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AB3STRACT

MBAssociates {(MBA), under contract to Jet Propulsion
Laboratories (JPL) developed a substrate for flat plate photovoltaic
solar panel arrays using a glass fiber reinforced concrete (GRC) material.
The installed cost of this GRC panel (designed, developed and fabricated
by MBA) is 30% less than the JPL cost goal of the Near Term Low-Cost Flat
Plate Photovoltaic ‘Solar Array Program. The 4' x 8' panel is fabricated
from readily available inexpensive materials, weighs z nominal 190 1lbs.,
has exceptionzlly good strength and durability properties (rigid and
resists weathering), is amenable to mass production and is easily installed
on simple mountings. Solar cells are encapsulated in ethylene/vinyl acetate
(EVA) with Tedlar backing and Korad cover film. The laminates are attached
to the GRC substrate with acrylic transfer tape and edge sealed with
a silicone RIV adhesive.



1.0 SUMMARY

1.1 Introduction

MBAssociates' (MBA) approach to the use of Glass Fiber
Reinforced Concrete (GRC) for cost reductions in flat plate photovoltaic
solar array systems was to employ GRC as both an encapsulation substrate

and part of the array structure.

GRC was selected as a possible structural material on the
basis of its combined structural rigidity, flexibility of configuratiom,
resistance to natural elements and weathering and the availability of
relatively low cost ingredients. The use of this material in forming a
large single piece combined substrate and array structure permits the
simplification of structural supports and minimizes on-site labor costs
for the field installation. It alsc eliminates the need for relatively
expensive framing materials that are presently used with glass substrates

and/or superstrates.

MBA used Bechtel Corporation's study report (Reference 1-1)
to select an effective panel size. This study indicated that a 4 ft x 8 ft
panel would be the least costly (Figure 1.1). Thus, this size substrate

was chosen for the design of a panel using the GRC material.

GRC is a homogeneously reinforced concrete consisting of
cement, sand, water and alkali resistant glass fibers (1" - 2" in length)
as the reinforeing medium. The combination of the concrete's comprassive
strength properties and the glass fiber's flexual, tensile and impact

strength characteristics produces a material exhibiting synergistically

improved properties.

-

Reference 1-1 Bechtel Corporation, Engineering Study of the Module/Arrav

Interface for Large Terrestrial Photovoltailc Arrays,
ERDA/JPL-No, 954698-77/1, June 1977.
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In another JPL funded study (Reference 1-2), the material
costs for a 15" x 45" substrate were estimated to be §.13 - S.l&/ft2 for
wood products based on the criteria of 1/4" maximum deflection {at center)
under a uniform loading of 50 psf load. '"The wnod products substrate'
material costs, combined with the steel costs of the Bechtel study indicated
a total material cost of $1.75/ft2 for presently used array structures.

Using preliminary structural design concepts, MBA estimated that the material
costs for a GRC Substrate could be $.39/ft2 which would be a considerakble
cost reduction, These costs are in 1975 dollars.

When glass fibers were first used in cement, in an attempt
to reinforce its strength, the test samples were initially strong but the
strength diminished as the samples aged because of the highly alkaline
environment, provided by the cement, attacked the surfaces of the glass
fibers.

Ir 1971 scientists in England, at Pilkington, Bros. Ltd.
and the Building Research Establishment, announced joint development of
an alkali rse¥ztant glass fiber. In the United States Owens Corning also
deveiopzd ar alkali resistant fiber at approximately the same time. The
two firms have worked out a technology exchange and are both continuing
research on the glass fibers. This development has made possible the glass
reinforced concrete (GRC).

Industrial applications of GRC inciudes a roof of a large
pavilion as early as 1977. Other projects located in the United States

which have utilized glass fiber reinforced concrete are:

Project Architect
South Central Bell Telephone Sverdrup and Parcel

Charlotte, Tennessee

University of Tennessee McCartney, Bullock & Holsapple
Arts and Architecture Building

Redstone Arsenal Warren, Knight & Davis
Redstone, Alabama

Reference 1-2 Cuddihy, Edward, Encapsulation Material Trends Relative
to 1986 Cost Goals, Jet Propulsion Laboratury Report
No. 51i-1-61, 13 April 1978,
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Project

Quaker QOats Warehouse
St. Joseph, Missouri

RCA Alaskcom Office Building
Anchorage, Alaska

Calista Sheraton Hotel
Anchorage, Alaska

U, S. Post Qffice
Ketchikan, Alaska

Maryland Education Center
Hagerstown, Maryland

South Central Fell Telephone
Birmingham, Alabama

Nashville, Huuse
Nashville, Tinnessee

Objectives

Architect

A. M. Kinney

M. Troy Jenkins

CCC/Hellmuth, Obata & Kassabaum

Grahm Associates

Nes, Campbell & Associates

Warren, Knight & Davis

Hart, Krivatsy & Stubee

The overall cbjective is %o provide proven technology and

hardware that will be capable of achieving reductions in the cost of flat

plate photovoltaic modules early in the 1979 - 1981 time-frame.

To achieve the overall objective, the following goals

were set:

® Determine the characterization of GRC through varving

ingredients and strength testing.



e Select the best GRC ingredient combination and curing

methods to achieve a material with:
- Low cost ingredients
- Good early strength
- High final strength
~ Workability amenable to mass production

-~ Good dimensional stability

Weathering resistance to environmental elements

A life expectancy of 20 years or more

e Design a substrate structure with the following features

and restraints:
~ Readily mass produced
-~ 4ft. x 8ft. in size
- 4 point suspended

~ Maximum deflection of 1/4" under . uniform
Joad of 50 psf

~ Economical for field assembly and installation

® Proporfe a manufacturing facility to produce substrates
at a 15 megawatt per vear rate using techmnelogy that

would be transferable to industry.

1.3 Results

A GRC combination using a sand/cement ratio of .66 to 1.0
with 1%" long alkaline resistance glass fibers (5% by weight) was developed
and chosen as the best mix to produce a movtar that was sasily sprayed;
had good slump characteristics; had sufficient early strength that the
castings could be removed from the molds within 12 - 18 hours; and was one
of the most economical since it contained a large proportion of sand, an

inexpensive ingredient.



The amounts of each ingredient used per 100 1lbs. of mortar
were: 17 lbs, of water, 47 lbs. of Portland Type 1 cement, 31 1lbs. #30
silica sand, 5 lbs. of glass fiber, 42.3 ml of Pozzolith 300R admixture.

The 28 day strength test results for 1/4" test plates of this

GRC combination were:
(LOP) Limit of proportionality = 730 psi
{(Mod) Modulus at .25" deflection = 1537 psi

These results were obtained from flexural test procedures
and formulas as described in section 2.2 and cannot be compared with normal

ASTM tensile strength measurements.

The substrate design selected had the following feactures.
A 1/4 inch thick, 4 ft x B ft, glass reinforced photovoltaic array solar

panel incorporating:
¢ A smooth, dense, hard, flat surface.

e Two (2) trapezeidal stiffening ribs serving also as

structural support points.

® Strategic placement of ribs, with imbedded support
tubes (standard PVC tubing), minimizing bending moments
and resulting stresses produced by installation and

wind loads.

e A structural design amenable to mass production which

also minimizes the labor required for installation.
o A four (4) point support system requiring only:

- Four (4) wooden posts (6" x 6'") pressure treated fir

@ach serving two (2) separate panels.

- Four (4) simple post brackets of (6" x 6") standard
square structural steel tubing, each serving two (2)

separate panels.



- Two (2) support bars (standard one (1) inch, schedule
40, galvanized pipe) with No. 7 reinforcing steel bars
inserted in the pipe ends as bracket connectors
{4, 20.5" long).

Photographs of a 1/4" scale model are shown in Figures 1.3-1
and 1.3-~2. A full size panel submitted to uniform loading at 50 psf had
maximum deflections of .10 and .20 inches, respectively, when the loading

was applied to the top (cell surface) and bottom (rib section).

Manufacturing cost data submitted to JPL's computerized
cost program "SAMICS" resulted in a peak watt cost of $6.56 for the
GRC panel:in 1980 dollars. This is the complete cost of a flat plate
photovoltgic panel ready for imstallation including manufacturing costs.
However, the greatest amount of savings would be realized in installation
costs since the GRC panel is self supporting and does not require expensive
metal framing. Definitive information on installation costs of other types
of panels has not been obtained but a reportedly cost effective metal support
frame for photovoltaic panels was displayed at JPL's Progress Integration
Meeting, December 1979 with a represented cost of $12.80/m2 excluding
tooling costs. An MBA estimated cost summary for an installed panel indicates
a cost 30% below JPL's cost goal. This estimated cost summary comparison
does not include cells or encapsulation labor. The detailed cost data

1s presented in section 7.2.

i
=~

Conclusions

It was concluded that a substrate, as designed and produced
by MBA, using the GRC ingredient combination developed would satisfy all
strength and installation requirements and he extremely effective in
rediteing the cost of flat plate photoveltaic arrays. It was estimated to
cost 30% less installed than JPL's cost goals. The greatest ccst reducing
impact of this substrate design lies in the elimination of the metal framing

and its related installation costs.
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2.0 GRC CHARACTERIZATION

P
—

Background

There is considerable published information on GRC that can
be obtained from the wvarious references. A list of references are included
in the appendix. Much of the early investigation, testing and research
has been performed at Building Research Institute and Pilkington Brothers
Limited, both in England. The reported physical properties are as presented
in Table 2.1.

Since GRC offers the combination of structural rigidity,
flexibility of configuration, long term stability and durability when
exposed to atmospheric conditions, and low material costs; it was considered,
by MBA, to be the most promising material for the cost reduction of flat
plate photovoltaic substrates. The use of such material would allow for
elimination of the glass or other substrates that require rigid support

framing of relatively more expensive materials such as steel or aluminum.

GRC is basically a cement and sand mortar with imbedded
glass fibers. Various combinations of ingredients were tested to develop
a combination that would best suit the application for photovoltaic solar
cell substrates. The ingredient combination desired was one that could be
readily sprayed, inexpensive, have good curing qualities which would provide
sufficient one day strength that it could be removed from the mold, have
good slumping characteristics so it. could be sprayed on a variety of surface
configurations and have sufficient final strength and durability character-
isties to withstand the installation handling, wind loads and long exposure

to natural elements.

