


Cal Poly, SLO
TABLE OF CONTENTS
Executive SUMMary .......ccccoocevverennnnne i
HUll DeSign ....cccoveveeieieece e 1
ANAIYSIS .o 2
Development and Testing ...........cc....... 3
Project Management and Construction .5
Organization Chart .........cccccceeeveveriennnn 7
Project Schedule .........cccoooiiiiiiiiinnene 8
Formwork Drawing .......cccccceeevverinennnne 9
Hull Design Drawing ........ccccceeeveenenn 10
Appendix A-References ................... A-1
Appendix B-Mix Proportions ........... B-1

Appendix C-Gradation Curves ......... C-1

BIG SUR SPECIFICATIONS

Total Weight ........cccoovevviiiienne 174 Ibs
Length ..o 19’ 10”
Maximum Width ...........ccocoevrvnnnnnnn. 29”
Maximum Depth .......ccccoeviiiiiinnnn 14”
Average Thickness .........ccccceeuenen. 0.50”
Color i White

Reinforcement:
Fiberglass, carbon fiber, steel cable

STRUCTURAL CONCRETE PROPERTIES

Unit Weight ... 53.5 pcf
Compressive Strength ............... 2090 psi
Tensile Strength .......ccccoveeiiieen. 375 psi
MIDDLE CONCRETE PROPERTIES
Unit Weight ... 46.0 pcf
Compressive Strength ............... 1320 psi
Tensile Strength .......ccccoveeviiennn. 160 psi

Composite Flexural Strength ....1290 psi
Note: Strengths reported are 28 day

EXECUTIVE SUMMARY

California Polytechnic State University,
often referred to as “Cal Poly,” is a four-year
public university located in San Luis Obispo,
California. The school is home to seven distinct
colleges and  numerous  award-winning
programs, all of which practice the university-
wide "learn by doing" philosophy. In 2008, Cal
Poly was named the best public undergraduate-
masters university in the Western United States
for the 15" consecutive year. The Civil
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Engineering Department also ranked as the
second best public non-doctoral program in the
nation [U.S. News and World Report 2007].

Cal Poly competes against 16 other
universities in the Pacific Southwest Region
(PSWR). The school has had a strong showing
at the regional level, placing first in the canoe
event eight of the last ten years. More recently,
the canoes Katana (2006) and MC Escher
(MCE) (2007) placed 2™ and 5™ respectively at
the national competition. MCE also earned the
ACI Award for Excellence in Design for its
elaborate tile mosaic inlay.

Over the past two years at the national
competition, the team placed 1% and 2" in final
product, 1% in a co-ed sprint, and 6" in
presentation. This year’s captains aspired to
continue the traditions established by previous
teams, while refining all aspects of the project.
The team focused on constructing a final
product worthy of the last two years, reducing
the overall weight for racing, and improving the
presentation and paper.

A general theme of California landmarks
was chosen with an emphasis on Big Sur, a
beautiful coastal region north of San Luis
Obispo. The canoe was named Big Sur in honor
of this area. A mosaic with 148 unique tiles was
built and placed inside the hull, and a detailed
motif was stained on the outside of Big Sur. An
innovative feature of this canoe was a dual mold
release system that significantly reduced
sanding and shrinkage cracks. These features
helped the team build an attractive canoe that
improved over previous Cal Poly entries.

A lighter canoe was achieved by designing a
cutting edge low unit weight concrete. An all
glass sphere aggregate gradation, varied mixing
techniques, and the addition of polyvinyl
alcohol fibers contributed to a 33% reduction in
concrete unit weight and an overall decrease in
weight of 61 Ibs from MCE.

This year’s goals were met through hard
work, dedication and collaboration among the
seven team captains. New friends were made,
new skills and life lessons learned, and everyone
gained the experience of working as part of a
team. Overall, this year was a success in all
measures of the word.
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HULL DESIGN

The first step of the design process required
research of hull characteristics and the
comparison and evaluation of previous canoe
performance. MCE was chosen as the base hull
shape because of its race performance and
similar dimensional requirements.

The primary hull design goal was to create a
canoe with higher initial stability than MCE
because of several inexperienced paddlers on
this year’s team. A secondary goal was to find a
balance between tracking and maneuverability
to improve race times.

The main factor contributing to the stability
of canoes is the shape of the hull. Curved
bottom canoes have high secondary stability and
feel more stable as the canoe begins to move
[CanoeRoots 2003]. Flat bottomed canoes have
higher initial stability with greater righting arms
(Figure 1) and are generally favored by less
experienced paddlers.

