 31/4 314 3 3/16 3 5/16 31/4 3 5/16 3 5/16 3 5/16
57/8 515/16 7 1/2 6 1/16 515/16 5 7/8 6 1/16 6 6 1/16
Height [in] 5 7/8 515/16 57/8 6 1/16 515/16 57/8 6 1/16 6 [
57/8 5 7/8 5 7/8 61/8 515/16 513/16 6 1/16 3 6
513/16 515/16 515/16 6 1/16 515/16 57/8 6 1/16 6 6
3 1/16 3 5/16 3 3/16 3 5/16 3 3/16 31/4 3 1/4 3 5/16 3 1/4
) 314 31/4 314 3 3/16 314 31/4 3 5/16 31/4 33/
Width [in] 318 3 5/16 3 3/16 3 5/16 3 1/4 3 3/16 3 1/4 31/4 3 5/16
20% 31/4 314 3 3/16 31/4 3 3/16 31/4 31/4 3 5/16 3 3/8
515/16 6 1/16 3 3 5 7/8 5 7/8 6 3 6 1/16
. 3 6 1/16 3 3 515/16 515/16 6 3 6 1/16
Height [in] 6 6 1/16 3 3 515/16 515/16 3 3 6 1/16
515/16 6 1/16 3 3 57/8 5 7/8 3 3 6 1/16
31/8 3 3/16 3 1/4 3 3/16 3 1/16 31/4 338 33/8 3 5/16
. 318 3 3/16 318 3 1/4 3 3/16 3 1/4 3 5/16 3 5/16 31/4
Width [In] 318 3 3/16 3 1/4 3 3/16 318 31/4 3 5/16 3 5/16 3 5/16
50% 3 3/16 314 31/8 31/4 3 3/16 31/4 3 5/16 3 3/8 3 5/16
57/8 53/4 53/4 57/8 55/8 57/8 515/16 6 1/8 61/8
R 53/4 5 3/4 511/16 57/8 5 5/8 57/8 6 i/8 6 1/16
Height [In] 5 3/a 5 3/a 511/16 578 5 5/8 515/16 3 6 1/8 6 1/16
5 3/4 5 3/4 5 3/4 5 7/8 5 5/8 57/8 6 6 1/16 6 1/16
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Table 6.1-2 Re-Mix Specimen Dimensions

New Mix Design
) . 14 Day Test 28 Day Test
Percent Pozzolan Dimension
Specimen#1 | Specimen#2 | Specimen#3 | Specimen#1 | Specimen#2 | Specimen #3
3 5/16 3 3/16 3 3/16 3 1/4 3 5/16 3 5/16
3 3/16 3 5/16 3 1/4 3 5/16 3 1/4 3 5/16
Width [in]
3 1/4 3 3/16 3 3/16 3 1/4 3 5/16 3 5/16
3 3/16 3 5/16 31/4 3 5/16 31/4 31/4
0%
515/16 515/16 6 6 1/16 6 513/16
Height [In] 6 515/16 6 6 1/16 6 57/8
6 515/16 6 6 1/16 6 1/16 57/8
6 6 6 6 1/16 6 1/16 513/16
3 5/16 3 5/16 3 3/8 3 1/4 31/8 31/4
31/4 31/4 3 3/8 3 5/16 3 3/16 31/8
Width [in]
3 1/4 3 5/16 31/4 3 3/16 3 3/16 31/8
20% 3 3/16 31/4 3 3/8 3 5/16 3 5/16 3 1/16
0
515/16 6 6 515/16 513/16 513/16
3 515/16 6 6 515/16 513/16 513/16
Height [In]
515/16 6 6 515/16 513/16 513/16
515/16 6 6 6 513/16 513/16
3 5/16 31/8 3 1/4 3 1/4 3 1/4 3 3/8
3 3/16 3 1/4 3 1/4 3 3/8 3 1/4 3 7/16
Width [in]
31/4 31/8 31/4 31/4 3 5/16 3 5/16
3 3/16 31/4 3 5/16 3 3/8 3 5/16 3 3/8
30%
6 1/16 5 3/4 6 1/8 6 6 6
6 1/16 513/16 6 1/8 6 6 1/16 515/16
Height [In] / / / / /
6 1/16 513/16 6 1/16 6 1/16 6 6
6 1/8 513/16 6 1/8 6 6 6
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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

Original Mix Design
Percent 12 Day Test 26 Day Test 54 Day Test
Pozzolan Data Recorded " N " " N " " N "
substitution Specimen #1 | Specimen#2 | Specimen#3 | Specimen#1 | Specimen#2 | Specimen#3 | Specimen#1 | Specimen#2 | Specimen #3
- Force [Ib] 4,970 5,440 4,960 8,570 7,050 6,390 7,060 8,910 8,640
Strength [PSI] 485 557 529 860 701 685 662 836 803
0% Force [Ib] 1,080 1,340 1,270 1,910 1,810 2,000 2,940 3,220 3,340
3 Strength [PSI] 114 141 123 188 178 205 276 302 310
20% Force [Ib] 9,450 8,810 10,480 15,720 14,850 10,970 18,620 19,560 20,990
0 Strength [PSI] 930 859 1,042 1,518 1,379 1,039 1,781 1,870 1,950
0% Force [Ib] 6,310 5,450 5,380 8,610 7,470 7,120 10,790 9,390 11,690
} Strength [PSI] 628 506 524 308 721 681 1,012 872 1,056
0% Force [Ib] 5,210 4,690 5,160 6,170 6,800 8,130 12,210 13,370 12,980
Strength [PSI] 958 859 1,032 1,518 1,506 1,039 1,682 1,749 1,931
Table 6.2-2 Test Results of Re-Mix
Re-Mix Design
Percent 14 Day Test 28 Day Test
Pozzolan Data Recorded X X X ) X i X
Substitution Specimen#1 | Specimen#2 | Specimen#3 | Specimen#1 | Specimen#2 | Specimen #3
0% Force [Ib] 20,650 23,330 20,510 12,740 31,380 22,060
Strength [PSI] 1,974 2,210 1,980 1,183 2,915 2,030
20% Force [Ib] 16,350 17,790 19,090 19,240 21,590 17,930
0
Strength [PSI] 1,548 1,652 1,708 1,805 2,105 1,818
30% Force [Ib] 15,850 17,170 18,140 24,610 23,290 26,250
o
Strength [PSI] 1,515 1,691 1,701 2,244 2,163 2,305
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Table 6.2-3 Average Compressive Strength of Original Mix and Re-Mix

Average Strength
CESEENN Re-Mix Design Original Mix Design
Pozzolan Data Recorded
Substitution 14 Day Test 28 Day Test 12 Day Test 26 Day Test 54 Day Test

0% Strength [PSI] 2,055 2,473 523 749 767
20% Strength [PSI] 1,636 1,509 126 190 296
30% Strength [PSI] 1,636 2,237 944 1,312 1,867
40% Strength [PSI] N/A N/A 553 736 980
50% Strength [PSI] N/A N/A 950 1,354 1,788

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.

Spring 2023

22



Conclusion

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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This online article published by the U.S General Services Administration gives a
relevant definition of sustainable design in that it seeks to “reduce consumption of
non-renewable resources”. The report uses this definition to argue that the use of
fly ash is not sustainable in the U.S as it is increasingly becoming a non-

renewable resource due to declining domestic fly ash production.
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United States Environmental Protection Agency. (2022). United States Environmental Protection
Agency Frequent Questions about the 2015 Coal Ash Disposal Rule,
<https://www.epa.gov/coalash/frequent-questions-about-2015-coal-ash-disposal-rule>
(accessed 22 April 2023).

This online article published by the U.S Environmental Protection Agency gives
how many coal ash landfills and ash ponds are currently active in the U.S. This
fact is relevant to the report as the large amount of storage facilities of coal ash
means the use of this remaining coal ash is a good solution for the time being to
the declining domestic fly ash production problem, but the use of natural
pozzolans is still vital in the future when the limited supply at the storage facilities

runs out.

Volza LLC. (2020). Volza United States Fly ash imports, <https://www.volza.com/p/fly-
ash/import/import-in-united-states/> (accessed 22 April 2023).

This website gives information regarding fly ash imports and exports from
various countries based off tracking different ports around the world. It is relevant
to the report as it documents where the U.S gets most of its imported fly ash from
(South Korea, India, Turkey). Knowing these countries helps establish the
transportation distances required for transporting fly ash to the U.S and how
efficient importing fly ash into the U.S is compared to domestically transporting

natural pozzolans.

Spring 2023 35



References

8.1 Annotated Sources

WACAA

For Immediate Release

Contact: American Coal Ash Association
Thomas H. Adams, Executive Director
Office: 720-870-7897 Mobile: 720-375-2998

thadams@acaa-usa.org
WWW.acaa-usa.org

Coal Ash Recycling Rate Increases Slightly in 2021;
Use of Harvested Ash Grows Significantly

December 6, 2022 — Sixty percent of the coal ash produced during 2021 was recycled —
increasing from 59 percent in 2020 and marking the seventh consecutive year that more than
half of the coal ash produced in the United States was beneficially used rather than disposed.

American Coal Ash Association (“ACAA”) today released its annual “Production and Use Survey”
which also showed that use of harvested ash is continuing to grow. Nearly 4.5 million tons of
previously disposed ash was utilized in a variety of applications in 2021, including coal ash pond
closure activities, concrete products, cement kiln raw feed, and gypsum panel manufacturing.
The volume of harvested ash that was utilized increased 12 percent, or more than 500,000
tons, over the previous year.

“Harvested ash utilization volumes now equal nearly 10 percent of the volume of ash recycled
from current power plant operations,” said Thomas H. Adams, ACAA Executive Director. “The
rapidly increasing utilization of harvested coal combustion products (“CCP”) shows that
beneficial use markets are adapting to the decline in coal-fueled electricity generation in the
United States. New logistics and technology strategies are being deployed to ensure these
valuable resources remain available for safe and productive use. We must continue to support
these practices that safely conserve natural resources while dramatically reducing the need for
landfills.”

According to ACAA’s 2021 survey, 46.5 million tons of coal combustion products were
beneficially used in 2021, an increase of nearly 6 million tons over the previous year. Production
of new CCP also increased from 69.1 million tons in 2020 to 77.3 million tons in 2021 as utilities
consumed more coal for generating electricity.
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American Coal Ash Association  Phone: 720-870-7897
1676 17th Street Suite #266
Denver, CO 80202

wiw. ACAA-USA org
Email: info@acaa-usa.org

Surnmary Util Production Rate

old (Pc Data in this survey represents 115.36786 GWs of Name Plate rating of the total industry wide approzimate 210.141 GV capacity based on EIA’s July 2021 Electric Power
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This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: C1019 - 20

il

INTERNATIONAL

Standard Test Method for
R . 1

Sampling and Testing Grout for Masonry
This standard is issued under the fixed designation C1019; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (£) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope

1.1 This test method covers procedures for both field and
laboratory sampling and compression testing of grout used in
masonry construction. Grout for masonry is specified under
Specification C476.

Note 1—The testing agency performing this test method should be
evaluated in accordance with Practice C1093.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

C39/C39M Test Method for Compressive Strength of Cylin-
drical Concrete Specimens

C143/C143M Test Method for Slump of Hydraulic-Cement
Concrete

C476 Specification for Grout for Masonry

C511 Specification for Mixing Rooms, Moist Cabinets,
Moist Rooms, and Water Storage Tanks Used in the

! This test method is under the jurisdiction of ASTM Committee C12 on Mortars
and Grouts for Unit Masonry and is the direct responsibility of Subcommittee
C12.02 on Research and Methods of Test.

Current edition approved Dec. 1, 2020. Published December 2020. Originally
approved in 1984. Last previous edition approved in 2019 as C1019 - 19. DOI:
10.1520/C1019-20.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

Testing of Hydraulic Cements and Concretes

C617 Practice for Capping Cylindrical Concrete Specimens

C1064/C1064M Test Method for Temperature of Freshly
Mixed Hydraulic-Cement Concrete

C1093 Practice for Accreditation of Testing Agencies for
Masonry

C1611/C1611M Test Method for Slump Flow of Self-
Consolidating Concrete

3. Significance and Use

3.1 Grout used in masonry is a fluid mixture of cementitious
materials and aggregate with a high water content for ease of
placement.

3.1.1 During construction, grout is placed within or between
absorptive masonry units. Excess water must be removed from
grout specimens in order to provide compressive strength test
results more nearly indicative of the grout strength in the wall.
In this test method, molds are made from masonry units having
the same absorption and moisture content characteristics as
those being used in the construction.

3.2 This test method is used to either help select grout
proportions by comparing test values or as a quality control test
for uniformity of grout preparation during construction.

3.3 The physical exposure condition and curing of the grout
are not exactly reproduced, but this test method does subject
the grout specimens to absorption conditions similar to those
experienced by grout in the wall.

Note 2—Test results of grout specimens taken from a wall should not
be compared to test results obtained with this test method.

4. Apparatus
4.1 Maximum-Minimum Thermometer.

4.2 Straightedge, a steel straightedge not less than 6 in.
(152.4 mm) long and not less than Y6 in. (1.6 mm) in
thickness.

4.3 Tamping Rod, a round, straight, steel rod with a diameter
of % * Vie in. (10 = 2 mm) and a length of 12 * 4 inches.
(300 = 100 millimetres). The rod shall have the tamping end
or both ends rounded to a hemispherical tip of the same
diameter as the rod.

*A Summary of Changes section appears at the end of this standard

Copyright ® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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4.4 Nonabsorbent Blocks and Spacers, nonabsorbent, rigid
squares and rectangles with side dimensions so as to achieve
the desired grout specimen side dimensions and of sufficient
quantity or thickness to yield the desired grout specimen
height, as shown in Fig. 1, Fig. 2, and Fig. 3.

Note 3—Nonabsorbent blocks may be of plastic, wood, or other
nonabsorbent material. Certain species of wood contain sugars which
cause retardation of cement. In order to prevent this from occurring, new
wooden blocks shall be soaked in limewater for 24 h, sealed with varnish
or wax, or covered with an impermeable material prior to use.

4.5 Framing Square, a framing square not less than 6 in.
(150 mm) long and not less than Yi6 in. (2 mm) in thickness.

4.6 Panels and plates, pieces of ¥ in. (19 mm) plywood
with dimensions as needed to contain units and grout speci-
mens. Soak in limewater for 24 h, seal with varnish or wax, or
cover with an impermeable material prior to use. A nonabsor-
bant material of equivalent stiffness to the plywood is permit-
ted.

PROCEDURES

5. Grout Specimen Molds

5.1 Molds from Masonry Units:
5.1.1 Select a level location where the molds remain undis-
turbed for up to 48 h.

Note 4—The location of specimen construction should be protected
and as free from perceptible vibration as possible.

5.1.2 The construction of the mold shall simulate the in-situ
construction. If the grout is placed between two different types
of masonry units, both types shall be used to construct the
mold.

5.1.3 Form specimen molds by arranging masonry units of
the same type and moisture condition as those being used in the
construction. The surface of the units in contact with the grout
specimen shall not have been previously used to mold the
specimens. Place a non-absorbent block as described in 4.4, cut
to the proper size and of the proper thickness or quantity, at the
bottom of the space to achieve the necessary height of the
specimen. Specimen molds shall comply with the following:

5.1.3.1 Molds shall have a cross-section that is nominally
square.

5.1.3.2 Molds shall have a width of 3.0 in. (76 mm) to 3.75
in. (95 mm).

5.1.3.3 Molds shall have a height of at least twice the width
(see Note 5).

Note 5—The final specimen height requirement is defined in 5.1.3 as

being 1.75 to 2.0 times the specimen width. The intent of the standard is
to target a specimen height two times the specimen width while allowing

Grout Specimen

Lining on Face of Unit

Nonabsorbent Block

FIG. 1 Example of Grout Mold (Units 6 in. (152.4 mm) or Less in
Height, 2% in. (57.2 mm) High Brick Shown)

[S]
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Grout Specimen

Lining on Face Unit
Nonabsorbent Block

FIG. 2 Example of Grout Mold (Units Greater than 6 in. (152.4
mm) High, 8 in. (203.2 mm) High Concrete Masonry Unit Shown)

some tolerance in those cases where the specimen would need to be cut
down in height to meet the perpendicularity requirements. Having a mold
that has a height at least twice the specimen width allows the final
specimen to be meet the requirement or be cut to meet the requirement.

5.1.4 Line the masonry surfaces that will be in contact with
the grout specimen with a thin, permeable material to prevent
bond to the masonry units. New lining material shall be used
for each specimen.

Note 6—The lining, such as paper towel, is used to aid in stripping the
grout specimen from the mold. Proper installation of the lining prevents
irregularly sized specimens and varying test results.

5.1.5 See Figs. 1-3 and accompanying notes for example of
mold construction that conform with 5.1.2, 5.1.3, and 5.1.4.

5.1.6 Brace units to prevent displacement during grouting
and curing.

5.2 Alternative Methods—Alternative methods of forming
the specimens shall be used only with the approval of the
specifier. Such approval shall be based on comparative testing
of grout specimens constructed from molds as described in 5.1
and the alternative method. Approval shall be limited to a
single specimen shape, method of forming, masonry units
used, and grout mix. A conversion factor based on comparative
testing of a minimum of ten pairs of specimens shall be used to
modify results from alternative methods. The coefficient of
variation of test results of specimens formed by the alternative
method shall be less than or equal to that of the specimens
formed in accordance with 5.1.

Note 7—Other methods of obtaining grout specimens and specimens of
different geometry have been employed in grout testing, but are not
described in this test method. Other methods used to obtain grout
specimens include: drilling grout-filled cores of regular units; filling cores
of masonry units specifically manufactured to provide grout specimens;
filling compartments in slotted corrugated cardboard boxes specifically
manufactured to provide grout specimens; and forming specimens from
different sized masonry units of the same or similar material.

Since test results vary with methods of forming the specimen, specimen
geometry, and grout mix, comparative test results between specimens
made with molds described in 5.1 and specimens made with alternative
methods are required and confined to a single specimen shape, method of
forming, masonry units used, and grout mix.