2.2 Tast Procedures

A single variable technique was used to separately identify
the various effects upon the strength characteristics of GRC by varying
the constituents of the mortar used. The test plates were nominally
12" x 24" and of varying thicknesses from 1/4" to 1/2". At least two test

plates were used for each test point. Plates were fabricated in molds



TABLE 2.1
PHISICAL PROPERTIES
GLASS FIBER REINFORCED CONCRETE

Ultimate flexural strength 3,000 - 4,500 psi

Ultimate tensile strength 1,000 - 1,600 psi

Compresgsive strength 7,000 -~ 12,000 psi

Impact strength (Charpy) 70-140 inch - lbs./in2
Youngs Modulus 1.5 x 106 psi -~ 3 x 106 psi
Density 105 1bs./ft.3 - 130 1bs./ft:.3
Moduluzs of Rupture 3,000 - 4,600 psi

Thermal Conductivity 7.0 BTU in/ft2 Hr ° F.
Coefficient of Thermal -6 ,0

-6
Expansion 6x10 ~ - 9x10 “/°F
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made of high density overlay plyvwood. The molds were coated with a

chemical release agent to allow removal of the plate from the mold after
curing. Plates were spray cast in approximately 1/8" lavers. Each layer
was vibrated and rolled to remove the entrapped air and increase the density
of the GRC. All plates, except one group, were placed in plastic bags to
cure until they were tested. The plates not placed in plastic bags (group
B-1) were cured with the use of a curing compound which was sprayed on the
molded GRC. Plastic bags were used to keep the moisture (needed for
adequate curing) from evaporating. If bagging or curing compounds were

not used, water would have to be added regularly to keep the specimens

moist. Curing compound seals the surface inhibiting evaporation.

The first group of mixes, with varying amounts of ingredients,
was tested at the intervals of curing of 1, 7, 28 and 56 days. A

second group of mixes was tested after the curing period of 28 days.

The test procedure was designed so that the results could
be used to evaluate the relative performance of the various GRC compositions.
The procedure was not intended to produce results to be compared with GRC
properties derived from other physical test properties. The testing consisted
of measuring the force and deflection in a 4 point bending apparatus. A
schematic of the bend test fixture is shown in Figure 2.2~1. The loading
was applied at a constant rate. The force and deflection were measured
with a load cell and a potentiometer respectively and results plotted

similtaneously with an XY recorder.

The bending stress was calculated at the limit of proportionality
and at .25" deflection. See Figure 2.2-2 which is a typical force deflection
bending graph as plotted by the XY recorder. Stress calculations were

determined by the use of the following formula:

P = Load applied (lbs.)
R, = PL/bdz where: Fy = Bending stress (lbs./sq.in.)
L. = Support span (inches)

Width {inches)
Thickness (inches)

[}

11
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Test Equipment

A 6 ton hydraulic press was adapted for the strength test.
A linear potentiometer was mounted at the bend center line of the test plate
to measure the amount of deflection and a load cell at tne center of the
bend fixture to measure the force applied. These were both conmnected to an
XY recorder which plotted the stress/strain graph. In order to provide adequate
contrel over the rather small loads applied with such a large capacity press,
it was necessary to use a motorized gear combination to apply the load to
the "inching control™ mechanism of the press. This equipment is shown in
Figures 2.3-1 and 2.3-2.

2.4 Test Results of the First Group of Ingredient Combinaticns

The results obtained from testing the first group of
ingredient combinations are shown in the Table 2.4. The values presented
are the average values. Alco included in this table are the ingredients
used in each mix and the amount. All combinations were tested after being
cured in plastic bags for the curing time intervals except the B-1 which
was cured in open air after being sprayed with a curing compound. The
bending stress at the 1imi£ of proportionality was higher in all cases for
the baseline composition of 1/4" in thickness cured in plastic bags (B)
than for the baseline composition cured in air with the curing compound
(B-1).

A special admixture was used in all mixes (Pozzolith 300-R)
which reduces water content and in general iImproves workability, slump
characteristics, strength characteristics, reduces permeability and cracking
tendencies and improves durability. A pamphlet on Pozzolith 300-R is
included in the appendix.

14
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FIGURE 232
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The low alkali composition, Type A, had a bending stress
at the limit of proportionality lower than the comparable baseline compo;ition
after one day, but greater after the 28 day, and then again lower after
the 56 day curing time. Thus, the low alkali composition did not appreciably
increase the strength after it was fully cured. The bending stress at the
limit of proportionality for the sulfate resiscant composition, (Mix C),
was less than the bending stress of the baseline composition., The bending
stress at the .25" deflection for the sulfate resistant composition for
the one day curing time was slightly greater than the baseline composition
but somewhat less for the 28 day curing time and again less for the 56 day
curing time. Thus it did not enhance the overall strength characteristics
and would have to be relatively better than the baseline's composition, in

long term performance, before it could be considered for use.

The bending stress results for the high =2arly strength
composition, (Mix D), were not significantly different from those of the
baseline composition; therefore, there appears to be no advantage in using

the high strength composition for fabricatiom.

The bending stress results for the Portland Pozzolan cement
composition, (Mix E), and the Pozzolan additive composition, (Mix F), were
similar to the bending stress results for the baseline composition., With
the possible long term gain of these two compositions and the possiblity
to retard the degradation of the glass fibers may make them desirable

compositions and thus warranted further testing.

The bending stress for (Mix C) with the "DAREX" additive,
alr entrained, (Mix G) was lower than the baseline composition in all

cases, A pamphlet on "DAREX is included in the appendix.

Plasticized composition's bending stress, (Mix H), was not
significantly different than the bhaseline composition. The use of a
plasticized composition does not appear to be warranted in production as

it is more difficult to use.

18



2.5 Test Results of Second Group of Ingredient Combinations

In an attempt to improve upon the strength and workability
characteristics of the GRC and to re~verify some of the results obtained
during the first tests, six different combinations were tested, aleong with
the original baseline composition as a comparison. These compositions and

their results are shown in Table 2.5.

The .50/1.00 sand/pozzolan cement (Mix J), performed
comparably tothe baseline composition strength wise; however, the composition
exhibited stickiness. This resulted in an increase in the time required

for spray casting and compaction.

The .66/1.00 sand/pozzolan cement (Mix L), produced bending
stresses also less than the baseline composition. In addition, it had

excessive stickiness which made it unsuitable for spray casting.

The .50/1.00 sand/cement (Mix M), performed comparably to
the baseline composition in all strength tests and exhibited the same or

comparahle spray casting and compaction properties.

The .66/1.00 sand/cement (Mix N), was greater than the
baseline composition in bending stress characteristics while the spray
casting and compaction characteristics were very comparable to the base-

line compositiom.

The 1.0/1.0 sand/cement (Mix P), composition's strength
performance was greater than the baseline composition's strength performance;
however, the higu sand councent produced a harsh mixture. This harshness
resulted in spray casting and compaction characteristics which were less

satisfactory than the baseline compositions.

Thus the .66/1.00 sand/cement ratio composition, {Mix N),
exhibited superior strength and workability characteristics over those of
the other compositions. It also is less costly since it contains more of
the cheaper ingrvdient, sand. The increased sand content also reduces
shrinkage. Thus, this composition, (Mix N), was selected for use in the
fFabrication of the flat plate photovoltaic substrates because of its
demonstrated suitability for spray casting and its superior strength,

economical and stability characteristics.
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TABLE 2.5-1

AVERAGE BENDING STRENGTH VALULS

SECOND GROUP OF MIXES

07

28 Day Tests MIX MIX MIX MIX MIX MIX MIX
8-2 J K L M N P
1/4" 642 691 696 569 660 730 748
LOP  (psi) 3/8" 548 613 546 477 345 727 704
/2" 561 678 604 224 596 552 706
[1]
MOD (psi) 1/4 1291 1333 1333 1164 1489 1537 1428
@ 3/8" 1329 1409 1103 1046 1199 1415 1550
-25 172" | 1764 1233 1139 785 1505 1587 1634
"20 (1bs) 24 29 30 32 22 21 21
Cement Portland(1bs) 68 43 38 32 66 60 50
Type I Type TI Type II1 Type 11 Type T Type I Type 1
Sand #30 (1bs) 29 27 27 25 33 40 50
300-R {(ml) 61 59 96 96 59 54 75
Airoy Pozzolan (1bs) 22 25 32
Sand/Cement JA43/1.0 .50/1.0 L66/1.0 [1.0/1.0
Pozzolan/Cement .50/1.00 ) .66/1.00 | 1.0/1.0 J J



3.0  SUBSTRATE DESIGN

3.1 Original Concepts

Original concepts for this substrate panel were based on
the published physical properties of GRC, a very small allowable deflection,
and extreme corner support points. The original concept is shown in Figures
3.1-1, 3.1=-2 and 3.1-3. By changing the design to position the support
points at positions inside the edges of the panel, an intermediate design
was conceived. This concept is shown in Figures 3.1-4 and 3.1-5. These

new positions reduced the stress moments on the panel.

3.2 Structural Testing

Several structural design concepts were then sprayed cast
and strength tested to determine their sase of manufacture and strength

characteristics. Some of these test specimens are shown in Figure 3.2-1.

The first three specimens cast and tested were a longitudinal
section and a cross section of the panel. These are shown in Figures 3.2-2,
3.2-3 and 3.2-4. Cardboard forms were used to form the rib structure;
however, these were found difficult to use and waintain control of the thick-
ness of the various sections. GRC forms were then used for the various

structures and found to be a great improvement.

