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Abstract

The goal of this study was to determine the angularity and roundness of particles for use
in fine aggregate for Portland Concrete. To develop a new test method for evaluation of fine
aggregate in Portland Cement concrete, an instrument called the “Camsizer P4” was used for
fine-particle size and shape analyses. This instrument uses advanced image analysis

technologies to measure particles between 0.02 to 30.0 mm in diameter.

Samples were analyzed from glacial and river sand pits, crushed carbonate manufactured
sands, crushed rhyolites, and frac sands. The natural sands (deposits from erosional
processes) were from established sand pits from multiple rivers and streams in lowa flowing
through multiple lowa landforms. Analyses of uncrushed, crushed, and mixes were evaluated

to determine particle shape.

The aspect ratio and roundness, along with other shape and size characteristics were
determined for each particle. The image analysis of particle shape from the Camsizer P4 was
compared to Fine Aggregate Angularity results using AASHTO T 304 “Uncompacted Void
Content of Fine Aggregate”. A geologic application of particle shape was also investigated to

determine the influence of river travel distance and lowa landforms on particle shape.

The Camsizer P4 was found to be a very powerful and useful tool to evaluate particle
shape (angularity and roundness) of fine-aggregate sands for use in Portland Cement
Concrete. Particle shape is known to directly relate to the flowability and workability of

concrete.
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Introduction

An aggregate Producer is using sand from the Mississippi River to supply fine
aggregate to the I-74 bridge. We have been asked by the lowa Limestone Producers
Association (at the request of this Producer) to consider the addition of crushed stone
(both coarse and fine) to the fine aggregate and have also requested we consider a
specification change to allow crushed gravel to replace “some” fine aggregate. Our
specifications are currently worded to prevent deleterious material and angular particles
by requiring “Natural sands resulting from disintegration of rock through erosional

processes.”

We have great concerns for the following reasons: 1) The potential for loss of
concrete workability due to the fractured particles; 2) there is little control of the portions
of crushed vs uncrushed aggregate; 3) the only way the DOT has of measuring particle
shape and angularity (hence workability) is through an indirect test that estimates the

voids produced when angular particle stack when dropped from a set distance.

Objectives

The main objective of this research is to develop a new test method for particle size
and shape analyses using an instrument called the “Retsch Technology Camsizer P4”.
This instrument uses advanced image analysis technologies to measure particles
between 0.02 to 30.0 mm. Captured images contain information about particle size,

shape, density, transparency, and number particles in each size fraction.

From this research, a method to evaluate particle shape of fine aggregate will be
developed. It is anticipated that the use of crushed particles will be considered as a
supplement to natural fine aggregate (sand) used in Portland cement concrete. This
most certainly will have an effect on the flowability and workability of concrete in both

pavements and structures.

Analyses of uncrushed, crushed, and mixes were evaluated to determine if particle
shape measurements can be used in the evaluation of fine aggregate approvals. From
this it is anticipated that a new specification can be written to classify fine aggregate on

particle shape. In doing so, limits may be placed on such properties as angularity and
3



elongation to minimize concrete workability problems detrimental to a pavement’s or

structure’s durability.

As a secondary objective, the variability of fine aggregate from different geologic
environments will be evaluated. This may produce a tool to both provide a prediction of
fine aggregate characteristics and provide additional information about the environment
of deposition.

Background

The first use of particle shape in the analyses of geologic environments was
performed by Chester Wentworth at the Department of Geology of the State University
of lowa (now the University of lowa) in the early 1920’s. Before 1920, attempts to
establish criteria to distinguishing beach pebbles from those formed by rivers, glaciers,
or wind or resulting from weathering were not working. Wentworth was the first to
establish a particle shape measurement system. Roundness ratio, (r'/R), where r is the
radius of curvature of the sharpest edge and R is the mean radius of the pebble (Figure
1). Flatness ratio (r’/R) where r? is the radius of curvature in the most convex direction
on the flattest developed face or portion of the surface, and R is the mean radius of the
particle (Wentworth, 1922a) [1]. Using this system, Wentworth was able to classify the
geologic origin of pebbles by their shape (Wentworth, 1922b) [2].
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Figure 1. The first use of particle shape in the analyses of geologic environments was
performed by Chester Wentworth at the Department of Geology of the State University
of lowa in the early 1920’s. From Chester K Wentworth, 1922 [1,2].

Methods of particle analyses

The American Association of State Highway and Transportation Officials (AASHTO)
has been developing a test method to determine the shape properties of aggregate
particles known as the Standard Method of Test for Determining Aggregate Shape
Properties by Means of Digital Image Analysis, AASHTO Designation: T 381-181 [3].
The importance of this method is based on the observation that shape, angularity, and
surface texture of aggregates directly affect the engineering properties of highway

construction materials.

This Camsizer test method uses a high-speed photography that can provide the
required resolutions over the range of particles being analyzed. For coarse aggregates,
the shape properties include gradient angularity, sphericity, texture, and flat and
elongated value. For fine aggregates, the shape properties include angularity and

particle profile.

Previous studies have attempted to use image analysis to determine particle shape

to evaluate breakage, abrasion, and polishing (e.g., Moaveni, M., and others 2014) [4]
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but they admit “little research has examined the effect of aggregate degradation on
altering shape characteristics of the aggregates”.

A report was done for the Michigan Department of Transportation by the University
of Michigan to evaluate methods and commercial systems for particle size analyses
(Brant, N. J., and others, 2011) [5]. In this report they identified 6 methods of particle
size analyses which utilized different approached to size determination. These included:
1) Sieving, 2) Sedimentation, 3) Electrical Sensing Zone (ESZ), 4) Laser Diffraction, 5)
Single Particle Optical Sensing (SPOS), and 6) Image Analysis.

Each these techniques analyzed particles based on different principles of
measurement and thus each define particle size differently. Generally, these techniques
will produce the same measure of size only for perfectly spherical particles. This study
emphasized two things: 1) there are multiple ways to define particle “size” and “shape”
and 2) image analysis with the Camsizer appeared to be the best approach to size
analyses.

Given the capabilities of the Camsizer for size and especially for characterization of
various features of particle shape it was decided to determine if the Camsizer could
distinguish sand-sized particles of crushed gravel from natural sand using particle

shape characteristics.

Principles of operation of the Camsizer P4

The Camsizer P4 uses two cameras that operate during measurement [6]. The
Basic camera analyzes larger patrticles, while the ZOOM camera captures smaller
particles (Figure 2). Particles fall in front of a LED-lit screen. The percent of the screen
“covered’ by particles is set by the operator and controlled by the amount of vibration of
the delivery shoot. This procedure ensures optimum measurement conditions for all
particle sizes in a distribution. Each individual particle is scanned 65 times as it falls in
front of the camera. The captured images are analyzed to determine characteristics of
particle shape, size, and number. Using two cameras allows the CAMSIZER to process

a wide particle size range, from 0.03 to 30.0 mm.



Measurement
Principle

TWO cameras operate during measurement:

the BASIC camera (red) analyzes the larger
particles, the ZOOM camera (blue) captures the
smsll particles, This procedure ensures optimum
measurement conditions for all particle sizes In 3
distribution.

Figure 2. Camsizer configuration showing the two cameras and LED backlite screen.
From Retsch Technology, [6]



Shape Characteristics using the Camsizer P4

The Camsizer P4 can determine a wide variety of particle shape characteristics. Below
are some of the characteristics that are potentially useful in identifying crushed sand-

sized particles [6,7].

Aspect ratio: The ratio of Xre min (Minimum particle diameter) and Xre max (maximum

particle diameter). These values can be based on number, area, or volume.

Xre min/ XFe max

Roundness: Roundness is based on the radius of small circles outlining projections
from the surface of a particle divided by the radius of the largest circle that will fit within

the projection of the particle shape. See Figure 3 for an illustration.

Sphericity: Sphericity is calculated from the perimeter P and area A of the patrticle
projection. A perfect sphere would have a sphericity equal to 1. In all other cases, the

sphericity is < 1.

SPHT = 4mA/p2

Symmetry: Each particle is scanned in up to 64 directions. For each of the 64
directions, the distances r1 and r2 between the center of the area C to the particle
borders are recorded to calculate the symmetry. The Symm value is the smallest of all

measured symmetry values. For asymmetrical particles the value is <1.

Symm =% [1 + min(ru/r2)]

These shape characteristics can be seen graphically in Figure 3. The two shape

characteristics used most commonly in this study were Roundness and Aspect Ratio.
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Figure 3. Some particle shape features that can be determined on individual sand

grains using the Camsizer P4. From Retsch Technology, [7].



Samples and Sampling

To evaluate the capabilities of the Camsizer P4, multiple types of fine aggregate samples were
obtained that were meant to evaluate the differences in shape characteristics between particles
produced by natural erosional processes from those that were produced by mechanical crushing

and particle fracture processes. These samples included:

e Natural Sands for around the state of lowa
¢ Rhyolite Samples from crushing igneous (granitic) rocks
e Frac Sands used for their uniform size and roundness properties

e Crushed Limestone Samples (Mansand) produced from a variety of crushers. The mansand
samples were critical in producing “angularity calibration curves” to evaluate Camsizer
shape analyses for Fine Aggregate Angularity test results.

Natural Sand

Sand samples were collected over several years during annual sand and gravel source
evaluation. The lowa Department of Transportation has almost 450 approved sand and gravel
sources in lowa and surrounding states. Below is a map showing the location of sand samples
produced by natural erosional process used in this study (Figure 4). The base map shows
landform features of lowa. Most sources are either the product of glacial process or that of glacial

outwash and fluvial (stream and river) process.

A32548 i\
P g A96528 !
“

A21538 15741502

A18514 - ATE514 J

A46518 A12522
A35522

, bind
A42532 §A07504 4
e AO75088 ® e

- A06504 J “$aa9506
AB4502 53522 NG

A865.02 &

A09512FA335 18"
P 4

A46516‘“f

“f
® 297538

16 pn77502
X f‘ T®A50504
J . A78504
ANE :»-'A-@naha
A90506'8

XLincoln

Figure 4. Landform map of lowa and surrounding states showing Camsizer sample location
collected early in the evaluation process. The numbers next to the push pins shows the “A-
number” unique to each sand pit location.
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Rhyolite samples

Two rhyolite samples were obtained from Trap Rock and Granite Quarries (AMOO058) and Iron
Mountain Traprock Co (AMO022) located in the St. Francois Mountains of southeastern Missouri
(Figure 5). Most of the area is formed from Precambrian igneous rocks. These are seen as a series
of granite plutons that are “ringed” with rhyolite flows. Rhyolites have the same chemical
composition as granite but are much finer grained having been extruded at shallower depths and

having cooled much more quickly.
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Figure 5. Generalized geologic map of Missouri with the granites and rhyolites of the St. Francois
Mountains in red and orange. Location of the two rhyolite quarries are (A) Trap Rock & Granite
Quarries and (B) Iron Mountain Trap Rock in the second image.
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Frac Sand Samples

Samples of St. Peter Sandstone were obtained from Pattison Sand Company in Clayton County,
lowa, where they mine both “frac sand” and DOT approved aggregate (A22090). The St. Peter
Sandstone is Ordovician in age and is used in commercial applications because of the relatively

uniform size and shape of its sand patrticles.
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Figure 6. Source of the frac sand samples (A) in Clayton County lowa.

Crushed Limestone Samples (Mansand)

Crushed Limestone Samples were collected from six sources (Figure 7): Cedar Rapids Quarry;
Sully Mine; Durham Mine; Fort Dodge Mine; Pederson Quarry; and Ferguson Quarry. These
sources represented different primary and secondary crusher combinations (Table 1). The effect of
crusher type on particle shape and a comparison of the Camsizer to the Fine Aggregate Angularity
test will be discussed in the section titled “Comparison of Camsizer Shape Analyses to Fine

Aggregate Angularity”.
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Figure 7. Sample locations of crushed limestone (mansand) used in the comparison study of
Camsizer shape results to Fine Aggregate angularity tests. A = Cedar Rapids Quarry; B = Sully
Mine; C = Durham Mine; D = Fort Dodge Mine; E = Pederson Quarry; F = Ferguson Quarry.

Results and Discussion

Overview of Fine-Aggregate Sample Results from the Camsizer P4

Figure 8 shows the relationship of aspect ratio to roundness of different particle types as
determined by the Camsizer P4. Numbers approaching 1 are more round and more cubic.
Numbers closer to zero and more angular and elongated. As can be seen from this graph,
Camsizer shape analysis can distinguish the major classes of sand-sized particles analyzed in this
study by simply analyzing their roundness and elongation. It was also able to determine the
difference of the shape characteristics based on the size fraction of the sample. It appears that
both the smaller sizes of Frac Sands (very round sand particles) and Rhyolite sands (crushed
igneous particles) were more elongated and angular, while the larger-sized fractions were more
rounded and cubic. Limestone ManSands also formed a district group and could be separated by

crusher type. This will be discussed in more detail in the Comparison of the Fine Aggregate
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Angularity Test to the Camsizer Shape Analyses. Natural sands formed from glacial and stream

erosional process also formed a distinct group. These will also be discussed in a later section of

this report (Geological applications of the Camsizer P4).

Crushed Material vs. Natural Sands
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Figure 8. Graph showing the relationship of Aspect Ratio to Roundness for samples of both
crushed stone (Rhyolite and Limestone ManSands) to Natural Sands (from erosional processes)
and Fractionation Sands.