6. Test Specimens

6.1 Specimens shall comply with the following:

6.1.1 Specimens shall have a nominally square cross sec-
tion.

6.1.2 Specimens shall have an average specimen width
between 3 in. (76 mm) and 3.75 in. (95 mm).

6.1.3 Specimens shall have a height before capping between
1.75 and 2.0 times the specimen width.

The California State University San Luis Obispo pursuant to License Agreement. No further reproductions authorized.
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3/4" (19 mm) PLYWOOD SIDE PANEL - BLOCK
WIDTH + 2" (50 mm) x 7-5/8" (190 mm) (2)

LINING EACH
FACE (2)

GROUT SPACE TYPICAL,
HEIGHT 2 TIMES WIDTH

3/4" (19 mm) PLYWOOD END
PANEL, MOLD WIDTH + 2"
(50 mm) x 7-5/8" (190 mm) (2)

CONC. MASONRY UNIT (1)

NONABSORBENT
SPACER AS NEEDED
FOR SPECIMEN
HEIGHT AND WIDTH

BRICK, TYPICAL
SPACER UNDER BRICK

AS NEEDED FOR
SPECIMEN HEIGHT (1)

3/4" (19 mm) PLYWOOD
BASE PLATE (1)

FIG. 3 Example of Grout Mold with Brick and Concrete Masonry Units

SPACER

(5)

,, WOOD BLOCK AS NEEDED
FOR MOLD LENGTH (1)

6.1.4 For each specimen, the difference between any width Note 9—Frequency of sampling and age of test is to be determined by

measurement and the average width for that specimen shall not
exceed Y& in. (3.2 mm).

6.1.5 Neither end of the test specimen shall depart from
perpendicularity to the vertical axis by more than 1 degree

the specifier of this test method and is usually found in the construction
documents.

7. Sampling Grout

(approximately equivalent to %% in. in 6 in.) (I mm in 50 mm). 7.1 Size of Sample—Grout samples to be used for slump and
6.1.6 Specimens shall have side surfaces that are plane to  compressive strength tests shall be a minimum of Y% ¢ (0.014
within %5 in. in 6 in. (1 mm in 50 mm). See Fig. 4. m?).
Note 8—Subsection 10.7 provides for cutting or grinding the top or 7.2 Procedure—The procedures used in sampling shall in-
bottom of hardened specimens to achieve dimensional requirements. clude the use of precautions that will assist in obtaining
6.2 Test at least three specimens at each age specified. samples that are representative of the nature and condition of

T T .-

A

/ OUT-OF-PLANE
) / MEASUREMENT
’l
]
I
4

CONTACT HERE, AT
CENTER OF GROUT
SPECIMEN WIDTH

CONTACT HERE, AT OUT-OF-PLANE
S~o CENTER OF GROUT MEASUREMENT
7 SPECIMEN WIDTH

/ OUT-OF-PLANE

MEASUREMENT

FIG. 4 Out-of-plane Measurement
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the grout. After the final slump adjustment has been made,
sample grout as the grout is being placed.

7.2.1 Field Sampling—Collect two or more portions taken
at regularly spaced intervals during the discharge of the middle
portion of the batch. The elapsed time between obtaining the
first and final portions of the sample shall be not more than 15
min.

7.2.2 Laboratory Sampling—The entire mixed batch of
grout is the sample.

Note 10—The field technician sampling, making, and curing speci-
mens for acceptance testing should be certified (American Concrete
Institute Field Testing Technician—Grade I. National Concrete Masonry
Association Masonry Testing Technician, or equivalent). Equivalent
certification programs should include both written and performance
examinations.

7.3 Place the grout sample in a non-absorptive container and
cover the top to protect the sample from the sun, wind, and any
other sources of rapid evaporation and from contamination.
Transport the grout sample to the mold location. Remix the
sample with a shovel or trowel to ensure uniformity prior to
filling molds. Keep remaining grout sample protected in a
covered, non-absorptive container until used to fill any depres-
sion in the sample due to initial water loss.

8. Temperature and Slump Test

8.1 Measure and record the temperature of the grout sample
in accordance with Test Method C1064/C1064M.

8.2 Begin filling the slump cone within 5 min of obtaining
the final portion of the sample.

8.3 For all grout except self-consolidating grout, measure
and record the slump in accordance with the requirements of
Test Method C143/C143M.

8.4 For self-consolidating grout, measure and record the
slump flow in accordance with the requirements of Test
Method C1611/C1611M and visual stability index (VSI) in
accordance with the requirements of Test Method C1611/
C1611M, Appendix X1.

9. Compressive Test Specimen

9.1 If grout from the slump or slump flow test is used for the
compressive test specimens, remix the sample. Begin filling the
compressive strength molds within 15 min of obtaining the
final portion of the sample.

9.2 For all grout except self-consolidating grout, fill the
mold with grout in two layers of approximately equal depth.
Rod each layer 15 times with the tamping rod. Rod the bottom
layer through its depth. Slightly overfill the mold. Rod the
second layer with the tamping rod penetrating approximately
Y2in. (12.7 mm) into the lower layer. Distribute the strokes
uniformly over the cross section of the mold.

9.3 For self-consolidating grout, fill the mold with grout in
one layer and do not rod.

9.4 Strike off the top surface of the specimen with a
straightedge to produce a flat surface that is even with the top
edge of the mold and that has no depressions or projections
larger than Y% in. (3.2 mm). Cover immediately with a damp
absorbent material such as cloth or paper towel. Keep the top

Copyright by ASTM Int'l (all rights reserved) Wed Mar 15 19:08:22 GMT 2023
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surface of the specimens damp by wetting the absorbent
material and covering with a nonabsorbent, nonreactive mate-
rial to retain the moisture. Do not disturb the specimens.

9.5 Between 15 and 30 min after filling the mold, add
sufficient grout without rodding to fill the depression caused by
initial water loss. Strike off the top surface of the specimen
with a straightedge to produce a flat surface that is even with
the top edge of the mold. Cover immediately with a damp
absorbent material such as cloth or paper towel. Keep the top
surface of the specimen damp by wetting the absorbent
material and covering with a nonabsorbent, nonreactive mate-
rial. Do not disturb the specimen until the molds are removed.

Note 11—The viscosity of self-consolidating grout changes with time.
Thus the depression may require filling prior to the thirty minute limit.

9.6 Protect the specimens from freezing and variations in
temperature. Store an indicating maximum-minimum ther-
mometer with the specimens and record the maximum and
minimum temperatures experienced prior to the time the
specimens are placed in the final curing environment.

Norte 12—1If storage temperatures are less than 60°F (15.6°C) or greater
than 80°F (26.7°C) as shown by the thermometer, the resulting compres-
sive strength will likely be affected.

10. Transportation, Curing, and Testing of the Specimens

10.1 Remove the molds between 24 and 48 h after making
the specimens.

Note 13— Various conditions, such as the use of set retarders or low
ambient temperatures, may necessitate delaying mold removal until well
after 24 h. Care should be taken to ensure the specimens have achieved
sufficient strength for transportation, which may include delaying mold
removal and transportation until 48 h.

10.2 Within 30 min after removing the molds, place speci-
mens in a protective container and keep specimens damp.

10.3 Transport field specimens to the laboratory within 8 h
after mold removal.

10.4 Within 8 h after mold removal, place in a moist room,
moist cabinet, or water storage tank conforming to Specifica-
tion C511. Store there until day of testing.

10.5 Keep specimen damp until tested.

10.6 Specimen Measurement:

10.6.1 Measure and record the width of all four faces at
mid-height to the nearest Y16 in. (2 mm).

10.6.2 Measure and record the height of all four faces at
mid-width to the nearest Y16 in. (2 mm).

10.6.3 Measure and record the perpendicularity from the top
and bottom surfaces at mid-width of each face to the nearest
Y16 in. (2 mm). See Fig. 5.

10.6.4 Measure and record the amount out-of-plane at
mid-width of each side surface to the nearest Y16 in. (2 mm).
See Fig. 5. Specimens that are beyond the out-of-plane
tolerances shall not be tested.

10.7 It is permissible to cut or grind the top, bottom or both
of specimens that are beyond the tolerances listed in 6.1.3 or
6.1.5 prior to capping and testing the specimens provided the
resulting ratio of average height to average width (h/w) is
between 1.75 and 2.0. Reported measurements shall be based
on measurements after cutting or grinding is completed.
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A\
M

W

TOP OR BOTTOM OF
GROUT SPECIMEN

CONTACT HERE, AT
CENTER OF GROUT
SPECIMEN WIDTH

FRAMING SQUARE,
6 IN. (152 mm) MIN.
LEG LENGTH

PERPENDICULARITY
MEASUREMENT

FIG. 5 Perpendicularity Measurement

10.8 Cap the specimens in accordance with the applicable
requirements of Practice C617.

Note 14—Practice C617 refers to capping cylindrical specimens:
therefore, the alignment devices may need to be modified to ensure proper
use with the rectangular prism specimens of this method. All other
sections of Practice C617 are applicable.

10.9 Test the specimens in a damp condition in accordance
with the applicable requirements of Test Method C39/C39M.

11. Calculations

11.1 Determine the average width by averaging the four
width measurements. Determine the average height by averag-
ing the four height measurements.

11.2 Determine the average cross-sectional area by calcu-
lating the average width of opposite faces, and multiplying the
averages.

11.3 For specimens from molds of masonry units, calculate
the compressive strength by dividing the maximum load by the
average cross-sectional area and express the result to the
nearest 10 psi (50 kPa).

11.4 For specimens from alternative methods of forming,
calculate a conversion factor between the results obtained from
comparative testing by dividing the average compressive
strength of the specimens formed in accordance with 5.1 by the
average compressive strength of the specimens formed by the
alternative method. Calculate the average corrected compres-
sive strength by dividing the maximum load by the average
cross-sectional area and multiplying the result by the conver-
sion factor. Express the result to the nearest 10 psi (50 kPa).

11.5 When specimens are formed using alternative methods
as described in 5.2, calculate the coefficient of variation for
results obtained from comparative testing by dividing the
standard deviation of each method by its mean.

Copyright by ASTM Int! (all rights rescrved) Wed Mar 15 19:08:22 GMT 2023
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12. Report

12.1 For all specimens, the report shall include the follow-
ing (see Note 15):

Note 15—See Appendix X1 for an example of a report.

12.1.1 Grout mix design,

12.1.2 Grout slump for all grouts except self-consolidating
grout,

12.1.3 Slump flow and visual stability index (VSI) value of
the grout for self-consolidating grout,

12.1.4 Description of the specimens—individual and aver-
age width and height dimensions.

12.1.5 Curing history, including initial temperature, maxi-
mum and minimum temperatures, and age of specimens when
transported to laboratory and when tested,

12.1.6 Maximum load and compressive strength of each
specimen, average compressive strength of the specimens, and
standard deviation, and

TABLE 1 Statistics of Laboratory-Prepared Specimens

Number of

Standard Deviation, Coefficient of

Mean, psi (MPa)

P psi (MPa) Variation, %
3 4196 (28.9) 73.8 (0.51) 118
3 4455 (30.7) 50.8 (0.35) 1.87
3 6014 (41.5) 323 (2.28) 5.25
3 6196 (42.7) 148 (1.02) 2.38
3 7292 (50.3) 600 (4.14) 8.23
5 3784 (26.1) 306 (2.11) 8.1
5 2494 (17.2) 220 (1.52) 8.8
5 3178 (21.9) 634 (4.37) 20.0
6 5480 (37.8) 899 (6.2) 16.4

10 5350 (36.9) 826 (5.7) 15.4
12 3872 (26.7) 333 (2.30) 86
15 3468 (23.9) 154 (1.06) 4.46
15 3478 (24.0) 253 (1.75) 7.27
20 2617 (18.1) 127 (0.88) 4.85
20 2627 (18.12) 125 (0.86) 4.76
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TABLE 2 Statistics of Field-Prepared Specimens
Number of

Standard Deviation, ~ Coefficient of

Mean, psi (MPa)

Specimens psi (MPa) Variation, %
3 3583 (24.7) 118 (0.81) 3.3
6 5455 (37.6) 324 (2.23) 5.9
6 3992 (27.5) 228 (1.57) 5.7

12.1.7 Description of failure.

12.2° For specimens from molds of masonry units, addition-
ally report the following:

12.2.1 Type and number of units used to form mold for
specimens.

12.3 For specimens from alternative methods of forming,
additionally report the following:

12.3.1 Description of the method used,

12.3.2 Conversion factor used to account for differences in
method of forming and reference to supporting documentation
of conversion factor determination, if not based on results
included in this test report, and

12.3.3 Average corrected compressive strength.

12.3.4 Coefficient of variation of the compressive strengths
of the specimens formed in accordance with 5.1 and the
alternative method for those tests from which the conversion
factor is determined.

13. Precision and Bias

13.1 General:

13.1.1 The materials used to form the mold have different
absorption rates and will remove slightly different amounts of
water from each specimen. Thus the standard deviation for this
test method is higher than when using a nonabsorbent mold.

13.1.2 The standard deviation from field specimens of grout
will be higher than that for laboratory-prepared specimens.
There is less control of grout ingredients, conditions of the
molds, and initial curing environment in field-prepared speci-
mens.

13.2 Precision—The repeatability standard deviation has
not been determined in accordance with ASTM procedures.
The reproducibility of the procedure in Test Method C1019 for
measuring compressive strength is being determined and will
be available on or before December 2015. It is not feasible to
specify the reproducibility of the procedure at this time because
of the variables in specimen preparation and curing.

13.3 Bias—No information can be presented on the bias of
the procedure in Test Method C1019 for measuring the
compressive strength of grout because no material having an
accepted reference value is available.

13.4 Limited test data are available for analysis at this time.
A more detailed statement will be provided later. The following
summary of available data is provided for review.

13.4.1 Laboratory-prepared Specimens—The coefficients of
variation for a series of laboratory-prepared specimens ranged
from 1.18 % with a mean value of 4196 psi (28.9 MPa) to
20.0 % with a mean value of 3178 psi (21.9 MPa). The
standard deviations for those values were 73.8 psi (0.51 MPa)
and 634 psi (4.37 MPa), respectively. Additional tests on
laboratory specimens had the characteristics found in Table 1.

13.4.2 Field Specimens—Test reports from one project show
the characteristics found in Table 2.

14. Keywords

14.1 cementitious; compressive strength; grout; masonry
units

APPENDIX

(Nonmandatory Information)

X1. TEST REPORT FOR GROUT

X1.1 Fig. X1.1, included in this section is a sample test
report form for Sampling and Testing Grout for Masonry. This
report form is to be used as a guideline only. Users of this test
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ASTM C1019 Test Report Date Issued: 01/23/2019
Standard Test Method for Sampling and Testing Grout Job Number: 1738
Client:  Drive sand Geotech Testing Agency:  Accurate Testing Labs
Address: 1476 Concrete Gold Street, Address: 1738 Stash Avenue,

Pacific Ocean, USA, 01234. Oceanway, USA, 41941.
Standard Specification: ASTM C476 Sampling party: GFP
Specified Strength: 2,000 psi Sample Identification: North End
Specimen Description: 3.5 x 3.5 x 7.0 Inches Date Samples Received: ~ 12/17/2018
Grout Mix Design: 1 Part Portland to 3 Parts Fine aggregate Project Identification: Standard Run
Field Test Results
Date Tested: 12/17/18 Slump of Grout: 9.25 inches Temperature of Grout: 77°F
Curing History:  Specimens covered in field with insulating and waterproof Initial Temperature: 74°F

material. imens cur r C511 in | tory. Maximum Temperature: 77°F

Minimum Temperature: 69°F
Laboratory Test Results

< = —
elsilele|elele|le|lzes| 2|5 |8 |32|§8|s z
53 < = < S < < S o} 2 k s
gl gl ¢ sl |l sz | 2|2 i Tz | s | §S | 82| 52| 3
8| 3 £ £ £ £ £ F £ £ S o TE| 2S o
i:5) 5| 5| 8|3 || 8|2 8 | |5 |alf|e|E| =
ol 3 é T T T b4 g z 8 13 8
A NA 7 1/16 7 1/16 7 1/16 7 1/16 38/16 3716 3 8/16 37/16 7 1/16 38/16 12.25 | 1716 | 1/16 01/14/19
B NA 7 7116 7 1/16 7 116 38/16 38/16 3 8/16 38/16 7 1/16 3s/16 | 12.25 | 1/16 | 1/16 01/14/19
C NA 6 15/16 6 15/16 6 15/16 6 15/16 39/16 39/16 3 9/16 39/16 6 15/16 39/16 12.69 | 1716 | 1/16 01/14/19
D NA 7 7 71/16 7 38/16 38/16 38/16 38/16 7 3s/16 | 12.25 | 1716 | 1/16 01/14/19
) Age Age Compressive
Specimen Transported. Tested. Max. Load Strength. Description of Failure Date Tested
o] (Ib) k
(hours) (days) (psi)
A 24 28 31,120 2,540 Vertical columnar cracking through both ends. 01/14/19
B 24 28 31,848 2,600 Vertical columnar cracking through both ends 01/14/19
C 24 28 30,564 2,410 Vertical columnar cracking through both ends 01/14/19
D 24 28 31,244 2,550 Vertical columnar cracking through both ends 01/14/19
Average Compressive Strength: 2,530 psi ] Standard Deviation: 71 psi
Specimens from molds of Masonry Units
Type of Masonry Units: Concrete Stretcher Blocks (8 in. x 8 in. x 16 in.)
Number of units: 10
Specimens from Alternative Method
Alternative method used: NA Average Corrected Compressive Strength: NA
Conversion factor used: NA Co-efficient of variation: NA
Remarks:
Signature of Laboratory Official

FIG. X1.1 Sample Test Report
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are exp ly advised that ination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to lewston at any time by the responsil ical cc ittee and must be revie every five years and
if not revised, either reapp or . Your are invited either for revision of this or for ti
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
I committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610- 832 9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). P ission rights to p may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel (978) 646 2600; http://www.copyright.com/
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This international standard was developed in

d principles on standardization established in the Decision on Principles for the

Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: C476 - 23

ull

INTERNATIONAL

Standard Specification for
1

Grout for Masonry
This standard is issued under the fixed designation C476: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (£) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This specification covers two types of grout, fine and
coarse grout, for use in the construction of masonry structures.
Each type (fine and coarse) is further classified as conventional
grout (requiring mechanical consolidation by puddling or
vibration when placed) and self-consolidating grout (not re-
quiring mechanical consolidation when placed). Conventional
grout is specified by (/) proportions or (2) strength require-
ments. Self-consolidating grout is specified by strength re-
quirements.