Some tubular rib structures were spray cast but were found
to be difficult to compact to obtain the necessary density and uniformity.
Two are shown in Figure 3.2~5. It is believed that forms needed to manufacture
this tivpe of structure under automated conditions would be complicated
and expensive. The compaction at the bottom of the tubular structure would

also be difficult to obtain without a complicated fixture.
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PRELIMINARY BASELINE SUBSTRATE DESIGN
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FIGURE 3.14
A POSSIBLE FIELD ARRAY CONCEPT INDICATING POSTS AND BRACKETS®
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FIGURE 3.1-5

A POSSIBLE 4’ X 8 GRC PANEL WITH FOUR 2’ X 4’ FLAT PLATE PHOTOVOLTAIC
MODULES EACH WITH 66 FOUR-INCH DIAMETER CELLS. THIS PANEL TO BE FOUR
POINT SUPPORTED ON BRACKETS tMBEDDED IN REINFORCED CONCRETE POSTS.
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TEST SPECIMENS FOR STRUCTURAL DESIGN AND GRC CHARACTERISTICS
1) FORMS FOR THE FLAT PLATE GRC CHARACTERIZATION TESTS
2) GRC CHARACTERIZATION TEST PLATES
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The final structural design evolved from a four rib
(trapezoidal shape) to a three rib, all with GRC tie support plates
and then to a final two rib with a pipe-tube, tie-par support. These
are shown in Figures 3.2-6, 3.2-7, 3.2-8 and 3.2-9. Bend tests on those
structures shown in Fipures 3,2-6, 3.2-7 and 3.2-8 revealed that the GRC
connections were not strong enough to withstand the design forces. Also
pull tests on these structures proved that the section joints were weak
areas in this design. A full length longitudinal rib section was tested
under uniform loading (Figure 3,2-10) and found to have more than adequate
strength.

The pipe tie-bar support concept was designed to eliminate
the need for higher strength bonding between section of GRC. This
is shown in Figure 3.2-9. The concentrated load bending test proved that
it was strong enough to go ahead with a2 full size plate structure of
this design. The data collected from these tests are presented in Tables
3.2-1, 3.2-2 and 3.2~3. Photographs of the hand spraying method and a full
size panel sprayed with this method are shown in Figures 3.2-11 and 3.2-12.
The panel was found to be of variable "thickness and a decision was made

to mechanize the spraying operation before fabricating more full size panels.

3.3 Selected Substrate Design

The final substrate design selected for production is showm
in the panel substrate drawing, #115729, Figure 3.3-1.

The novelty features of this design are:

e A 1/4" thick 4 ft x 8 £t panel: with a smooth, hard,
dense, flat surface that is weather resistant and long

lasting.

& Contains two trapezoidal stiffening ribs serving

also as structural support pcints,

e Ribs strategically placed and imbedded with suppozt
tubes (standard PVC tubing) minimizing bending moments
and resulting stresses produced by installation and wind

loads.
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MULTIPLE FAIL
450188 @ 15"

FIGURE 328
FOUR RIB STRUCTURE CROSS SECTION

FIGURE 327
THREE RIB STRUCTURE CROSS SECTION

¥
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BEND FAILURE POINT
450 LBS ® 113" DEFLECTION :

PULL SAILURE

FIGURE 3.2.8
2 RIB STRUCTURE CRUSS SECTION

FIGURE 329
2 RIB STRUCTURE CROSS SECTION WITH
PIPE SUPPORT BAR INSTEAD OF GRC STRIP

1879.16717
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FIGURE 3210
UNIFORM LOAD TESTING OF A LONGITUDINAL RIB SECTION
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TABLE 3.2-1

CONCENTRATED LOADING RIB STRUCTURE

Form Fizure Load (1bs) Deflection (inches)
Trapezoidal Section 3.2-3 1750 .110
(Cardboard Form)

Trapezoidal Section (not shown) 1400 .235

(GRC Form)

Triangular Cross Section (not shown) 1250 .230

4 Tube Structure 3.2-5 950 .070

2 Tube Structure 3.2-5 750 .130

4 Rib Cross Section 3.2~6 240 .050

(GRC Tie Plate)

3 Rib Cross Section 3.2-7 1050 160
(GRC Tie Plate)

2 Rib Cross Section 3.2-8 450 .113
(GRC Tie Plate)
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TABLE 3,2-2
TENSION OR PULL TESTS

(GRC TIE PLATES)

Form Figure Load (lbs) (To Failure)
4 Rib Cross Section 3.2-6 250
3 Rib Cross Section 3.2-7 200

{Thick Sections)

3 Rib Cross Section 3.2-7 80
(Normal Thickness)

2 Rib Cross Section 3.2-8 50
(Normal Thickness)
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TABLE 3.2-3

UNIFORM WATER LOADING

Form Figure Load {(lbs/sq.ft.) Deflection (inches)

4 Rib Cross Section 3.2-6 14 010
{GRC Tie Plate) 31 .020
46 .030

3 Rib Cross Section 3.2-7 14 .015
{GRC Tie Plate) 31 .40
46 .080

2 Rib Cross Sectiom 3.2-8 14 .020
(GRC Tie Plate) 31 .060
46 .090

8 ft. Rib Structure 3.2-2 23 025
46 0350

2 Rib Cross Section 3.2-9 14 .020
L" Pipe Tie Bar 31 .060
46 G380

92 .180
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® A structural design amenable to mass production which

also minimizes the labor required for installation.

e A 4 point support system requiring only:

4 wooden posts, each serving two separate panels.

4 simple post brackets, each serving two separate

panels,

2 support bars of standard 1" schedule 40 galvanized
pipe with four (4) No. 7 reinforcing steel bars, 20.5"

long, inserted in the pipe ends as bracket connectors,

It is believed that this overall design is a novel approach
to reduce the cost of substrates for solar array panels and could be

considered as new technology. It was presented as such.,

Drawings of the post brackets, drawing numbers 1153730 and
115731 are shown in Figures 3.3-2 and 3.3-3 respectively,
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3.5 Stress Analysis

In the original concept a 15" x 45" panel was chosen as a
baseline design, in Reference 1-1, with deflection under the 50 psf load
limited to 1/4". Calculations were made using the published GRC physical
properties. The equations used describing deflections under uniform

loading for edge supported rectangular flat panels (Reference 3-1)% are:

J = maximum stress {at the center)
2
£2
y = deflection at the center
o b4
= _.g_-é_ in.
E t
where: q = uniform locading, psi
t = thickness, inches

E = modulus of elastieity, psi
b = width

a = length

and B and o are constants dependent on the ratioc a/b.

*Reference 3-1 Roark, R. J., et al, Formulas for Stress and Strain,
4th Edition, McGraw Hill, 1975,
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Following the data of Reference 1-2 thru this analysis

for a promising wood product material, for example, chipboard, for which

t = 0.266
E = 3.75 " 10° psi
a/lb = 3
B = 0.7134
¢ = .1355
vields: o = 788 psi
. y = 0.25 inches as expected
¢ = Strain = — 188 . 0.00210
3.75 * 10°

Then considering a similar panel of GRC configured to meet

the 1/4" deflection criterion. For this case:

t = 0.184"
. 6
E = 1.5 10 psi
g = 1647 psi
g .
E = 0.0011

With this low stress level for GRC it was selected to
be the material for the substrate panel design. Additional stress
calculations were made on the various conceptional designs and for
handling and operational stresses. These calculations are
included in the appendix. The results indicated the design and material
to be well within the load requirements. The results are sumwmarized as

follows:
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SUBSTRATE ANALYSIS

3/8"
LOADING
Dead Load = 6.8 lbs./Ft2
Wind Load = 50.0 1lbs./Ft>

LONGITUDINAL SECTION PROPERTIES

I = 10.4 in4
c = 1.3 in from face
A = 7.5 in?

TRANSVERSE SECTION PROPERTIES

I = 7.8 inh
C = 1.5 in from face
A = 4.5 in’

LONGITUDINAL HANDLING STRESS (12 Hrs. - 16 Hrs.)

v = 16 ft. 1lbs.
max

M = 10 ft. 1lbs.
max

Fv = V/A = 16/7.55

= 2,12 psi shear

Fbl.3 = Mc/I =10 x 12 x 1.3/10.4

= 15 psi bending
Fb1.7 = Mce/I =10 x 12 x 1.7/10.4

= 19.6 psi bending

44



TRANSVERSE HANDLING STRESS (12 Hrs. - 16 Hrs.)

v = Z8 lbs.
max

M = 14 ft. 1bs.
max

Fv = V/& = 28/4.5

= 6,22 psi shear
F = Mc/Il =14 x 12 x 1.5/7.80

= 32.2 psi bending

SUPFORT HANDLING STRESS (12 Hrs., - 16 Hrs.)

GRC Tie Bar System Pipe Support System
Fv = V/A = 56/2.25 Fv = 56/3/8 x 2 x 1.25
= 24.9 psi shear = 59,7
LONGITUDINAL OQPERATIONAL STRESS
v = 135 1bs.
max
M = 30 ft. lbs.
max
Fv = V/A = 135/7.55
= = = 2 i
F 1.3 Mc/I 30 x 12 x 1.3/10.4 120 psi
Fb 1.7 = Mc/I = 30 x 12 x 1.7/10.4 = 157 psi

LONGITUDINAL RADIUS OF CURVATURE

1.5 x 10° (10.4)
80 x 12

r EIM =

16,250 in
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TRANSVERSE OPERATICNAL STRESS

v = 228 1bs.

max

M = 114 ft. 1bs.
max

Fv = V/A = 228/4.5

= 50.7 psi shear

F = Mc/I = 114 x 12 x 1.5/7.8

= 263 psi bending

SUPPORT OPERATIONAL STRESS

F
v

V/A 456/2.25

202.7 psi shear

TRANSVERSE RAIDUS OF CURVATURE

r = EI/M = 1.5 x 10° (7.8)/114 x 12
= 8553 in
SUPPORT OPERATIONAL STRESS
GRC Tie Bar System Pipe Support System
Fv = V/A 456/2.25 F, = 456/3/8 x 2 » 1.25

486.4 psi

202.7 psi shear

Both the handling and operational stresses are well within
the allowable elastic limits of GRC with a minimum safety factor of 3-4

(based upon estimated 20 yr. properties).