CG = center of gravity
CB = center of buoyancy
RA = righting arm

Figure 1: Righting Arm Diagram

The hull design from MCE was altered to
give Big Sur a flatter hull providing higher
initial stability without sacrificing all the
benefits of a curved hull.

The secondary goal of balancing
maneuverability and tracking was utilized to
increase turning speeds while not hindering the
ability to maintain a straight path. These
characteristics are inversely proportional, but
both are directly related to rocker size and
waterline length. A small rocker improves
tracking and reduces wave drag, while a large

rocker increases maneuverability and turning
speed [Holtrop 2004]. An effort was made to
increase the slalom course turning speed by
changing the bow rocker from 3” to 4” as seen
in Table 1. The stern rocker was sized at 2.25”,
the same as MCE. A soft chine was chosen to
increase tracking, creating a compromise
between tracking and maneuverability.

Straight-line speed was considered to be
largely dependent on length to beam (L/B) ratio
and wetted surface area [Winters 1998]. The
length and width were relatively fixed by the
rule requirements, so the L/B ratio did not play
an active role in design. Two factors that
contributed to wetted surface area were weight
and hull width. The limited width and variable
paddler load cases created a wetted surface area
that hull design had little control over.

The hull shape was tested after construction
of the practice canoe. Paddlers felt the initial
stability was not adequate, therefore, the hull
bottom was widened by 27, creating a flatter
surface with higher initial stability.

The hull was designed using ProLines7™.
This program allowed for accurate design
without drawing individual lines. The hull
shape was easily exported into SolidWorks™
for milling and then to ABAQUS™ for analysis.

Table 1: Canoe Specifications

Bi1G SUR MCE
Length 19°10” 19°11”
Maximum 29" 08"
Beam
Maximum " ”
Height 14 14.30
Splash Guard 4 4”
Bow Rocker 47 3”
Stern Rocker 2.25” 2.25”
H lll'n a'f
Cross Section '\R____ /
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ANALYSIS

The goal of the analysis team was to provide
the maximum compressive and tensile stresses
on the canoe to the mix design team. This was
accomplished by modeling Big Sur in the finite
element program ABAQUS™,

Analyzing the stresses required an
assumption about the modulus of elasticity to
make the analysis feasible.  Making this
assumption was difficult because the cross-
section included layers of mesh and concrete
that behaved differently than the individual
components. The composite modulus of
elasticity varied in compression, tension, and in
differing orientations. The value was calculated
based on the deflection of a simply supported
composite plate under multiple loads. The plate
and loads were modeled in ABAQUS™ and the
modulus of elasticity was varied until the
theoretical and experimental displacements
matched. This produced a reasonable modulus
of elasticity of 730 Ksi.

Importing  the  hull shape  from
SolidWorks™ to ABAQUS™ allowed the
canoe to be modeled as a 3/8” shell with a
Poisson ratio of 0.16 and the above mentioned
modulus of elasticity. An elastic foundation
was applied to the exterior surface of the canoe
to model the boundary conditions for the races.

Figure 2:
Tensile Stresses on chine in
2-man Turning Load Case

Paddlers were modeled as pressure forces
applied over a square area approximately 12” by
6”. The net force for males was 225 pounds and
for females was 150 pounds in all cases. The
turning load cases were analyzed by shifting
two thirds of an individual paddler’s weight to
one side based on paddler input.

A computerized mesh with a relative seed
size of 1” was applied to the canoe based on a

mesh convergence study with the four person
load case. After the initial four person load case
was run, eleven additional load cases were
analyzed and are summarized in Table 2.

Table 2: Load Case Descriptions

LoaD CASE DESCRIPTION
Transport Simply supported at the ends
2 pressure supports
Stands 40” and 200" from the bow
2 Person 2 paddlers 67” and
(male/female) 200” from the bow
3 Person 3 paddlers 677, 119",

(male/female) and 200" from the bow

2 male paddlers at 67 and

4 Person 200” with 2 female paddlers at
108” and 156" from the bow
. Same as previous cases, front
Turning A
and rear paddlers leaning in
(5 cases)

opposite directions

The two man turning load case produced the
highest compressive stress of 505 psi and the
highest tensile stress of 285 psi. This load
created the worst case scenario for several
reasons, the major reason being the additional
torque on the canoe. The additional torque
comes from paddlers shifting their weight in
opposite directions, thereby increasing the stress
concentrations on the chine (Figure 2). The
stresses in the three man and four person turning
cases were lower because the paddler weights in
the middle of the canoe negated some of the
effects of the torque. Overall, the resulting
stresses were higher than last year’s design, but
the results were well within reasonable
expectations. The results from the two man
turning load case were set as a goal for the mix
design team to achieve.