1.2 The text of this specification references notes and
footnotes that provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered as requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

C5 Specification for Quicklime for Structural Purposes

C29/C29M Test Method for Bulk Density (“Unit Weight™)
and Voids in Aggregate

C143/C143M Test Method for Slump of Hydraulic-Cement
Concrete

"'"This specification is under the jurisdiction of ASTM Committee C12 on
Mortars and Grouts for Unit Masonry and is the direct responsibility of Subcom-
mittee C12.05 on Grout & Grout Admixtures for Masonry.

Current edition approved Feb. 1, 2023. Published February 2023. Originally
approved in 1961. Last previous edition approved in 2022 as C476 -22. DOL:
10.1520/C0476-23.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

C150/C150M Specification for Portland Cement

C207 Specification for Hydrated Lime for Masonry Pur-
poses

C260/C260M Specification for Air-Entraining Admixtures
for Concrete

C404 Specification for Aggregates for Masonry Grout

(C494/C494M Specification for Chemical Admixtures for
Concrete

C595/C595M Specification for Blended Hydraulic Cements

C618 Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete

C989/C989M Specification for Slag Cement for Use in
Concrete and Mortars

C1019 Test Method for Sampling and Testing Grout for
Masonry

C1157/C1157M Performance Specification for Hydraulic
Cement

C1602/C1602M Specification for Mixing Water Used in the
Production of Hydraulic Cement Concrete

CI1611/C1611M Test Method for Slump Flow of Self-
Consolidating Concrete

3. Materials

3.1 Materials used as ingredients in grout shall conform to
the requirements specified in 3.1.1 — 3.1.5.

3.1.1 Cementitious Materials—Cementitious materials shall
conform to one of the following specifications:

3.1.1.1 Portland Cement—Type 1, IA, II, IIA, III, and IITA
of Specification C150/C150M.

3.1.1.2 Blended Cements—Type IL, IS(<70), IP, IT(S<70),
or blended cements with special properties designated by (A),
(MS), or (HS), or a combination of (A) and (MS) or (HS), as
appropriate, of Specification C595/C595M.

3.1.1.3 Hydraulic Cements—Types GU, HE, MS, or HS of
Specification C1157/C1157M.

3.1.1.4 Quicklime—Specification C5.

3.1.1.5 Hydrated Lime—Type S of Specification C207.

3.1.1.6 Coal Fly Ash or Raw Calcined Natural Pozzolan—
Specification C618. Grouts produced with blends of cement
and fly ash or raw calcined natural pozzolan shall have the

3.1.1.7 Granulated Blast Furnace Slag—Specification
C989/C989M. Grouts produced with blends of cement and

*A Summary of Changes section appears at the end of this standard

Copyright ® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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TABLE 1 Conventional Grout Proportions by Volume

Type Parts by Volume of Parts by Volume of Aggregate,
Cement? Hydrated Lime or Lime Measured in a Damp, Loose Condition
Putty
Fine Coarse

Fine grout 1 0-10 2% =3 times the sum of the

volumes of the cementitious

materials
Coarse grout 1 0-"0 2%s =3 times the sum of the 1-2 times the sum of the

volumes of the cementitious
materials

volumes of the cementitious
materials

AIncludes Specification C150/C150M, C595/C595M, and C1157/C1157M cements as described in 3.1.1.

granulated blast furnace slag shall have the compressive
strength specified (4.2.1.2 or 4.2.2.1).

3.1.2 Aggregates—Aggregates shall conform to Specifica-
tion C404.

3.1.3 Water—Water shall conform to Specification C1602/
C1602M.

Note 1—Specification C1602/C1602M allows potable water to be used
without testing. Other sources of water may be used if the water meets the
requirements of Specification C1602/C1602M.

3.1.4 Admixtures—Integral waterproofing compounds,
accelerators, or other admixtures not mentioned definitely in
the specification shall not be used in grout for use in reinforced
masonry without approval from the specifier.

Note 2—The specifier is usually the Licensed Design Professional.

3.1.4.1 Air-Entraining Admixtures—Air-entraining admix-
tures shall conform to Specification C260/C260M.

Note 3—If the grout is to be used to bond masonry units to reinforcing
bars, the use of air-entraining materials or air-entraining admixtures is not
recommended.

3.1.4.2 Admixtures for Ready-Mixed Grout Transported to
the Job Site—Retarding admixtures conforming to Specifica-
tion C494/C494M, Type B or D are permitted in ready-mixed
grout transported to the job site if the grout meets the
compressive strength and slump requirements of 4.2.1.2.

3.1.4.3 Admixtures for Self-consolidating Grour—High-
range water-reducing admixtures conforming to Specification
C494/C494M, Type F or G, and viscosity-modifying admix-
tures conforming to Specification C494/C494M, Type S, are
permitted in self-consolidating grout.

Note 4—High-range water-reducing admixtures are best suited to
achieve the water reduction and slump flow values required for self-
consolidating grout. Admixture suppliers should be consulted to ensure
that the particular high-range water-reducing admixture is suitable for
self-consolidating grout.

Note 5—Viscosity-modifying admixtures may be used to enhance the
stability of self-consolidating grout. The C494/C494M requirements for
Type S (specific performance) admixtures provide a means of determining
that the viscosity-modifying admixture will not have adverse effects on
fresh, hardened and durability properties of the grout. Admixture suppliers
should be consulted to ensure that the particular viscosity-modifying
admixture is suitable for self-consolidating grout.

3.1.4.4 Antifreeze Compounds—No antifreeze liquids, salts,
or other substances shall be used in grout to lower the freezing
point.

3.1.5 Storage of Materials—Cementitious materials and
aggregates shall be stored in such a manner as to prevent

Copyright by ASTM Inf' (all rights reserved) Tue Mar 21 00:22:21 GMT 2023
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deterioration or intrusion of foreign material or moisture. Any
material that has become unsuitable for good construction shall
not be used.

Nore 6—If the grout is to be used to bond masonry units to reinforcing
bars, the use of air-entraining materials or air-entraining admixtures is not
recommended.

4. Grout Type and Proportions

4.1 Type—Grout type shall be specified as fine or coarse.

4.1.1 Fine grout shall be manufactured with fine aggregates.

4.1.2 Coarse grout shall be manufactured with a combina-
tion of coarse and fine aggregates.

Note 7—Building code provisions and grout space dimensions should
be reviewed when selecting grout type or types.

4.2 Proportions of Ingredients—Proportions shall be deter-
mined as follows:

4.2.1 Conventional Grout—The grout shall be mixed to a
slump of 8 to 11 in. (200 to 280 mm) as determined by Test
Method C143/C143M. Proportions shall be determined by one
of the following methods:

4.2.1.1 Requirements of Table 1.

4.2.1.2 Specified Compressive Strength—Proportions estab-
lished by 28-day compressive strength tests in accordance with
Test Method C1019 that equal or exceed the specified com-
pressive strength. The grout shall have a minimum compres-
sive strength of 2000 psi (14 MPa) at 28 days.

4.2.2 Self-consolidating Grout—Proportions shall be deter-
mined by the following method:

4.2.2.1 Specified Compressive Strength—Proportions estab-
lished by 28-day compressive strength tests in accordance with
Test Method C1019 that equal or exceed the specified com-
pressive strength. The grout shall be mixed to a slump flow of
24 to 30 in. (610 to 760 mm) as determined by Test Method
C1611/C1611M and shall have a Visual Stability Index (VSI)
of not greater than 1 as determined by Appendix X1 of Test
Method C1611/C1611M. The grout shall have a minimum
compressive strength of 2000 psi (14 MPa) at 28 days.

Nore 8—The value for Ty, as described in Appendix X1.1 and Note
X1.1 of Test Method C1611/C1611M is a property of self-consolidating
concrete and can be used as an indicator of batch-to-batch quality,
consistency and performance in-situ of self-consolidating grout. While
there is no consensus as to the appropriate Tg, for all self-consolidating
grouts, average values from 1.5 to 4 sec, with variations of £0.5 sec from
the average value, determined for the particular self-consolidating grout,
typically provide proper viscosity and indicate batch-to-batch consistency.

Note 9—Building code provisions should be reviewed when selecting

The California State University San Luis Obispo pursuant to License No further
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the specified compressive strength of grout.

5. Measurement and Production

5.1 Measurement of Materials—Measure materials for grout
such that the required proportions of the grout materials are
controlled and accurately measured.

Note 10—When converting volume proportions to batch weights, use
the following material bulk densities:

Bulk Density,
Material Ib/ft? (kg/m®)
Portland cement 94 (1505)
Blended cement Obtain from bag or
supplier
Other cementitious Obtain from bag or
materials supplier
Hydrated lime 40 (640)
Lime putty” 80 (1280)

Sand, damp and loose
Coarse aggregate

80 (1280) of dry sand
Use Test Method C29/
C29M, Shoveling
Method, to determine
weight per cubic foot.

AAll quicklime should be slaked in accordance with the manufacturer’s directions.
All quicklime putty, except pulverized quicklime putty, should be sieved through a
No. 20 (850-pm) sieve and allowed to cool until it has reached a temperature of
80°F (26.7°C). Quicklime putty should weigh at least 80 Ib/ft® (281 kg/m?). Putty
that weighs less than this may be used in the proportion specifications if the
required quantity of extra putty is added to meet the minimum weight
requirements.
5.2 Production Methods—Grout shall be produced using
one of the following procedures:
5.2.1 Grout Materials Mixed with Water at the Job Site:
5.2.1.1 Conventional Grout:
(1) Individual cementitious materials and aggregates stored
at the job site shall be mixed in a mechanical mixer for a
minimum of 5 min with sufficient water to achieve the desired
consistency.
(2) Individual ingredients transported to the job site in
suitable compartments shall be mixed with water at the job site
using continuous volumetric proportioning equipment to

achieve the desired consistency. Mix with an auger of appro-
priate length to provide adequate mixing.

(3) Factory pre-blended grout materials delivered to the job
site shall be mixed in a mechanical batch mixer for a minimum
of 5 min or in a continuous mixer following mixer manufac-
turer’s recommendation with sufficient water to achieve the
desired consistency.

Note 11—Conventional grout may be hand-mixed on small jobs with
written approval of the mixing procedure by the specifier.
5.2.1.2 Self-consolidating Grout:

(1) Individual ingredients transported to the job site as part
of a self-consolidating grout manufacturer’s system, shall be
mixed at the job-site with water, per the manufacturer’s
recommendations, using continuous volumetric proportioning
equipment to achieve the desired consistency. Mix with an
auger of appropriate length to provide adequate mixing.

(2) Factory preblended grout materials delivered to the job
site shall be mixed in a mechanical mixer with sufficient water,
per the self-consolidating  grout  manufacturer’s
recommendation, to achieve the desired consistency.

(3) Job site proportioning and mixing of individual mate-
rials that are not part of a self-consolidating grout manufactur-
er’s system shall not be permitted.

5.2.2 Ready-Mixed Grout Transported to the Job Site:

5.2.2.1 Conventional Grout—Grout shall arrive at the job
site in a ready-mixed condition. Slump shall be adjusted as
necessary, and grout shall be re-mixed at mixing speed for at
least 1 min before discharging to achieve the desired consis-
tency.

5.2.2.2 Self-consolidating Grout—Grout shall arrive at the
job-site in a ready-mixed condition. The addition of water at
the job site is permitted in accordance with the self-
consolidating grout manufacturer’s recommendations.

6. Keywords

6.1 aggregates; cement; compressive strength; grout; ma-
sonry; portland cement; proportions ; self-consolidating grout

SUMMARY OF CHANGES

Committee C12 has identified the location of selected changes to this standard since the last issue (C476 — 22)
that may impact the use of this standard. (February 1, 2023)

(1) In subsections 3.1.1.6 and 3.1.1.7, deleted the sentence
about “addition rates.” Also, deleted the word “portland” to
recognize that C595 and C1157 cements, like C150 cement,
can be blended with fly ash, natural pozzolans, or slag.

Committee C12 has identified the location of selected changes to this standard since the last issue (C476 — 20)
that may impact the use of this standard. (September 1, 2022)

(1) Revised subsections of 4.2.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible I ittee and must be reviewed every five years and
if not revised, either reapp d or wit 1. Your are invited either for revision of this or for I
and should be to ASTM F ters. Your will receive careful consideration at a meeting of the

, which you may anend If you feef that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This dard is copyrighted by ASTM ional, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 510 832-9555 (fax), or service @astm.org (e-mail); or through the ASTM website (www.ast-
m.org). F ission rights to pt may also be secured from the Copyright Clearance Center, 222 Rosewood Drive,
Danvers, MA 01923, Tel: (978) 646-. 2600 http://www.copyright.com/
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This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: C143/C143M - 20

Standard Test Method for

Slump of Hydraulic-Cement Concrete’

This standard is issued under the fixed de
of original adoption or, in the case of revi
A superscript epsilon (£) indicates an editorial change since the last revision or reapproval.

ignation C143/C143M: the number i liately following the d

This standard has been approved for use by agencies of the U.S. Department of Defense.

on, the year of last revision. A number in parentheses indicates the year of last reapproval.

1. Scope*

1.1 This test method covers determination of slump of
hydraulic-cement concrete, both in the laboratory and in the
field.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in cach
system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other, and values from the two
systems shall not be combined.

1.3 The text of this standard refers to notes and footnotes
that provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requirements of this standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.
(Warning—Fresh hydraulic cementitious mixtures are caustic
and may cause chemical burns to skin and tissue upon
prolonged exposure.?)

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

" This test method is under the jurisdiction of ASTM Commitiee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.60 on Testing Fresh Concrete.

Current edition approved June 1, 2020. Published July 2020. Originally approved
in 1922, Last previous edition approved in 2015 as C143/C143M - 15a. DOL:
10.1520/C0143_C0143M-20.

? Section on Safety Precautions, Manual of Aggregate and Concrete Testing,
Annual Book of ASTM Standards, Vol 04.02.

2. Referenced Documents

2.1 ASTM Standards:*

C31/C31M Practice for Making and Curing Concrete Test
Specimens in the Field

C138/C138M Test Method for Density (Unit Weight), Yield,
and Air Content (Gravimetric) of Concrete

C172/C172M Practice for Sampling Freshly Mixed Con-
crete

C173/C173M Test Method for Air Content of Freshly Mixed
Concrete by the Volumetric Method

C231/C231M Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method

C670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

D638 Test Method for Tensile Properties of Plastics

3. Summary of Test Method

3.1 A sample of freshly mixed concrete is placed and
compacted by rodding in a mold shaped as the frustum of a
cone. The mold is raised, and the concrete allowed to subside.
The vertical distance between the original and displaced
position of the center of the top surface of the concrete is
measured and reported as the slump of the concrete.

4. Significance and Use

4.1 This test method is intended to provide the user with a
procedure to determine slump of plastic hydraulic-cement
concretes.

Note 1—This test method was originally developed to provide a
technique to monitor the consistency of unhardened concrete. Under
laboratory conditions, with strict control of all concrete materials, the
slump is generally found to increase proportionally with the water content
of a given concrete mixture, and thus to be inversely related to concrete
strength. Under field conditions, however, such a strength relationship is

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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not clearly and consistently shown. Care should therefore be taken in
relating slump results obtained under field conditions to strength.

4.2 This test method is considered applicable to plastic
concrete having coarse aggregate up to 1% in. [37.5 mm] in
size. If the coarse aggregate is larger than 1% in. [37.5 mm] in
size, the test method is applicable when it is performed on the
fraction of concrete passing a 1'2-in. [37.5-mm] sieve, with the
larger aggregate being removed in accordance with the section
titled “Additional Procedure for Large Maximum Size Aggre-
gate Concrete” in Practice C172/C172M.

4.3 This test method is not considered applicable to non-
plastic and non-cohesive concrete.

Note 2—Concretes having slumps less than 2 in. [15 mm| may not be
adequately plastic and concretes having slumps greater than about 9 in.
[230 mm] may not be adequately cohesive for this test to have signifi-
cance. Caution should be exercised in interpreting such results.

5. Apparatus

5.1 Mold—The test specimen shall be formed in a mold
made of metal or plastic not readily attacked by the cement
paste. The mold shall be sufficiently rigid to maintain the
specified dimensions and tolerances during use, resistant to
impact forces, and shall be non-absorbent. Metal molds shall
have an average thickness of not less than 0.060 in. [1.5 mm]
with no individual thickness measurement less than 0.045 in.
[1.15 mm]. Plastic molds shall be ABS plastic or equivalent
(Note 3) with a minimum average wall thickness of 0.125 in.
[3 mm], with no individual thickness measurement less than
0.100 in. [2.5 mm]. The manufacturer or supplier shall certify
the materials used in mold construction are in compliance with
the requirements of this test method. The mold shall be in the
form of the lateral surface of the frustum of a cone with the
base 8 in. [200 mm] in diameter, the top 4 in. [100 mm] in
diameter, and the height 12 in. [300 mm)]. Individual diameters
and heights shall be within *=% in. [3 mm] of the prescribed
dimensions. The base and the top shall be open and parallel to
each other and at right angles to the axis of the cone. The mold
shall be provided with foot pieces and handles similar to those
shown in Fig. 1. The mold shall be constructed without a seam.
The interior of the mold shall be relatively smooth and free
from projections. The mold shall be free from dents,
deformation, or adhered mortar. A mold which clamps to a
nonabsorbent base plate is acceptable instead of the one
illustrated, provided the clamping arrangement is such that it
can be fully released without movement of the mold and the
base is large enough to contain all of the slumped concrete in
an acceptable test.