Comparison of the Fine Aggregate Angularity Test to the Camsizer Shape Analysis
AASHTO test T304 (Uncompacted Void Content of Fine Aggregate [8]) is used to determine the

void content in a graded sample of fine aggregate. This test is sometime referred to as the “Fine
Aggregate Angularity test” (FAA). This test is commonly used in conjunction with other HMA (Hot
Mix Asphalt) test methods to aid in determining mix designs for HMA projects.

This test has been adapted for a large lowa DOT PCC project as a standard method to
determine the number or proportion of crushed particles to be allowed in fine aggregate when used

in Portland cement concrete (PCC). Prior to the construction of the new I-74 bridge over the
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Mississippi River, crushed material was not allowed by specification in fine aggregate used in PCC.
Until a new specification could be written that set requirements on proportioning of crushed
particles, the only controls relied on limits using the FAA test. Although this test only indirectly
measures particle shape characteristics, it has been the only test in common use that could

generate some sort of shape information.

One of the principal goals of the Camsizer evaluation was to compare test results from the FAA
test to direct particle shape determination using the image analysis capabilities of the Camsizer
P4.

Summary of AASHTO T 304 Uncompacted Void Content of Fine Aggregate

The purpose of AASHTO T 304 is to determine the loose uncompacted void content of a
sample of fine aggregate. The test method states that on any aggregate of known grading, the void
content provides an indication of the aggregate angularity, sphericity, and surface texture and can

be compared to other aggregates of the same grading [3].

For the test, a 100-mL calibrated cylindrical measure is filled with fine aggregate from a funnel
at a fixed height (Figure 9 shows a cross section of the delivery funnel). The cylinder with the fine
aggregate is struck off and the mass is determined by weighing. Uncompacted void content is
calculated as the difference between the volume of the cylindrical and the absolute volume of the
fine aggregate collected in the cylinder. Uncompacted void content is calculated using the bulk dry

specific gravity of the fine aggregate. Two runs are made and averaged.

g
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Figure 9. Cross section of the funnel used to drop a fine aggregate sample into a cylinder from a
set height to determine the number of voids in the fine aggregate sample.
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Sample Preparation for Comparative Particle Shape Testing.

Crushed aggregate samples were collected from sources described earlier under section
“Samples - Crushed Limestone Samples (Mansand)” of this report. These samples consisted of
‘manufactured sand” or “mansand” which is commonly made from crushed carbonate rock. For the
purposes of this study, crushed carbonate was used as opposed to a crushed gravel or igneous
rock because a variety of shapes and crusher types could be used. A discussion of the influence of
crusher type on particle shape can be found in Heckel and others [9] and O’Bryan [10]. Table 1

shows the plant locations and the type of primary and secondary crushers.

Table 1. Types of crushers used to produce the crushed fine aggregate particles.

Plant Primary Crusher Secondary Crusher
Cedar Rapids Impact Impact and Cone
Sully Impact Impact
Durham Mine Impact Impact and Small Cone
Fort Dodge Mine Impact Impact
Pederson Jaw Crusher Hammermill
Ferguson Impact Cone and Hammermill

To evaluate and compare the two test methods, calibration curves were made using the
crushed carbonate combined with a natural sand in proportions of 0, 20, 40, 60, 80, and 100%
mansand. The natural sand used for this study was from Ames South Pit in Story County

(A85510).

For the FAA test, set proportions (by weight) are used for each size fraction. These are shown

in Table 2

Table 2. Mass of each size fraction of fine aggregate used in AASHTO T 340 [8].

Individual Size Fraction Mass, g
2.36 mm (No. 8) to 1.18 mm (No. 16) H
1.18 mm (No. 16) to 600 um (No. 30) 57
600 um (No. 30) to 300 pm (No. 50) n
300 um (No. 50) to 150 pm (No. 100) 1_7

190

The tolerance on each of these amounts 15 0.2 g.

16



It was suggested by the lead lowa DOT Bituminous Laboratory Technician that the gradation
proportions for the crushed particle gradations be calculated two ways: 1) a fixed gradation used in
the AASHTO T 340 test method and 2) an “as received” gradation, reflecting the original “as
received” fine aggregate sample gradation. Using Method 2 more accurately reflects the outcome

of a blending process where the crushed particles are proportioned with natural sand.

Table 3 shows test results for the Fine two Aggregate Angularity test methods using proportions
of crushed patrticles at 0, 20, 40, 60, 80, and 100 precent crushed particles. The “%Retained” is the
as received gradation, the “Set %” is using the AASHTO T 340 gradation shown in Table 2. Both

methods have somewhat similar test results.

Table 3. Fine Aggregate Angularity (FAA) results for different aggregate sources using different
primary-secondary crusher to produce crushed limestone. The percentages were based on
percent mansand with a control sand. % Retained = proportion of mansand based on the as
received gradation of the mansand. This method should more accurately represent a blending
process. Set% = the wt% to produce the proportions required in the AASHTO Test Method.

Cedar Rapids (Impact-Twin Roll) Durham (Impact-Small Cone) Ferguson
(Impact-Cone-Hammermill)
Mansand %Retained  Set % Mansand %Retained  Set % Mansand %Retained  Set %
0% 39.7 39.7 0% 39.7 39.7 0% 39.7 39.7
20% 39.7 40.7 20% 40.2 40.7 20% 40.4 40.7
40% 40.5 41.9 40% 40.8 41.9 40% 40.8 41.9
60% 415 43.3 60% 41.7 43.3 60% 41.1 43.3
80% 43.0 44.4 80% 43.1 44.4 80% 42.3 44.4
100% 47.2 47.2 100% 45.4 45.4 100% 45.9 45.9
Ft Dodge (Impact-Impact) Pedersen (Jaw Hammermill) Sully (Impact-Impact)

Mansand %Retained  Set % Mansand %Retained  Set % Mansand %Retained  Set %
0% 39.7 39.7 0% 39.7 39.7 0% 39.7 39.7
20% 40.6 40.8 20% 40.3 40.7 20% 41.3 41.6
40% 415 41.9 40% 41.1 42 40% 43.5 43.7
60% 42.4 43.2 60% 42.2 43.2 60% 45.0 45.9
80% 44.1 44.4 80% 43.4 44.6 80% 47.2 47.6
100% 45.2 45.2 100% 45.9 45.9 100% 49.3 49.3
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Camsizer Test Results for Mansand

Samples constructed for the %Retained FAA test were analyzed for shape characteristics using
the Camsizer. Although several shape characteristics detailed in the Background Section of this
report were determined, it was the roundness C and the inverse aspect ratio that were found to be
the most useful. Roundness C evaluates the profile of the particle perimeter by imposing small
circles at each patrticle protrusion. From this, the radiuses of the small circles are divided by the
radius of the largest circle that can be imposed in the projection of the particle profile. The other
shape property was the inverse aspect ratio, which is calculated by dividing the width of the
particle by its length. The Camsizer software calculates the mean value from the number of
particles in all particle sizes. Figure 10 shows the mean values of roundness C vs inverse aspect
ratio of the six Mansand samples. As can be seen from these results, there is a distinct difference
in particle shape derived from different crushers and crusher combinations. Differences between
similar crusher types may depend on crusher configuration and wear of the crusher components.
Previous studies have also shown these differences (e.g., Hickel, G.C.et. al, 2018; and O'Bryan,
2017) [3,4].
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Figure 10. Mean Roundness vs Inverse Aspect Ratio for the six mansand samples of crushed
limestone particles. The Impact-Small Cone produced the more round and cubic particles (green
circle), the Jaw-Hammermill produced the more angular and elongated patrticles (red circle).
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Figure 10 shows the jaw crusher-hammermill and roller crusher form the most angular and
elongated particles. The combination of impact with impact, and impact with cone produce less
angular particles. Because the Jaw-Hammermill produced the more angular particles, it was
surprising that the impact-hammermill produced more cubic particles that some of the other
crusher combinations. Putting the hammermill behind the impact-cone combination must have
minimized the shard-shape characteristics of particles from the hammermill.

Figure 11 shows the results of roundness C compared to inverse aspect ratio for each of the
crushed stone Pederson mansands. As described above, these samples were produce using “as
received” gradations at proportions of 0, 20, 40, 60, 80, and 100 percent mansand in combination
with a natural sand from Ames South Pit. As seen from Figure 11the mansand calibration line is
very linear. Figure 12 shows the calibration lines for roundness C vs. inverse aspect ratio for the
other mansands as well. Table 4 gives the line equations and R? factors for each for the mansand

calibration lines.

Pederson, Jaw-Hammermill

T o6

E y = 3.4899x - 1.9904

a 2 _

3 s R? = 0.9985 .

” . ° 0%

3 0.4 . 40% 20% Mansand

S * 60%

5 ‘ 80%

DC% 03  100%

- Mansand

8

&

3 01

c

<

oo
0.66 0.67 0.68 0.69 0.7 0.71 0.72
« Elongated Mean Inverse Aspect Ratio Cube —

Figure 11. Mean Roundness vs. Mean Inverse Aspect Ratio at different proportions of Pederson
guarry mansand. The mansand represents particles with fractured faces.
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Figure 12. Mean Roundness vs. Mean Inverse Aspect Ratio at different proportions of all six

mansand samples proportioned with a natural sand from Ames South pit.

Table 4. Line equations and R? values for each of the calibration lines shown in Figure 12.

Source Crushers Calibration Equation
Ferguson Quarry Impact Cone-Hammermill  y =2.9458x - 1.6051
Cedar Rapids Quarry Impact-Twin Roll y = 3.2802x - 1.8432
Pederson Quarry Jaw-Hammermill y = 3.4899x - 1.9904
Durham Mine Impact-Small Cone y =3.7812x - 2.1998
Fort Dodge Mine Impact-Impact y = 4.0296x - 2.3757
Sully Mine Impact-Impact y = 3.4899x - 1.9904

R2 Factor
R2 =0.9948
R2=0.9944
R2 =0.9985
R2=0.9962
R2 =0.9988
R2 =0.9985
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Figures in Appendix A show Fine Aggregate Angularity (FAA) vs. Camsizer Roundness and
FAA vs aspect ratio for all six mansand (crushed particle) calibrations of set proportions of crushed

particles.

Figures 13 through 16 are plots of FAA vs Camsizer Roundness C and FAA vs Inverse Aspect
Ratio for proportions of all six mansand samples. Each Figure shows a plot of the data followed by
a Figure with a trend line added to model the relationship of FAA to Camsizer shape determination.

Figures 17 and 18 show that the FAA for Sully is anomalously higher than the other mansands
comparing roundness and aspect ratio. This is inconsistent with Camsizer data for shape

characteristics. The reason for this inconsistency is not obvious.

Figure 19 shows averages of all six mansand FAA data for each proportion of mansand (0 to
100 percent). Both linear and 2" order polynomial trendlines are shown. It is clear the trend of FAA
data is not linear but a 2" order polynomial. This is also seen in Figure 20 shown without Sully in

the average.
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FAA vs Roundness
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Figure 13. (A) Fine Aggregate Angularity (FAA) vs Camsizer Roundness from 0% mansand to
100% mansand from Cedar Rapids quarry, Pederson quarry, and Durham Mine. (B) Figure 15 A
with trendlines added.
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Figure 14. (A) Fine Aggregate Angularity (FAA) vs Camsizer Roundness from 0% mansand to
100% mansand for crushed particles from Ferguson quarry, Fort Dodge Min, and Sully Mine. (B)
Figure 17 A with trendlines added.
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FAA vs Aspect Ratio
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Figure 15. (A) Fine Aggregate Angularity (FAA) vs Camsizer Aspect Ratio using mansand for
crushed patrticles from Cedar Rapids quarry, Pederson quarry, and Durham Mine. (B) Figure 18 A
with trendlines added.
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FAA vs Aspect Ratio
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Figure 16. (A) Fine Aggregate Angularity (FAA) vs Camsizer Aspect Ratio using mansand for
crushed particles from Ferguson quarry, Fort Dodge Mine, and Sully Mine. (B) Figure 21 A with

trendlines added.
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Figure 17. Fine Aggregate Angularity (FAA) vs Camsizer Roundness using mansand for crushed
particles from all six mansands.
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Figure 18. Fine Aggregate Angularity (FAA) vs Camsizer Aspect Ratio using mansand for crushed
particles from all six quarries. The Blue circles include the Sully FAA data, the Red circles exclude
the Sully data.
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Figure 19. Average of six mansand calibrations plotted with percent mansand vs FAA number. Two
regressions are compared, yellow is linear, blue is 2" order polynomial. The FAA results are not
linear but second order polynomial. This indicates that as particle angularity increases the FAA
number increases as an exponential function.
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Correlation of FAA to Camsizer for 20 percent Crushed Particles

At up to about 20% crushed particles, the correlation between the Camsizer and the FAA test
correlate reasonably well (Figures 17 and 18). Table 5 shows the correlation between FAA at 20%
crushed patrticles to Inverse Aspect Ratio (IAR) and Roundness (Rd) as determined from the
Camsizer shape by image analysis. The average of these six-test result is FAA=40.4; Aspect
Ratio=0.706; and Roundness=0.471. The new specification (lowa DOT IM 409) for the amount of
crushed patrticles that can be added to a natural sand is 20% through a controlled and measured

mixing process. The FAA test specification limit in this specification is a FAA of 40.

Table 5. Correlation between FAA (from %Retained) of 20% retained gradation to Inverse Aspect
Ratio (IAR) and Roundness (Rd) as determined from the Camsizer P4 shape by image analysis.