Swamp test results from the practice canoe
indicated the need for bulkheads even though
the unit weight of the concrete was less than
water.  Bulkheads were designed as non-
structural elements for Big Sur with a length
based on past experience.
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DEVELOPMENT AND TESTING

The primary goal of the mix design team
was to design a structurally adequate concrete
with a unit weight lower than water. Secondary
goals were the workability, color and crack
resistance of the concrete. Achieving these
goals required the mix design team to focus on
testing mix component properties, mixing time
and rate, and composite mixtures. A total of 45
mixes were tested to find the best combination
of unit weight and strength.

The structural mix and reinforcement
scheme from last year’s canoe, MCE, was used
as a baseline because of the proven strength and
white color. MCE’s mix featured Type |
portland white cement, slag, and a pozzolan
(VCAS micronHS). The aggregate gradation
was comprised of expanded shale and glass
spheres. Admixtures included shrinkage
reducer, superplasticizer, and latex for added
flexibility.

The reinforcement scheme from MCE had
two layers of fiberglass and one layer of carbon
fiber mesh. The fiberglass mesh had an open
area of 60.1%, while the carbon fiber was
62.5%. The same scheme was used for Big Sur
because of the success in integrating tiles and
reinforcement.

Initial testing concentrated on the types and
ratios of cementitious materials and gradation of
aggregates. Fly ash, slag, and VCAS were the
cementitious materials researched and tested
while Type | portland white cement and a

Table 3: Concrete and Composite Plate Properties

baseline aggregate gradation remained constant.
Unit weight, color, compressive strength
(ASTM C 109), tensile strength (ASTM C 496),

. and flexural
strength (ASTM

C 947) were

evaluated
during the
process. Fly
ash was

eliminated due
to its dark grey
color. The
percentages of slag and VCAS were varied
systematically with an upper bound of 40%
cement replacement. Higher percentages of slag
yielded higher 7-day strengths, but higher unit
weights. Specimens with a higher percentage of
VCAS had reduced 7-day strengths, higher 28-
day strengths and a lower unit weight. A
combination of 60% cement, 28% VCAS, and
12% slag proved to be the best combination of
28-day strengths and unit weight.

A concurrent step in the design process
established aggregate material properties used to
test various gradations. Glass spheres have been
an integral part of the aggregate gradation for
multiple canoes, but issues have developed in
determining the particle size, specific gravity,
and absorption. A sieve analysis on each glass
sphere diameter range provided individual
gradation curves used in the overall gradation of
aggregates.  After the particle size was

Figure 3: Tile Plate Testing

MCE BIG SUR BIG SUR BIG SUR
STRUCTURAL | STRUCTURAL MIDDLE COMPOSITE
Mix Mix Mix PLATE
Unit Weight 74.0 pcf 53.5 pcf 46.0 pcf N/A
Compressive Strength (28-day) 2740 psi 2090 psi 1320 psi N/A
Tensile Strength (28-day) 640 psi 375 psi 160 psi 645 psi
Flexural Strength (28-day) N/A N/A N/A 1290 psi
ABAQUS™ . . .
Compressive Strength 108 psi 505 psi 205 psi N/A
ABAQUS™ . . . .
Tensile Strength 100 psi 285 psi 95 psi 285 psi




Cal Poly, SLO BIG SUR 2008

10.

11.

12.

13.

14.

15.

16.

APPENDIX A — REFERENCES
ABAQUS/CAE User’s Manual, Version 6.4, ABAQUS, Inc. 2004.

ACI (2003). “Polymer-Modified Concrete,” ACI 548.3R-03, American Concrete Institute,
Farmington Hills, MI.

ASTM (2007). “Standard Specification for Concrete Aggregates.” C 33 — 07, West
Conshohocken, PA.

ASTM (2007). “Standard Test Method for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens).” C 109/C 109M - 07, West Conshohocken, PA.