Note 3—ABS (Acrylonitrile Butadiene Styrene) plastic exhibits the
following minimum mechanical properties:

Tensile modulus of elasticity, 320 000 psi [2206 MPa]
at 73 °F [23 °C)

Tensile strength (Test Method D638) 5670 psi [39 MPa]

Percent Elongation at Break, 40 %

at 73 °F [23 °C]

5.1.1 Check and record conformance to the mold’s specified
dimensions when it is purchased or first placed in service and
at least annually thereafter. To measure the top diameter,
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FIG. 1 Mold for Slump Test

bottom diameter, and height, perform two measurements for
each, approximately 90° apart, and record the results of each
measurement. To verify mold thickness, perform two measure-
ments approximately 180° apart at 1 = %2 in. [25 * 10 mm]
from the top of the mold, two measurements approximately
180° apart at 1 * Y2 in. [25 %= 10 mm] from the bottom of the
mold, and calculate the average of the four measurements.

5.2 Tamping Rod—A round, smooth, straight steel rod, with
ain. [16 mm] = Ve in. [2 mm] diameter. The length of the
tamping rod shall be at least 4 in. [100 mm] greater than the
depth of the mold in which rodding is being performed, but not
greater than 24 in. [600 mm] in overall length (Note 4). The rod
shall have the tamping end or both ends rounded to a
hemispherical tip of the same diameter as the rod.

Note 4—A rod length of 16 in. [400 mm] to 24 in. [600 mm] meets the
requirements of the following: Practice C31/C31M, Test Method C138/
C138M, Test Method C143/C143M, Test Method C173/C173M, and Test
Method C231/C231M.

5.3 Measuring Device—A ruler, metal roll-up measuring
tape, or similar rigid or semi-rigid length measuring instrument
marked in increments of Y4 in. [S mm] or smaller. The
instrument length shall be at least 12 in. [300 mm].

5.4 Scoop—of a size large enough so each amount of
concrete obtained from the sampling receptacle is representa-
tive and small enough so it is not spilled during placement in
the mold.
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6. Sample

6.1 The sample of concrete from which test specimens are
made shall be representative of the entire batch. It shall be
obtained in accordance with Practice C172/C172M.

7. Procedure

7.1 Dampen the mold and place it on a rigid, flat, level,
moist, nonabsorbent surface, free of vibration, and that is large
enough to contain all of the slumped concrete. It shall be held
firmly in place during filling and perimeter cleaning by the
operator standing on the two foot pieces or by a clamping
arrangement to a base plate as described in 5.1. From the
sample of concrete obtained in accordance with Section 6,
immediately fill the mold in three layers, each approximately
one third the volume of the mold (See Note 5). Place the
concrete in the mold using the scoop described in 5.4. Move
the scoop around the perimeter of the mold opening to ensure
an even distribution of the concrete with minimal segregation.

Note 5—One third of the volume of the slump mold fills it to a depth
of 2% in. [70 mm]; two thirds of the volume fills it to a depth of 6% in.
[160 mm].

7.2 Rod each layer 25 times uniformly over the cross
section with the rounded end of the rod. For the bottom layer,
this will necessitate inclining the rod slightly and making
approximately half of the strokes near the perimeter, and then
progressing with vertical strokes spirally toward the center.
Rod the bottom layer throughout its depth. For each upper
layer, allow the rod to penetrate through the layer being rodded
and into the layer below approximately 1 in. [25 mm].

7.3 In filling and rodding the top layer, heap the concrete
above the mold before rodding is started. If the rodding
operation results in subsidence of the concrete below the top
edge of the mold, add additional concrete to keep an excess of
concrete above the top of the mold at all times. After the top
layer has been rodded, strike off the surface of the concrete by
means of a screeding and rolling motion of the tamping rod.
Continue to hold the mold down firmly and remove concrete
from the area surrounding the base of the mold to preclude
interference with the movement of slumping concrete. Remove
the mold immediately from the concrete by raising it carefully
in a vertical direction. Raise the mold a distance of 12 in. [300
mm] in 5 £ 2 s by a steady upward lift with no lateral or
torsional motion. Complete the entire test from the start of the
filling through removal of the mold without interruption and
complete it within an elapsed time of 2'2 min.

7.4 Immediately measure the slump by determining the
vertical difference between the top of the mold and the
displaced original center of the top surface of the specimen. If
a decided falling away or shearing off of concrete from one
side or portion of the mass occurs (Note 6), disregard the test
and make a new test on another portion of the sample.

Note 6—If two consecutive tests on a sample of concrete show a falling
away or shearing off of a portion of the concrete from the mass of the
specimen, the concrete probably lacks necessary plasticity and cohesive-
ness for the slump test to be applicable.
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8. Report

8.1 Report the slump in terms of inches [millimetres] to the
nearest ¥4 in. [5 mm] of subsidence of the specimen during the
test.

9. Precision and Bias*

9.1 Precision—The estimates of precision for this test
method are based upon results from tests conducted in
Fayetteville, Arkansas by 15 technicians from 14 laboratories
representing 3 states. All tests at 3 different slump ranges, from
1.0 in. [25 mm] to 6.5 in. [160 mm], were performed using one
load of truck-mixed concrete. The concrete was delivered and
tested at a low slump, with water then being added and mixed
into the remaining concrete to independently produce moderate
and finally high-slump concrete. The concrete mixture that
used a No. 67 crushed limestone aggregate and a washed river
sand, contained 500 Ib of cementitious materials per cubic yard
[297 kg of cementitious material per cubic metre]. The 500 1b
[227 kg] were equally divided between a C150, Type I/II
cement and a Class C fly ash. A double dosage of a chemical
retarder was used in an attempt to minimize slump losses and
maintain workability of the concrete. Concrete temperatures
ranged from 86 to 93 °F [30 to 34 °C]. Slump losses averaged
0.68 in. [17 mm] during the 20 min required to perform a series
of 6 tests at 1 slump range. Testing was performed alternately
using metal and plastic molds, which were determined to
produce comparable results. Precision data thus applies to both
metal and plastic molds. A total of 270 slump tests were
performed.

9.1.1 Inch-Pound [SI]—The data used to develop the preci-
sion statement were obtained using metric units (millimetres).
The precision values shown in inch-pound units are conver-
sions from the millimetre measurements, which were recorded
to the nearest 1 mm.

9.1.2 Measure of Variability—The standard deviation was
determined to be the most consistent measure of variability and
was found to vary with the slump value.

9.1.3 Single-Operator Precision—The single-operator stan-
dard deviation represented by (1s) is shown in Table 1 by

“The test data used to develop this precision statement were based on tests
performed in September 1997. Supporting data have been filed at ASTM Interna-
tional Headquarters and may be obtained by requesting Research Report RR:C09-
1022. Contact ASTM Customer Service at service@astm.org.

TABLE 1 Precision

Acceptable
Range of Two
Results (d2s)*

Standard

Slump and Type Index Deviation (1s)*

Single-Operator Precision: in. [mm] in. [mm]
Slump 1.2 in. [30 mm] 023  [6] 065  [17]
Slump 3.4 in. [85 mm)] 0.38 9] 107 [25]
Slump 6.5 in. [160 mm] 0.40 [10] 1.13 (28]

Muiltilaboratory Precision:

Slump 1.2 in. [30 mm)] 0.29 Ul 0.82 [20]
Slump 3.4 in. [85 mm] 039  [10] 110 [28]
Slump 6.5 in. [160 mm) 053  [13] 150  [37]

A These numbers represent, respectively, the (1s) and (d2s) limits as described in
Practice C670.
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average slump values. The reported results for the replicate
readings apply to tests conducted by the same operator
performing successive tests, one immediately following the
other. Acceptable results of two properly conducted tests by the
same operator on the same material (Note 7) will not differ
from each other by more than the (d2s) value of the last column
of Table 1 for the appropriate slump value and single-operator
precision.

9.1.4 Multilaboratory Precision—The multilaboratory stan-
dard deviation represented by (1s) is shown in Table 1 by
average slump values. The reported results for the replicate
readings apply to tests conducted by different operators from
different laboratories performing tests less than 4 min apart.

Therefore, acceptable results of two properly conducted slump
tests on the same material (Note 7) by two different laborato-
ries will not differ from each other by more than the (d2s) value
of the last column of Table 1 for the appropriate slump value
and multilaboratory precision.

Note 7—"“Same materials,
from one batch.

is used to mean freshly mixed concrete
9.2 Bias—This test method has no bias since slump is
defined only in terms of this test method.

10. Keywords

10.1 concrete; concrete slump; cone; consistency: plasticity;
slump; workability
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Standard Test Method for

issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Length Change of Hardened Hydraulic-Cement Mortar and

Concrete'

This standard is issued under the fixed designation C157/C157M; the number i

ly following the d indicates the year

of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (2) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This test method covers the determination of the length
changes that are produced by causes other than externally
applied forces and temperature changes in hardened hydraulic-
cement mortar and concrete specimens made in the laboratory
and exposed to controlled conditions of temperature and
moisture.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. An exception is with
regard to sieve sizes and nominal size of aggregate, in which
the SI values are the standard as stated in Specification E11.
Within the text, the SI units are shown in brackets. The values
stated in each system may not be exact equivalents; therefore,
each system shall be used independently of the other. Combin-
ing values from the two systems may result in non-
conformance with the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
2.1 ASTM Standards:*

' This test method is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.68 on Volume Change.

Current edition approved Aug. 15, 2017. Published October 2017. Originally
approved in 1940. Last previous edition approved in 2014 as CI157/
C157M - 08 (2014)*'. DOIL: 10.1520/C0157_CO157M-17.

2 For referenced ASTM standards, he ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C143/C143M Test Method for Slump of Hydraulic-Cement
Concrete

C172 Practice for Sampling Freshly Mixed Concrete

C192/C192M Practice for Making and Curing Concrete Test
Specimens in the Laboratory

C305 Practice for Mechanical Mixing of Hydraulic Cement
Pastes and Mortars of Plastic Consistency

C490 Practice for Use of Apparatus for the Determination of
Length Change of Hardened Cement Paste, Mortar, and
Concrete

C511 Specification for Mixing Rooms, Moist Cabinets,
Moist Rooms, and Water Storage Tanks Used in the
Testing of Hydraulic Cements and Concretes

(€596 Test Method for Drying Shrinkage of Mortar Contain-
ing Hydraulic Cement

C1437 Test Method for Flow of Hydraulic Cement Mortar

E11 Specification for Woven Wire Test Sieve Cloth and Test
Sieves

E337 Test Method for Measuring Humidity with a Psy-
chrometer (the Measurement of Wet- and Dry-Bulb Tem-
peratures)

3. Terminology

3.1 Definitions—The terms used in this test method are
defined in Terminology C125.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 length change, n—an increase or decrease in the
length of a test specimen that has been caused to change by any
factor other than externally applied forces and temperature
changes.

4. Significance and Use

4.1 Measurement of length change permits assessment of
the potential for volumetric expansion or contraction of mortar
or concrete due to various causes other than applied force or
temperature change. This test method is particularly useful for
comparative evaluation of this potential in different hydraulic-
cement mortar or concrete mixtures.

*A Summary of Changes section appears at the end of this standard
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4.2 This test method provides useful information for experi-
mental purposes or for products that require testing under
nonstandard mixing, placing, handling, or curing conditions,
such as high product workability or different demolding times.
Standard conditions are described in 5.4.1.

4.3 If conditions for mixing, curing, sampling, and storage
other than specified in this test method are required, they shall
be reported but are not to be considered as standard conditions
of this test method. Nonstandard conditions and the reasons for
departure from standard conditions shall be reported clearly
and prominently with comparator values.

5. Apparatus

5.1 Molds and Length Comparator—The molds for casting
test specimens and the length comparator for measuring length
change shall conform to the requirements of Practice C490.

5.2 Tamper—The tamper shall be made of a nonabsorptive,
nonabrasive material such as medium-hard rubber or seasoned
oak wood rendered nonabsorptive by immersion for 15 min in
paraffin at approximately 392 °F [200 °C], and shall have a
cross section of %2 by 1.0 in. [13 by 25 mm] and a convenient
length of about 6 in. [150 mm]. The tamping face of the tamper
shall be flat and at right angles to the length of the tamper.

5.3 Tamping Rod—The tamping rod shall be a straight steel
rod % in. [10 mm] in diameter and not less than 10 in. [250
mm] in length, having at least the tamping end rounded to a
hemispherical tip of the same diameter.

5.4 Drying Room and Controls—A drying room with suit-
able racks shall be provided when storing specimens in air. The
racks shall be designed for free circulation of air around
specimens, except for necessary supports, and shall be so
situated with respect to the nearest wall or other obstruction
that air circulation is not restricted in the intervening space.
The supports shall be horizontal and shall consist of two
nonabsorptive members not deeper than 1 in. [25 mm] and
having a bearing area of not more than 4 in. [6 mm] in width.
Conditioned air shall be circulated into and out of the room in
a uniform manner so that the specified rate of evaporation is
attained adjacent to all specimens.

5.4.1 The air in the room shall be maintained at a tempera-
ture of 73 * 3 °F [23 * 2 °C] and a relative humidity of 50 *
4 %. The air movement past all specimens shall be such that
the rate of evaporation is 77 = 30-mL/24 h from an atmometer
or 13 £ 5-mL/24 h from a 400-mL Griffin low-form beaker
filled to % in. [20 mm] from the top. The temperature and
relative humidity of the air in the room shall be measured with
either a sling or Assmann psychrometer at least twice each
working day. The psychrometer shall comply with Test Method
E337, except that thermometers having an overall length of 10
in. [250 mm] and marked in subdivisions of 0.5 °F [0.25 °C]
are permitted. The room shall be equipped with a means of
measuring and recording wet- and dry-bulb temperatures
continuously. Correction factors as indicated by the sling or
Assmann psychrometer shall be applied to the recorded data.
The rate of evaporation within the room shall be determined
daily by the use of the atmometer or by the loss of mass of
water from a 400-mL Griffin low-form beaker filled initially to
¥ in. [20 mm] from the top.
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5.5 Atmometer—The atmometer shall be constructed as
shown in Fig. 1.

5.5.1 Mounting—Fig. 2 shows a suggested arrangement for
operating the atmometer. Punch a central hole "2 in. [13 mm]
in diameter in a filter paper, place it on the atmometer, and
secure it in place while dry, by turning the torque handle only,
until it just starts to slip. Mount the atmometer on a stand with
the filter paper in a horizontal position. Mount a 100-mL glass
graduate so that the 100-mL mark is from 1 to 3 in. [25 to 75
mm] below the level of the filter paper. Stopper the graduate so
that entrance is provided for two short glass tubes not extend-
ing to the water level and one long tube extending to the
bottom of the graduate. Connect the glass tubing leading from
the bottom of the graduate to the inlet of the atmometer by
means of clear plastic tubing.

5.5.2 Operation—Use clear plastic tubing to connect a
squeeze bottle containing distilled or deionized water to one of
the short glass tubes into the graduate. Force water into the
graduate until it is about half full and then close the remaining
glass tube into the graduate. Continue to force water through
the graduate into the atmometer until the filter paper is
saturated and there are no air bubbles in the system. Open the
glass tube into the graduate and release pressure on the squeeze
bottle gradually to avoid trapping air in the tube leading to the
atmometer. Adjust the level of water in the graduate to
approximately the 100-mL mark. If the atmometer is to be used
under variable temperature conditions, disconnect the squeeze
bottle after filling the graduate to avoid the possibility of
additional water being forced into the graduate. Permit evapo-
ration of water from the filter paper for 1 h before recording the
time and initial reading of the graduate. It is not permitted to
omit the waiting period during subsequent use of the atmom-
eter provided the filter paper does not become dry. Change the
filter paper whenever it shows signs of contamination but not
less frequently than once every two weeks.

5.6 Filter Paper—The filter paper to be used with the
atmometer shall be white with a smooth surface texture. It shall
be 6 in. [152 mm] in diameter and 0.050 = 0.003 in. [1.27 =
0.08 mm] thick and shall have a cotton fiber content of not less
than 75 weight %. The density shall be between 0.400 and
0.425 g/cm®. The Mullen bursting strength shall not be less
than 50 psi [345 kPa].

ATMOMETER
FILTER PAPER
WOOD BLOCK GG

FIG. 2 Atmometer Assembly
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center side plate of the double mold must be appropriately
drilled and tapped to receive the 8-32 by % in. [4.5-0.74 IMC
by 16 mm] machine screw of the demolding thumbscrew. Fig.
4 shows the details of a suitable apparatus for demolding
specimens molded in single molds.

Braze All Around Y4

Instructions for Use—Remove the end and the outer side plates leaving the
base, center side plate, and gage stud holders in place. Engage the machine
screw in the drilled and tapped end of the center side plate. Turn the thumbscrew
to loosen the bars.

FIG. 3 Device for Detaching 1-in. [25-mm] Square by 11Va-in.

[285-mm)] Bars from Center Side Plate of Double Molds

KK

Fillet weld PP
4

|

Norte 1—Dimensions shown are appropriate for one design of mold for
3-in. [75-mm] square specimens. Change dimensions as required for other
molds.

FIG. 4 Device for Demolding Specimens from Single Molds

Note 1—E and D filter paper No. 625 has been found suitable.

5.7 Apparatus for Demolding Specimens—It is useful to
construct an apparatus for demolding specimens molded in
double molds as detailed in Fig. 3 or to a different design that
serves the same purpose. When this device is to be used, the

* The sole source of supply of the apparatus known to the committee at this time
is Ahlstrom Filtration Co., Mt. Holly Springs, PA 17065. If you are aware of
alternative suppliers, please provide this information to ASTM International
Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee,' which you may attend.
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ASTM C157 FIGURES

Figure Di- Sl Units Inch-Pound Units
mensions

A Adjustable torque handle Adjustable torque handle
1.4-1.7 Nm 12-15in.lb

B Jam nut Jam nut
10-15 IMC %e-in.—16 NC

C 10-mm diameter 1.5 IMC Thd. ~ %-in. dia-=16 NC Thd.