Cedar Rapids Durham Ferguson
Impact-Twin Roll Impact-Small Cone Impact-Cone-Hammermill
Mansand EAA IAR  Rd EAA IAR Rd EAA IAR  Rd
20% 39.7 0.705 0.472 40.2 0.706 0.469 40.4 0.706 0.469
Ft Dodge Pedersen Sully
Impact-Impact Jaw Hammermill Impact-Impact
Mansand EAA IAR  Rd EAA IAR  Rd EAA IAR  Rd
20% 40.6 0.706 0.471 40.3 0.705 0.471 41.3 0.708 0.471
AVERAGE
N=6 FAA=40.4 AR=0.706 Rd=0.471

Discussion of Camsizer Test Results and Relation to Fine Aggregate Angularity

Chowdhury and others [11] compared the Fine Aggregate Angularity test to multiple methods of
shape determination. This comparison included: direct shear test, compacted aggregate resistance
(CAR) test, three different image analysis, and visual inspection. They concluded the FAA test
method does not consistently identify angular, cubical aggregates as high quality-materials (for
HMA). They also concluded the three image analysis techniques appear to be very promising for

directly quantifying fine aggregate particle shape.

As discusser earlier, the calibration samples were analyzed for Fine Aggregate Angularity using
a modified AASHTO T304 test or the Uncompacted Void Content of Fine Aggregate test. These
results were compared to Camsizer test results for both Aspect Ratio and Roundness (Figures 5

through 13). These results show that as the amount of angular material increases, the FAA
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increases exponentially by a second order polynomial (Figure 15 and 16). These results indicate
that the Camsizer shape analyses is linear, regardless of particle size or particle shape whereas
the FAA test is not.

As a positive result, the FAA does correlate with the Camsizer image analysis at lower amounts
of crushed particles. The fact that FAA values increase with greater amounts of crushed particles is
not relevant to the use of the test for HMA but needs to be a factor if trying to estimate the

percentage of crushed particles in a mix.

Results indicate that the Camsizer can differentiate minor variations in both elongation or
aspect ratio and the roundness of particles, as seen in Figure 2. The Camsizer data also indicates
using Aspect ratio and Roundness, differences in crusher types can be quantified by particle
shape, although this does not take into account factors such as wear of equipment and flow or

velocity of material through the crusher.

When “calibration” samples were analyzed with set proportions of mansand or crushed particles
the Camsizer shape profiles for roundness and aspect ratio produced linier relationships for each
of the crusher types (Figures 3 and 4). At up to about 20% crushed particles the correlation
between the Camsizer P4 and the FAA test correlate reasonably well. Table 5 shows the
correlation between FAA at 20% crushed particles to Inverse Aspect Ratio (AR) and Roundness
(Rd) as determined from the Camsizer P4 shape by image analysis. The average of these six-test
result is FAA=40.4; Aspect Ratio=0.706; and Roundness=0.471 (Table 5).

The new specification for the amount of crushed particles that can be added to a natural sand
is 20 percent through a controlled and measured mixing process. The FAA test specification limit in
this specification is an FAA of 40. The FAA test determination for crushed particles in fine
aggregate is close to (but a little higher) for measuring the 20% crushed particles from mansand

calibration curves for the FAA determination.
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Conclusions from the comparison of Fine Aggregate Angularity test to Camsizer image
analysis

The Camsizer test can accurately measure particle size and shape characteristics of
individual sand particles. Individual particles of 50 g of sample (but not limited to) can be
analyzed in a matter of several minutes.

The Camsizer can accurately measure the differences in particle shape in crushed particles
produced from different types and combinations of crushers (Figures 10 and 11).

Camsizer test results are linear when test samples of set proportions of crushed/angular
particles are combined with natural sand (Figure 13). The Fine Aggregate Angularity test is
not linear, but is closer to a 2" order polynomial. The more angular particles, the more the
FAA deviates from linear with increasing FAA values (Figures 14 through 25).

Variability between the FAA number and Camsizer image analysis of Aspect Ratio and
Roundness is due to the non-linearity of the FAA test.

Up to about 20% crushed particles, the FAA and the Camsizer correlate reasonably well,
but the image analysis of the Camsizer is a direct and better way of measuring particle
shape.

If the FAA test is to be used for the application of testing the amount of crushed particles in
a mix for PCC, an “as received” gradation of the fine aggregate should be used as opposed
to the “set” gradation used in AASHTO T304.
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Application of the Manufactured Sand Calibration to Evaluate a Source with some Crushed

Particles

To determine the amount of crushed material that may be in some fine aggregate produced by
L.G. Everest, Alex Crosgrove and Robert Dawson (IADOT Construction and Materials) along with
Pat Rattenborg (L.G. Everest) had site visits of the Everest sand and gravel production plants at
Washta Pit, Cherokee County (A18528) and Hawarden, Sioux County (A84510) on August 13,
2020. These are the only two plants of L.G. Everest which are known to crush oversized rock
during fine-aggregate production. When these plants are crushing stone it is for the production of
coarse aggregate and not exclusively for production of fine aggregate. These plants were called
into question by the aggregate Producer proposing the specification change to allow crushed
particles for the production of fine aggregate for use in PCC. It was determined that the Hawarden
Plant does not include crushed patrticles in material produced for lowa DOT projects. Analyses of

the Washta product is described below.

Washta Production Process

Washta uses both a jaw and cone crusher. Very little material goes through the jaw crusher.
The full product is split over a 1” dry screen. The plus 1” goes to a cone crusher. This process is
repeated in a closed loop system until all particles pass through the 1” screen. Table 2 contains
production data from January 1, 2020, to August 13, 2020, the data of the plant review.

Table 2. Washta Product Report, Year-to-Date 01/01/2020 — 08/13/2020

Wash Plant Tons % of Production
1” x No. 4 Washed Gravel 22,920 18%
Washed Concrete Sand 104,400 82%
Total 127,320 100%

Of the 17 Coarse aggregate, 30% of the particles have a fractured surface. Meaning 5.4% of the
product has a fracture surface. Six percent (6%) of the 1” particles becomes -3/8 inch which is

0.32% of the total fine aggregate product.
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Figure 21 is Pit Run and Stockpile samples from Washta Pit plotted showing the Roundness of
particles on the Pederson Mansand Calibration line. The stockpile sample were less angular than
the pit run samples. Figure 22 plots Pit Run and Stockpile from Washta Pit showing the aspect

ratio of particles. The stockpile samples were less elongated than the pit run samples.
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Figure 21. Sand from Washta Pit showing Pit Run and Stockpile samples for Roundness of
particles. The stockpile sample were less angular than the pit run samples.
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Figure 22. Sand from Washta Pit showing Pit Run and Stockpile samples for the aspect ratio of
particles. The stockpile samples were less elongated than the pit run samples.
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Use of the Camsizer P4 for Geological Analyses of Sand Particle Shape — River and Stream
Particle Shape Analyses.

The Camsizer P4 can determine a wide variety of particle shape characteristics including the
inverse aspect ratio and roundness of sand particles. It is anticipated that particle shape can be
used to evaluate geological environments. To test this approach to particle shape analyses, sands
from lowa landform environments and the distance from river sources were evaluated to determine

particle roundness and elongation and the relationships to the geologic environments.

To determine the distance from a rivers source of a sand deposit, the USGS application

Streamer was used (https://txpub.usgs.gov/DSS/streamer/web/). A standard operating procedure

(SOP) for Streamer is outlined in Appendix B. A river’s source is not the true origin of the sediment
that produced a sand deposit. Most lowa sands were the result of glacial processes and modified
by the fluvial or river process after glaciation. Virtually all sand pits in lowa are located near or
along rivers. Measuring the distance of a sand source from the river source is a way of quantifying
the effect of natural processes on a particle shape. Figure 23 shows the trace of the lowa River as

determined using the Streamer.

It is recognized that the different landforms (Figure 24) deposited on lowa bedrock also plays a
role in determining a sand particle shape. This is usually the result of landform sediments eroding
into rivers streams, contributing to the sediment load of that body of water. Figure 25 shows sand

sources along the lowa River overprinted onto the landform map along the path of the lowa River.

Figure 26 shows roundness of sand particles from sand pits on the lowa River in relation to
distance from the river source and the landforms of the sand and gravel source. Letters show the
source locations from Figure 25. In this figure, four of the sand samples follow a linear trend (A, C,
D, and F). The linear trend of these samples becoming more round with the distance from the
source of the river indicating that residence time in a fluvial (river) environment has a large
contribution to the roundness of a sand particle. The data indicate that, in general, the longer sand
particles remain in a river, the rounder they become. Although this is intuitive, it can be quantified

based on image particle shape analyses.

Three of the sand samples do not follow this linear trend (B, E, and G). These pits are in unique
locations on the lowa landforms. Even though these samples have not traveled as far from the

river source as the linear samples, Figure 25 illustrates that they are more angular than the trend
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distance would indicate. This figure puts the angularity trend in a better perspective with lower

numbers being more angular.

Looking at Figure 25, sample B is from a pit at the edge of the Des Moines Lobe. This location is
one of the end moraines of the Des Moines glaciation. Here the glacier continued to pile up rocks
as tills with glacial erratics. As new particles or sediments erode from the moraine, although they
have been rounded by glaciation, they will not be as “mature” as sediments which have spent

considerable time being rounded by water.

Sand Pit E is at the edge of the lowa Surface and the Southern lowa Drift Plain. The lowa
Surface formed during the last glaciation, which produced the Des Moines Lobe. Not far from the
ice sheet, weathering was due to tundra and permafrost processes. This sand pit is south of the
Paha ridges that formed at this time (see Figure 25). Paha ridges, rising ~20 feet above the
surrounding landscape, are elongated landforms composed of loess or glacial till capped with
loess that formed during development of the lowan surface. Seasonal freezing and thawing will

move these sediments down slope exposing more angular particles.

Sand from Pit G is on the Mississippi Alluvial Plain. This area is composed of alluvium (river
sediments) from an older course of the Mississippi River. Sands in this region are likely derived
from the sand and cobbles carried by the flow of the paleo-Mississippi river. These sands are in
general, more rounded than Des Moines Lobe and ice-marginal sands at the edge of the Des
Moines Lobe.

Results of the particle shape analyses of sand pits along the lowa River indicate that the shape
of sand patrticles is influence not only by the amount of time and distance carried by a river but also
by the landforms the river passes through. This relationship can be used to predict shape

characteristics along the lowa River Valley.

34



o /2
g
che ster.

3

ln‘dgpendenca

Marengo . 380

e \N
- 37 At SN

e Monteauma

J

Davenport
\
2 3h PJ
- i SRS Rive Rock Island\ __
0. - -
ndianol S . o Muscatin
BAID nul Sigeumey \ e\ ;A enns e

Figure 23. Trace of the lowa River and tributaries to just below lowa City. Mapping and calculation
of river mileage was done using USGS “Streamer” [12] described in Appendix B.
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Figure 24. Map of lowa showing prominent landform features.
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lowa River Sand Sources

Figure 25. Landforms along the lowa River with letters representing individual sand and gravel pit
locations. These are mapped by distance from source and landforms for shape analyses of the
sand particles shown in Figure 26.
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Figure 26. Roundness of sand patrticles from sand pits on the lowa River in relation to distance
from the river source and the landforms of the sand and gravel source. Letters show the source
locations from Figure 25.

36



0.510
0.505
0.500 L]

Mississippi
0.495 Alluvial Plain

Mean Roundness C Round —

0.490
o

Edge of lowa Surface

o

Moraine of Des
Moines Lobe

0.485

«— Angular

0.480 -
0 50 100 150 200 250 300

Length from source (miles)

Figure 27. Roundness of sand patrticles from sand pits on the lowa River in relation to distance
from the river source and the landforms of the sand and gravel source. Letters show the source
locations from Figure 25.

Use of the Camsizer P4 for Geological Analyses of Sand Particle Shape — Landforms and
Environments of Deposition

Figure 28 shows the relationship between roundness C vs. inverse aspect ratio for natural sands
from lowa. This relationship for all sands measured in this study was shown in Figure 8. Most
sands from the Des Moines Lobe are circled in blue, though there are two prominent outliers.
Figure 29 shows these two samples. One of the samples was from Wright County, which showed
more elongation and poor roundness. Figure 30 is a map of the Des Moines Lobe in lowa showing
the moraines or ridges of accumulated glacial tills caused by either the stalling of the retreat of
glaciation or periodic surges of glaciation during glacial retreat. Wright County is shaded in white.
The location of the sand pit is located at the point of the arrow in the figure. As seen in this figure,
the sand pit is located on the outward side of a lateral moraine. As discussed in the previous
section, particles near moraines can be derived from larger particles fractured through the
continued deposition of the moraine. Also, proximity to a moraine provides less “mature” particles
than those eroded or rounded by prolonged stream flow.
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The other outlier, a sample from Pedersen Pit is more rounded and cubic (less Elongated) than
the other natural sand samples. Figure 31 is a photograph which shows the geologic relationship
of the sand to landform features with the sand below the glacial till of the Des Moines Lobe. In this
case, the sand was deposited before the advance of the Des Moines Lobe making this deposit
older than the deposition of the Des Moines Lobe till. Being deposited before the advancement of
the Des Moines Lobe (12,000 to 14,000 years ago) gave much more time for this sand to “mature”

(that is, to become rounder and more cubic) than other sands in lowa.

Figure 32 shows lowa sands grouped by landforms. The Des Moines lobe sand samples are
circled in a dark blue. These sands are geologically recent, being deposited through glacial
process and stream flow over the last 20,000 years. Samples from the ice margin of the Des
Moines Lobe are circled in red. Ice margin samples are less round (more angular) than other

samples from the lobe itself perhaps being derived from the more angular glacial moraine material.