Since the GRC characterization substcantiated the assumed
GRC properties, the section thickness was reduced to 0.25 in and still

provided a safety factor of 2-3,
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SUBSTRATE ANALYSIS

1/4!!
LOADING _ DEAD = 4.43 NIND = 50 lbs/ft’
LONGITUDINAL SECTION PROPERTIES
I = 7.56 iné € = 1.3 in-comp C= 1.7 in-~ten A= 4,91 in2
TRANSVERSE SECTION PROPERTIES
I =5.69 in® C=1.54n A =3 in®
LONGITUDINAL HANDLING STRESS
v = 11 1bs M = 7 ft-lbs.
max max
Fv = 2.24 psi shear Fb 1.3 = 19.2 Fb 1.7 = 25.1
TRANSVERSE HANDLING STRESS
vmax = 18 1bs Mmax = 9 ft-ibs,.
Fv = 6.0 psi shear Fb = 28.47 psi
AT SUPPORTS
GRC Tie Bar System Pipe Support System
Fv = 35.4/1.5 = 23.6 psi Fv = 35.4/.625 = 56,6 psi
LONGITUDINAL OPERATIONAL STRESS
Vmax = 127 1hs. Mmax = 76 ft=lbs
Fv = 25.87 psi Fb 1.3 ° 156.83 psi Fb 1.7 © 205.10 psi
TRANSVERSE OPERATIONAL STRESS
v = 218 lbs | = 109 ft-1lbs
max max
Fv = 72,67 psi Fb = 344.82 psi
AT SUPPORTS
GRC Tie Bar System Pipe Support System
Fv = 145,33 psi Fv = 348.80 psi
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3.5 Fabrication of Substrate Panels

In fabricating the substrate panels, a spray machine
was used which consists ¢f a concrete mixer, vibrating hopper, concrete
or slurry pump and a spray gun which also chops the glass fiber. These
are shown in Figures 3.5~1 and 3.5-2. Figure 3.5~3 is a schematic of the
glass chopper and spray gun. The gun chops the fiber into desired lengths
from a glass fiber roving. The roving is a twisted multi-strand continuous

filament glass fiber. The glass composition is an alkali resistant type.

The concentric spray gun consists mainly of three parts.
The inner section is the main tube and chopped fiber glass inlet tube.
Alr is supplied to the main tube creating a venturi actlonm that pulls in
the chopped fibers and blows it into the slurry. The slurry is pumped
through an annulus surrounding the main tube. A cap with serrations covers
the annulus and helps break up the slurry which is atomized with air. The
glass chopper consists of a rotating wheel with blades that contacts against
a backing roller which pulls the glass roving into the gun as it cuts the
fibers. The cutting blades are spaced to obtain the desired length fibers.

The first experimental panel was sprayed by hand but was
found to be non-uniform in thickness. It was then decided to mechanize

the spray gun in order to achieve better uniformity.

The mechanization consisted of mounting the spray gun on a
carrier attached to a tram rail structure. The movements of the spray head
were controlled horizontally in both longitudinal and transverse directions
by variable speed motors operating cable and belt drives sequenced by limit
switchas. (See Figure 3.5-4), The production sequence used was to spray
the flat sheet portion of the panel with two 1/8" layers of GRC, with each
layer rolled and vibrated to produce the fiber compaction and density
desired. This operation is shown in Figure 3.5-5, Hib forms were made
of GRC the day before and are shown in Figure 7.'-3, These were placed on
the freshly sprayed flat sheet portiou of ‘iz »are. uicong with their
imbedded PVC tubes and sprayed with two 13 _.a;»rs of 'RC, each layer
rolled to obtain the compaction desired. (See Figurs 3.5-7),
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FIGURE 35 1
GRC MIXER, PUMP AND OPERATOR WITH SPRAY NOZZLE
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FIGURE 352
GRC SLURRY IN VIBRATING SCREEN ON PUMP
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FIGURE 3.5-3
GRC SPRAY GUN SCHEMATIC
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Fifteen full size panels were fabricated and 12 shipped
to JPL for further testing. One was tested at MBA under uniform loading
using water as the leoad medium. This was accomplished by using a frame
lined with flexible plastic sheeting to contain the water. The load applied
was 50 psf. The panel was supported at the designated support points using
specified support hardware, except for the posts and brackets. (See Figure

3.5-8, which is a photograph of the parel under test).

The maximum deflection oceurred with the load applied to
the bottom or rib side and amounted to .51 inches including the deflection
attributed to the mounting segments which amounted to .32". The deflection
was .19" when loading the cell on the top side including the .10" attributed
to the mounting segments. Thus the approximate deflection or bending of
the GRC panel under a 50 psf uniform load was .20 and .10 inches, bottom
loading and top leoading respectively, which are well within design expec-
tations. In addition, the loading in each case was increased to an over-
load of 50%, the limit of the fixture used, and no failures of any kind

were observed.

3.6 Field Installation

Of the several mounting and installatvion concepts considered,
the most cost effective that met the design criteria was selected. The

material required and the procedure recommended for installation are as

follows:
Materials Required:
Quantities For
Single Additional
Panel Panel
6" x 6" Pressured Treated Fir Posts 8' -10' long* 2 1
6" X 6" " tr 4] t 41' - 6! long* 2 1
Brackets - Upper 2 1
" - Lower 2 1

* Lengths determined by soil conditions and post embedment to resist
overturning moment of 1200 ft-l1bs.
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FIGURE 3.58
PANEL TESTING WITH UNIFORM LOADING
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Materials Required: (continued)

Ouantities For

Single Additional

Panel Panel
Bolts = 1/2" x 7" with Nuts & Washers 4 2
Support Pipes 1" Schedule 40 water Pipe 40" long 2 2
Support Pins #7 Reinforcing Bar 20.5" long 4 4

Procedure For Installation:

@ Attach lower brackets to front (short) posts.
@ Embed all four (4) posts as per diagram (Figure 3.6-1).

¢ Attach upper brackets to rear posts in a position to

produce the desired angle of inclination.
o Insert support pipes in PVC encsasement tubes.
¢ Insert support pins in support pipes.

e Suspend panel ver:ically, fiom upper support pipe,
aligning lower support pins with lower bracket holes.
(Figure 3.6--2).

e Move pins into the bracket holes.

e Slacken pzuel suspension to allow panel to pivot on
lower support pins lowering panel to align upper support

pins with upper bracket slots. Figure 3.6-3).

e Move upper support pins into bracket slots. (Figure 3.6-4).
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FIGURE 3.6-3
CONNECTION SEQUENCE @
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4,0  ENCAPSULATION

Experimental investigations were made in order to determine
the possibility of encapsulating the photovoltaic cells directly to the
glass reinforced concrete. Preliminary results indicated it would not be

feasible to encapsulate directly to the GRC.

Encapsulating with EVA required a vacuum chamber in order
to remove all air from the pottant. Applying a vacuum to the top surface
of the GRC plate could not be done with reasonable success with available
equipment, and held, during the heat ~-ycle. Alse, it was not practical to
consider the possibility of using a vacuum chamber of sufficient size to
contain tha full 4' % 8' substrate panel. Thus, it was decided to
encapsulate 1' x 4' laminates and attach the laminates to the substrate

with an adhesive,
The laminates were composed as follows:

Tedlar/cloth scrim/white EVA/glass scrim/cells/clear EVA/

Korad cover film.

The encapsulation cycle used was to apply a 27-inch mercury
vacuum for 30 minutes: heat to 150°F for 30 minutes; heat rapidly to
300°F; allow to cool normally under vacuum for 20 minutes; release vacuum
and cool with fan 10 minutes; remove from vacuum chamber; a total of one

and one-half hours vacuum heat cycle.

The vacuum chamber and heat lamps used for the encapsulation

are shown in Figures 4.0-1 and 4.0-2,

The laminates were attached to the GRC Substrate with an

acrylic transfer tape and edge sealed with an RTV adhesive.
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5.0  ATTACHING LAMINATES TO GRC PANEL

5.1 Adhesive Tests

Several tests were made with different adhesives to deter-
minz the best one to use to attach the laminates to the GRC panel structure.

They were as follows:
e Dow Chemical clear sealant "Sylgard' #184 silicone

e National Adhesive's "Plymaster" #87-1059 acrylic

transfer tape

e GF Silicone #534-044A

e GE RTV #157

e GE Silpruf SCS 2020

e 3M - IMBR Seven Minute Epoxy

i 3M = 34B9R Ninety Minut . .xy

o 3M "ISOTAC #Y-9473" Pr.ssure Sensitive Tape

Test samples were made of these materials on GRC samples
and submitted to heat eyeling tests. All failed the tests except the

GE Silicone 534=044A, the 3M-1MBR Seven Minute Epoxy and the National
Adhesive's "Plymaster" 87-1059.

Based on these results and the method of application, or
ecuase of application, a decision was made to use the National Adhesive's
"Plymaster'" to attach the laminates to the GRC panel. An cdge sealant
of GE 157 RTV was applied to all edges of each laminate.

A photograph of a completed panel is shown in Figure 5.1-1.
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FIGURES.1 1
COMPLETED PANEL WITH CELLS




¢.0 HI-POT TESTS

It was reported that some concern was being expressed
regarding the conductivity properties of the GRC material anad that Hi-Pot
tests should be conducted in order to determine the proper lamination

to use to minimize any current leakage that might be found.

Several Hi-Pot test samples were made using various
laminations. Some were encapsulated directly to the GRC. 1In the first
test, only three passed the JPL requirement of 50 micro amp leakage at
3KV. One of these had been encapsulated directly to GRC. The other two
were both encapsulated as laminates and attached to the GRC with the acrylic
transfer tape, One with no backing exhibited 45 micro a=p leakage and
the other with a Tedlar backing exhibited zero micro arp .e ge. All
samples were thermo cycled. After thermo cyeling for 50 cycles, all
exhibited less micro amp leakage except for the one with the Tedlar backing
and transfer tape adhesive which had zero leakage before cycling. The
samples were then soaked in water for 12 hours and allowed to rooem dry for
48 hours. All failed the micre amp test at only 1.3KV except the one
sample with the Tedlar backing which had been placed on GRC treated with
a moisture resistant, The moisture resistant treatment of the GRC was by
the applicztion of SEALCRETE. A copy of the SEALCRETE specifications and

characteristics can be found in the appendix.