D 12-mm diameter 1.5 IMC Thd.  z-in. dia-20 NC Thd.

E 64-mm diameter 2.50-in. diameter

F 64-mm diameter 2.50-in. diameter

G 57-mm diameter 2.25-in. diameter

H 52-mm diameter 2.06-in. diameter

! 51-mm diameter 2.00-in. diameter

J 14 mm 0.56 in.

K 8 mm 0.31in.

L 13 mm 0.50 in.

M 3 mm 0.125 in.

N 8 mm 0.31in.

[e] 19 mm 0.75 in.

P 32 mm 1.25in.

Q 53 mm 2.06 in.

R 1.5-mm drill through 11.5-mm C' Yie-in. drill through 2%a-in. C" drill
drill
32-mm deep tap 12-mm 1.5-mm 1%a-in. deep tap Vz-in.~20 Thd
IMF Thd

S 19 mm deep 16 mm C’ bore 6  %a-in. deep %-in. C" bore a in.
mm deep deep

T 5-mm drill 3-mm deep C' drill Fe-in. drill Ya-in. deep C’ drill
at 60° as shown at 60° as shown
through to center tapped hole  through to center tapped hole

U 3 mm 0.12 in. diameter

v 2 mm 0.09 in.

w 10 mm 0.40 in.

X 60 mm 2.36 in.

Y 35 mm 1.37in.

z 6 mm 0.25in.

AA 6 mm 0.25in.

BB 4 mm 0.15in.

cc 6 mm 0.25 in.

DD 23 mm 0.87 in.

EE 38 mm 1.50 in.

FF 25to 75 mm 1to3in.

GG 35 mm high 1.37 in. high

HH 100 mm 4in.

U} 130 mm 5in.

JJ 8 cm-6.1 kg/m channel 3 in.—4.1 Ib/ft channel

KK 20 mm Fa in.

LL 330 mm 13in.

MM 14-2.0 IMC Thd. Y2 in~12 Thd.

NN 20 mm e in.

[e]e] 50 mm 2in.

PP 20 mm Yain.

Qa 60 mm Ve in.

RR 10 mm ¥ in.

SS Drill Cl. hole for Drill Cl. hole for
4.5-0.75 IMC machine screw  8-32 in. machine screw

T 13 mm 2 in.

uu 25 mm 1in.

w 30 mm 1-%e in.

ww 60 mm 2-% in.

XX 12.5 mm Ve in.

YY 6-mm diameter steel rod Va-in. diameter steel rod

zz 4.5-0.75 IMC x 16-mm machine 8-32 x %s-in. machine screw

screw

6. Sampling

6.1 Take samples according to the applicable provisions of
Practice C192/C192M from batches of hydraulic-cement mor-

tar or concrete made in the laboratory (Note 2).

Note 2—When collecting samples in nonstandard conditions, such as
field concrete, it is suggested that Practice C172 be followed. Field cast
specimens can show up to twice as much drying shrinkage as laboratory
cast specimens from the same materials and proportions.
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7. Test Specimens

7.1 Mortar—The test specimen for mortar shall be a prism
of 1-in. [25-mm] square cross-section and approximately 114
in. [285 mm] in length. Three specimens shall be prepared for
each test condition.

7.2 Concrete—The test specimen for concrete, in which all
of the aggregate passes a 2-in. [S0-mm] sieve, shall be a prism
of 4-in. [100-mm] square cross-section and approximately 11%4
in. [285 mm] long. However, a prism of 3-in. [75-mm] square
cross-section shall be used if all of the aggregate passes a 1-in.
sieve [25.0-mm]. Three specimens shall be prepared for each
test condition. Since length change is capable of being influ-
enced by the size of the specimen, specimens to be compared
shall have the same dimensions, and any specification limit
based upon this method shall be applied to a specified size of
specimen.

8. Procedure for Mixing Mortars and Concrete

8.1 If the mortar or concrete to be tested is made in
accordance with requirements other than those given in one of
the following paragraphs, samples shall be taken and speci-
mens molded as described in the sections on sampling and on
molding specimens.

8.2 Bring all materials to a temperature between 65 and 75
°F [18 and 24 °C] before using to make mortar or concrete.
Proportion solid materials by mass (that is, not by volume). It
is permissible to batch water and liquid admixtures either by
mass or by volume. For calculation of batch quantities, assume
aggregates to be saturated and surface-dry; if they are not in
this condition at the time of use, apply appropriate corrections,
as necessary, to batch quantities to compensate for absorption
or free moisture.

8.3 Mortar—Mix mortar in a mechanical mixer as described
in Practice C305. The clearances between paddle and bowl
specified in Practice C305 are suitable only for mortars made
with fine aggregates that are finer than the 2.36 mm (No. 8)
sieve. Mortars made with aggregates containing particles
coarser than this sieve require special clearances or a different
type of paddle to permit the mixer to operate freely and to
avoid damage to the paddle and bowl. The sequence of mixing
shall be in accordance with the applicable provisions of
Practice C305. Determine the flow of the mortar in accordance
with the applicable provisions of Test Method C1437, and use
sufficient mixing water to produce a flow of 110 * 5 %.

8.4 Concrete—Mix concrete in a suitable laboratory mixer
in accordance with the applicable provisions of Practice
C192/C192M. Determine the slump of the concrete using Test
Method C143/C143M, and use sufficient mixing water to
produce a slump of 3.5 * 2 in. [90 = 15 mm].

9. Procedure for Molding Specimens

9.1 Mortar Specimens—Place the mortar in the mold in two
approximately equal layers. Compact each layer with the
tamper. Work the mortar into the corners, around the gage
studs, and along the surfaces of the mold with the tamper until
a homogeneous specimen is obtained. After the top layer has
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been compacted, strike off the mortar flush with the top of the
mold, and smooth the surface with a few strokes of a trowel.
Immediately after completion of molding, loosen the device
that holds the gage studs in position at each end of the mold in
order to prevent any restraint of the gage studs during initial
shrinkage of the specimen.

9.2 Concrete Specimens—Place the concrete in the mold in
two approximately equal layers in accordance with the general
instructions for placing concrete in specimens given in Practice
C192/C192M. Consolidate each layer by rodding, except use
external vibration if the slump is less than 3 in. [75 mm] in
accordance with the instructions for consolidation of flexure
test specimens given in Practice C192/C192M. The same
method of consolidation is to be used for all specimens to be
compared. In addition, as the top layer is being placed, work
the concrete thoroughly around each gage stud with the fingers.
The top layer shall slightly overfill the mold. After consolida-
tion is complete, strike off the excess material with a straight-
edge. Immediately after completion of molding, loosen the
device that holds the gage studs in position at each end of the
mold in order to prevent any restraint of the gage studs before
the test specimens are demolded.

10. Procedure for Curing of Specimens

10.1 Cure the test specimens in the molds in a moist cabinet
or room in accordance with Specification C511. Protect speci-
mens from dripping water.

10.2 Except for slowly-hardening specimens that would be
damaged by handling, remove specimens from the molds at an
age of 232 = V4 h after the addition of water to the cement
during the mixing operation. In order to avoid damage during
removal from the molds, especially in the case of certain
slowly-hardening cements, keeping specimens in molds for
more than 24 h is not prohibited. When this is found necessary
the moist curing schedule shall be extended, but all specimens
that are to be directly compared with each other shall be
subjected to the same conditions of moist-curing and shall have
their initial comparator reading made within =% h of the same
age. It is permitted to use the demolding device to remove
specimens without striking or jarring and with particular care
not to exert pressure directly against the gage studs. The gage
stud holder shall remain attached to the stud during this
operation. Marks placed on the specimens for identification or
positioning are only to be made by graphite applied either by
a soft pencil or as a liquid that deposits essentially graphite
without binder or made with waterproof indelible ink. Upon
removal of the specimens from the molds, place them in
lime-saturated water maintained at 73 = 1 °F [23 + 0.5 °C] for
a minimum of 15 min in the case of 1l-in. [25-mm] square
cross-section specimens, and for a minimum of 30 min in the
case of 3-in. [75-mm] or 4-in. [100-mm] square cross section
specimens before being measured for length. This is to
minimize variation in length due to variation in temperature. At
an age of 24 * 4 h after the addition of water to the cement
during the mixing operation, remove the specimens from water
storage one at a time, wipe with a damp cloth, and immediately
take the initial comparator reading.
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10.3 After the initial comparator reading, store the speci-
mens in lime-saturated water at 73 *= 3 °F [23 = 2 °C] until
they have reached an age of 28 days, including the period in the
molds. At the end of the curing period, take a second
comparator reading after the specimens have been brought to a
more closely controlled temperature as was done prior to the
earlier reading and in the manner described above.

Note 3—To determine the drying shrinkage of concrete subjected to
elevated temperature curing in the laboratory, a modification of the
previous method is necessary. Where concrete is cured with elevated
(non-autoclave) temperatures, the curing cycle for this test method shall
be that to be used for the project structural members. The elevated
temperature curing cycle consists of pre-steam, steam cure, and post-
steam periods. To avoid measuring thermal volume change, after the
molds are stripped, cool drying-shrinkage specimens at laboratory tem-
perature until they reach equilibrium (approximately 6 h for 4 by 4 by
11-in. [100 by 100 by 280-mm] bars). Then place them in lime-saturated
water prior to the initial reading (see 10.2).

11. Procedure for Storage of Specimens

11.1 After measurement at the end of the curing period,
store the specimens as described in either of the following:

11.1.1 Water Storage—Immerse the specimens in lime-
saturated water storage in accordance with Specification C511.
Take comparator readings of each specimen when it has
reached an age, including the curing period of 8, 16, 32, and 64
weeks. Make these readings immediately after the specimens
have been subjected to storage in water at 73 = 1 °F [23 = 0.5
°C] for at least 15 min in the case of 1-in. [25-mm] specimens
or 30 min in the case of 3-in. [75-mm] or 4-in. [100-mm)]
specimens.

11.1.2 Air Storage—Store the specimens in the drying room,
so that the specimens have a clearance of at least 1 in. or 25
mm on all sides. Take comparator readings of each specimen
after periods of air storage after curing of 4, 7, 14, and 28 days,
and after 8, 16, 32, and 64 weeks. Preferably, take these
readings in a room maintained at a relative humidity of 50 %=
4 % while the specimens are at a temperature of 73 * 3 °F [23
+2°C].

12. Procedure for Calculating Length Change

12.1 Comparator Reading—Read the comparator dial with
the test specimen in the comparator; then read the comparator
dial with the reference bar in the comparator. Calculate the
difference between the two readings as described in Practice
C490.

12.2 Length Change—Calculate the length change of any
specimen at any age after the initial comparator reading as
follows:

CRD — initial CRD
AL, =~ X100 (1)

where:

AL, length change of specimen at any age, %,

CRD = difference between the comparator reading of the

specimen and the reference bar at any age, and

G = the gage length (10 in. [250 mm]) (see Note 4).
Note 4—In Practice C490, the comparator dial gage specified for use

with 10-in. gage length specimens shall be graduated in fractions of an

inch; the comparator dial gage specified for use with 250-mm gage length

I
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specimens shall be graduated in fractions of a millimetre.

13. Report

13.1 Report the following information:

13.1.1 Identification as mortar or concrete specimens, num-
ber of specimens for each condition, and date molded,

13.1.2 Source and identification of each material employed,

13.1.3 Type, maximum size, moisture condition, and grad-
ing of the aggregate,

13.1.4 Size of specimens,

13.1.5 Mortar or concrete mixture data at time of mixing,
including flow or slump and temperature of mixture,

13.1.6 Description of consolidation of concrete, specifying
whether rodding or external vibration was used,

13.1.7 Conditions and periods of moist curing prior and
subsequent to removal of molds, if different from those
specified,

13.1.8 Description of storage condition, including tempera-
ture and humidity, either by indicating whether the water or air
storage was followed or by giving the details of any procedure
not conforming to either of these conditions,

13.1.9 Total elapsed time of storage and total age of
specimen, or total elapsed time of curing and storage if the
same condition was used for both,

13.1.10 Length change data, reported as percent increase or
decrease in linear dimension to the nearest 0.001 % of the gage
length based on the initial measurement made at the time of
removal from the molds, and

13.1.11 Any other pertinent information.

14. Precision and Bias

14.1 Precision:
14.1.1 When this test method was used for the purpose of
determining drying shrinkage of mortar as affected by the

choice of portland cement used in making it, the precision was
found to be as reported in Test Method C596.

14.1.1.1 The following single-laboratory, multiple-operator
precision applies to concrete specimens measured at 180 days.

14.1.1.2 For specimens stored in water, the standard devia-
tion (1s) among specimens is 0.0045 %. When three replicate
specimens are tested, the maximum range among them is not
expected to exceed 0.0266 % in 95 % of the sets tested. When
a test result represents the mean of three specimens, the Is is
0.0026 %. The difference between two such means is not
expected to exceed 0.0074 % in 95 % of such duplicate tests
performed.

14.1.1.3 For specimens stored in air, the standard deviation
(1s) among specimens is 0.0084 %. When three replicate
specimens are tested, the maximum range among them is not
expected to exceed 0.0496 % in 95 % of the sets tested. When
a test result represents the mean of 3 specimens, the 1Is is
0.0048 %. The difference between two such means is not
expected to exceed 0.0137 % in 95 % of such duplicate tests
performed.

Note 5—These precision values were calculated from data taken on
specimens described on p. 47 of STP 205.* representing 193 concrete
mixtures; two specimens made from each of three batches made on
separate days, one of each two specimens stored in water, the other stored
at nominal 50 % relative humidity.

14.2 Bias—No statement on bias is being made since there
is no accepted reference material suitable for determining the
bias of these procedures.

15. Keywords

15.1 length change; mortar concrete

#Mather, Bryant, “The Partial Replacement of Portland Cement in Concrete,”
Cement and Concrete, ASTM STP 205, ASTM, 1958.

SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to this test method since the last issue,
CI157/C157M — 08 (2014)', that may impact the use of this test method. (Approved Aug. 15, 2017.)

(1) Revised Sections 9.1, 9.2, and 10.2.

Committee C09 has identified the location of selected changes to this test method since the last issue,
C157/C157M — 08°', that may impact the use of this test method. (Approved Oct. 1, 2014.)

(1) Replaced Test Method C1347 with correct designation Test
Method C1437 in Section 2 and 8.3.
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United States. Indlwdual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Ingredient Bulk Density Table
ECHNOLOGIE
Bulk Density (Ib/cuft.) Bulk Density (Ibicw fit)
i Locse  Packed "DIvoem Loose  Packed
Adipc Acd 45 Barley, fine, ground 24 33
Arata Mesl 14 2 Barey, malied 31
ANafa Pellets 4 43 Barley, meal 28
Aliaifa Seed 10 15 Rarley, whole 3 43
Almonds broken rid 30 Basall 80 108
Almonds whole 28 0 Bauzite, ory, ground 68
Shaled Bauzite, crushed - ¥ 75 85
Alurs fne 45 50 Beans, castor, meal 35 40
L. = & Beans, castor. whoke. shelied 3%
Alsmeng &5 ) Beans, navy. &y 48
Aluring fines 35 Beans, navy. stesped &0
i — Bentonite, crude 34 %0
Alsraingte gol 4 Bentonite. 100-mesh 50 60
Alurminate hydroxide Benzene haxachionde %
e oy 2 L Bicorbonate of soda (see baking
Alursemum Pydrate 13 20 woda)
Alursioum ore (866 Douxile) Bloog, dned 35 45
Alursinum Oxide 120 Blood, ground, driec 30
Algrwnum Sikcate (andausile) 49 Bone ash (Incalcem phosphate) 40 S0
Alurwoum Sutate 45 58 Boneblack 20 25
Asrynonium nitrate 45 62 Bonemeal 50 60
Ammonium sulfate 45 58 Bones, whole 35 50
Antrmony Powder Bones, crushed 35 S0
Apple pormace, dry 15 Bones, ground 50
Arsenate of leac (300 load Borate of ke 60
arvenaste) Borax, fne 45 55
Arsenic oxde (amsenolte) 100 120 Borax, screening 1/2° 65 )
Arsenic puiverized 30 Borax, 1/2-2". mp 55 &0
Asbestos rock (ore) 81 Borax, 2-3", lump 60 70
Asbesios shredded 40 Boric acid, fime 55
Ash_biack ground 105 Bovon 75
—— - As % 4 Bran (ficerye-wheat) 16 2
Ashes. coel. dry 3° 3 40 Braunite (manganese oxide) 120
Ashes. cosl. wat 3* 45 50 Rroad crumbs 2 7
Ashes. #y (see fly ash) Brower s grain. spend, dry 14 0
Asphal. crushed 1/2° 4 Brewer s grain. spent. wet 55 80
Dagesse z L. Brick, ground. 18" 100 120
Bakeite fre 30 45 Bronze chips 30 50
Balong powder 40 55 Buckwheal 42 a7
Bakng 5003 (sodium bicarbonate) 40 55 Calcine, flour 75 85
Barile Ml’ﬂ ’l"*) +1/2.3" 120 180 Calcium camde 70 20
Banum cardonate 72 (806 dmesions)
Bark, wood, refuse ° 20
403 Superseces 406 Page ' of 6 Document. 1500-C01-2

Spring 2023

63



References

Ingredient Buk Density Tabke

N Bulk De blicwft. Bulk Density (Ibicu.ft.)
Ingredient Usoaa Packed Ingredient Loose Packed
Caoltorsaesd, meats, dry 40 Gelating, granulatec 2
Coltonsaed, meals, rolled 35 40 Gilsonie 37
Crackings. crushed 40 50 Glass, balch 80 100
Cryoiite, dust 75 %0 Glue, grounc 40
Cryolte, lumpy 90 10 Glua, pear 40
Cullel, fine 80 120 Glue, veg. powdered 40
Culiet, umpy B0 120 Gluten, meal 40
Culm (see coal, anthracite) 80 120 Granfie, fine 50 90
Cupric sulphale (see copper Grape pomace 15 20
sulphate Graphite flake 40
Detergent (see soap detergent) Graphite flour 28
Dratomaceous earth 1 17 Graphile ore 85 75
Dicalcum phosphate 40 50 Guana, dry 70
Digodium nhosphme 25 31 Gypsum, calcned 55 &0
Distller’s grain, spent, dry 20 Gypsum, calcned, powdered 60 &0
Distller’s grain, wat 40 60 Gypsum, raw - 1° 70 &0
Dolomite, crushed 80 100 Hay, chopped 8 12
Dalemite, lumpy 90 100 Hexanedioic ackd (see adipic acid)