Samples from the lowa Surface circled in light blue. Sands from the lowa Surface developed at
the same time as the Des Moines Lobe in an environment of permafrost and tundra. In the
southern portion of the lowa Surface, linear ridges caped with loess rise out of the landscape. With
rainfall and freeze-thaw, granitic boulders are exposed to weathering.

Samples from the Mississippi Alluvial Plain circled in yellow. This area has a base of alluvium
from the ancestral Mississippi River. As seen in samples from along the lowa River, these sands
are more rounded than Des Moines Lobe or Ice Marginal sands.

Samples from the Southern Drift Plane circled in green. The Southern lowa Drift Plain is formed
from a much older glacial surface than the Des Moines Lobe. This area is highly dissected making
it much hillier. Sands of this area were transported in more rapidly flowing rivers and streams

especially with the melting of the ice flow coming from the retreat of the Wisconsin glacier advance.

Although the groups overlap, the sands tend to occupy unique shapes defined by both the
residence time in water, distance traveled, and energy factors of the river. Landforms at the rivers
source and path of the river through different landforms are also factors controlling sand particle

shape.
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Figure 28. Most sands from the Des Moines glacial lobe are shown in blue.
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Figure 29. Wright sand from Wright County is an outlier being more angular and elongated than
most natural sands.
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% Wright Pit

Figure 30. Location of Wright Pit at the very edge of one of the Des Moines Lobe Marginal
Moraines. This would be the source of continued ice flow with newly fracture particles.

-
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-

Figure 31. Sand from Pedersen pit located below Des Moines Lobe glacial till making this a sand
that is older than 12,000 years.
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Figure 32. Groups of lowa sands by landforms. Although the groups overlap, the sands tend to
occupy unique shapes defined by both the time, distance, and energy factors of the river as well as
the landforms of the rivers source or path of the river.

Conclusions for Use of the Camsizer P4 for Geological Analyses of Sand Particle Shape — River
and Stream Particle Shape Analyses

e The Camsizer P4 can differentiate the shape of fine aggregate from different rivers and
streams to a certain degree

e Different lowa Landform Regions can be identified based on image analysis of the sand
shape characteristics

e The shape analyses of the Camsizer can be useful in determining the environment of
deposition of sand and other fine-grained particles

e The Camsizer will be useful in producing a fine-aggregate quality specification

41



Conclusions

Conclusions from the comparison of Fine Aggregate Angularity test to Camsizer image analysis

e The Camsizer P4 can distinguish the difference in particle size and shape characteristics of
individual sand particles. Individual particles of fifty grams of sample (but not limited to) can
be analyzed in a matter of several minutes.

e The Camsizer can distinguish differences in particle shape in crushed particles produced
from different types and combinations of crushers (Figures 10 and 11).

e Camsizer test results are linear when test samples of set proportions of crushed/angular
particles are combined with natural sand (Figure 13).

e The Fine Aggregate Angularity (FAA) test is not linear but is closer to a 2nd order
polynomial. The more angular particles, the more the FAA deviates from linear with
increasing FAA values (Figures 14 through 25).

e Variability between the FAA number and Camsizer image analysis of Aspect Ratio and
Roundness is due to the non-linearity of the FAA test.

e Up to about 20% crushed particles, the FAA and the Camsizer correlate reasonably well,
but the image analysis of the Camsizer is a direct and better way of measuring particle
shape.

e |Ifthe FAA test is to be used for the application of testing the amount of crushed particles in
a mix for PCC, an “as received” gradation of the fine aggregate should be used as opposed
to the “set” gradation used in AASHTO T304.

Conclusions for Use of the Camsizer P4 for Geological Analyses of Sand Particle Shape — River
and Stream Particle Shape Analyses.

e The Camsizer P4 can differentiate the shape of fine aggregate from different rivers and
streams to a certain degree.

e Different lowa Landform environments can be evaluated based on Image Analyses of the
sand shape characteristics.

e The shape analyses of the Camsizer can be useful in determining the environment of
deposition of sand and other fine-grained particles.

e The Camsizer will be useful in producing a fine-aggregate quality specification.
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Recommendations

e The Camsizer P4 is a fast, accurate, and direct measurement of particle shape. It would be
a very good alternative to AASHTO test T304 (Uncompacted Void Content of Fine
Aggregate [8]).

¢ Although not discussed in this report, the Camsizer P4 can be used as a quick, accurate
alternative to sieve analyses.

e The Camsizer may be used as a part of new way of evaluating fine aggregate quality.

¢ Roundness and Aspect Ratio may be used to evaluate the fine aggregate shape of crushed
material to determine if it is appropriate for addition to natural sand. Below (Figure 33 and
34) is a proposed recommendation for a Camsizer specification for crushed particles added
to a fine aggregate for PCC.

Figure 33 is a plot of Mean Roundness C vs. Inverse Aspect Ratio of natural sands. As a
specification, it is proposed that Roundness limits of greater than 0.45 and Inverse AR of greater
than 0.700 be used as a limit for particle shape at the addition of 20% crushed patrticles to a
natural sand. One outlier sand was not included. This sample was discussed earlier in this report.

Figure 34 shows these same limits on a graph of crushed mansand “calibration” lines.
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Figure 33. Roundness of greater than 0.45 and Inverse Aspect Ratio of greater than 0.700 is
proposed as a specification limit for roundness and elongation of crushed particles when combined
with natural sand at 20% crushed patrticles.
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Figure 34. Roundness of greater than 0.45 and Inverse Aspect Ratio of greater than 0.700 is
proposed as a specification limit for roundness and elongation of crushed particles at 20%.
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Figure 41. Calibration line using Pederson mansand produced by Jaw-Hammermill crushers.

Cedar Rapids, Impact-Twin Roll

0.600

Round =

0.500 R?=0,9944 e
*" 0% Mansand

0.400

0.300 100% Mansand

0.200

Mean Roundness

0.100

< Angular

0.000
0.660 0.670 0.680 0.690 0.700 0.710 0.720
< Elongated Mean Inverse Aspect Ratio Cube >

48



Figure 42. Calibration line using Cedar Rapids mansand produced by Impact-Twin Roller crushers.
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Figure 43. Calibration line using Durham Mine mansand produced by Impact-Small Cone crushers.
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Ferguson, Impact Cone-Hammmermill
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Figure 44. Calibration line using Ferguson mansand produced by Cone-Hammermill crushers.
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Figure 45. Calibration line using Fort Dodge mansand produced by Impact-Impact crushers.
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Sully, Impact-Impact
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Figure 46. Calibration line using Sully Mine mansand produced by Impact-Impact crushers.
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determine the Distance of a Sand Pit from

the River or Stream Source for Camsizer
Additional P4 Data Analyses
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Appendix B
Use of the USGS Streamer Application to determine

the Distance of a sand pit from the river or stream
source for Camsizer P4 Data Analyses

Streamer is an online mapping application developed by the United State Geological Survey
(USGS) for mapping downstream and upstream paths rivers and streams in the contiguous US

plus Hawaii and Alaska.

This application can be found at: https://txpub.usgs.gov/DSS/streamer/web/. Figure A2-1 gives

a short introduction on the home page. Figure A2-2 shows the Trace Downstream or Trace
Upstream buttons to determine river miles of any stream or river in the United States. Point the
curser on the location to determine nautical milage in either flow direction. To determine a “stretch”
of downstream milage use a start point and another at the stopping point. Use the “Trace Report”
button to show the milage and other river characteristics. Upstream and downstream examples are
shown in Figure A2-3. Determine downstream mileage by subtraction of the start and stop

locations. Downstream traces usually end in an ocean or the Gulf of Mexico.

It should be noted that the distance from the river source is a gross simplification of the
distance a sediment has traveled. This is especially complicated when numerous tributaries and

differences in landforms are involved.

% USGS o Zoom in to activate

double clickl ﬂrmce bu"vfons
treamer” |-~ S

: O Click on a trace button
Welcome to Streamer! l ,,‘,: ‘\; e M
Explore America’s larger streams as -y

you trace upstream to their source or
downstream to where they empty. O
Learn more aboul your stream traces :

and the places they pass through in Click on

brief or detailed reports, a stream [k

See weather radar and near real-time

streamflow conditions, o .
Getting started with Streamer is as Click BT Y=" T =

easy as following these quick for more map layers ~ e

instructions to the right. . .
Go To Map »
4

. [/ Do not show this at startup

Figure A2-1. Introduction page for the USGS application.
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CAMSIZER P4 S.0.P.

Table of Contents

) =] 10 | o 2
General Information About the CAMSIZER P4 Software.......c..cccceevverveneenneee. 4
Running a Sample (Sample Measurement).......cccceeevcvveeeeecreeeeeiree e eeenveee s 5
Data Analysis
Data ANAlYSiS HEIP ...uvveeeieeeeeeee ettt et 10
General Data ANalYSiS........uiiicueeeieiieee e e e e 10
€1 =] o] a T VT Lot Ao o -3 10
Y 1 F=] o3 @] o] 1 To] o L3RRI 13
Camsizer Maintenance
CAMSIZER ClEANING ...evvvviiei ittt e ettt ee s ceetatae e e e esaaree e e e seareresssesasens 15
CaliBration .......coeiieee e e e 20
Appendix A
Adding Shape CharaCteriStiCS......oovuurreieriiirieeecenriree et erirrer e e e errreeees 22
Adding Mean Values to @ Table.........eeeveeeeeiieiiiieieee e, 26
ChanGiNG SIEBVE SIZES .....uvveeeeieeiriieeiiciiieee e ceetreee e et e e e eraeee e eeessrereeeseanns 30
Adding a new sieve distribUtioN ..........coocuiiiiiiiciiiiieee e 32
Moving CAMSIZER Software files from one computer to another................ 35



Appendix C

Startup

Goal: The overarching goal of the startup would be to ensure the CAMSIZER P4 powers up
and loads properly and is ready for operation.

1. Turn on Computer and allow for boot up
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Appendix C

3. Log onto the computer (if necessary)

When loaded into the windows boot up the CAMSIZER software by clicking on the
CAMSIZER icon

The software can take up to 1 minute

CamsizerP4

Location: CamsizerP4 (C:\Camsizer) pM.exe

Please wait while cameras are initialized.
This may take several seconds!
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General Information About the CAMSIZER P4 Software

1.

Functions of the main tool ribbon.
File Edit Start measurement Results Options Extras Help
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2. Functions of commonly used icons.

Ilcon

Menu function / description

| File | Read comparison file |

| Edit| Copy|

| File| Print|

| View| Characteristics |

Scales the X and Y axis so that the complete measurement range is displayed

R K YL

Expands the measurement range in the direction of the X and Y axis

Linear display of the X axis, linear display of the Y axis

Logarithmic display of the X axis, linear display of the Y axis

,_
o
o

,_
[-]
w

Logarithmic display of the X axis, logarithmic display of the Y axis

Adds vertical grid lines

Removes vertical grid lines

Adds horizontal grid lines

Removes horizontal grid lines

| View| Activate/deactivate cross hairs |

| View | Hand tool |

= Il i) ||

| Help |




Appendix C
Running a Sample (Sample Measurement)

The sample measurement section is to outline the basic operation of the CAMSIZER for
running measurements.

1. Select the “Start Measurement” or the Start Measurement button

File Edit |Start measurement| Res ptions Extras Help

= He2|E & =g

?

2. Select the task file that corresponds to the sample. & Note: Data files are stored:
E:\Camsizer\CAMDAT\Sand_Shape

Start measurement X

[~ esull Ties
¥ Raw data (".rdf)
[V Complete dala file [*.cdf)
[T EXCEL-readable, decimal comma (*.xid)
[V EXCEL-readable, decimal point (*e)
1 RETSCH Tee [".cog)

Task file:

Size claszes for measurement:

[T Shape parameter: 1 1 [T X-Plorer fie (" xConAlp)
[~ Fitting fie: l J Direciory. Sand_Shape -
File name: [ 520_335_Gibertvite_a07508

| ﬁ\nng:nbl& in méasurement mode

Head of report

| | ¥ Fie ne | 5 ]
Company: | lowa DOT ¥ Changeable in measurement mode
User. |DHWEU"I [~ Date MMDO -
haterial: | [ Time: r— N
Comment: [~ Print report after measurement

Attention!
The current settings will be saved in the task file

Density: gcm® WMazs: | 12.700 [ [T Dualsaving
|
|

0K | Cancel

3. Choose Task file (step 2) and Size classes file.
Result files: choose Excel readable decimal point (xle). This file type can be read by Excel
5. Change the file name to correspond to the sample that is being tested. Such as:
Source Name_County_ANumbe_Lab Number. Use under scores to separate information.
Do notuse (/\.-)
6. File no if running a sample multiple times.
7. Double check the directory and types of files that are being saved.

&

5
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8. Change the sample specific data including the name of the material, operator, company,
and any other information that is critical to record on the report file.

Start measurement

Task file:

[ Welocity adaption:
[ Shape parameter:

[ Fitting file:

Head of repori:

Company:
User:

Matenal:

Size classes for measurement:

| task_file_1.afg

|measurau.gk1

! [
—

|=akeﬁ|:r'!eeF|tlmgF|Ie it

| Head1

| Company1

|Ll5-erﬁ-

|T|3rst Material 1

1.000 gem®  Mass: |123.000 g

| The samgle is from x arigin

|T|1e samgle was collected on y date]

Cancel

[ Print repont after moasurement

Result filas

¥ Raw data (*.rdf)

[« Completa data file | cdf)

[~ EXCEL-readable, decimal comma (* xid)
[~ EXCEL-readabla, decimal point (* xdle)
[~ RETSCH file (".ccq)

[~ ¥-Florer file (* xConAlp)

Directory: [-diracmrﬂ

File name |FiIaNama1

[~ Changeable in measurement mode

[+ File no. 10

[~ Changeable in measurement mode

[T Date: YYYYMMDD =
[ Time: hhrmimss b
[~ Dual saving t I

Attention!
The curent settings will b= saved in the task file.