The Tedlar backed laminate on moisture resistant treated
GRC was immersed in water for 24 hours and Hi-Pot tested immediately after
removal and drying the surface with paper towels. The result was zetro

micro amp leakage at 3KV.
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7.0  SUBSTRATE MANUFACTURING

A proposed manufacturing facility for producing GRC
substrates at a yearly rate of 15 megawatts would have to produce
approximately 50,000 substrates a year, based on a substrate panel
producing 300 watts. This amounts to 4,166 substrate panels a month

or approximately 200 substrate panels a day.

7.1 Manufacturing Process

_ The number of stations, men per statlion and equipment
required are shown in the work flow sketch and equipment list in
Figure 7.1-1. Roller conveyors transport the substrate molds through

the spray casting, finishing and indeor storage operations.

At Station No. 1, two men clean the molds (make minor
repairs, if needed) and apply mold release agent. Rate of output is

one mold each 6 minutes.

At Station No. 2, one man positions mold under spray head
and operates the semi-automatic mechanized equipment. One-~half minute
is allocat~d for peositioning mold and twe and one-half minutes for
spraying the glass fiber and mortar. This produces a layer approximatelw
1/8«inch thick. The spray head would be similar to that showm in Figure
7.1-2.

At Station No. 3, two men vibrate and roll the sprayed
GRC to compact the glass fiber and remove entrapped air. These molds are
then routed back to Statiocn No. 2 for a second layer. After the second
layer has been applied and compacted, the molds are routed oun to
Stztion No. 4., The mold sequence arriving at Stations No., 2 and
No, 3 is: 1-2-3-1-4~2-5«3~f=4~7~5-8-6-9-7~10, atc. Thus, total cvcle

time would be 6 minutes (2 times 3 minutes).
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FIGURE 7.1
MANUFACTURING PROCESS WORK FLOW AND EQUIPMENT
Cost Area
Station Men Equip. Description & Oper. tquip. § Sq. Ft.
1 2 Hand Tools - Prepare Forms - 400
2 1 Spray Gun & Chopper & Carrier 3,000 200
3 2 Vibrator & Roller 800 200
4 1 Position Rib Forms 400 300
5 2 2 Spray Guns, Choppers & Carrier 6,000 200
Vibrator & Roller 800 200
6 2 Hand Finishing - 600
7 1 Stacking Machine & Racks Indocor 19,000 4,000
8 2 Demolding & Bagging 1,000 1,000
9 2 (2) Fork Lifts & Storage Racks 35,000 (30,000)
Outdoor Storage
10 Hoppers & Mixers (Mortar) 30,000 500
il (2) Fork Lifts - Shipping & 30,000 1,000
Recelving
12 - Conveyors (Not Shown) 10,000 inecl.
TOTAL 19 men $136,000 8,600






At Station No. 4, cone man positions cardboard forms,
inserts PVC tubes and routes the molds cn to Station Ne. 5. (Allotted

time, 6 minutes). Mold sequence is straight numerical.

At Station No. 5, two men using two semi-automatic
mechanized spray heads spray the GRC over the rib forms in two layers
compacting each layer. Cycle time, 6 minutes, which is composed of two
l-minute spray cycles and two 2-minute compacting cycles. The molds are

then transported on to Station No. 6.

At Station No. 6, two men surface finish the spraved mold

by troweling, trimming and spraying with "Sealcrete."

At Station Wo. 7, the indoor storage, one man operating a
stacking machino places completed mold in storage rack and removes one of
the molds that has been in the storage rack for 24 hours. This 24 hour
mold is routed on to Station No. 8.

At Station No. B, two men remove substrate from the mold,
turn (to place rib side down) and apply "Sealcrete" to flat surface.
They reroute the empty molds back to the Station No. 1. Eighteen to
twenty~four minutes later after spraying the '"Sealcrete," the
treated surface is flushed with water; the substrate is turned rib side up,
wrapped in plastic and'placed on plywood sheet. These are routed on to
Station Ne. 9.

At Station No. 9, the outdoor storage, twc men using
forklifts move the wrapped or bagged substrates on the plywocd sheets
to storage racks., At the same time, one of the substrates is placed in
a rack, one is removed from the rack that has been in the rack for
seven days. These are stacked in the yard area. Plywood sheets remain
with the substrates during vard storage and shipment to destination.

They are returned for reuse with an estimated 50 percent recovery.
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Cost Estimates

GRC PANEL

Material = Glass Fiber Reinforced Concrete

Mortar = ,66/1,00 Sand/Cement ratio

Glass Fiber = 5% mortar wt.

Panel Design wt = 185 1bs + 20 1lbs overspray
= 205 1bs gross wt

Matl./380 lbs batch wt/1b mortar
H20 - 67 lbs .1764 lbs
Cement - 188 1bs L4947 1bs
Sand - 125 1bs .3289 1bs
300R - 169 ml .0012 ml
Glass Fiber - 19 lbs .0500 1bs

JATERIAL COSTS

Per Unit Per 1b. Per 1b. Per 1b,.
Ingredient Bag Lots Bulk Mortar
Cement (94 1b) .0573 (Ton) .0198
5.39 , 04
_Sand 30 mesh (100 1bs) . 034 (Ton) .0033
3.40 .01
Water .028(x7.9gal/FtS + 62.4) .0036 .0008
300R 4.50/gal .0012/ml . 0003
(1.25gm/ml (3785 ml/gal) (x169 + 380)
Glass Fiber 1.65/1b 1.65 1,25 0625
PVC Tubing 35.44/100f¢ L3544 /F¢ .30/f¢t .0093
(2x38" % 12=6.33 = 205x.30)
2
(1980 $)  $.0962 x 205 lbs = $19.73/panel = $.62/ft> = 6.67/3°
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ENCAPSULATION MATERIALS

$/Sq.Ft.
Tedlar (1 mil) .04
EVA (2-1/3 layers) .09
Glass Scrim (.02/sq.ft.) .02
Korad clear (56 sq.ft./lb. $3.50/1b.) .06
Edge Sealant RTV GE 157 .22
Totals $ .43/sq/ft = $4.63/M°

MA, "FACTURING LAROR COST ESTIMATES (MBA)

Direct Labor, 19 Line + 2 QC = 21
1/3 Lunch & Relief =
1 Supervisor or Foreman = 1

————

Number per shift 29
3 shifts x 29 = 87
$25,00/hr. incl. overhead = 87 x 25 = §2,349.00
Times 8 hr. shift = §18,792
Panels vequired at 300 watts/panel for 15 megawatts/vear
50,000/yr. ~ 12 = 4166 month & 22 = 189/day

Production capacity 10/hr x 8 x 3 shifts = 240
X .90(mfg. eff.) x .95(5% scrap loss) = 205/day produced
$18.792 % 205 = $91.67 + 32 = $2.86/sq.ft. = $30.77/M°
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PROCESSING MATERIALS

$ Cost
Description Per Unit
Plastic storage bags 5'x10’ .50/panel
(7 day storage)
Wood storage-base %" plywood
(Part of shipping package-returnable
and reusable). Estimate 50% returned 5.00/panel
Panel Forms
3/4" Finnboaud 25,00/ form
1" Angle 3.00/form
28.00/form
(Life 50 molds)
Maintenance ,24
Rib Forms (cardboard) 2.00/form
Mold Release Agent 4.00/gal
Sealcrete 7.50/gal
Total =
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Ter Panel

.50

3.33

124
2.00
.04

.80

$6.64/panel
5.2075/££>

2,23/



ESTIMATE INSTALLATION COST

GRC_PANEL

Material Required:

2 posts 6"x6" pressure treate¢ Fir, 8' long ea.
2 posts 6''x6" pressure treated Fir, 4' long ea.
4 bolts 3/8" x 7" & Nuts

2 upper brackets

Material: 6x6 steel tubing, 1' long
Labor: 1/20 hr. each

2 lower brackets

Material: 6x6 steel tubing, 6" long
Labor: 1/60 hr. each

2 = 1" sched. 40 water pipe 40" long (2 ea.)

4 - 12" #7 Reinforcing steel

1/4 cu, yds. 4 posts

Installation Costs for Labor & Machines:

Labor:
Hole boring $0.50/hole ( 50/hr)

Concrete $4.00/post
Placing posts $1.00/post (20/hr)

Installation of brackets
Placing and drilling holes (20/hr)
and bolting - 4 men, (1 transit + 3 others)

Hanging panel 2 men and truck = $50.00 +
1 helper $20.00/hr.

TOTAL INSTALLATION COST PEF PANEL
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Cost
Per
Unit

6.00

3.00
.15/bolt

1.42

(1.00)
( .42)

J1

{ .50}
( .21)

1.75

.50 each

40.00/cu.yd

.50/hole

1.25/post

5.00/
bracket

3.50/panel

Array

Cost/

Panel

12.00
6.00
.30

2.84

(2.00)
( .84)

1.42

(1.00)
( .42)

3.50

2,00

5.00

33.C6 =

$11.11/M°

1.00

2.50

10.00

7.00 =,
5.72/M°

2
516.83/°



TOTAL COST PER 5Q. FT. PANEL
1980 Dollars

$/sq.ft, panel $/sq. M

Encap. Matl. .43 4.63
GRC " ., 62 6.67
GRC Labor 2.86 30.77
GRC Proc. Matl. .21 2.26
GRC Inst. Matls. 1.03 11.08
Panel Inst. Cost

(Labor & Machines) .53 5.78

5.68/sq.ft. $61.07/sq.M
Note: These do not include cells, encapsulation labor

or factory investment costs.