ASTM (2007). “Standard Test Method for Density, Relative Density (Specific Gravity), and
Absorption of Fine Aggregate.” C128-07, West Conshohocken, PA.

ASTM (2007). “Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.”
C136-06, West Conshohocken, PA.

ASTM (2007). “Standard Test Method for Density (Unit Weight), Yield, and Air Content
(Gravimetric) of Concrete.” C 138/C 138M -07, West Conshohocken, PA.

ASTM (2007). “Standard Specification for Portland Cement.” C 150-07, West Conshohocken,
PA.

ASTM (2007). “Standard Specification for Chemical Admixtures for Concrete.” C 494/C 494M-
05a, West Conshohocken, PA.

ASTM (2007). “Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete
Specimens.” C 496/C 496M-04E1, West Conshohocken, PA.

ASTM (2007). “Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan
for Use in Concrete.” C 618-05, West Conshohocken, PA.

ASTM (2007). “Standard Test Method for Flexural Properties of Thin-Section Glass-Fiber-
Reinforced Concrete (Using Simple Beam With Third-Point Loading).” C947-03, West
Conshohocken, PA.

ASTM (2007). “Standard Specification for Pigments for Integrally Colored Concrete.” C979-05,
West Conshohocken, PA.

ASTM (2007). “Standard Specification for Ground Granulated Blast-Furnace Slag for Use in
Concrete and Mortars.” C 989-06, West Conshohocken, PA.

ASTM (2007). “Standard Specification for Fiber-Reinforced Concrete.” C 1116/C 1116M-06,
West Conshohocken, PA.

ASTM (2007). “Standard Specification for Latex and Powder Modifiers for Hydraulic Cement
Concrete and Mortar.” C1438-99, West Conshohocken, PA.

A-1



Cal Poly, SLO BIG SUR 2008

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

ASTM (2007). “Standard Specification for Rubber — Concentrated, Ammonia Preserved,
Creamed, and Centrifugal Natural Latex.” D1076-06, West Conshohocken, PA.

Cal Poly Concrete Canoe (2005), Mach 5, Pacific Southwest Regional Technical Paper.
Cal Poly Concrete Canoe (2006), Katana, Pacific Southwest Regional Technical Paper.
Cal Poly Concrete Canoe (2007), MC Escher, Pacific Southwest Regional Technical Paper.

CanoeRoots (2003). “Canoe Hull Shape Defined.” Magazine Volume 2
<http://www.paddling.net/guidelines/showArticle.html?86> (Oct, 2007).

“Civil and Environmental Engineering — General Information for Students.”
<http://ceenve.calpoly.edu/students.html> (Feb. 27, 2008).

Hibbitt, Karlsson & Sorensen Inc. ABAQUS. <http://www.hks.com>

Holtrop, John “Hull Shape and Canoe Performance.”
<http://www.johnsboatstuff.com/Articles/canoe.htm> (Sept, 2007).

Kimber, Robert (1992). “The Well-Chosen Canoe.” Harrowsmith Country Life, May/June, 70-74

Kosmatka, Steven H., Panarese, William C (1988). Design and Control of Concrete Mixtures,
13" Edition. Portland Cement Association.

Nycon Inc. (2007). “PVA Structural Fibers.” <http://www.nycon.com> (Jan, 2008).

Papoulias, Prof. Fotis A. (2002). “Naval Arch on the Web: Ship Hydrostatics.”
<http://web.nps.navy.mil/~me/tsse/NavArchWeb/1/module7/basics.htm> (Sept, 2007).

US News and World Report. “America’s Best Colleges.” (2008)
Winters, John (1998). “The Shape of a Canoe, 2nd Ed.” Self Published, Burk’s Falls, New York.

Winters, John (2004). “The Shape of the Canoe Part 1: Frictional Resistance.”
<http://www.greenval.com/shape_partl.html> (Oct, 2007).