9. Next, load the sample into the funnel

Appendix C

10. After loading the sample into the funnel press “OK” This will initiate the run

Start measurement

Task file: Itask_ﬁle_1_afg

Size classes for measurement:
measure(.gkl

L] Lo

[~ Velocity adaption: I

[~ Shape parameter:

-

Kl

¥_area: |1 we, xFe, |1

[~ Fitting file: IFakeCoﬁeeFittingFiIe fit

=]

—Result files
[¥" Raw data (*.rdf)

[w Complete data file (*.cdf)

[~ EXCEL-readable, decimal comma (*.xld)
[~ EXCEL-readable, decimal point (* xle)
[~ RETSCH file {*.ccg)

[~ ¥-Plorer file (* xConAlp)

Idirectory1 LI

Directory:

File name: IFiIeName1

[~ Changeable in measurement mode

Head of report: Head1
I [V File no.: Im

Company: ICU"”FE"W"1

pany [~ Changeable in measurement mode
User: [ UserA [ Date: [rryvmvon -]
Material: ITest Material 1 [ Time: Ihhmmss vl
Density: I 1.000 glem®  Mass: |123.UUU g [~ Dual saving Select |
Comment: IThe sample is from x origin [ Print report after measurement

IThe sample was collected on y date|

Cancel |

Attention!
The current settings will be saved in the task file.
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Appendix C
11. There may be prompts following pressing “OK” such as “Please insert guidance
sheet”, “Please use XXmm funnel”, or “Please remove guidance sheet”. Follow these
instructions if prompted.

CamsizerP4 >

! . Use 80 mm feeder.

Ok Cancel

(

12. The measurement will now run. Following the completion of the run you will hear 3
beeps and will receive a prompt such as “Terminate after 500 empty images.” Check
to ensure the funnel and feeder are clear of all debris. If clear, terminate the
measurement. If the funnel and feeder are not clear, please continue to measurement
and brush remaining sample into the drop shaft. Repeat step 9 until the funnel and
feeder are clear of debris.

13. After particles stop passing in front of the LED screen you will see this message.
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B Measure-..\MacaronitAutomaticGuidanceSheetTest_026.rdf ] =

End Pause Start

Q3 [%]
90

80

70

60

CamsizerP4

50

.
@ Terminate measurement after 502 empty images?
L 4

40

30

20

10

0 1 2 3 4 5 6 Xc_min [mm]

2,676 images (99.9 %) CCD-B: 1,338+592 images CCD-Z: 1,338+593 images  x10=3.993 mm
44s 669 particles 15 particles x50=6.650 mm
ur=0 fld=0.000 % fild=0.000 % X90=7.779 mm

— =

B Measure-...\Macaroni\Automatic Guidz et est f Or CamsizerP4
Pau:e Start

Q3 [%l '0 Terminate measurement after 502 empty images?

90

Tes Na

80

14.You can terminate the measurements in one of two ways. The measurement is now
complete.
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WA Graph - lacaroni\AutomaticGuidanceSheetTest xc_min_026.rdf - m} =

nas| |+lH|IH|| zsl —| EIEQIQI _I _I_I

File Edit View Extras Help

= GG ¥ + - t.:lt?a tes

Passing3 [%]

90

80 { —— AutomaticGuidanceSheetTest_xc_min_026.rdf }

70

60

50

40

30

20

10

#635  #450 #325 #230 #170 #120 #80 #60 #45 #35 #25 #18 #14 #10 #H7T#6#5  Xc_min [ASTM]

Magnify: (horizontal) Shift + mouse wheel, (vertical) Ctrl + mouse wheel NUM |SCRL

15. After stopping the measurement, you will see a Graph. It will be % passing, % retained,
or the frequency distribution (depending which graph type is selected).
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Appendix C
Data Analysis

Data Analysis Help

& For details see the Retsch Technology Manual — Evaluation Software CAMSIZER P4
pages 20_to 144. An electronic copy is available using the CAMSIZER help found on the Tool

Bar. ‘E

General Data Analysis
Data analysis is broken down into 4 sections based on the tab being used.

Graph - To access the size graph data click the size graph button as seen below. For options
in the size graph tab please proceed to the size graph tab section. w

Shape - To access the shape graph data click the size graph button as seen below. For
options in the shape graph tab please proceed to the size graph tab section. @

Table - To access the table tab data click the size graph button as seen below. For options in
the table tab please proceed to the size graph tab section.

Characteristics - To access the characteristics tab data click the size graph button as seen
below. For options in the characteristics tab to the size graph tab section >View >
Characteristics. M

Graph Functions.

Graph Options

File Edit Start measurement |Results | Options Extras Help

R RNES EM SR

2

Results Options Extras Help
Table... F5
Characteristics... F7 F
I Graph... l F6

Graph, shape characteristics...

Average measurements...

Trend analysis...

Daily report...

Combine sieving and CAMSIZER P4 results...

The graph options can be activated by either using the Results pull down the Graph or the
Graph button.

11



Plotting data as % on Sieve

& ©l&| B +[|[n n

FEERIEEE ™ AINTERRE K]

Appendix C

File Edit View Help

HOnSheve (%]

[—— 5-335_Gilernaie_Sand_s07505_sc_min_00+.rdf |

OPAN MED #35 W25 m@ wi4 Wiz #0 L] Ly Ll L 4 wi5

ASTM)

»#15
24
[
E
BT
[

#10
#12
w4
#16
#18
20
825
£30
35
240
245
S0
260
£70
30
#100
#120
#140
PAN

S| £y om

Mod-}

LEY
#5
a6
o7

#10
"z
#14
#16
ma
#20
#25
L]
#35
40
45
#50

L]
&80
100
man
#140

WonSievs
%]

2.35

Passing
]

0.0
235
17
549
]
1101
4
1708
2037
2500
2950
48
4206
5045
5959
6981
T840
BE 56
1191
BaTe
9779
08 9e
0955
9980
9989

4 [% [ L

Use this button for percent on each sieve. Included in this figure are the data from Table view
for % on each sieve.

Plotting data as % Passinqg

S R b AL

v s e

File Ed€ View Exira Help
2 — File Edt View Help
o] [t et mes] 3814 2] = =EIr
& @& 8] | o [tn e teg|wes] 310 =[=] L K] +H & &S] 0] onfom 1
% Passing %] | [ — =335 _Gilerhille_Sand_A07508_xc_min_001.af | — . sontind % Passing
- : : ! . %1
L Tl=#as 235 100.00
= # 15 082 9785
= #8 24 232 96,53
== #5 #5 224 24,51
= W W 124 8237
= &8 #7 320 20.99
- R #10 0 287 85.79
E w1z #10 174 g252
= #14 #12 453 7063
= w18 w14 450 75.00
o= 13 16 L1 70.50
= #20 #18 658 54.52
= (7] ] B39 5754
50 == #30 #75 914 4055
= #35 #10 1022 40.41
= 40 35 a8 30,19
= #45 #40 B0O7 2154
a0 fz: wEd [ 815 1144
= #60 250 EE &09
= &0 #50 200 4
an fas [15] CF] 117 221
- 100 #40 052 104
= 2120 2100 025 045
0 I=- 2140 8120 L] 020
— FaN #1140 11 i
= —
10 E -
= N : ; i
DPAN NSO WIS NZE WAE M1E B2 w0 W 7 Wi [ [T w15 0,26 e_rin JASTM]

Smaller Sieve Size Larger Sieve Size
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Appendix C
Use this button to plot percent passing. Included in this figure are data from Table view for %
passing.

Plotting data as %Retained

e CRML woe w Lal_i")
> tin tra| tag|ens| |#t)14] 3| = bl | H @ [% [l
| B & | || tin tra|teg|res| (@] 15] == w/lYDN A] 4 O P @S| £x| om[mm 1[5 [jw L
-
% Retained (%= | ——— 5-335_Gilbertdlle_Sand_ADTS08_xc_min_001.rdl | - Li onSieve f% Retainad
= i R T T h T T [%&)
c Vo ——TCOH, RN {1 i i 3 {=#as 2.35 0.00
= ' H H . H H s w315 082 235
= w5 =4 232 37
g = #6 &5 224 5.49
= L L] 328 7.73
= #3 o7 320 11.01
= #10 =8 287 14.21
O = Wiz LAl azg 17.08
= #14 #12 463 20,37
= #16 #1d 4.50 2500
g0 |= #1a #16 5.8 20.50
= #20 #18 658 3% 48
= #25 #20 B.39 4208
= w30 w25 9.14 50.45
50 1=: N5 w20 10.22 59 89
= =40 #35 8.68 69.81
= H i #45 #40 8.07 78.49
40 4= S S H4E 535 a8 68
= H H #60 #50 388 1.91
= #T0 #50 200 a5.79
10 = | wao LE] 1.17 87.78
= #100 #50 055 98 96
= F120 #100 025 99.55
= w140 120 0.9 99.80
20 1== PaN #140 a.11 99 89
10 15
= |
|
0 FAM #S0#35 #25 #18 #14 M2 =10 il &7 #5 #5 #4 #35 025" nc_min [ASTM]

— Smaller Sieve Size Larger Sieve Size —

Use this button to plot % retained.

r Plotting data as Frequency Distribution

B Ve Em g \

RG] 0+~ [tz o il 2] = WM + Y]

= S RYE_ G dbetala_Sasa_A07 S0 _ar_rraf 807 1@

""‘E P |III [ 55 Ganiome_Eand_Ar5ea_x_vm 10 |

% Retained on Sieve

ol d

’ | Data Frequency

\ First Derivative of

\ % Retained on Sieve

f/ L |

1 T e ETERETM  PAN RO RGS EIE Ml W4 M2 A0 B

Use this button to plot data as Frequency Distribution. The frequency distribution is
determined from the first derivative of the cumulative distribution (Figure to the right, and
retained on sieves to the left).
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Shape Options

Settings of graph for shape charactendtics

¥ axis:

Scalrg
& Eenr
™ legarthimic

o

r

tll“ﬂ“ll"ﬂ‘!pe characterisbos
p(Part far2);

_shape30.gil

E]

Appendix C

Plotting data as Roundness-C (Circumference)

| = 338 _Giltectille_Sand_ADTEOE_m_min 000

Task fie: lowa_DO0T_Zand_Shape.afy , _min A_dens 0.3 %, 50 mm leader
T A SRS
a3 -

x
a0 oA
S0 nre
(=1 2983
x[mim] Q3
1800 ok
800 &29
4000 5
SPAND =500
U3 =2Td3

EAEA=0THOE =414 %

03 EPHT=0E) = 546 %
Q3marse_ARS0 s 7T %

Tima. 1M0E020. 2188
Dresdian ol 1

CopE =

M vl SPHTI = 00
M@an valug Eymmd =

sra Nl 4 min 53 &
T35 parficies (9103 images)
COD- = ARBAE particiag (W104 irages)
BE1

Nean value Iwerss SR

Nean 'Walue RoundnessC = 0822
Mign Valip ReunsnesP = 0710

B! Charpcheriics - o \Sand_ShapeJ-335_Gbemelie Sard ATTIE sc_men 007000 = [n] b
Sk B4R View Hep

Task Ble: lowa_DOT_Sand_Shape.aly  ac_min A_dens 0.3 % 50 m= feeder

Valme based dstrouban

£ W z iy

00 03

00 ama

400 2983

# i 03 ]

1m0 e

2 Di0 Ea

4030 a5

EP#ND =358

L= T3

e S N T TET IR LY Tirmg: 102328 3148

O (SPHT=00] = 54.6%

Settings of graph for shape charactenstics

X axis:

Scaling:
i+ near
™ logarithmic

I~ Fixed range:

T C nx 04 L2 LL] RoundnessC

Plotting data as Inverse Aspect Ratio

— S-335_Gapemdlie_Sand_ADTS00_zs_enin_ 001 e

DCusration of maaserarant 4 min 533
CODE = 735735 parficles (3103 images)
CCO-Z = 83645 paricies (9104 mages)
Wb valua SPHTS = Db

W=an value Symma = 0802

e valua Iratsa & = 0 721

Vean 'Value Roendnesss = 1522

rse_AR=08}=97.7 %

0.3

0.4 L1}

n
=1
-

[+}:] 0.8 Inverse_AR
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Appendix C

serings of graph fos ghape

Sonng

~ Plotting data as Sphericity

Soaing
& e "
- —— —_ 3_Sand_ADTS0E_sc_man_00
™ Fiood renge:

B [ I~ v wain |

(et b BRARE CRRITRIAME -
piFar Parg

b:_ShaBEN) il

| oK Circel

s ke |oasa_DOT_Sared_Btane.aky , s2_min. A_dens 0.9 %, 61 me fiedir

"ok baged deirision
Qe Ljm
0o 8381
oo amne
0] 383
i | 08 M)
1030 s
2030 L]
4030 a5
SPEMI - 15
=283

Al TS0 B = 414 % Tirvse 1A, 2188
Dutshon of masseremnent 4 mn &

735 parides (9109 images)
20 o 51
Waan calse SPHTI = 0821

Wean alye Symma = D

Wean alue inserse AR = 0721

aan Vais Reunenasss = 052

hasn Vals Reunsnass® = 3718

QI EPHT=0 )=
Qs e_AR=3

05 {LL] oy e os SFF
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Appendix C

CAMSIZER Cleaning

1. General CAMSIZER cleaning
a. A general cleaning of the surfaces, dropshaft, and collection bin should be
completed weekly to quarterly depending on:
i. The type of materials being tested and their properties (adhesion, size,
etc.)
ii. The frequency of CAMSIZER use
2. Camera screen cleaning
a. Open up camera screen

CAMSIZER X2 task file X-Fall_Default.afg
File Edit Start measurement Results Options Extras Help

3| He B SR & #=we| el & 2

b. Turn on the “colored” view option to identify if there are any particles in the drop
shaft

16



Appendix C

#' CCDimage - 0 X
File Ede View Bdtres Help

CEER S SRR F10

CCO-Bwsc  mwei2® et (12 wel@ ye2d geBdbd

c. Clean the drop shaft by blowing compressed air across the screens.
i. Compressed air can be accessed via the blue nozzzel on the back of the
P4 (as seen below)

17



Appendix C
ii. Ensure that the light source (left) and the protective glass screen (right) are
both cleaned

18



Appendix C
d. If the compressed air fails to clean the surface, wipe the screens with a kimwipe
with repeated single directional passes. Ensure to clean both the light source (left)
and the protective glass screen (right).

e. If dry wiping fails to clean the surface, use a solution such as Isopropanol to clean
the screens. Ensure the passing is still single direction. Extra care needs to be
taken to ensure there are no steak marks from the cleaning agent.