7.3 Cost Comparisons

Using JPL's 1975 baseline values: $.o5u/watt or
2
$54 = 46 (cells and encapsulation labor) = $8/M2 for panel and $54/M° for
installation and a conversion factor of 1.4 to obtain 1980 wvalues, results

in the following:

MBA's GRC JPL's 1980
Item Substrate Values
Panel $42 /M $11/32
Installation 19/M° 76 /M
TOTAL $61/M° 587 /x°

87 - 61 = 26 or 30% less
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8.0 NEW TECHNOLOGY

An improved design of a photovoltaic solar panel
fabricated from a recently developed glass fiher reinforced concrete
material wag reported to NASA's New Technology Representative September 17,
1979 as a possible "New Technology”. This design was first disclosed
in Quarterly Report No. 2 dated July 2, 1979 (paragraph 2.2.3, page
14, Figures 11 and 12) prepared by MBAssociates under DOE/JPL Contract
No. 955281-79/05. It was also mentioned in Quarterly Report No. 3 dated
October 5, 1979 (paragraph 2.5 and 4.0, pages 9 and 19, Figures 9 through 16).

8.1 Novelty Features of New design

A 1/4" thick 4 ft x 8 ft Glass Reinforced Concrete

Photoveltaic Solar Panel incorporating:

¢ A smooth, dense, flat, hard surface suitable as a

solar cell substrate.

¢ Two (2) Trapezoidal stiffesning ribs serving also

as structural support points.

o Strategic placement of ribs, with imbedded support
tubes (standard PV{ tubing), minimizing bending
moments and resulting stresses produced by iunstallatich

and wind loads.

e A Structural desigun amenable to mass production

requiring minimal lzbor for installatiom.
¢ A Four (4) point support system requiring:

~ Four (4) woulen posts (6" x &) each serving

two (2) separate panels.

~ Four (4) simple post brackets of (6" x 6") standard,
square structural steel tubing, each serving two (2)

sgparate panels.
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- Two (2) support bars of standard one (1) inch,
schedule 40 galvanized pipe with ¥o. 7 reinforcing
steel bars inserted in the pipe ends as bracket

connectoar+.

inovator

James L. Eirls, Project Engineer, MEAssociates.
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APPENDIX B

POZZOLITH 300-R



4. WLS. Par. OFF,

benefits:

where to use:

Meets and Exceeds Requirements of
ASTM C 494 for Type B and Type D Admixture

PozzoLITH 300-R is a ready-to-use liquid admixture for making
better, more uniform and predictable high guality concrete, It
reduces the water content of concrete of a given consistency while
retarding the setting time to facilitate placing and finishing,

PozzoLITH 300-R admixture aids in the production of concrete
with these special qualities:

« MODERATE TO EXTENDED RETARDATION depending on
dosage used

« SUPERIOR FINISHING CHARACTERISTICS FOR FLATWORK

« BETTER APPEARANCE QF FORMED SURFACES

* Plus ALL THE BASIC BENEFITS OF PoZ2z0OLITH 300-N

» Increased strength — compressive, flexural and bond of concrete
to steel

« Greater economy in a mix designed for a given strength, slump
and air content

¢ Minimum cracking

» Reduced permeahility — Improved watertightness
« Easier placement — Economy in placement

» Greater durability

PozzoLiTH 300-R admixture is recommended for use in all 1ypes
of concrete where retardation of set and improved performance are
required or desired.

PozzoLITH 300-R admixture improves pumped concrete, shotorete
and conventionally placed concrete; it improves plain, reinforced,
precast, prestressed, lightweight or standard weight concrete. N

POZZOLITH 300-R can be used with air-entraining cements and
with air-entraining admixtures approved under AASHTO, ASTM! and
CR) Specifications when air-entrained concrete is specified or
desired.

When used in conjunction with another admixture, each admixture
must be dispensed separately into the mix.

Master Builders approved air-entraining admixztures arz recommended
for use with P0OZZOLITH 300-R admixture when air-entraineg
concrete is specified or desired.

It can be used in white or colored concrete and in architectural
concrete.



crirwed ... POZZOLITH® 300-R

U, S, Pat. Off,

dosage:

rate of hardening:

temperature:

compressive strength:

packaging:

caution:

Use 4+ 1 fluid ounces (260 : 65 mi per 100 k7 of P5ZZ7T L. TH
300-R per 100 pounds of cement.

Setting times given below are comparative for a specific set of
materials and conditions and are oficred only as a guide,

Since setting time is also influenced by the chemical and physicai
composition of the basic ingredients of the concrete, temperature of
the concrete and climatic conditions. Trial mixes should be made
with job materials to determine the dosage required for a given
degree of retardation.

COMPARATIVE RATE OF HARDENING AT VARIABLE DOSAGES
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The temperature of 2 aoncrete mix and the surrounding tempara-
ture {forms, earth, r«ini'orcement, air, etc.) affect the rate of harden-
ing of the concrete. At higher temperatures concrete hardens more
rapidly and may impose problems on placing and finishing of
concrete. By varving the dosage of POZZOLITH 300-R, concrete
with mgre desirable rate of hardening characteristics can he obtained.
For retardation requirements which exceed the 5 fluid ounce 1325
ml per 100 ka) dosage, consuift your local Master Builders fieldman
before proceeding,

In ¢omparison with plain concrete, concrete containing POZZOLITH
300-F admixture develops higher early and higher ultimate strengths.
Exceeds the strength requirements of ASTM C 494, AASHTO 21162
and CRD-C 87 specifications for admixtures,

PozzoLITH 300-R admixture is supplied in 55 U.S. gallon 1208
litres) drums,

1f POZZOLITH 300-R admixture has frozen, thaw at 35F (2C) or
above and completely reconstitute by mild mechanical agitation. Do
not use pressured air for agitation.

For additional information on POZZOLITH 300-R or on its usz n
developing a concrete mix with special performance characteristics,
contact Master Builders, Cleveland, Ohio 44118 or Master Buiigers
local field representative.

MASTER BUILDERS

OIVISION OF MARTIN MARIETTA CORPORATION

CLEVELAND, OHIO 44118 +« TORONTO, ONTARIO M6M 3E4
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APPENDIX C

SEALCRETE



2.0

3.0

Tensral Iwformation
on
SEALCRITE ORIGINAL raGR I8
OF POCR QUALITY

15 a sciesntific nenetratine pressrvative which
fs and seals concrete,mazonry,concrsia block,
ecast conerste,sand blasted concreiz, terrczzo,and
concrete plaster. SEALCRETE is an odorless, non-toxiz,and
non-flammable liquid compound. JSZALCREINT i- comnletely
safe to use. ]

1

Characteristics

2.1 3ZTALCRETE reacts with the alkali znd moisture in the
concrate products to form a gel within the materizl., This
gel enzulfs 211 the particles and binds them into one
solid mass. The results are a2 higher density, an increase
in strength, and a permanent waier-sealed material.

2.2 JEALCRETE reacts to water regardless of wolune, JSIALCRZITE
utilizes the water to create zdditional chemiczl hindinr-
substance. The chemical rezction continues until every
varticle in the zoncrete is completely sealed,

2.3 The apvlication of SEALCRETE is very simple and ccomple
sefe, Use SEALCRETE 28 it comes out of the container ne

mix 1t with any other solutions. A nudson sorzysr ar
equivalent has been found to be the most economical and
e

nvenient way of application. Cement blocks and sand
3]

&)
th (Y
<

the excessive porosity.

Concrete

3.1 SEALCRETE cuvrers concrete uniformly by uitilizing thz: wroor
in the concrete to set up 2 gel within zllowiny th2
concrete to cure without shrinkage znd craciiin.. .8
application is simple, just spray ths concersse with
SELLCRETE after the concrete has been trowelsd. Une

gzllon will cover 100 square feet,

3.2 SEALCRETE provides an alkcli frez surface for nainzing,
thereby increasing the paint life.

3.3 SEALCRETE provides a moisture free 2nd al
surface for adhesives (mastics) used in <
of tiles, linoleums, terrazzos, eftc.

3.4 SEALCRETE moisture seals znd preservas basement walls,
new or old, on the exposed and the dirt sids bslow ~rziz
Only one side of the wzll needs to be treazed., In
2ountries outside the U.S.A., where cemenss ure velow
standard, SEALCRETE has been found over and over T2 ug
the most effective product for sealing ths concrsisz
internally.

3.5 3EALCRETE cleans olf and new concrate by fercing =1l
c-1



3.6

3.7

3.8

3.9

3010

3.11

3.12

mo

materials foreign to concrete to the surface., 3JZAICH_TZ
penetrates progressively through the concrete, binding
2ll the aggregates into one solid mass and forcing al
dirt, grecse, oils and other impurities to the suris

B Ea]

X
fac

Once SEZALCRETE has sealed the concrete , contonminates
0

such as oils, greases, brake fluids, and zcids ray ©
rinsed off with water without staining the zuriacs.

SEALCRETE will prevent alkali-leaching on 0ld or maw
concrete. This is accomplished withawniico<ions of
SEALCRETE, SZALCKRETE will penetrate, sel. e concreie,
and force the loose alkali to the surface where 1t ney
be rinsed off or cleaned with z mop.

SEZALCRETE internally seals and waterproofs concretec blocXs,
concrete slabs, precast concrete, tilt ups, and concrete
walls. SEALCRETE will also prevent wall sweating and
moisture from vagssing from one floor fto anoiher in muitinle
story buildings. SEALCRETE is excellent for itreating

-
-

b

+

subterranean garzges where weier is passing itarourn due
to capillary action and hydrostatic water uwrezzurs:s,

SEALCRETE will prevent deteriorztion and abresive dusziag
on new or old concrete where there is excessive dusting,
applications with SEALCRETE will seel ang prsvent fusure
deterioration. ORIGINAL PAGE IS

OF POOR QUALITY
SEALCRETE increzses the density on old or new cangrete il
increases the resistance to nydrostatic oressures.
Results of tests show that the percenzage oI unycdrociat
resistance is increased in direct provortion fo ftn:z vo
existing in the concrete prior fto the zpplicotion of
SEALCRETE.

Tensile Strength Increasses: Laboratory tess
concrete treated with SEALCRETE had 2 delin
in tensile strength from 20% to zs much =z on vIry
low density concrete.