Earth, loam, dry, loose 76 Haminy, dry 35 &0

Ebonite, crushed 63 70 Hops, spant, dry s

Egg powder 16 Hops, spent, wet 50 55

Epsom salts (magnasium 40 50 Ice, crushed 35 45

::';:ﬁ — — — Ice, Nlaked 40 5

- Ice, cubes 33 35

Feldspar, lumps 20 100 ce. shell EY a5

Feidspar, pawder , 109 limanita ora 140 160

e, ’mm“g‘. o = Iron ore concentrata 120 180

Farrous sulphide 1/2 120 135 oo caicle plgmant 5

e aulphide 105 i=a Iron cxide millscale 75

Ferrous sulphate 50 75 Iron pyrites (see ferrous sulfide)

Fish meal % a0 Iron Sulphate (see ferrous sulfate)

Fieh scrap a0 =0 Iron Sulfide (see ferrous sufide)

Fiaxseed e I Iron vitrol (see femous sultata)

Flaxseed cake (inseed cake) 44 80 Kam‘ {com) 4 45

Flaxseac maan (inseed maal) 25 a5 Kaolin clay 8

Fiour wheat 3 a0 Kaolin day-alc 42 56

Flue dust, basic axypen furnace 45 80 Kryaltth (see coyoile)

Fue dust, blast 10 125 Lactose

furmace Lamg black (sea carbon black)

Fue dust, boller 30 as Lead arsenate 72
Bulk H oy Lead arsenite 72
Density _Fuorspar, fine (calclum fluorkde) 80 100 Lead carbonate 240 260
of Fluorspar, umps 20 110 Lead ore - 1/3” 200 270
Flyash Fiyash 30 45 Lead ore - 1/2° 180 230

Foundry sand, dry (see sand) Lead oxide {red lead) 100 mash 30 150

Fuller's earth, cry, raw 30 40 Lead oxide (red lead) 200 meash 30 180

Fuller's earth, cily spent 60 85 Lead sulfide - 100 mesnh 240 260

Fuller's earth, calcined 40 Lignite (sae coal kgnite)

Galena (see lead sulfide) Limanite, ore, bromwn 120
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Ingredient Buk Density Tabke

~ Bulk Density (Ib/cw.ft)
Ingredient Loose Packed

Varmiculte, are 280
Vetch 43
Walnut shels, crushed 35 45
Wheat 45 48
Wheal, cracked 40 45
Wheal, germ 18 28
White lead | dry 75 100
Wood chips, screanad 10 30
Wood Nour 16 35
Woad shavings 8 16
Znc, concantrate raskiue 75 78
Zne oxide, haavy 30 35
Znc oxxde, ight 10 15
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Abstract

This study presents a refined calculation of the embodied carbon of concrete mixtures via life cycle assessment (LCA) with an explicit
focus on three innovations. First, probability distributions that represent process-related variability in the embodied carbon of
are calculated using a variety of life cycle inventory, data sources. Second, the traditional concrete LCA system boundary (i.e., cr:
gate) is expanded to incorporate and analyze estimates of in situ carbon sequestration via concrete carbonation. Third, we analy Help
impact of different transportation scenarios on the utility of using fly ash to reduce the embodied carbon of concrete. We use these
data to heuristically determine the breakeven transportation distance for fly ash via trucking to be 2655km for domestic sources of fly
ash. However, when fly ash is imported from international sources, reductions to embodied carbon attributed to fly ash replacement
can be negligible. The calculated breakeven maritime shipping distance for fly ash equals 15,110km—beyond which, the anticipated
embodied carbon reductions due to fly ash use in concrete are compromised due to transportation. The advancements described herein
enable improved scenario-based decision-making for understanding, quantifying, and reducing the embodied carbon of concrete
mixtures. In addition, the results highlight the importance of accounting for international transportation of fly ash in LCAs, especially
given that domestic sources of quality fly ash are expected to continue to decline and imports are expected to increase in many parts of
the world over the next few decades.

Previous Next

Keywords

PDF

Concrete; Life cycle assessment; Embodied carbon; Variability; Fly ash; Transportation

1. Introduction

The manufacturing of cement, the most carbon-intensive component of concrete, contributes about 7% of global carbon dioxide CO,
emissions (International Energy Agency IEA, 2018). Due to the ubiquity of concrete and its contribution to anthropogenic CO,
emissions, a large body of literature exists that aims to understand, quantify, and subsequently reduce the embodied carbon of
concrete. Multiple comparative Jife cycle assessment (LCAs) of alternative concretes or concrete materials that compare the embodied
carbon of different concrete mixtures have been published (Vieira etal., 2016; Anastasiou etal., 2017; Weil etal., 2009; De Schepper
etal,, 2014; Celik etal., 2015; Jiang etal., 2014; Serres etal., 2016; Gursel etal., 2016; Colangelo etal., 2018; Van den Heede and De Belie,
2012). In addition to a myriad of LCAs that report environmental impacts of a functional unit volume of concrete (e.g., 1m3, 1 yd3),

/lwww.sciencedirect.com/science/article/pii/S0959652620331334
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Fig.8. Density function of embodied carbon due to domestic fly ash transportation.

5.2. Comparison of possible fly ash transportation assumptions

In past years, fly ash utilization rates in the US have been low (less than 50% until 2016 (Adams, 2018)), making the most-local-fly-ash
assumption reasonable. In recent years, however, fly ash utilization has increased, and the price of domestic fly ash has followed suit.
Consequently, longer distance transportation and imports of international fly ash have started to become more common. Thus, as fly
ash utilization continues to increase, it is likely that the most-local-fly-ash assumption will not be accurate moving into the future.

In order to compare the impact of the fly ash transportation, we use various transportation scenarios to compare the most-local-fly-ash
assumption from the previous section in terms of their embodied carbon impact. As domestic fly ash sources are depleted, the distance
to sources of fly ash will increase. Thus, an alternate scenario to consider is the breakeven trucking distance. This scenario represents the
maximum distance by which it is still beneficial in terms of total embodied carbon to transport fly ash via semi-truck. Another
alternate scenario is to determine the embodied carbon impact from importing fly ash from international fly ash suppliers. Since China,
India, and Turkey are the three largest fly ash exporters (Ash Around the World, 2018), we select an example scenario in which fly ash is
transported via cargo ship from Shenzhen, China to New York, NY. Additional trucking is temporarily ignored for this scenario for the
sake of generalization. Furthermore, we temporarily use average embodied carbon values for each impact category in order to compare
possible fly ash transportation assumptions.

Fig.9 illustrates the difference in total embodied carbon for each of these scenarios due to transportation differences. In addition, each
scenario is compared to the baseline mixture that contains no fly ash in order to determine the relative embodied carbon savings. The
dotted regions represent the reduction in life cycle embodied carbon due to carbonation, which is slightly greater for mixtures without
fly ash. Therefore, the net embodied carbon is represented by the solid outline. Under the most-local-fly-ash assumption, there is a
significant benefit to fly ash replacement in terms of embodied carbon. For the breakeven-trucking assumption, any reduction in
embodied carbon is eliminated when fly ash is transported more than 2655km by truck. Finally, for the international shipping
assumption, the benefit of using fly ash is eliminated due to the long-distance maritime shipping (and additional trucking will further
increase the embodied carbon of this mixture). In fact, the mixture with 20% fly ash has an embodied carbon value 4% higher than the
mixture without fly ash.

:/Iwww.sciencedirect.com/science/article/pii/S0959652620331334 14/27
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Fig.9. Comparison of embodied carbon for different transportation scenarios and fly ash replacements, using average embodied carbon
values for each impact category. The solid outline represents total embodied carbon inclusive of carbonation.

This analysis illustrates the criticality of using the appropriate assumption for fly ash transportation to capture holistic greenhouse gas
emissions. In other words, determining the correct fly ash transportation assumption (i.e.,, mode and distance) is key in assessing the
benefit of using fly ash in order to reduce the embodied carbon of concrete mixtures.

5.2.1. International fly ash shipments

Lastly, as international imports of fly ash become more common, it is important to consider how different maritime shipping distances
will impact the benefit of fly ash utilization. Utilization of SCMs, like fly ash, in simplified LCAs are often characterized as being able to
substantially reduce the embodied carbon of concrete. Such conclusions are due to the fact that many studies assume a relatively low,
deterministic value for fly ash transportation distance (Purnell and Black, 2012), (Vargas and Halog, 2015), (Jones etal., 2011).

However, this analysis has shown that the benefit of using fly ash to reduce concrete embodied carbon is highly dependent on the
method of transportation and distance. Fig.10 can be used as a design tool to determine the quantity of embodied carbon savings that
have been “spent” by fly ash transport, which is shown as a percent of possible CO, savings if there is no transportation. Thus, the 100%
dashed line is the “breakeven” line at which all embodied carbon savings from cement replacement have been eliminated because of
fly ash transportation. In other words, for transportation scenarios above this dashed line, there is a higher value of embodied carbon
for that mixture than for one that uses no fly ash. To use the graph, the gray contours represent maritime shipping distances in
kilometers for international shipments of fly ash; the contour line can be followed along its increasing slope for the additional trucking
that may occur from transporting fly ash to the appropriate location. At this point on the graph, the percentage of embodied carbon
savings that have been “spent” on fly ash transportation can be obtained.

https://www.sciencedirect.com/science/article/pii/S0959652620331334 15127
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Literature Review on the Use of Harvested Coal Ash as a Supplementary Cementitious
Material with Recommendations for ASTM C618

Doug Hooton, University of Toronto
And
Michael Thomas, University of New Brunswick

October 15, 2021

1.0 Introduction

1.1 Coal fired power generation in USA

Coal-fired power generation in the USA and in North America is diminishing. In some states, the
amount of coal power production is diminishing rapidly and has already resulted in fly ash
shortages and shortages are expected to become increasingly more severe. As a result, the
availability of fly ash is also diminishing and this will result in a significant problem for concrete
producers in terms of concrete durability and in reducing concrete’s carbon footprint. Without
other significant commercially available sources of supplementary cementitious materials (SCMs)
in some parts of the USA, there is an urgent need to broaden the ASTM C618 specification to
address the growing practice of using harvested fly ash stored in properly evaluated landfills or
ponds. Landfilled fly ash is typically moistened with 10 to 15 % water and compacted in layers.
When full, landfills are typically capped with soil or clay. Ponded fly ash is first slurried with water
and then pumped into lagoons, which are later dewatered. In some cases, fly ash is stored
separately as a monofill, but in many cases, bottom ash may be comingled with the fly ash in the
coal ash landfill or lagoon.

In some cases, the landfilled ash was originally deemed non-suitable for uses as a SCM due to
high LOI, but in most cases, the fly ash was of good quality, but there was insufficient market for
it at the time of production. Also, with recent environmental regulations governing coal power
plants requiring low NOx burners, SOx scrubbing, or mercury capture, fly ash in older landfills
may be of better quality for use as a SCM than currently produced fly ash.

It should be noted that harvested fly ashes would almost always need to be processed before use
to reduce moisture content and to ensure that the ash is of appropriate fineness.

This paper provides a review of the literature on the properties of harvested fly ashes as well as
bottom ashes and co-mingled ashes when used as a ASTM C618 compliant SCM or in blended
hydraulic cements in ASTM C595. Current requirements in standard specifications are also
reviewed.

1.2 Coal Ash Properties and Utilization

The principal by-products produced from the burning of pulverized coal in a coal-fired electrical
generation station are fly ash (FA), bottom ash (BA) and in some cases, flue-gas desulfurization
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Table 18b. Comparison of Fly Ash Specifications-2 (JCI 2016)

Table 5-2 Comparison of specified fly ash between Japan and other countries B
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4. Summary on Potential Inclusion of Harvested, Comingled and Bottom Ash in ASTM
Co18

This review of the literature and recent data indicates that coal fly ash and bottom ash from the
same furnace will be very similar in chemical composition, and both will contain amorphous
phases that react as a pozzolan. The main difference is that unground bottom ash particles are
coarser than fly ash. So, with adequate grinding, comingled ash should be as acceptable for use as
fly ash. Data from several studies showed that if not ground to a sufficient fineness, the water
demand of mortars made with 100 % unground bottom ash is increased and strength activity is
reduced; however, when sufficiently ground there is no increase in water demand and strength is
equal to that of fly ash from the same source. Bottom ashes are also able to improve chloride
penetration resistance, mitigate ASR and improve sulfate resistance similar to fly ashes from the
same source. Therefore, harvested coal ashes, whether from fly ash, bottom ash, or comingled ash,
should also be suitable for use.

This does not change when the coal ash is harvested from landfills or lagoons except the harvested
ash will likely need to be dried and that potentially injurious levels of contaminants must be
removed or eliminated through selective mining. Therefore, it is concluded that harvested ash
should be suitable for use as a supplementary cementitious material in concrete under the current
fly ash designations in ASTM C618, subject to the following provisions:

Spring 2023 70



References

$20023, 12:25 PM Tonnage » Shipping - Gross Tonnage, Net Torrage & Displacement

= BLOG

Artices on Logistics (M 04 May 2022

Tonnage in Shipping - Gross Tonnage, Net Tonnage & Displacement
The article has been reviewed and edited by Alcxandra Ortiz

The process of shipping invelves numerous calculations, combinations, and approvals. Tonnage is one such

metric that helps ensure safety and smoothness in shipping. definitions of tonnage an d how lhey

are measured
What is Tonnage in Shipping?
Tonnage in shipping is the carrying capacity of the ship measured in terms of volume or weight. The word
"tonnage' is derived from the practice of levying dues on ships. These dues were collected based on "tons'
that a vessel could accommodate.

In the past, the tonnage was calculated based on the ship's internal volume. But today. the measurement
procedure has changed to a system where the cargo's weight is considered the unit of measurement. Ton is
the standard unit of measure for this capacity.

Although the technical definition of tonnage has changed several times, it is usually expressed in terms of
weight or volume, To sum up, tonnage in shipping is the total number of tons registered or the total carrying
capacity of the ship.

Who Issues International Tonnage Certificates in Shipping?

Manning regulations, registration fees, port dues calculation, and safety rules are devised based on the
tonnage of ships. All ships should have an International Tonnage Certificate {ITC), which is issued by the flag
states in consultation with the Tonnage Measurement of Ships 1969 and the International Maritime
Organization (IMO) International Convention.

The vessel's certificate society carries out the required calculations before delivery. It also issues the
certificate on behalf of the flag state. Even though the certification has an expiry date, it has to be amended
in the case of changes in the vessel's framework.

What is Tonnage Tax in Shipping?

Tonnage tax is a taxing method levied on shipping companies instead of conventional corporate taxation. The
tax amount is usually less than the traditional government taxes and, therefore, is often considered

the leading maritime subsidies offered by the government in recent times, The tax is levied based ¢

tonnage value of the entire fleet of vessels under the operation of a single enterprise.

Another upside of this taxation mechanism is that it is not dependent on the profit of the company
volume of the total shipments, making it easy and convenient for shipping companies and authoritii
calculate tax.

Talk to an
expert!

Join our Newsletter to stay up to date

hitps Mwww dripcapital coman-LamsourcestiogNonnage-in-shpping
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How is Tonnage Calculated?

Before understanding how shipping tonnage is calculated, it is vital to understand the meaning of two crucial
terms.

Gross Tonnage
Gross tonnage is the total size of the vessel, expressed in terms of volume, of the enclosed area within the
ship, right from the keel to the funnel.

differences in
gross and net
tonnage when it
comes 1o shipping
freighters

The following formula allows for an easy method for calculating the gross tonnage:
Gross tonnage (GT) = K1 xV

Where, k1 = 0.2 + 0.02LogV . and V + total number of enclosed spaces in cubic meters.

Net Tonnage

Net tonnage is the molded volume of the entire cargo space of the ship. It only considers the volume of the
vessel that can be used for loading the cargo. The net tonnage is expected to be somewhere around 30%
less than its gross tonnage.

The following formula facilitates the method of calculating the net tonnage:
Net tonnage = k2 x Ve x (4d/3D)A2 + k3 x (N1 + N2/10)
Where, K2 =02, + 0.2LegVe

Ve = Entire volume of cargo spaces in cubic meters K3 = 1.25 x (GT + 10000)/10,000 d = Summer load line
draught in meters D = Molded depth amid ships in meters N1 + Number of passengers in the cabin with as
many as eight berths N2 = Number of other passengers N1 + N2 = The total Number of passengers that the
ship is allowed to carry according to its passenger certificate. If N1 + N2 is less than 13, N1 and N2 should be
taken as zero. GT = Gross tonnage of the vessel

Here are a few other considerations to keep in mind:

* The factor (4d/3D)»2 should be greater than unity.
o The term K2Ve(4d/3D)A2 should not be taken as less than a quarter of the gross tonnage.
* Net tonnage should not be less than 0.30 x gross tonnage,

Tonnage of Container Ship

The tonnage of container ships 1s measured by applying the same formulas as discussed above, Or
a large container ship of 20,250 TEU would measure around 1,445ft x 195ft compared to 1,304 ft g
for the other ship classes. It would have an estimated capacity of approximately 220,000 tons.

Talk to an
What Does Deadweight Tonnage Mean in Shipping? expert!
Deadweight tonnage is the measurement of a ship’s contents, including cargo, fuel, passengers, crew, ruoa,
and water, It is measured in long tons of 2,240 pounds (approximately 1,016 Kilograms).
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B i i s L . i i S U A L D, D, . bbd .,

board is called the displacement tennage. It is measured in metric tones.

It is the actual weight of the ship since a floating object displaces the same amount of water as its weight. On
the other hand, the light displacement of a ship is the amount of water it displaces with no passengers, crew,
cargo, fuel, water, or food onboard.