19



Appendix C
3. Vibratory feeder & funnel cleaning
a. Remove the funnel by twisting it out of the funnel holder

b. Remove the feeder by popping it up out of the feeder holder

20



Appendix C

See page 13 for detailed cleaning instructions.

c. Clean both the funnel and feeder with compressed air
d. If cleaning with compressed air is inadequate, clean the surface using a kimwipe
e. If dry kimwipe cleaning fails to clean the surface, clean the feeder and funnel
using isopropanol or an equivalent solution and kimwipes
i. Solution cleaning is recommended at regular interveals to ensure funnel
and feeder are clear of contaminations. Weekly to quarterly cleanings are
recommended depending on:
1. The type of materials being tested
2. The variation of the materials being tested
3. The frequency of use of the CAMSIZER
4. General CAMSIZER cleaning
a. As with the vibratory feeder and the funnel a general cleaning of the surfaces,
dropshaft, and collection bin should be completed weekly to quarterly depending
on:
i. The type of materials being tested and their properties (adhesion, size,
etc.)
ii. The frequency of CAMSIZER use
b. The funnel and sample return holder should be cleaned with a dry brush after
every sample measurement.

21



Calibration

B CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg

File Edit Start measurement Results Options Bdras Help

8|2 @

eIl

CCD image...
CCD image 2...

Select output directory for results...

Caiibration

Image evaluation...

Appendix C

+~ Tool bar

»  Status bar

~ Save windows automatically
Apply standard
Restore standard
Language...
Password...
Change password...
Configure Krumbein roundness characteristics...
Particle X-Plorer Wizard...

1. Extras -> Calibration
CarnsizerP4
Calibration

Start background measurement

(without calibration reticle)

oK I Cancel

2. OKto background
without calibration reticle.

CamsizerP4

—
measurement

,ii Insert calibration reticle

CHE

Cancel

22



Appendix C
3. Insert calibration reticle when prompted. (Rails may have to be removed from the
CAMSIZER before insertion.)

CamsizerP4d X

i h Calibration reticle version: Eev, 0

K

4. Confirm the insertion of the calibration reticle with [OK].

CamsizerP4

Print record?

5. Print record

CamsizerP4 >

i l; Femove calibration reticle!

6. Remove calibration reticle when prompted.

23



Adding Shape Characteristics

Make sure a Task File is loaded

'S CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg

File Edit

measurement

=

Results Options

[&] &

Appendix C

Extras Help

M=

14

=

2

Load task file

Task file name:

Edit

OK

Load a Raw Data File

.t

lowa_DOT_Sand_Shape.afg

-]

Cancel |

File — Open result file — Select a xc_min_(some file name).rdf file from your data — OK

E CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg
File Edit Start measurement Results Options Extras Help

Load task file...

Open result file...

Open complete data file...
Read image...

Save task file...

Save result file...

Save complete data file...
Export...

Export, several files...
Extract complete data file...

Print report...
Print preview...

Print report, several files...

Print measurement conditions...

Print setup...
Screen font...
Printer font like screen font
Printer font...

Exit

B = /=

24



s PC » Windows (C:) > Camsizer > CAMDAT > Sand_Shape

ler
Name

excel files

S 5-334_Waterloo_Sand_A07504_xc_min_001

'S 5-335_Gilbertville_Sand_A075§¢

'SP 5-334_Waterloo_Sand_A07504 xFemai 001

B 5-335_Gilbertville_Sand_A0750%T
S 5-336_Hobson_Sand_A12522_xc_min_001
'S 5-336_Hobson_Sand_A12522_xFemax_001

'SP 5-343_Marshalitown_Sand_A64502_xc_min_001
"D 5-343_Marshalitown_Sand_A84502_xFemax_001

= 5-363_Springrove_Sand_A29502_xc_min_001
a 5-363_Springrove_Sand_A29502_xFemax_001
2 5-377_Coppock_Sand_A46516_xc_min_001
'S 5-377_Coppock_Sand_A46516_xFemax_001
'S 5-379_Tuttle_Sand_A17520_xc_min_002

"D 5-379_Tuttle_Sand_A17520_cFemax_002

'S 5-389_Bente_Sand_A22510_xc_min_001

'SP 5-389_Bente_Sand_A22510_xFemax_001

Date modified

771472020 10:49 AM
1/10/2020 3:14 PM
1/10/2020 3:14 PM
1/10/2020 2:53 PM
1/10/2020 2:53 PM
1/10/2020 2:59 PM
1/10/2020 2:59 PM
1/10/2020 3:39 PM
1/10/2020 3:39 PM
1/10/2020 3:34 PM
1/10/2020 3:34 PM
1/10/2020 2:33 PM
1/10/2020 2:33 PM
1/10/2020 2:38 PM
1/10/2020 2:38 PM
1/10/2020 3:06 PM
171072020 3:06 PM

v O

Type

File foider
RT raw data file
RT raw data file

RT raw data file

RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file
RT raw data file

RT raw data file

1ame: | 5-335_Gilbertville_Sand_A07508_xc_min_001

Size

Appendix C

Search Sand_Shape

=P

70KB
7T4KB
70KB
73KB
71KB
68 KB
65 KB
71KB
70KB
70KB
72KB
73KB
69 KB
70KB
107 KB
112KB

v| | Raw data file (".rdf)

From the Results tab on the main toolbar select Results — Table or use

Button.

File Edit Help

7 Table - .\Sand_Shape\5-335_Gilbestville_Sand_ADTSOB_xc_min_00T.rdf

@& L¥| om
ASTMI+) Moi-)
=84

=8 #a
#30 #a
#50 #30
#100 #50
#200 #2100
PAN F200

DN 2]

o 4 [% [hw 12
SonSieve Passing
[%) 3]
3ar oo
11.04 317
4538 1421
3232 568,59
7.64 819
0.40 98,55
0.05 §0.95

SPHTZ

From the Table toolbar select View — Characteristics

25
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Appendix C

Celumns for table and text files x
— Basic characteristics. | Based on number Based on volume Q(threshoid), depending
W %onSieve T on classes:
[T Retained Shape characteristics:
v Passin
:: @ 9 [~ xFe_min3 [¥ SPHT3 r
[T xMa_min3 [ Symm3
 po [T xc_min3 [V Inverse_AR 4|
r ao [~ xFe_max3 [~ BA_rec3 _
~ 1.0 I~ pov [~ conv_a3 I PH
a0 ™ x_mear - ca
|~ Conm [¢ RoundnessC y J |
™ mm [# RoundnessP
¥ ASTM mesh
[~ Tyler mesh Set all |
) Clear all |
Size classes for table and graph:
[ASTM_sizes.gki |
™ UBandib [w MVErse ¥ No automatic mit
display
OK | Cancel | ¥ Coloured [¥ Print in report

Select the shape value you want (there is a limit of seven (7) including Basic characteristics)

Click OK

" -

=]

Then Save Task using the “Save Task” button

Save task file

26



Measurement conditions

Task file:

I lowra_DOT_Sand_Shape.afg j

Size clazses for measurement: IASTI'.'I_SiZE-S.gkl

-

[T Shape parameter:

¥ _ares; I 1 we, xFe, I 1

[T Fitting file: |

=]

Appendix C

Feeder and funnel pararnetersl Cameras (measurement parameters}l Save irnage.sl Seﬁingsl Warnings Save task file |

Result files

[¥ Raw data (*.rdf}

[v Complete data file (*.cdf)

[~ EXCEL-readable, decimal comma (=.xid)
¥ EXCEL-readable, decimal point (*.xle)
[~ RETSCH file (*.ccg)

[~ Xplorer file (*xConAlp)

Directory: I Sand_Shape j

File name: I Longwood-2_4700-4710

[+ Changeable in measurement mode

v File no.: I 5
Head of report: I ' File no

[+ Changeable in measurement mode
Company: | lowa DOT [~ Date: oo |
User; I Dawson I~ Time: Ihhmmss j
Material: I [~ Dual saving Select |
Density: I g/cm = Mass: | 12700 ] [~ Print report after measurement
Comment: | Attention!

The current measurement settings and presentation
I parameters will be saved in the task file.
OK | Cancel | Undo | MNext I

Click OK. It will ask you to Overwrite.

CamsizerP4.exe

e

i
l@ File lowa_DOT_Sand_Shape.afg already exists. Overwrite?

Yes

No

Say yes.

27




Appendix C
Adding Mean Values to a Table

In the Camesizer software go to Results

'S CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg

File Edit Start measurement | Results | Options Extras Help

Results — Characteristics —

S CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg

File Edit Startmeasurement Results Options Exras Help

¥ H 0 H é [ Table... Fs
ICharacteristics...I Fr p—
Graph... F6
Graph, shape characteristics...

Average measurements..,

Trend analysis...

Daily report...

Combine sieving and CAMSIZER P4 results...

28
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Characteristics — View

LT wmeY M| L Lin Lin| teg | ™™ ITLILITI T = N
® Cha aslics - -.\Sand_Shape\5-335_Gilbertville_Sand_A07508 x.. = (] X
File Edit | View | Help 4
Task file: lowa_DOT_Sand_Shape.afg , xc_min. A_dens 0.3 %, 60 mm feader 2
; Volume dased distribution '
Q31%] ximm]
100 0.321
50.0 0.716
90.0 2963 3
* x[mm] Q3 [%) b
1.000 645
2000 829
4.000 945
SPAN3 = 3688
U3=2783 1
p3(bA=0.7509)=414% Time 1/10/2020, 21:48
Duration of measurement 4
CCD-B =735735 particles 0}
CCD-Z = 49846 particles (9°
Q3 (SPHT=09)=546% Mean value SPHT3 = 0881
Q3(nverse_AR=09)=97.7% Mean value Symm3=0902 |.
Mean value Inverse AR = 0.7,
Mean Value RoundnessC =1,
— | [T OO RO B0 : T % Y O 1

View — Characteristics

29
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B CAMSIZER P4 rask file lowa_DOT Sand_Shape.ufg

Fle Edit Stat measurement Results Options Extras  Help

|| B8] S|[8) & 8= o] B 6| 9

¥ Characteristics - ...\Ryolite\E20_009_fron Mt_AMO022_4X3_xc_mi.. — (u] X 3
File Edit |V
Taskt LIC""“"“““‘- A_dens 0.3 %, 60 mm teeder =
Volum  Sizelimits for display... :
Q3% Units...
100 cory
50.0 3744
§ 90.0 5057
x fmm] Q3 (%]
1.000 00
2.000 16
4.000 583
SPAN3 =0637
U3=1520
p3 (b4=0.75,0.9)= 25.0 % Time. 2/19/2020, 923
Duration of measurement 1
CCD-8 = 1840 particles (30! }
CCD-Z = 124 particies (209¢
Q3(SPHT=09)=96.1% Mean value SPHT2=0.792
Q3(Irverse_AR=09)=1000% Mean value Symm3 =0.871
Mean value Inverse AR = 0.6¢
Mean Value RoundnessC =1y |

Use the “Based on volume” tab
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Characteristics

Basic characieristics Shape chamdernstics

%0 vakes: Basad an nurnber | Based on volumse

v ai= [10 ‘“ Part of partcles: Mean vaise aver

Fa- @ % Craraeristic Freshoid all paricies:

¥ aa= [% % Q3 (SPHT): vseim < [oa ¥ Mean value SPHT3

¥ Span valie @3 (Symm): v smm <[ [09 ¥ Mean value Symm3

¥ Non-unormity Q3linverse AR} = bl =[fos ¥ Mean value Inverse AR
f_i': ?_;:rﬁ 3 (BUL_rec)- T BLrec < [09 [ Mean value BIL_rec3

: B ng

Fre [ mm Q3 (Com_A): . Com A | [ Mean value Coev_A3
Fo-[Z m QI ¥ = [0 [ Mean value C3

R Q3RouessC): rrons.c <[ [D ¥ Mean Vae RoundnessC

. - i}
e ———— | Q3(RoundressP) - _rspl-n_m <] ¥ Mean Vale RoundnessP

[ Wiz, Sigma fx)

[ Specific suface area Sv F Printinrepod (3(shape)
[ 5 ; —
r i RASE characenstics

[ namdd 3
[ Calodate x(Q) and Qi)basedon Q0| [~ E= |3 %

[+ Calculate #(03) and Qfx) based on 03 [ Mean aren

[

Choose the Mean values you want (see next page)

Click OK.
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Shape Definitions:

SPHT3 = Sphericity Displays the roundness, Perfect circles

or spheres have a sphericity of 1. Mean value over

. all particles:
Symma3 =Symmetry. Perfect symmetrical shapes have a

symmetry equal to 1. ¥ Mean value SPHT3
Inverse AR= Length / width the inverse of the aspect ratio. ¥ Meanvalue Symm3
Aspect Ratio = width [ length

. i _ ¥ Mean value Inverse AR
Conv = Convexity, particle Area and convex particle area.