Cal Poly, SLO BIG SUR 2008
APPENDIX B— MIXTURE PROPORTIONS
Mlxture:. Strugtural Concrete Non-S_SD Actual Batched vielded
Batch Size (ft"): 0.050 Proporltlons Proportions Proportions
as Designed
Cementitious Materials Specific* Amou;\t Volu3me Amount Volume** Amount Volume
Gravity | (Ibiydd) (%) (Ib) (ft%) (Iblyd®) (1)
1. ASTM C150 Portland Cement Type | 3.15 448.09 2.28 0.83 4.22 448.09 2.28
2. ASTM C989 Slag Grade 120 2.93 89.38 0.49 0.17 0.90 89.38 0.49
3. ASTM C618 Pozzolan 2.60 208.55 1.29 0.39 2.38 208.55 1.29
Total of All Cementitious Materials 746.03 4.05 1.38 7.50 746.03 4.05
Fibers
1. Nycon PVA 1.30 2.00 0.02 0.00 0.05 2.00 0.02
Aggregates
1. Siscor Glass Spheres @ 1.0-2.0 mm
Absorption, 6%] 0.39 44.09 1.81 0.08 3.35 44.09 1.81
Batched Moisture Content, 0%
2. Siscor Glass Spheres @ 0.5-1.0 mm
Absorption, 6%] 0.47 119.17 4.06 0.22 7.52 119.17 4.06
Batched Moisture Content, 0%
3. Siscor Glass Spheres @ 0.25-0.50 mm
Absorption, 6%] 0.59 178.76 4.86 0.33 8.98 178.76 4.86
Batched Moisture Content, 0%
4. Siscor Glass Spheres @ 0.1-0.3 mm
Absorption, 6%] 0.90 35.75 0.64 0.07 1.18 35.75 0.64
Batched Moisture Content, 0%
5. K1 Microspheres @ 0.13 mm
Absorption, 1%] 0.13 9.53 1.18 0.02 2.17 9.53 1.18
Batched Moisture Content, 0%
Total of All Aggregates 387.31 12.54 0.72 23.20 387.31 12.54
Water
Batched Water 1.00 77.46 1.24 0.14 2.30 77.46 1.24
Total Water Added for Aggregate Absorptiof 1.00 22.76 0.36 0.04 0.67 22.76 0.36
Total Water from All Admixtures” 1.00 128.87 2.07 0.24 3.82 128.87 2.07
Total Water 229.10 3.67 0.42 6.79 229.10 3.67
E3 t Ea
Admixtures % Solids (:?Z‘jg?vtt) X\clii:?;tglrl A(?c;i;t X\cliiflie):tulrr:e (::zc;g\r/]vtt) X\cli?r:?;tglrl
(Iblyd®) (Ib) (Iblyd®)
1. Superplasticizer; Density, 9.20 Ib/gal 32.00 6.69 2.43 0.09 0.00 6.69 2.43
2. Shrinkage Reducer; Density, 8.11 Ib/gal 6.00 12.64 5.60 0.17 0.01 12.64 5.60
3. Latex; Density, 10.84 Ib/gal 40.00 410.20 120.84 5.66 0.22 410.20 120.84
Cement-Cementitious Materials Ratio
Water-Cementitious Materials Ratio 0.28 0.28
Flow (flow table), Slump, Slump Flow, in. 3 3
Air Content, % 215 21.5
Density (Unit Weight), Ib/ft® 53.5 53.5
Gravimetric Air Content, % 21.5
Yield, ft° 0.050 27.0

* For aggregates provide ASTM C 127 oven-dry bulk specific gravity.
" Excluding water added for aggregate absorption.

¥ Water content of admixture.

S |f impact on water-cementitious materials ratio is less than 0.01 enter zero.

** Reported volumes are equal to actual volumes multiplied by 10°3
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Concrete Aggregate: Glass Spheres 0.25-0.50 mm
Sample Weight (9): 500
Specific Gravity (Gy): 0.59
Fineness Modulus: 1.91
Sieve Diameter (mm) BEIEE REEES Cumulat_lve eIl Percent Finer (%)
(9) Retained (g)

3/8 inch 9.50 0 0 100
No. 4 4.75 0 0 100
No. 8 2.36 0 0 100
No. 16 1.18 0 0 100
No. 30 0.60 0 0 100
No. 50 0.30 455 455 9

No. 100 0.15 43 498 0

Pan 0.00 2 500 0

Glass Spheres: 0.25 - 0.50 mm
100 / i & & A

90 /
s 80
S . /
5 707
= 60
2 I
© 50
(IC_) L
§ 30 /
& 20

10 | ‘//

0
0.1 1.0 10.0
Diameter (mm)
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Concrete Aggregate: Glass Spheres 0.50-1.0 mm
Sample Weight (9): 500
Specific Gravity (Gy): 0.47
Fineness Modulus: 2.76
Sieve Diameter (mm) BEIEE REEES Cumulat_lve eIl Percent Finer (%)
(9) Retained (g)