FAQs On Tonnage In Shipping
1. What is tonnage length in shipping/container?

Tonnage length refers to 96% of the total distance covered by a ship's waterline at 85% of the least molded
depth when measured from the top of the keel. It can alse be the size from the front side of the stem to the
axis of the rudder stock on the waterline if that is greater.

2. What is the net tonnage of a ship?

The net tonnage of a ship is @ metric that determines the actual capacity of cargo that the vessel can carry.

3. How big is a 100-ton ship?

Depending on its construction and primary uses, 3 100-ton ship can be around 65 feet or more.
Alexandra Ortiz
Content and PR at Drip Capital
Content and PR at Drip Capital

PRODUCTS

EXPLORE e

Talk to an
expert!

hitps waw dnpcapital c Hloghonnags-in-shpping
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Today in Energy

February 4, 2019

More stringent marine sulfur limits mean changes for U.S. refiners and ocean
vessels

U.S. ocean-going marine vessel fuel consumption in AEO2019 Reference case =
thousand barrels of cil equivalent per day cia

500 2020: change In global
450 ymanne fusl sulfur limit
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Source: U S Enargy Information Administration, Anaual Energy Outlook 2019
The implementation of new regulations affecting marine fuel specifications wil have implications for crude ol and petroleum product
markets over the coming decade. Previous Today in Enargy articles described thase regulations and the short-term implications for
refining marging through 2020. Today's articke discussas the longar-lerm implications of the marke! changes projected in EIA'S recantly
relessed Annual Enevgy Outiook 2079, as the response o these regulations wil Bkely ivolve changes to ships, marne fuels, refinng,
and some infrastructure in the next six to eight years,

The Imernational Marine Organization’s (IMO) new regulations limit the sulfur content in marne fuels used by ocean-going vessals in
intemational walers o 0.5% by weighl starting in January 2020, & reducton from the previous global limit of 3.5% established in 2012,
This lower limit will change the way bunker fuel (the fuel mix consumed by large acean-going vessels) is corsumed in the Uniled States,
which, according 1o AEO2019, accounted for aboul 411,000 barrels per day (id) n 2018. This velume represants 3% of total
transportalion energy wse and 1% of total US. petroleum and liquid fuel use.

This upcomng change will have wide-scale repercussions for the shipping ndustry and refineres in the United States and workiwide,
Globally, marine vassels accounlt for a crilical pan of the global economy, maving more than 30% of global rade by volume and more
than 70% by value. Marine vessels dso corsume aboul 4 milkon bid of petraleum, 4% of total gobal of consumplion. As cullined n a
previous Today in Energy adicle, there are three main pathways for meeting the more stringent sulfur content requiations

« Instaling scrubbers to remove polutants from ships’ exhaust 50 ships can continue consumng high-sufur resdusal fuel ol

o Swilching 1o lower-sulfur residual fued oil or blending with distillate fued il Lo achieve lawer-sulfur fuel mixes

+ Switching from petroleum based fuels to ather fuels such as liguefied natural gas (Because this option involves retrofitting costs, it
is likely to be constrained to new builds,)

hitps Mwww s govodayinanargyidetad php?id=38233 113
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U.S. ocean-going marine vessel fuel consumption in AEO2019 Reference case =
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Source: U S Enargy Information Administration, Annual Energy Outlook 2019
Reasidusl oll curently accounts for the largast component of bunker fual. EIA projects that the share of high-sulfur residual fuel oll
consumed by U.S. acean-going marine vessels will quickly drop in the near term, from 58% in 2012 to 3% in 2020 because few ships
currantly have scrubbars Installed or wil have tham Installed by 2020. As some ships install scrubbers that allow them to consume higher-
sulfur fusls, EIA axpacts the rasidual ‘ual share 10 rabound partially to 24% In 2022,

Switching 10 lower-sulfur residual fuel oil o higher distillate blends is likely to be 8 more commen comgliance option for U.S. vessels. EIA
projects that the share of low-sulfur regidual fuel of consumed in the U.S. bunker fuel market will increase from dose 1o zero in 2018 o
36% In 2020, Simvlady, EIA projec:s that the nead to use distillate in lowar-sulfur bunker fusls will increass dstllate’s share of US.
bunkering demand from 36% in 2019 to 57% in 2020. After 2020, these fuels continue 1o account for relativedy large ehares of the fuels
used in marine vessels.

ElA axpacts the use of liquefiad natural gas (LNG) in U.S. marine bunering to be limited in the naxt five years. reflacting the limited
infrasiructure avalable to accommoedate LNG bunkering at U.S. ports. As infrastruciure adapts, LNG's share of U.S. bunkering grows to
7% in 2030 and 1o 10% in 2050,

Similar 1o the Jaruary Shovt-Term Energy Oulicok (STEQ) forecast, the AE02018 Referance case projects that the U S. refining sector
will respond to the projected lower demand for high-sulfur residual fuel oils as well as increasad demand for low-sulfur Tuels in two ways:
increasing refinery ulilization and swilching 10 lower-cost inputs.

Much of U.S. refining capacity, especially on the U.S. Gullf Coast, has downstream units that upgrade resdual oids nlo more vauable and
lower-sulfur products. These complax units can pracass heavier and highear-sulfur crude oils that yield large quantities of regidua’ cils.
U.S. rafinery utilzalion increases 1o 96% in 2020 and remains belween 80% and 92% afler 2026 through 2050 in the AEO2019
Relerence case a3 these refineries aim to comvert heavy, high-2ulfur crude oil and residual fuel of inlo lower-sullur fuels, This change
results in both ncreased imports of unfinished cils and increased exports of lower-sulfur diesel and residual fuels fo supply the global
market.

hitps Mwaw s govNodayinanangyidatal php?id=38233 213
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U.S. refinery utilization U.S. diesel and residual fuel exports i::P
percent million barrels per day €
8 2 30 L
a6
25

a4
92 20

a0
15

48
a6 10

34
08

"
0 0.0

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Source: U.S. Energy Information Administration, Aniual Energy Outlook 2019
The This Week in Pedrolewn article published on January 30, 2019, provides additional analysis of the market implications for refinery

margins through 2050, Diesel fuel is expected 1o have higher refinery marging than other petroleum products such as motor gasoline and

jet fuel once the IMO requiations are in effect.

Principal contributors: Corrina Ricker, Nicholas Chase, Mark Schipper, Mason Hamillon
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The Geography of

Transport Systems

Fuel Consumption by
Containership Size

fuel usage as a function of

and Speed ship size and speed

Carriou (2009) "Fuel surcharge practices of
container shipping lines. Is it about cost recovery
or revenue making?". Proceedings of the 2009
International Association of Maritime Economists
(IAME) Conference, June, Copenhagen, Denmark,

Fuel consumption by a containership is mostly a
function of ship size and cruising speed, which
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Contents » Chapter 4
- Transport, Energy
and Environment :
4.1 - Transportation
and Energy » Fuel
Consumption by
Containership Size
and Speed

The Geography of
Transport Systems

A

The Geography of

Transport Systems
FIFTH EDITION
Jean-Paul Rodrigue
(2020), New York:
Routledge, 456

Spring 2023

77

16



References

820623, 12:24 PM
follows an exponential function above 14 knots.
For instance, while a containe
8,000 TEU would consume abog!
bunker fuel per day at 24 knots. /A
consumption drops to about 150 tons per day, a

33% decline. While shipping lines would prefer
consuming the least amount of fuel by adopting
lower speeds, this advantage must be mitigated
with longer shipping times as well as assigning
more ships on a pendulum service to maintain the
same port call frequency. The main ship speed

classes are: following are the typical

travel speeds

¢ Normal (20-25 knots; 37.0 - 46.3 km/hr).
Represents the optimal cruising speed a
containership and its engine have been
designed to travel at. It also reflects the
hydrodynamic limits of the hull to perform
within acceptable fuel consumption levels.
Most containerships are designed to travel at
speeds around 24 knots.

» Slow steaming (18-20 knots; 33.3 - 37.0
km/hr). Running ship engines below capacity to
save fuel consumption but at the expense of an
additional travel time, particularly over long
distances (compounding effect). This is likely to
become the dominant operational speed as
more than 50% of the global container
shipping capacity operated under such
conditions as of 2011

« Extra slow steaming (15-18 knots; 27.8 — 33.3
km/hr). Also known as super slow steaming or

economical speed. A substantial decline in
hitps Mransporigeography org'contants’chaptard ransportation-and-anarngyTua-corsumption-conssnars hips!
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speed to achieve a minimal fuel consumption Geography
level while still maintaining a commercial = A. Methods in
service. It can be applied to specific short- Transport
distance routes. Geography
« Minimal cost (12-15 knots; 22.2 — 27.8 km/hr). ® B.Applcations

The lowest speed technically possible, since and Case Studies

lower speeds do not lead to any significant
additional fuel economy. However, the level of
service is commercially unacceptable, so it is
unlikely that maritime shipping companies
would adopt such speeds.

The practice of slow steaming emerged during the
financial crisis of 2008-2009 as international trade
and the demand for containerized shipping
plummeted at the same time as new capacity
ordered during boom years was coming online. As
a response, maritime shipping companies adopted
slow steaming and even extra slow steaming
services on several of their pendulum routes. It
enabled them to accommodate additional ships
with a similar frequency of port calls. It was
expected that as growth resumed and traffic
picked up, maritime shipping companies would
return to normal cruising speeds. However, in an
environment of higher fossil fuel prices, maritime
shipping companies are opting for slow steaming
for cost-cutting purposes but using the
environmental agenda to justify them further.
Slow steaming practices have become the new
normal to which users must adapt.
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Slow steaming also involves adapting engines
designed for a specific optimal speed of around
22-25 knots, implying that they run at around 80%
of full power capacity for that speed. Adopting
slow steaming requires the “de-rating” of the main
engine to the new speed and new power level
(around 70%), which involves the timing of fuel
injection, adjusting exhaust valves, and
exchanging other mechanical components in the
engine. The ongoing practice of slow steaming is
likely to impact supply chain management,
maritime routes, and the use of transshipment
hubs. For instance, slow steaming has different
impacts depending on the type of trade involved.
Low-value goods in containers, such as waste
products (a dominant American export), are less

impacted than the retail trade, which is more time-

sensitive.
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Understanding The Differences Between Diesel Fuel

Grades

By SeoFebruary 28, 2018No Comments
Diesel fuel has far more uses than regular gasoline because its
components contain more energy per gallon. Experts rate diesel fuel more
favorably than gasoline because the vapors rarely explode or ignite during
usage. As of 2007, the Environmental Protection Agency (EPA) has
mandated that all highway diesel fuels sold in the United States must
meet specifications before the general public has access to it. Doing this is
thought to help reduce the emissions that come from diesel powered
vehicles.
Diesel is commercially available in many grades, but the differences
between each grade do not affect the uses of the fuel. The grades have
their own benefits and disadvantages and must give up certain
characteristics in order to gain different features. For example, #1 grade
diesel fuel has lower energy components then it's counterpart, #2 grade
diesel fuel. #2 will also form into a gel in cold weather environments. The
following can help you understand the differences between #1 and #2
varieties, as well as winterized and AG diesel.

#1 diesel fuel

#1 grade products have less energy components and are more expensive
that their chief counterpart, #2 grade products. However, it rarely has
problems in cold weather conditions, which is completely the opposite of
#2 grade, This is because paraffin (a type of wax) has been removed from
the chemical mix. The absence of this chemical allows it to remain in liquid
form during the winter months.
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definitions of #2 Diesel fuel and pros and cons of
the usage. explains why it is used

#2 diesel fuel

#2 grade diesel fuel is the most readily available at most gas stations
throughout the world. This chemical compound holds the highest amount
of energy components and lubricant properties in one mixture and offers
the best fuel performance available on the market today. Most scientists
agree that #2 grade diesel fuel will protect injection pumps, seals, and
other important engine parts.

Typically, #2 is less expensive than #1 because it doesn't require the same
depth of refinement to produce for sale. The downside to #2 diesel is its
tendency to transform into a thickened gel when the temperature drops.
This often leads to hard starts and other complications during winter.

Winterized diesel fuel

Winterized diesel fuel is a combination of #1 and #2 fuels that, when
blended together, holds a higher concentration of #1 grade diesel fuel.
These fuels are used during the months when it becomes too cold to use
#2 grade,

The combination of both grades of fuel should contain enough energy
components and lubricant properties to reduce the chance of the
chemical mix gelling in colder temperatures. Typically, the fuel economy
drops slightly during the winter months because the demand for it is less
than at other times of the year.

Using #1 grade diesel fuel in the winter should never cause any
immediate concerns. However, prolonged use in engines that are
specifically-designed for #2 grade may reduce engine life span over a long
period of time. #1 and #2 grade fuels can be mixed at the same time. This
means you don't have to worry if #1 grade is only available during the
winter months.
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Semi Trailer Dimensions, Length & What Can You Haul

TIPS

The Transwest Team
e Feb 01, 2021 Share

While the term semi trailer is used by the public to refer to the common box trailer-tractor cab
combinations seen driving down the highway, the reality is that this word encompasses a vast array of
trailer types. For those who work in the industry, understanding the specifics of semi trailer dimensions

and what each style of trailer can houl is key.

The following guide will walk through common trailer styles, their dimensions, including length, width,
and height, as well as what capacity loads they can houl, Additionally, a few key regulations around
semi trailer dimensions and load weights will be outlined, helping operators understand when
specialized permits are required by state.

DIMENSIONS, LENGTH, AND FREIGHT WEIGHT BY TRAILER
TYPE
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Not all semi trailers are designed with the same use case in mind, For this reason, their dimensions and
load weight vary based on what they are intended to haul. The following list curated from Paige Ltd
quickly breaks down some of the most common semi Irailer dimensions.

FLATBED TRAILERS

Flatbed trailers can haul @ maximum weight of 48,000 pounds. However, tri-axle trailers can haul up to
65,000 pounds, making them ideal for heavy cargo.

Common dimensions for flatbeds are as follows:

Length- 48 ft - 53 f1
Width- 8.5 ft

Height- 8.5 ft

DRY VANS

Dry vans boast o freight weight of 42,000 pounds to 45,000 pounds, depending on the specific van. A
dry van with o Iri-axle, however, can haul up 1o 63,000 pounds.

Common dry van dimensions are as follows:

Langth- 48 ft — 53 ft
Width- 8.2 ft

Height- 8 ft

REFRIGERATED TRAILERS

Refrigerated trailers are designed to transport temperature-sensitive items, such as produce, dairy
goods, and other foods. Their max freight weight is 42,000 to 45,000 pounds for a stendard
refrigerated trailer and 63,000 pounds for a tri-axle

“ommon refrigerated trailer dimensions are os follows:
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Length- 48 ft — 53 f1

Width- 8.2 ft

Height- 8 ft

LOWBOYS

Lowboys offer a meximum carge weight of 40,000 pounds for a standard two-axle trailer. You can add
on an edditional trailer and cargo combination weight of up to 95,000 pounds depending on the

number of axles used.

Common lowboy Irailer dimensions are as follows: : :
Dimensions used in Analysis

Length- 24 ft — 29.6 ft

Woll Hoight- 18 in — 24 in

Width- 8.5 it

Legal Freight Height- 11.5 ft = 12 f1

Legal Overall Load Height- 14 ft

STEP DECKS

Step decks are designed with a maximum freight weight of 48,000 pounds for a standard trailer. A tri-
axle offers a freight weight of 65,000 pounds.

Common step deck trailer dimensions are as follows:

Length- 48 ft - 53 ft
Width- 8.5 ft

Height- 10 #

FEDERAL REGULATIONS FOR INTERSTATES
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When operating a semi trailer, it's not just about how the trailer itself was designed to carry loads or how
large @ manufacturer can crecte the trailer to be. More importantly, it is clso about following the legal
regulations surrounding trailers. According to the U.S. Depariment of Transportation Federal Highway
Administration, the following are the mandated maximum weights for the National System of Interstate
and Defense Highways:

« 80,000 pounds gross vehicle weighl

« 20,000 pounds single axle weight

o 34,000 pounds tandem axle weight

Interestingly, a key consideralion for semi operators is the spacing of axles. The Federal Highway
Administration looks to protect bridges by calculating the number and spacing of axles carrying the load

weight. This is called a bridge formula and is applied to commercial vehicles 1o ensure compliance.

The specific formula from the Federal Highway Administration is as follows:

W=500(LN/N-1 + 12N + 36); where W=overall gross weight on any group of 2 or more conseculive
axles to the nearest 500 pounds. L=distance in feet between the extreme of any group of 2 or more

consecutive axles, and N=number of axles in the group under consideration

When it comes to hauling oversize loads, the federal government is not the one to issue permits to

operators. Instead, this is handled on a siate -by-state basis.

REGULATIONS BY STATE

When houling cargo across state lines, it is critical to understand what semi trailer dimensions are

allowed and what requires additional permitting.

Different states have their own regulations for oversize load permitting, which con make the matter even
more complex. The following information gathered from Coost to Coast Trucking Permits extensive stote-
by-state list helps to highlight the exceptions of which trailer operators should be aware.