Patching of old concrete: SEALCRZTZ nrovides zn sxgellent
surface for pztching concrete with epoxies or wizh
cement, fhen patching with compounds other thzn cemenct,
saturate the affected area with SEALCAZTE znd sllow
SEALCRETE to penetrate the concrete. vhen Iis excess
alkali is exposed to the surface rinse a way wisth

water. The area is now ready to be paiched. This olso
applies to surfaces where cculking meierizls are o

be used.

fhen matching with cement, apply SZALCRETE in the ailecsed
area, than the patching cement, After the pesich nas bae
applied. spray or flush the patch with 3ZALCR
SEALCRETE will prevent shrinkage and cracking
provide a perfect and effective bond between <
and the patch.

o
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5.3

SEALCRETE «ill clean and seal concrete, terrac
stucco by expelling the foreign meterials to ths
where they can be flushed off with water, SZIALIRITS

[

#LL1 NOT CHANGE OR DISCOLOR THE SURFLCE OF 7:ER COLCLITE,
SIUCCO OR TERRALLO, URIGINAL PAGE 1S

0il, grease or acid conu1u£89§ QH&LHEELIMlHaPJ cle
is neceosary before BEALCAETE is awplied, ¥Fluch ar
with SZALCKZTE, After 3EALCRETE has penetrated, in
will feel sticky, tacky or sl nperj, depending
of grease, This means that SEALCRETZ nas nsnsireted zhe
surface and expelled the contaminates to une surfeace,
Plush area with water. & stiff broom will help floa
oils and grease from the surface. Deep ¢*' and gree
stains will not be entirely removed a3v ...e Time of

zo,
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application but will gradually disappear., The concrete should

be flushed with water whenever convenient as this will
accelrate the cleazning of the concrete, guarry tile, ete.

Meat processing, packing and dairy bu 1ldings.

SLALCRETE is completely effective in these zpdnlications
because of its ability to penetrate fats, zressss, oils,
end latic acid, =211 of which zre deleterious %o concrevs.
SZALCRETE progressively expels these materizls fo tne
surface and seals the concrete so that 17 naey tzerezafier
be kent clean by flushing off with watfer.

The SEALCRETE Tormula has been approved for znnlicsiion

in this industry by the U.S, Depv. of igriculiurs ref.
document YLY datzd December 6, 1660,

Stucco

SEALCRETE ig excellent for use with stucco, it waisrirools
seals against contaminants, and prevenis dsitericrzzion,
Tests were performed by making containers out ol vary
porous first coating stucco, then 2applying 3ZAL3hLIZ,

The treated and untreated contsiners wsre Filled with wzss
The containers treated witn 324LCaEZTZ did not lszik or
sweat when sprayes with nitrogen. The untrzazsd containars
permitted water %¢ pass freely,In add:tlon, Thie wmtrsaztad
containsrs exhibited hairline cracks whsn exposed ¢

water and nitrogen.

Curing of stucco. SEALCRETE is excellent and s2#feczivs

in curing stucco due to its characteristic of zccelarazing
the setting aud delaying the curinr period, This is dus
nrlmur11y to the fact that SZALCRETE utili-es %ths moigsure
in the stucco to form 2 gel within ithe stucco, zlimincsing
the escaping o7 moisture. The reactions zre vsrmansns,
spplication, Spray SEALCRETE on the stucco after Tmowali S

and the surface water has disappezreac, 322LUA42T7I i

stop all surface dusting and preveni hairlins craciing
and in addition it will sezl the atucco. 3pray siuees
with three application of SEALCRETEZ a2t the rate of one

hundred (100} square feet per gallon.
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6.0

Increass in tensile strength, SEALCRZTE nas besn found
to be very effective in old or new situcco by incrsasing
the density and rfilling in the wvoids, thereby increasing
the tensile strength of stucco. Tezts indiczste zn
increase as much as 40..

Patching, apply SEALCHETE in the affecte
patch., Apply SEALCRETE after patehing, ta
prevent cracking due to shrinkage.

CL

ret
4

U] l"

Chamical Laboratory and Battery menufacturing plants,
acid conditions, flush area to be treated with SZALCRETE
immedistely after troweling to nrevent peneiration of
acids and staining of the concrete. 5ZaAllREZTI prevents
the deterioravion of the concrete and eliminates freguent
costly repairs.

Wineries. SEALCRETE will penetrate into the concrete
surfaces and expel all materials foreign o concrate,
thereby »reventing spores from algae, stains and iae
enetration of acids. .

P ORIGINAL PAGE IS

Summation. SEALGRETE will ifWrBEOR QBALE ity ana
tensile strength of concrete, o0lid or new, and will
prevent cracking due te shrinkage and 030111’“" action

(=

of water. The 1deal time to apply SEALCRETE is vhen
concrete or stucco is placed., SEALCRETE will cure,
waterproof, and prevent deterioration of concrete. Iz
will also provide an alkzali free surface for pzinting
and floor covering. I% will prevent penetration of

foreign materials, znd retard the formaticn of =zlgas
and bacterisa.

SZALCRETE will in no way damage filters, pumps, or
fixtures,

ORIGmAL PA
OF POO R nr .GEIS
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APPENDIX D

DAREX - CONCRETE ADMIXTURES



DaR8X - CONCRETS 8DMIXTURSS

BESCRIPTION:

DAREX AEA? admixture !3 an aqueous solution of a com-
plex mixture of organic acid salts, It contains a catalyst
for mare rapid and complete hydration of portland ¢cement.
DAREX AEA is specialiy formulated for use as an air en-
lraining admixture for concrete and fs manufactured under
rigid control which provides uniform, predictable perform-
ance, It is supplied ready-to-use and does not require pre-
mixing with water. One gallon welghs approximately 8.5 Ibs.

USES:

DAREX AEA is used in ready-mix, block, and concrate prod-
ucts plants. it is also used as a gauge water addition on tha job
at batching plants, job-site mixars, highway pavers. . . where-
var concrate is mixed.

Because DAREX AEA piasticizes or "fattens” the mix, it is
particularly effective with sing, lightwaight, or manufactured
aggregates which tend to produce harsh concrete. It aiso
makas possible the use of natural sand deficiant in fines.

AIR ENTRAINING ACTION:

Alr is entrained by the deve!~pment of a semimicroscopic
bubble systam — introdus=<1 'ito the mix by agitation and
stabilized by DAREX AEA - in the maortar phase of the con-
crata.

Alr Content is Controlled. Because axcessive entrained air
may be detrimental to strangths, DAREX AEA i3 designed to
limitthe maximum amount of air entrained despite aninadver-
tant overdose. DAREX AEA is not supersensitive. Smail varia-
tions in addition vate are not critical and do not materially
aftect the amount of air entrained.

Workabillty is improved. Millions of tiny air bubbles entrained
with DAREX AEA act as flexible ball bearings, lubricating and
plasticizing the concrate mix. This permits a substantial ru-
duction in mixing water with no loss in slump. Flaceability is
improved . . . bleeding, green shrinkage and segregation are
minimized.

Durabiltly 18 Increased. CAREX AEA concrete is exttemeiy
durabla, particuiarly when subjected to freszing and t+ »uing.
It has a rermarkable resistance to frost and deicing saivs »s
well as to sulfate, sea and alkaline waters,

COMPAT:BILITY WITH OTHER ADMIXTURES:

DAREX AEA is compatibie in concrete with all known water
reducing admixturas and water reducing retarders, such as
WRDA with HYCOL™ WRDA? and DARATARD?, By combin-
ing the saparate effects of air entrainment with the dispersion
of a water reducing admixture, the water requirement of con-
¢rete may be reduced up to 20% — with proportional in-
creasas in strangth and outstanding improvement in durabil-
ity. DAREX AEA Is alsn compatible with concrete mixes con-

taining caicium chloride. EACH ADMIXTURE SHOULD BE
ADDED SEPARATELY TQ THE MIX.

ADDITION RATES:

Thera is no standard addition rate for DAREX AEA. The
amount to be used will depend upon the amount of air re-
quired under job conditions, usually in the range of 4 to 8%.
Typicai factors which might influence the amount of air en-
trained are: temperature, cement, sand gradation, and use of
extra fine materials such as fly ash. Typical DAREX AEA addi-
tion rates range from ¥ to 3 fluid ounces per 100 Ibs. of
cement.

Tha air entraining efficlancy of DAREX AEA becomes even
greater when used with water reduging and set retarding
agents. This may allow a reduction of up to two-thirds in the
amount of DAREX AEA raquired for the specified air content.

MIX ADJUSTMENT:

Entrained air results in increased yislds with a consegquent
decrease in the cemant ¢ontent of the placed concrete. This
condition calls for a mix adjustment, usually accomplished by
reducing the fina aggregate content. This is in addition ta the
reduction In water content brought about by the Increase in
plasticity.

DISPENSING EQUIPMENT:

A complete line of automatic DAREX AEA dispensers is avail-
able. Accurate and simpie, these dispensers are seasily
adapted to existing facilities on paving mixars and in batching
plants,

PACKAGING:

DAREX AEA is available tn buik, dellvered in metered tank
trucks, and 55-gallon drums. DAREX AEA contains no fiam-
mable ingredients, IT FREEZES AT ABQUT 30°F, BUTITS AIR
ENTRAINING PROPERTIES ARE COMPLETELY RESTORED
BY THAWING AND THOROQUGH AGITATION.

ARCHITECTS' SPECIFICATION FOR CONCRETE AIR EN-
TRAINING ADMIXTURE:

Concrete shall be air entrained concrete, containing 4 to 8%
entrained air. The air contants in the concrete shall be Coter-
mined by the pressure method (ASTM Designation C 231) or
gravimetric method (ASTM Designation G 138). The air en-
training admixtu.a shail be a purified hydrocarbon type with a
cement catalys\, such as DAREX AEA, as manufactured by the
Construction Products Division of W. R, Grace & Co., orequal.
The air entraining admixture shall be added at the concrete
mixar or batching plant at approximately % to 3 fluid ounces
per 100 Ibs. of cement, or in such quantities 0s to give the
specified air contants.
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cONSTRUCTION PRODUCTS DIVISION, W. R. GRACE & CO.