Convex particles have a convexity of 1. | Mean value B/L_rec3
C3 = Circularity, perfect circles or spheres have a circularity of [ Meanvalue Conv A3
1.
[ Mean value C3
Roundness C = the radius of circles that fit into the corners of
a particle divided by the radius of the largest circle that ¥ Mean Value RoundnessC
can fit in the particle. ¥ Mean Value RoundnessP

SPHT_K is the box ratio (perpendicular aspect ratio).

& For details see the Retsch Technology Manual — Evaluation Software
CAMSIZER P4 pages 149 to 155. An electronic copy is available using the
CAMSIZER HELP found on the Tool Bar,| ﬂ

e b/lis Inverse AR (aspect ratio, smallest width / largest length) independent from the
angle between xc_min and xFe_max

e RDNS_C = Roundness C

e SPHT is the Area divided by the perimeter

e SPHT_K is the box ratio (perpendicular aspect ratio) in 2D like Inverse AR but
perpendicular. Under the microscope that means particles are in the largest stable
position. (how Roundness P). SPHT_K is the 2D version of the randomly taken (B/L)rec
in 3D

e (B/L)rec is the minimum (xFe1/xFe2) when xFe1 and xFe2 are perpendicular

e (b/l)rec is the minimum (xc/xFe) when xc and xFe are perpendicular
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CIRCULARITY
_’\:\ min

I\E‘u max

SYMMETRY

‘Axml ol

li ‘Aqu IVEX

ROUNDNESS COMPACTNESS

Xemin = width
Xremax = length

A = area

U = perimeter

Changing sieve sizes.

Hit the “Open Task” button (3rd |ﬁ|| one in)

Load Task file. These will be “.afg” files.
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Load task file >
-
Task file name: lowa_DOT_Sand_Shape.afy v |
Edit

0K Cancel |
—

Then Options — Size Classes (If a sieve distribution has already been created, click the
“Read size classes”, select the size distribution, then save.

i= /e B | 2

Sie csees | Shepe char. cisses | Table | Charactersstics | Graps | Graph, shape characteristics | Save task e |

™ Aesd wTe chiAes AETM mip - Lizvwner bred &l 1= vl
E— - Ciss: " 8108
i Seve seres ASTH Mash _rl
Upper lmis =7 Al classes:

 Lingar dinisn

™ Logaritee divisios 0135 D150 013 02 0250
| 030 03ISS Q43S 0SDD 600

= Edi a0 pASe w080 1180 1.4l

img 2000 T30 2300 3350
4060 4750 L.E00

Sik vpdans | ek & o
™ pm

LE Carcil I Unda Hazn
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Adding a new sieve distribution:

Sizw cunsan | Sumcs crar ciswses | Tabie | Caavciersticn| Graph | Gesph, shape charsciermtics | Save ta e |

| Aeod sioeclosses: | ST sizes i - Lower bmit of the lowest
|- i J clasa: 2102
T Saed S
U s = all clasaes
™ Linear Svisen !
T Logeritme diviian
| B
Save Updule | Uk & mm
T ("L}
o | cance | woe | wot |

1) Delete large box. 2) Type in sieve size you want using # and separated by a space. 2)
replace the lower limit with “pan”. Then hit update
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Parametars for display x
Size clhcies | Bnagpe char classes| Tabie | Charciaesics | Grapn| Graph, shapa cramciensics | Save sk i |
£ Raad sz casses ST sz gkl - Liovwees brmeaf oof e Bt class.
(STl T =| Ir
(" Heve sees JS T Miesh -]
Lippes limits of all clsses:
 Linesar dirdgion
€ Losgaritic deision 82 A8 ¥30 ¥50 4100 4200
& Fai
| (R L o) f
5600
]
Sawe Upsate | unt @ mm
T pm
o Cancsl was | [ mes
Parameters for display ®

= Riead sze classes. |IJ1\'IJJUT_‘I'I1!'J!I.'¢_I:IH'!.D|:| Lirerer i of Hroe st
I Silrew BT AETH Mesh v|

Size tlaases |$rwtmrm|'l'&h | Charactenstics | Gragh | Graph, shape characteristics | Save task fie |

I r Upper mits of ol classes
1 Loparihm dvinsisn 200 EDD  #50 w30 [T
&4
 Edi
d 1 d Aefl = I U.D:{I -
I 4. TE0 nn
|

Updme Unt: ¥ mm

= pm
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The sieve sizes will be separated by tabs. Hit Save.

Appendix C

Parameters for display X
Size classes | Shape char cla5595| Table | Characleristics| Glaph| Graph, shape chaladerisﬁcﬂ Save task ﬁle|
(" Read size classes: |ASTM75|zes,gm LI Lower limit of the lowest class: AN
" Sieve series: ASTM Mesh A
Upper limits of all classes.
¢ Linear division op
(" Logarithn Save size class file X
® Edit
Ieasurermel
GKL file name: lowa_DOT_fine_sieve_clases.gkl LI
MNumber of ¢
OK Cancel
Save
" um
ok | Cancel | undo | Next
Give the new Size Class a new name and hit OK.
Parameters for display X
Size classes | Shape char. classes | Table | Characteristics | Graph | Graph, shape characteristics Save task file |
Task file [lowa_DOT_Sand_Shapeafs  ~| [ ;R_esult files
- . ¥ Raw data (*.rdf)
Size classes for measurement: |IowaiDOTjneisie'veﬁclases gkl LI [ Complete data file (*.cd)
[~ EXCEL-readable, decimal comma (*.xId)
¥ EXCEL-readable, decimal point (*xle)
[~ RETSCH ile (*.ccg)
[~ Shape parameter y_area |1 xc, wFe, 1 [ Xplorerfile (* xConAlp)
[ Fitting file | LI Directory: | Sand_Shape LI
File name: I Longwood-2_4700-4710
¥ Changeable in measurement mode
v Fil : 5
Head of report: | V' File no. }
¥ Changeable in measurement mode
Company: | lowa DOT [~ Date: YYYYMMDD -
User: | Dawson [ Time: hhmmss v
Material | [~ Dualsaving Select
Density: glem® Mass: | 12.700 g [~ Print report after measurement
Comment: | Attention!
The current settings and p tation
| parameters will be saved in the task file
oK | Cancel | Undo | Net |

Select the Size classes for measurement. Hit OK.
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Moving CAMSIZER Software files from one computer to another
These files will rename some of the labels to more recognizable names.

On the CAMSIZER computer navigate to C:\Camsizer

Copy the following files onto your external hard drive:

38

On your computer place the copied files into C:\Camsizer

camsizerP4.cfg
camsizerP4.creg
camsizerP4.json
standard.json
standard.cfg
View
| Cut - x @ @ New item ¥ @ Ed Open - [ select al
1 Copy path U Easy access ™ Edit Select none
| Paste shortcut I\:;'."e Ctgp_y DeI'ete Rename lelil‘l:r Propfr‘tles 7 History EP Invert selection
Organize MNew Open Select
isPC » OS(C) » Camsizer
Name h Date modified Type Size
CAMDAT 1/20/2020 11:04 AM File folder
CAMSYS 1/24/2020 2:06 PM File folder
CFG_COPY 1/24/2020 1:25 PM File folder
Lﬂ BootloaderP4 9/9/2015 12:58 AM Application 2,003 KB
Lﬂ CamRegManager 6/2/2016 5:29 AM Application 142 KB
[1 camsizerP4.bgb 1/24/2020 1:25 PM BGE File 1,201 KB
Ij CamsizerP4.bgz 1/24/2020 1:25 PM BGZ File 1,201 KB
] CamsizerP4.cfg 1/24/2020 1:25 PM CFG File 5KB
Ij CamsizerP4.creg 1/24/2020 1:45 PM CREG File 2 KB
E? CamsizerP4 10/16/2018 5:33 AM Application 13,325 KB
‘ Ij CSKoreanb4.dll 10/16/2018 5:09 AM Application extens... 2019 KB
| Ij CSMorwegiané4.dll 10/16/2018 5:.09 AM Application extens... 2,019 KB
[] cspolishe4.dl 10/16/2018 5:10 AM Application extens... 2,019 KB
Ij CSPortugueseb4.dll 10/16/2018 5:10 AM Application extens... 2,027 KB
Ij CSRomanian64.dil 10/16/2018 5:10 AM Application extens... 2,019 KB
[ CSRussian64.dll 10/16/2018 5:11 AM Application extens... 2,030 KB
Ij CSSpanishe4.dll 10/16/2018 5:11 AM Application extens... 2,042 KB
[] csswedishs4.dll 10/16/2018 5:11 AM Application extens... 2,019 KB
Ij CSTurkishe4.dll 10/16/2018 5:12 AM Application extens... 2019 KB
Ij Feedert4.dll 10/16/2018 5:23 AM Application extens... 86 KB
[#] manual_camsizerP4_50.513.000¢_de_soft.. 10/24/2018 4:09 AM Adobe Acrobat D... 4,029 KB
|i manual_camsizerP4_50.513.x000¢_en_softw... 10/24/2018 4:09 AM Adobe Acrobat D... 4,001 KB
ﬁ RetschTechnology 11/7/2019 1:42 PM Internet Shortcut 1KB
[] standard.cfg 11/8/2019 11:39 AM CFG File 5KB
] standard json 11/8/2019 11:39 AM JSON File 1KB
E’] TeamViewerQS 4/17/2018 2:31 AM Application 15441 KB
@ Technology_softwarehintergrund 3/11/2013 6:10 AM BMP File 81 KB
% uninst 11/7/2019 1:42 PM Application 71KB
Ij Xceed Wpf.Toolkit.dll 9/3/2015 446 AM Application extens... 1,014 KB
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Appendix D

Manipulating CAMSIZER data to make shape plots in Excel

These files will rename some of the labels to more recognizable names.
On the CAMSIZER computer navigate to C:\Camsizer

Data is store on a partitioned part of the hard drive called “Particle X-Plorer” then CAMDAT.
Select this drive to copy your data. You may want to make sub directories in a locate where
you store your data.

i\

Also, please move your data and working files to a different location such
as a flash drive or a network location. Do not store your working files on
the Camsizer computer. If you do store data on the Camsizer Computer,
you should set up a specific directory with a unique name.

It is important that you know where your data is being stored.

To Begin

Open the “Raw Data File” of the sample you want to plot. Use the open file button and find
the directory where your data is stored.

CAMSIZER P4 task file lowa_DOT_Sand_Shape.afg

dit Start measurement Results Options Extras Help

H\w\ﬂ NEL EMEREE
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S Open X
« v A « Camsizer data » 2020 sands » RDF 2020 v o Search RDF 2020
Organize v New folder v M @
B videos A Name Date modified Type Size A
& Windows (C:) [ AKRON_A75502_520_43 xc_min 001.rdf | 117472020 6:59 AM RT raw data file 112K8

«a TOSHIBA (E:) [ AKRON_A75502_520_4 06:59 AM RT raw data file 112KB
s USB Drive (F:) [%7 ANTHON_WRIGHT_A97538 2 11/2/2020 11:28 AM RT raw data file 110K8B

@ Expansion Drive [#) ANTHON_WRIGHT_A97538_520_45_xFem... 11/2/2020 11:28 AM RT raw data file 108 K8

o u (\dot.intlan\: [®] ASPRO_A07506_520_270_xc_min_001.rdf 10/27/2020 RT raw data file 73KB
[5] ASPRO_A07506_520_270_xFemax_001.rdf RT raw data file 72 KB
== (W)DataStor (\\r ;
[¥:] BANWART_A76518_520_259_xc_min_001.r... RT raw data file 114 KB
= Expansion Drive (¢ [%:] BANWART_A76518_520_259_xFemax_001.... RT raw data file 113KB
[¥] BOYD_A72530_520_171_xc_min_001.rdf RT raw data file 108 KB
< TOSHIBA (E:)
[5 BOYD_A72530_S20_171_xFemax_001.rdf RT raw data file 107 KB
s USB Drive (F:) [ BUCKYS_A19522_520_106_xc_min_001.rdf RT raw data file 110KB
[%5 RIICKVS 810522 €N 1NA vFamav NN rddf INANIN20 22 AM RT raw Aata fila maxkr Y
¥ Network v < >
File name: |0210621_001.rdf v | |Raw data file (") v

You will get a list of “Raw Data Files” or RDF for the samples you have run. There will be
“xc_min” and “xFemax”. These file names designate the orientation that the measurements
were taken. You can read more about this in the Help Manual found in the Camsizer tool bar.
Choose “xc_min” (in red) and not “xFemax” (in blue).

B Graph - .\RDF 20200\AKRON_AT5502_520_43 jc_min_001.rdf - O *

BLCEEESER AN EXRCE]

ELE S

{[—— axron_as502_520_43_xc_min_001.rar |

_________________________________________________________________________________________________________

......................................................................................................