SINGLE AXLE RESTRICTIONS
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The majority of states allow you to haul 20,000 pounds on a single axle trailer without a permit.
Howaever, this is not the case for every state. The following list breaks down states that do not adhere to
this regulation, including information about what necessitates permitting. (Note: in some cases, state’s
will allow for heavier loads than the standard):

Connecticut: Single axle trailers are allowed up te 22,400 pounds if spaced over 6 feet apart
Florida: Single axle trailers are allowed vp to 22,000 pounds

Georgia: Single axle lrailers are allowed up to 20,340 pounds

Idaho: Single axle trailers are allowed up to 24,000 pounds

lowa: Single axle trailers are allowed vp to 20,000 pounds with pneumatic tires and 14,000 pounds
with solid rubber tires

Louisiana: Single axle trailers are allowed up to 20,000 pounds on designated highways, and
22,000 pounds on all other roads

Massachusetts: Single axle trailers are allowed up to 24,000 pounds

New Hampshire: Single axle trailers are allowed up to 20,000 pounds or 22,400 pounds if the
gross weight is under 73,280 pounds

New Jersey: Single axle trailers are allowed up to 22,400 pounds
New Mexico: Single axle trailers are allowed up to 21,600 pounds
New York: Single axle trailers are allowed up to 22,400 pounds

Rhode Island: Single axle trailers are allowed up to 22,400 pounds

GROSS WEIGHT RESTRICTIONS

When it comes to hauling heavy cargo, gross weight is an important consideration beyond just cargo
weight. The majority of states follow the regulation of 80,000 pounds gross weight. However, certain
states have different allowances as outlined below [Note: in some cases, states will allow for heavier
gross weight allowances than the standard):

80,000 Ib gross weight limit

Alaska: Not specified

Colorado: Gross weight equals 80,000 pounds on interstates and 84,000 pounds on non-interstate
roads

Kansas: Gross weight equals 80,000 pounds on interstates and 85, 500 pounds on other routes
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Maine: Gross weight equals 80,000 pounds on interstates and 100,000 pounds on other highways

New Mexico: Gross weight equals 86,400 pounds

Oklahoma: Gross weight equals 80,000 pounds on state and interstate highways and 90,000
pounds on other roads

Washington: Gross weight equals 105,500 pounds

West Virginia: Gross weight equals 80,000 pounds except on local roads with a gross weight limit
of 65,000 pounds

Wyoming: Gross weight on interstates is 117,000 pounds, while the gross weight on other routes is
80,000 pounds

WIDTH RESTRICTIONS

In general, states abide by the width restriction of 8 feet & inches. However, in some states there are
exceptions based on the road or load type:

Arkansas: 8'6", except for manufactured homes which have an 8" limit

Florida: 8'6", excepl for on roads less than 12 wide which have an 8' limit

Kentucky: 8'6" on national networks and B' on other highways

Michigan: 8'6" on designated highways and 8' on non-designated highways

New York: 8'6" except on highways with a pavement width of less than 107 in which case it is on 8’
limit

West Virginia: 8'6" except on local service routes less than 10” wide where an 8’ limit is in place

HEIGHT RESTRICTIONS

The majority of stotes allow for a standard height of 13 feet and 6 inches before necessitating special

permitting. The following are states that operate with different regulations:

Alaska: 15'

Arizona: 14' California hight restriction

California: 14'
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Colorado: 13"

Idaho: 14

Kansas: 14'

Louisiana: 14' on designated highways and 13'6" on all other roads
Maine: 14', 13'6" on Maine turnpike
Missouri: 13'6", 14’ on designated highways
Montana: 14'

Nebraska: 14'6"

Nevada: 14'

New Mexico: 14'

North Dakota: 14'

Oregon: 14

South Dakota: 14'

Texas: Height 14'

Utah: 14'

Washington: 14

Wyoming: 14'

YOUR PARTNER FOR SEMI TRAILER ACQUISITION

When it comes to choosing a semi trailer, the right dimensions and load capabilities are critical to getting
the job at hand done. Whether you are havling goods around town or across the country, at Transwest,
we are here to help you acquire the trailers you need to get the job done. Talk to our knowledgeable
staff today about purchasing additional trailers for your fleet
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Tephra®RFA <

CR Minarals offars a unique remediatad fiy ash, Tephra® RFA, to
garve the ready-mix market, DOT infrastructure projects, concreta
producls manufaclurers and the oil & gas indusinies as a high
performance pazzolan that meets or exceeds all of the crtera for
ASTM €518 Class F fiy ash. Tepnra RFA Is a bland of fty ash from
coal combustion beneficiated with naturaly cccuring pozzolans
froen ancient volcanic geological events. The benefcation process
results In a very reactive Class F pozzolan which significantly
enhancas the strength of concrete, relative to other Class F
pazzolars, and outperforms 100% OPC mix designs in long leem
comprassive strength. Ths newly available Cass F fiy ash will
mitigate the most reactive aggregates (per ASTM C126001567)
and succassiully protect against sulfate atiack (per ASTM C1012).

More Environmentally Sound

Tephra RFA pozzolan remaves coal combuston fly ash from the
wase straam that nas baen destined for the andfills or satting
ponds and benediciates this waste fiy ash with the purest of natural
pazzolans to meet ASTM CE18 Class F fly ash specificatons. In
concrata production, Taphra RFA can typically remove and replace
camant 85 a supplementary camantitious mataral (SCM) at levels
of 15-40% by weight in 8 concrete mix design, resulling in
optimized concrete mixes and a reduclion in greenhouse gas
emisslons,

Sustainability and Reliable Sourcing

Due lo mare stingent emdronmental regulations o conlrol
emissions from coal combustion faclities over the past two
gacades, alng with public mandates and market economics o
ulifze allernalives 1o coal for anargy production, relable supplas
of Class F fly ash are dimmnishing. This creates localzed, seasonal
shortages of supply as well as a long-term ssue with supply and
coslly imporing of iy ash from othar geographic areas. This
marked reality has affecied concrets

specifiers, concrate producers and cantractors in their efforts to
protect our concrate Infrastructure withous a relable and avallable
Class F pozzolan. Tephra RFA helps fill this criical shorage with
our local sourdng of manufactured and biended raw materals to
produce a reliable and predictable supply of materal that meets
the requireaments of Class F fly ash

Quality Control and Consistency

Tephra® RFA & rigorously tested for consistancy of particks slze
chemistry, and performance. The resull is a product that
minimizes waler demand variability & il effecls conarete slump,
ensures a stable air voxd matnx that reduces vanabilty in plastic
and hardanad air conents of concrate, and maximizes strength
gain creating opportunities for mix design optimization over other
compelitve pozzolans,

benefits of the use of
pozzolans in the mix of

Enhances Compressive Strength grout and concrete
The pozzolamc reaction batwean CRM Tephra® RFA and axcess
calcum hycroxide in the concrede pare selulion beging almost
immadiately, providing for concrete compressive strengths that
are similar to 100% OPC concrates at 7 days and aexceed OPC
concrede strength at 28 days. Al replacameant levels of 15~40%,
the RFA concrete slrength wil continue Lo ncrease well past 28
days, gneng an ultimate long-term strength advantage over an
QPC-anly concrete of 10°% to 35%, dependng on mix design

Pozzolan Benefits:
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Mitigates Alkali Silica Reaction (ASR)

CR Minarals' Tephra® RFA nhas a higher surface area than other
Class F fly ashas which rasults In 8 very reactive pozzolan. The
RFA raadiy reacts with calcium hwdroxide as it
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becomes available in the cemant paste and incorporates the liqud
phasa slkal into addmonal calcium silkcate hydrate binder (C-5-H).
By densilying the cement paste and remaving calcium hydroxide
as a potentially deleterious agent in the concrete, the prospect of
ASR is drastically mitigated,

Resists Sulfate Attack

CRM Tephraf RFA pozzolan will react with the calcium hydroxide
to form additional C-S-H, thersby removing or mitigating the
opportunity for the naturslly occurrng sulfales n canain soils to
react and damage the concrete. Additionally, the RFA pazzolan will
decrease the concrete's parmeabilty, thus restricting the ingress
of sulfate Infused mosture

Reduces Permeability and Efflorescence

The leaching of caloum hydroxide produced by the hydration of
Partland cement can be a signficant contributor 1o the formation of
efliorescance and internal porasity in all Portland cement-based
concrete. Tephra® RFA pozzolan can effectively miigate this by
rgacting win the calcum hydrondde to form stabllizing and strength
enhancng C-S-H before it migrates to the surface of the concrats,

Protects Steel Reinforcement / Resists Chloride Attack
Concrate made with Tephra RFA pozzolan in the mix dasign can
protect steel reinforcament by crasting a more densely packed
concrete matix which then resists the ingress of chiorde
containing kquids and other chemicals into the concrete. When 15-
409% of camant s replaced with Taphra® RFA, it wil react with tha
free calcium hydroxide and form a densar, less permeable pasta,
providing greater resistance to the ngress of harmbul chemicals
inta the concrate matrix

Reduces Heat of Hydration

Experiments show that replacng 15-40% Portland cement (OPC)
with Tephra® RFA pozzolan can reduce the axpansion ang heat
of hydration by as much as 20~40%. Less heat is producad when
pazzolan reacts with the availadle caldum hydrooide. Tephra®
RFA pozzolan not only decreases the overall heat generated by
camant hydration, it akso alays the tima of peak tamperaturs, Tha
‘haat of hydration” of a Tephra® RFA pozzolan-OPC cament
mixture is extended knger and lower o form a more modarate
cunve than the ‘heat of hydration’ curve for OPC gself

Water Demand

Fly ashes generaly provide a lower waler demand than cement
while natural pezzaolans genarally provida a watar demana that is
simiar to or slightly higher than Portland cameant. The water
demand for & conarele mixlure incorporaling Tephra® RFA
typically ranges from 98-102% of the Portland cement control.

Time of Set Characteristics

As with most pozzalans, the initial time of set compared to 100%
OPC can be delayed as the percentage replacement increases,
spacial considarabon should be gvan when sedacting the usage of
water raducing admixlures.  Lignosulionate or blends of
lignosulionate -based admixtures send to contribute to slower set
times In conjunction wih use of Tephra® RFA. Polycarbaxylate
Ether besad water reducers (PCE'syypically can reduce
undesirable side effects of delayed me of sel when used with
Tephra® RFA Most admixture suppliers have a family of PCE-
based water reducars that are avalable for use. Consult with your
admixiure supplier for assistanca on selection and use of an
appropriate water reducer for your applcation.

Cold Weather Concrete Practices

The Amercan Concrete Institute under ACI 306 defines that
concrede wil be exposed to cold wealber whan the following
condttions exist for a peroc of 3 consecutve days: The average
dally air temperature & less than 40F (5°C) andior the &ir
temperature is not greater than 50F (10°C) for more than one-half
of arry 24-hour penad. Durng these perods, be conscious of the
use Tephra® RFA in conjunchion with a lignosulionate-based water
reducar 65 mentionad eadier.  As normal, Monitor concrete
produclion temperaluras and concrete temperalures in place
during cokd weather. Dosape ratles or type of water reducing
admixture may need 1o be adjustec for cokd weather concrete and
concrete accelerating admixtures may be needed. Consult with
your admixture suppler. Refer lo ACI cocument 306R-16 “Guide
to Coki Weather Concretng” Refer to NRMCA Concrate In
Practice (CIP) 827 Cokd Weathar Concrating.

Technical Information Summary

: Bulk Density
Spociic Gravity: 238245 used in this
Passing 325 mesh screen: 50%+ analysis

Water demand: 98~102% of cement conirol

Strength Activity Index (SAl): 85~95% @) 7 days,
100-117% @ 28 days, depending cn mix cesign

ASTM C618 Class F: Meels or axceads all Class F
specifications

AASHTO M295 Class F: Meels or exceeds sl Class F
specificaions

ASTM C1012: Mests Class 3 exposurs requirements at 6, 12,
and 18 months

ASTM C1260/C1567: Acceptable miigaion at 14 days and
28 days of a highly reactive aggregate which Is known 1o
cause 6~.7% mortar bar expanson n only 14 days: in the
same mix design, using Tephra® RFA at 25% replacement of
tha cemant, the 14 day (.02) and 28 day (.07) expansion
rasults sre wall balow the acceptable imit per C1567,

Additional Information at www.CRMinerals.com
To place an order or obtain additional information, please
contact CR Minersls s1719-239-7569
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EE An official website of the United States government

GSA
Sustainable DeSign Contacts

Vendor Support
Sustainable design seeks to reduce negative impacts on the environment, and the health and comfort of

building occupants, thereby improving building performance. The basic objectives of sustainability are to
reduce consumption of non-renewable resources, minimize waste, and create healthy, productive
environments.

Sustainable design principles include the ability to:

« optimize site potential;
* minimize non-renewable energy consumption;
« use environmentally preferable products;

.

protect and conserve water;

* enhance indoor environmental quality; and

optimize operational and maintenance practices.

Utilizing a sustainable design philosophy encourages decisions at each phase of the design process that will
reduce negative impacts on the environment and the health of the occupants, without compromising the
bottom line. It is an integrated, holistic approach that encourages compromise and tradeoffs. Such an
integrated approach positively impacts all phases of a building's life-cycle, including design, construction,
operation and decommissioning. For more information, contact Lance Davis (lance.davis@gsa.gov) or
pbsvend@gsa.gov

GSA and Sustainable Design

The Energy Policy Act (EPAct) 0f 2005  addressed U.S. energy production, and included building-related
provisions to "design new federal buildings to achieve energy efficiency at least 30 percent better than
ASHRAE 90.1 standards, where life-cycle cost effective." Designers and energy modelers are encouraged to
use GSA's 2020 Energy Use Target Guidance [PDF - 642 KB] to establish energy usage intensity targets. That

guidance includes flowcharts to help simplify compliance with the energy efficiency laws, executive orders,

and P100 sections applicable to GSA construction and modernization projects.

In 2006, 19 federal agencies signed a Memorandum of Understanding committing to "federal leadership in
the design, construction, and operation of High-Performance Sustainable Buildings." This interagency memo
yielded what is now called the Guiding Principles for Sustainable Federal Buildings, and charged agencies to
optimize buildings' performance while maximizing assets' life-cycle value. Federal agencies are required by
Executive Order to make annual progress toward 100% portfolio compliance with the Guiding Principles.

The Energy Independence and Security Act (EISA) of 2007 [PDF]  established additional environmental
management goals. New GSA buildings and major renovations must meet requirements including: reducing
fossil-fuel-generated energy consumption by 80 percent by 2020 and by 100 percent by 2030, managing
water from 95th percentile rain events onsite, and applying sustainable design principles to siting, design,

and construction.

https://www.gsa.gov/real-estate/design-and-construction/sustainability/sustainable-design 1/3
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EE An official website of the United States government
Here’s how you know

Y o Y United States
\_/ Environmental Protection MENU
\’ Agency

| Search EPA.gov

Related Topics: Coal Ash <https://epa.gov/coalash>

CONTACT US <https://epa.gov/coalash/forms/contact-us-about-coal-ash>

Frequent Questions about the 2015
Coal Ash Disposal Rule

*%% NOTE **%

Amendments to the 2015 final rule have been finalized that may affect these frequent
questions. Additionally, these frequent questions have not been updated since Congress
passed the Water Infrastructure Improvements for the Nation (WIIN) Act that paves the way
for state coal ash permit programs. Please refer to the following rulemakings and the WIIN
Act for more information:

e Extension of Compliance Deadlines and Response to Partial Vacatur
<https://epa.gov/coalash/coal-ash-rule#fextension>

o Amendments to the National Minimum Criteria Finalized in 2018 (Phase One, Part One)

<https://epa.gov/coalash/coal-ash-rule#partonephaseone>

e State CCR permit programs and the WIIN Act <https://epa.gov/coalash/coal-ash-rule#tpermits>

In 2015, EPA finalized national regulations <https://epa.gov/coalash/coal-ash-rule> to provide a
comprehensive set of requirements for the safe disposal of CCRs, commonly known as coal ash,
from coal-fired power plants. Below are frequent questions about the 2015 rule:

1. What is coal ash?
2. How much coal ash is generated and disposed of each year?

3. How and where is coal ash currently generated and disposed?

https://www.epa.gov/coalash/frequent-questions-about-2015-coal-ash-disposal-rule 1/28
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3. How and where is coal ash currently generated and disposed?

CCRs may be generated wet or dry, and some CCRs are dewatered while others are mixed with
water to facilitate transport (e.g., sluiced).

CCRs can be disposed in off-site landfills, or disposed in on-site landfills or surface
impoundments. In 2012, approximately 40 percent of the CCRs generated were beneficially
used, with the remaining 60 percent disposed in surface impoundments and landfills. Of that
60 percent, approximately 80 percent was disposed in on-site disposal units. CCR disposal
currently occurs at more than 310 active on-site landfills, averaging more than 120 acres in size
with an average depth of over 40 feet, and at more than 735 active on-site surface
impoundments, averaging more than 50 acres in size with an average depth of 20 feet.

4. Why is EPA regulating coal ash?

EPA determined that improperly constructed or managed coal ash disposal units have been
linked to cases of harm to surface or ground water or to the air. This new rule addresses the
risks from coal ash disposal identified in these cases -- leaking of contaminants into
groundwater, blowing of contaminants into the air as dust, and the catastrophic failure of coal
ash surface impoundments such as what occurred at TVA's Kingston, Tennessee facility -- by
adding new requirements for coal ash surface impoundments and landfills.

5. What is EPA’s Coal Ash Surface Impoundment Integrity Assessment Program?

The Coal Ash Surface Impoundment Integrity Assessment Program was a comprehensive
evaluation undertaken by EPA to evaluate the condition and safety of coal ash ponds
nationwide. By March 2009, EPA had begun field work to assess all above-grade coal ash
surface impoundments - more than 500 units located at over 200 power plants - and by 2012
had concluded one of the largest targeted field assessments ever conducted by EPA. In
response to the assessments, power plants took actions to help ensure structural stability,
thus greatly enhancing environmental and public health protection. In addition, to promote
transparency, the information generated through these engineering assessments has been
posted on EPA’s web site and made available to the public.

https://www.epa.gov/coalash/frequent-questions-about-2015-coal-ash-disposal-rule 4/28
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United States Fly ash imports

Product/HsCode v Fly Ashi@

Recent Searches: fly ash
COD: United States X

Suppliers Import Shipments Export Shipments

Global Search 58 1733 1733

Sign Up for free

United States Import Trade Data > Fly > Fly Ash > Fly Ash Imports > Imports in United States Updatect March 1l 2023

.

Overview

As per Volza’s United States Import data, Fly ash import shipments in United States stood at 1.7K, imported by 61 U
porters from 58
United States imports most of its Fly ash from South Koreg, India and Turkey

The top 3 importers of Fly ash are Nepal with 26,444 shipments followed by B with 19,184 and Ehutan at the 3rd spot

with 6,984 shipments
Top 3 Product Categories of Fly ash Imports in United States are
1 N G}
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