Ve hoge e information given here will be helpful. It is based on our best knowledge, and we believe it to be true and
lccurate. Please read all statements, recommendations or suggestions herein in conjunclion with our conditions of sale
vhich apply to all goods supplied by us, We assume no responsibility for the use of these statements. recommendations
ir suggestions, nor do we intend them as a recommendation for any use which would infringe any patent or copyright.

IEADQUARTERS: 52 WHITTEMORE AYE,, CAMBRIDGE, MASS. 02140

‘orm CMD-431-2G .4
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APPENDIX E

CALCULATIONS



LOAD ANALYSIS HANDLING
1/4" THICK SUBSTRATE
DL = 4.43 LES/FT*
LL=0

LONGITUDINAL
443 LBIFT

3 v ¥ 3 | S i ! ¥ ¥
— e _*17.—75 LBs e —*772 s —

10.32 LBS .
- r\
S N
740 LBS
10.32 LBS

£84 FT-L8S

6.18 FT-LBS 6.18 FT-LBS

TRANSVERSE
17,72 LBS/FT

-’| i tS.M LBS ) ’ t-“;;ﬁs l'_

17.72 LBS 17.72 LBS \
s N
17.72L8S 17.72 LBS

238 FT-L.BS 236 FT-L3S

| C],)'U 0650-16973



LOAD ANALYSIS HANDLING

3/8" THICK SUBSTRATE
DL « 6,82 LBS/- T
LL=0

LONGITUDINAL
682 LBS/FT

v | S ¥ ¥ | ¥ 3 3
— 167" —* 466 ,f, 167 —

2728 LBS 27.28 L8s
1589 LBS
11.39 LBS [\
S
ﬂ-ﬁhhhhh-“~1”39u%
1589 LBS
9.0 FT-LBS
M
951 FT-LBS 951 FT-LBS

TRANSVERSE
27.28 LB/ ™"

S N
e

5456 LBS 5456 LBS

2728 Lasl\

27.28 LBS

27.28 LBS

s N
2728 LBS
M W

1364 LBS 13.64 LBS

0650-16974




LOAD ANALYSIS OPERATIONAL

/4" THICK SUBSTRAT§
DL = 4.43 LRS/FT
LL =50 LBS/FT"

LONGITUDINAL
§4.43 LAS/FT

v 3 | SN S T T | 3
— 167" __¥ 486 } 167 —p|

217.73 LB8 217.73 L.Bs

90.90 LBS[\

126.83 LBS

s
\I 80.90 L8S

12683 LBS
7183 FT-LBS
M
7590 FT-LBS 75.90 FT-L8S
TRANSVERSE
_q 1 f 2 i 1 P_
435.44 43544
217.72 188 211772 Lasl\
s N
217.72 L8s 217.72 L8s
¥
108.86 FT-L8S 10826 FT-LBS
E-3
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LOAD ANALYS!S OPERATIONAL

3/8" THCK SUBSTRATE
DL ~ 682 LBS/FT]
LL = 50 LBS/FT"

LONGITUDINAL
58.32 LBS/FT

v ) ] ¥ ¥ ] $ ¥ ¥
— e ——*—— ——————— 466 ,?, 167 —p|

227.28 LBS 22728 LBS
' 13239 LBS
- LBSI.\
S . —
\J 9489 LBS
132,39 LBS
75.00 FT-LBS
M
79.23 FT-LBS 7923 FT-LBS

TRANSVERSE
227.28 LBS/FT

vy ¢+ 33333 3
—.ir 2 11'4—

45456 LBS 45456 L3S
22728 L8S 22728 Lasr\
S N
22728 LBS 22728 LES
M
11234 FT-LBS 11364 FT-LBS

0650-16976



SECTION ANALYSIS — LONGITUDINAL

14" 3/8
rk-— 5.13" -m1 3" r___ &ly.__w
o, 1
513 T 488 1.7
25 225 W"\\5 _*
11.5 . 11.25 '3
— x v % _*.
2 N e— o
1/4"
3 2 3 -2 oy pe
37(127 + 4 (12)(5.13) + 5.13) _ 2.57(11,5° + 4 (11.5)(5.13) + 5.13)
36 (12 + 5.13) 36 (11.5 4+ 5.13)
4

17.31 - 9.75 = 7.56 in

3 (2 x12 + 5.13)
3 (12 + 5.13)

1.70"

3(12 + 5.13) - 2.5 (11.5 + 5.13)

4.91 in°
5 .91 in

4.91 x 12 3
2152« 130 1bs/fe’ = 4.43 lbs
3/8"
_ 3% + 40213 5013 2.253(11,25% + 4(11.25)(5.88) * 4.88)
3612 + 5.13) 36 (11.25 + 4.88)
4
= 17.31 - 6,39 = 10.42 in
3 (2 x 12 + 5.13) "
3 (12 + 5.13) 1.70
302 45.13) = 225 (1125 + 4.89) 7,55 1n
3
7.55 x 12 x 130 lbs/ft 6.92 1be

1728

|
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SECTION ANALYSIS — TRANSVERSE

3’8"

6 (3% - 2.25%)

12

7.80 in®

——

3/2 = 1.5
6 (3-2.25)

9
4.5 in”~

————
e

— < —»

T'TL— E;.f—»-

L

N

— 2 —>




STRESS ANALYSIS -~ HANDLING

1/4" SUBSTRATE

LONGITUDINAL
F, = 11/4.91 Moax = 7 ft-lbs
F = 2.24 psi max - 11 1bs
. _ 7 ft-1bs x 12 in x 1.3 in I = 7,56 in®
b comp 4
7.56 in c = 1.1 in
comp
F = 14,44 pai
b comp Cten 1.7 in
Py ren 7 ft-1bs x 12 12 x 1.7 in
7.56 in
Fy ren 18.89 psi
TRANSVERSE
F_ = 18 ft-1bs/3.0 M = 9 ft-lbs
v max
F_ = 6 psi v = 18 1bs
v max
/
g = 9 ft=1bs x 12 in x 1.5 in I = 5.69 in”
b 4
5.96 in c = 1.5 in
Fb = 28,47 psi
AT SUPPORTS
F, = 36 1bs/3 in’
F, =12 psi



STRESS ANALYSIS - HANDLING

3/8" SUBSTRATE

LONGITUDINAL
2

Fv = 16 1bs/7.55 in Mmax 1N ft-lbs
Fv = 2,12 psi Vmax = 16 1bs

4

- oA
. _ 10 fr-1bs x 12 in x 1.3 in 1 =10.21n
b comp 10.42 1n® C___ = 1.3 in
comp
Fh comp = 14,95 psi cen - 1.7 in
7 s A0 ft-lbs x 12 in x 1.7 in
b ten 4
10.42 in
1-"b ren 19.58 psi
TRANSVERSE
= 2 X = - =

Fv 28 1bs/4.5 in dmax 14 ft--1bs
Fv = 6,22 psi Vmax = 28 lbs

4
¢ o lu ft-lbs x 12 in x 1.7 n I = 7.80 in
b 7.80 in4 C = 1.5 in
Fb = 32,30 psi

AT SUPPORTS

F, = 56 1bs/4.5 in® = 12.44 psi



STRESS ANALYSIS -

OPERATTIONAL

1/4" SUBSTRATE

LONGITUDINAL
Fv = YV/A max
Fb = Mc/I max
5 I
Fv = 127 1bs/4.9 in c
comp
F. = 25,87 psi
v Cten
P 76 ft-lbs x 12 inax 1.3 in 156.83
comp 7.56 in
Fb cen 76 ft-1bs x 12 inéx 1.7 in 205,10
7.56 in
TRANSVERSE
F_ = 218 1bs/3.0 in?
. . max
Fv = 72.67 psai max
I
F = ANC ££-1bs x 12 x 1.5
b 5,69 in4 ¢
Fb = 344.82 pai

AT SUPPORTS
Fv = 436/3

F = 145.33 psi
v

E-9

1

76 ft-1bs

127 1lbs

7.56 in®

1.3 in

It

1.7 in

psi

psi

109 ft-1bs

218 1bs

5.69 ina

™ 1.5 1in



STRESS ANALYSIS ~ OPERATIONAL

3/8" SUBSTRATE

LONGLTUDINAL
F, o= V/A M . = 80 ft-lbs
F, = Me/I V.. =135 1bs

) I = 10.42 in”
F, = 135 1bs/7.55 in

Coup = 13 in
F, = 17.88 pst comp
= 1,7 1in
ten
- \ 1
Fb com 80 ft=1bs x 12 inax 1.3 in 119.77 psi
P 10.42 in
. _ 80 ft-lbs x 12 x 1.7 in = 156.62 psi
b ten 10.42 in®
TRANSVERSE
F, = 228 1bs/4.5in - M. = 116 fe-lbs
F, = 50.67 psi v . =228 fr-lbs
I = 7.80 in®
F - 114 ft-1bs x 12 x 1.5
b A C = 1.5 in

7.8 in

F. = 263.10 psi

AT SUPPORTS

Fv = 455/4.,5 = 101.10 psi

E-10



TWO RIB PANEL

LOAD ON PANEL = 1/00 LBS
PANEL WEIGHT = 240 LBS

115 Las/FT -
— - —
h._ b1 _4 d=3
480 LBS 460 LBS b=12&115
b'l =5 &55
1.67 3 4 x 460 = 192
192 LB8S T
460 - 192 = 268 °
SHEAR =
192 x 281 - 160
160 FT-LBS 2
268 x 2233 _ 160 = 152
MOMENT 2 152
152 FT-LBS 162 FT-LBS
3,2 2
P . d®E b xb o)
36b + b - 1] = -
o h Coomp = 1+3 A= .25x24=6
I = 8.90 in ¢, = 1.7 A, = 2(.25 x 4.25) = 2.1
(-15% for irregularities in casting) Ay = .25 x 5.75 =
I = 7.56 in®
| - 9.55
Fy = 268 + 9.55 = 28 psi total
b comp = 152 x 12 x 1.3 2 7.56 = 313.65 psi
F, =152 x 12 x 1.7 4 7.56 = 410.16 psi
comp

E-11

3/8" MATERIAL

1/2 PANEL

1.

4

3
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