———

OPAN 240 #25 #18  #14 #12 #10 #8  #7 26 #5 #4 #35 0.257 0.265 Xc_min [ASTM]
NUM [SCRL -

You will see a plot similar to this depending on which of the three modes of size distribution
was chosen.
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dl( Start measurement Results Opti

Load task file...

Open result file...

Open complete data file...
Read image...

Save task file...

Save result file...

Save complete data file...

Export...
port, several files...

Extract complete data file...

Print report...

Print preview...

Print report, several files...

Print measurement conditions...
Print setup...

Screen font...

Printer font like screen font

Printer font...

Exit

On the Mine Toolbar choose File then Export.

D SaveAs X
« v 1«[ <« Expansion Drive (G:) » Camsizer data » 2020 sands I v o Search 2020 sands
Organize v New folder 5 - e
[ Desktop A Name - Date modified Type Size A
(3] Documents Excel files File folder
* Downloads File folder
J’ Music RDF 2020 File folder
=1 Pictures [37) AKRON_A75502_520_43_xc_min_001.xle XLE File 4KB
. Videos [%7] AKRON_A75502_5S20_43_xFemax_001.xle XLE File 4KB
an [%5] ANTHON_WRIGHT_A97538_520_45_xc_m... XLE File 4KB
& Windows (C:) T,
NSHEA G (55 ANTHON_WRIGHT_A97538_520_45_xFem... 11/ XLE File 4KB
- € [%] ASPRO_A07506_520_270_xc_min_001.xle 0 XLE File 4KB
@ USB Drive () [ ASPRO_A07506_520_270_xFemax_001.xle XLE File 4KB
® Expansion Drive %] RANWART A7AS18 S20 259 e min 001....  10/27/2020 8:36 AM X1 F File axRY
N/ € >
e AN doaloa N
File name: i v
Save as type: EXCEL-readable, decimal point ("xle) | l v

~ Hide Folders Cancel

You may want to make a new subdirectory on the drive you are storing your data called
export. When you export your files make sure they are in a “.xle” format and not a “xId”
format. Use the drop-down box to the right to select the proper format. Excel cannot read the
xld format.
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@ R 1 L Search
Workbooks  Folders
%Q Chmmand saidle Al
g | u Open X
Info towl
« v e « Camsizer data » 2020 sands > Export files v o port file:
] ber & file
54
e ‘ Organize v New foider == v [ o
Save As 3 This PC A Name i Datenoddied Tioe Sae ol
P 30 Objects [¥] AKRON_A75502_520_43_xc_min_001.xle 3/30/2021 1:22 PM L I 4KB
Save as Adobe 5 KE
POF BB Desktop L 1a AST38 320 &3 XC M. /2 20C! 1204 PIV 3 KB
E) 5_520_271 i E 4/7/2021 204 PM 4KB
0"{ B Doeu % .: ASPRO_AD7506_520_270_xc_min_001.xle
Print [37 BANWART_AT6518_S20_2%9 xc_min_001... 4/7/2021 3:05 P} 4 KB
- = 4 Downloads S :
E; [¥] BOYD_A72530_520_171_xc_min_001.xle 4 4KB
Share =  Music 37 BUCKYS_A19522_520_106_xc_min_001.xle P
a9 & Pictures [] COPPOCK_SAND_A44505_S20_49 _xc_min... AKE
Export S Videos (37 CRAWFORD_A10524_520_233 x<_min_00.. 4K
38 Windows (C) [¥5] DISTERHOFT_A10522_S20_64 _xc_min_001.. 4/7/2021 3 KB
Publish B = wosmae (3] EMMETSBERG_S_G_AT4502_520_80_xc_mi... /7 4KB
[%] EVERLY_A21538_520_66_xc_min_00T.xle &7/ 4KE
s USB Drive (F)
Close [%7] FERTI £ ACRSAS €30 150 vr min M vie  4/7/001 270 DI axrY
» Expansion Drive v < >
File name: [ -;E All Excel Files (*xI** xbog" xlerr
s | | e

Open Excel and Open File. Choose the sample file you want to open. Then hit Open.

Text Import Wizard - Step 1 of 3 7 X

M L N _| The Text Wizard has determined that your data is Delimited. El
If this is correct, choose Next, or choose the data type that best describes your data.
Original data type

Choose the file type that best describes your data:
- Characters such as commas or tabs separate each field.

() Fixed width - Fields are aligned in columns with spaces between each field.

Start import at row: |1 = File grigin: | 'Windows [AMSI)

[ <

] My data has headers.

Preview of file G:\Camsizer data\2020 sands\Export files\AKRON_AT5502_520_43_xc_min_001.xle.

| AT5502 520 43 xc min 001.rdflowa_DOT Sand Shape.afgxc_min2020/117 L

owa DOT
awson

Cancel < Back Einish

Step 1. The Import Wizard will open to convert the xle file into an excel format. This will take
three steps.



Appendix D
? *

This screen lets you set the delimiters your data contains. You can see how your text is affected in the
preview below.

ITgxt Import Wizard - Step 2 of 3 I

Delimiters

b 1ap

|:| Semicolon DT[eat consecutive delimiters as one
D;omma
[ space

Dgtner:

Text gualifier. |~ w

Data preview

(RON_ATS502_520_43_xc_min 001l.rdf [[owa_DOT_Sand Shape.afg c_min RO20/11/0| A
owa DOT
AWECT W
< >

Cancel < Back

Finish

On Step 2 the Import Wizard will automatically figure out where the columns should be. If

there is a problem, you can click and drag the breaks to the location that works for you. Then
just hit next.

Text Import Wizard - Step 3 of 3 I

? X
This screen lets you select each column and set the Data Format.
Column data format
(®) General _ _
General' converts numeric values to numbers, date values to dates, and
O Text all remaining values to text.
() Date: | MDY v

Advanced...
(O Do not import column (skip)

Data preview

CepscallCensral
e _min R020/1170] A

Cancel < Back Mext >

On step 3 just hit Finish.
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v ~ - ~

1 lAKRON_g]_Iowa_DO‘Ixc_mm pmmmeneN 6:43  9minS2s
2
3
4 lowaDOT
5 Dawson
6
7
8
9 Macro ? X
10 (x [mm] at 0.315
1 x[mm]at  0.908 MaOs e
2 |x [mm] at 3.41 PERSONAL.XLSEepoert_excel * Run
PERSONALXLSECamsizerexport
epge; 546 Step Into
|4 1Q3[%] at: 78.5 PERSONAL.XLSEtexport_to_excel
} PERSONAL.XLSELIMS dleanup dit
I5 Q3 [%] at: 93.7 PERSONAL.XLSB!move_intended_use E
|6 SPAN3 3.411 = |
17 U3 3.585
18 p3(b/I=0." 39.00% Delete
19 /Q3 (SPHT= 55.9 optionie | |
'0 Q3 (Symm a5 |
1 Q3(Invers 98 Macros in: | All Open Workbooks v
: J
‘2 Q3(Roudn 50 Description
3 Q3(perpB« 48.1 |
4 Mean valy 0.879 |
|
!5 ‘Mean vall 0.902 |
%6 Meanval.  0.712 cacaisl |
17 Mean Vali 0.503
8 \Mean Valt 0.705

The file has now been imported. You will have to adjust column widths or is you do this once
you can write a macro to do the same process over and over in only on step.

|x [mm] atQ3 =10.0% 0.315
x[mm] at Q3 =50.0% 0.908
|x [mm] at Q3 =90.0% 3.41
1Q3 [%] at x =1.000 mm 54.6
Q3 [%)] at x = 2.000 mm 78.5
Q3 [%] at x =4.000 mm 93.7
|span3 3.411
|u3 3.585
p3 (b/1=0.75;0.9) 39.00%
Q3 (SPHT=0.9) [%] 55.9
|3 (Symm=0.9) [%] 425
Q3(Inverse_AR=0.9) [%] 98
Q3(RoudnessC=0.5) [%] 50
|Q3(perpBoxRatio=0.7) [%] 481
Mean value SPHT3 0.879
Mean value Symm3 0.902
Mean value Inverse AR 0.712
Mean Value RoundnessC 0.503
Mean Value perpnBoxRatio 0.705

You will need to select the shape properties you would like to use. For what | am working on
the Roundness and Inverse aspect ratio are the most useful. Use the help manual to figure
out the shape values most useful to you.

‘ﬁl Remember: The shape properties reported are set up in the program before the
sample is tested.
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Transposing the data into a more useful format

lowa DOT
Dawson File Hor
—
o X Cut Paste Special ? X
fes I:a COF Paste
Paste ® an () Al using Source theme
x[mm] at Q3 =10.0% bt "«’ﬁ Fon 3 () Formulas () All except borders
x [mm] at Q3 =50.0 % ! () Values ) Column widths
x [mm)] at Q3 =90.0% Clipboar () Formats () Formulas and number formats
Q3 [%)] at x = 1.000 mm 24.0 () Comments and Notes () Valyes and number formats
Q3 [%] at x = 2.000 mm 78.5 () validation All merging conditional formats
03 [%] at x =4.000 mm 93.7 Operation
SPAN3 3.411 @ None D Multiply
us 3.585 O Add O Divide
p3 (b/1=0.75;0.9) 39.00% (O subtract
Q3 (SPHT=0.9) [%] 55.9 4
Q3 (Symm=0.9) [%] 42,5 [ skip blanks
Q3(Inverse_AR=0.9) [%] 98 e —
IQB{RoudnessC=ﬂ.5] [%] 50 I i i I
Q3(perpBoxRatio=0.7) [%] 48.1
Mean value SPHT3 0.879 2
Mean value Symm3 0.902
Mean value Inverse AR 1 0.712
Mean Value RoundnessC 0.503
Mean Value perpnBoxRatio 0.705

1.) Select the data you wish to plot. Highlight and copy. 2.) Select a area of the
spreadsheet you would like to place the data or on a different spread sheet. 3.) Near
the File button will be Paste. Go to “Paste Special” and window 4 will appear. 4.) Click
the “Transpose” box then OK.

A B c
1| |AKRON_A75502_S20_43_xc_min_001.rdf }owa_DDT xc_min

3

4 lowa DOT

5 |Dawson

6 1

7

s |

g 4

10 |x [mm] at Q3 =10.0 % 0.315

11 lw Flramal a¢ A2 —Cn N0 n anc

Mean value SPHT3 Mean value Symm3 Mean value Inverse AR Mean Value RoundnessC  Mean Value perpnBoxRatio

0.879 0.302 0.712 0.503 0.705

| like to copy the File Name (Row 1A) and the transposed data into a separate file to
make a Master spreadsheet with the File Name in the first column followed by the
data.



File Mame

519 371 Tegler A28504 xc_min_001.rdf

520 018 Coots_sand_ADGS0E xc_min_001.rdf
5-334_wWaterloo_Sand_a07504 xc_min_00L.rdf
5-335_Gilbertwille_Sand_aA07508_xc_min_D01.rdf
5-399_Blairs-Ferry_Sand_ASTS28_xc_rmin_001.rdf
519_396_Hess_ASTS30_wc_min_001.rdf

519 408 Linn_Co Sand_AS57534 xc_min_00Lrdf
519 317 Fredonia_AS&B_A53504 xc_rmin_001.rdf
519_163_Lilland_A32548 xc_min_001.rdf
Emmetsburg_Sand_ATa502 xc min_ 001 rdf

519 162 Miller_ATE514 xc_min_00L.rdf
Retigelsbarnger_Sand_AS4532 wxe min_00d.rdf
5-377_Coppock_Sand_Ad6516 xc_min_00L.rdf

519 423_EDM_#2_Vandalia_AT7522_xc_min_00Lrdf
£19 413 Morth_Des Moines ATISI0 xe rmin_00Lrdf

519_350 Saylorville_Sand_A77534 xc_min_001.rdf
519 415 Saylorcreek Sand_A7T536 ec min_ 001.rdf

519 354 Wapello_Co_Sand_& Grawvel_a90506_xc_min_001.rdf

McDowell_Natwral_A35523 xc_rmin_001 rdf

519 380 H B M_Farms_A42532 wc_min_001.rdf
519_367_Disterhoft_a48508 xc_min_001.rdf
519 377 Williams AS2508 e min 000 ref

Appendix D

A-Number |RoundnessC RoundmessP A-Number Landform River

&52508

Mean Mean
0.4563 0.715
0.503 0.718
0.538 0.71%
0.522 0.7T1E
0.512 0.716
0.50% 0.715
0.505 0.717
0.53% 0.725
0.458 0. i
0.43% 0.5
0.494 0.704
0.467 0. 706
0,496 0. 703
0.432 0,706
0.505% 0. 708
0.524 0.715
0.493 0.707
0.49E 0.714
0.491 0.3
0,486 0.711
0.43E 0.717
n.s17 n

AFE504
AQGI4
A7
A0T308
ASTE2E
ASTE30
AS5T534

A32548
ATa502
ATE514
A94532
AAGB51G
ATT32Z
ATIS30
ATT534
ATI536
AJ0506
£35522
AA2532

52508

I5,/5I0P
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SIDP

1M DL
SIDP
MAPF

Set up you spread sheet with as many columns with as many variable as you need.

Bear Cr
Cedar
Cedar
Cedar
Ciedar
Cedar
Cedar
Cedar

Des Maines
Des Molnes
Des Moines
Dt Maings
Des Maoines
Des Molnes
Des Moines
Des Maines
Des Molnes
Des Moines
lawsa

lowa

lowa

e