3/8 inch 9.50 0 0 100
No. 4 4.75 0 0 100
No. 8 2.36 0 0 100
No. 16 1.18 0 0 100
No. 30 0.60 380 380 24
No. 50 0.30 120 500 0

No. 100 0.15 0 500 0

Pan 0 0 500 0

Glass Spheres: 0.50 - 1.0 mm

100 - - N
90 | /
80 1
70
60 | /
50 |
40 -
30

20
10

Percent Finer By Weight (%)

0.1 1.0 10.0

Diameter (mm)
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Concrete Aggregate: Glass Spheres 1.0-2.0 mm
Sample Weight (9): 500
Specific Gravity (Gy): 0.39
Fineness Modulus: 3.58
. . Weight Retained | Cumulative Weight . 0
Sieve Diameter (mm) @ Renedlion Percent Finer (%)
3/8 inch 9.50 0 0 100
No. 4 4.75 0 0 100
No. 8 2.36 0 0 100
No. 16 1.18 290 290 42
No. 30 0.60 210 500 0
No. 50 0.30 0 500 0
No. 100 0.15 0 500 0
Pan 0 0 500 0
Glass Spheres: 1.0-2.0 mm
100 / £ A
90
g 807 /
s 707
= 60 |
2 I
© 50
g L
T 40
2 30
€ 20 4
10 +
0 & 2
0.1 1.0 10.0
Diameter (mm)
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Concrete Aggregate:

BIG SUR

Composite Blend - Structural

2008

Sample Weight (9): 500
Specific Gravity (Gg): 0.55
Fineness Modulus: 2.24
: . Weight Retained | Cumulative Weight . .
Sieve Diameter (mm) @) s e ) Percent Finer (%)
3/8 inch 9.50 0 0 100
No. 4 4.75 0 0 100
No. 8 2.36 0 0 100
No. 16 1.18 33 33 93
No. 30 0.60 145 178 64
No. 50 0.30 250 428 14
No. 100 0.15 51 479 4
Pan 0 21.3 500 0
Composite Blend - Structural
100 o—= 4 r — 7 i i
£ o] AN A
5 ool [ ] ]
o 70 7
S o / y A/
5‘ 50 i / / , / / =—A — Composite Blend (Structural)
E\ 40 & / /’ / —&—Glass Spheres 1.0-2.0 mm
o 30 I / [/ —#—Glass Spheres 0.5-1.0 mm
o 20 I /.\/ / ,‘ / ——&—Glass Spheres 0.25-0.50 mm
o I /
o 10 | _ - 4 / / —¥¢—Glass Spheres 0.1-0.3 mm
P i j
0 ,f/-/ / | —@—K1 Microspheres
0.1 1.0 10.0

Diameter (mm)

Note: Composite blend is 12% 1.0-2.0 mm spheres, 31% 0.5-1.0 mm spheres, 46% 0.25-0.5 mm
spheres, 9% 0.1-0.3 mm spheres, 2% K1 microspheres (based on dry weight percentage)
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Concrete Aggregate:

BIG SUR

Composite Blend - Middle

2008

Sample Weight (9): 500
Specific Gravity (Gg): 0.45
Fineness Modulus: 2.82
Sieve Diameter (mm) Welght(gR)etamed Curgt;lte:ilr\]/:dV\(/;)lght Percent Finer (%)
3/8 inch 9.50 0 100
No. 4 4.75 0 100
No. 8 2.36 0 100
No. 16 1.18 127 127 75
No. 30 0.60 207 334 33
No. 50 0.30 136 470 6
No. 100 0.15 479 4
Pan 0 21.1 500 0
Composite Blend - Middle
100 O , r f 2
= o [ ]
= 80 s
8 70 | / [r/
S ol [ s/
ool |/
m 5o ——A == Composite Blend (Middle)
& j /
c 40 / " —&— Glass Spheres 1.0-2.0 mm
L - A
— 30
= 2o | / I /1‘ / —— Glass Spheres 0.5-1.0 mm
2 - / 7/ / ——&—Glass Spheres 0.25-0.50 mm
S 10 ¢ e
oL b= ./ / | —@—K1 Microspheres

1.0

Diameter (mm)

10.0

Note: Composite blend is 45% 1.0-2.0 mm spheres, 29% 0.5-1.0 mm spheres, 22% 0.25-0.5 mm
spheres, 4% K1 microspheres (based on dry weight percentage)
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