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1.0 INTRODUCTION

Researchers at Colorado State University (CSU) have recently
completed an experimental and analytical study té identify possible
strategies for reducing the wind loads on heliostats (Reference: SERI/
STR-253-2859, Pgterka et al, Wind Load Reduction for Heliostats). The
study shows that wind loads on heliostats within a field can be reduced
significantly, perhaps to below 307 of the load on isolated heliostats,

by appropriate design of the field and external fences or berms.

The purpose of this task (Ref. SOW, Appendix A) was to evaluate
the potential for cost effectiveness of wind load reduction concepts
proposed by CSU, when combined with appropriate reductions in heliostat
structural requirements. This was accomplished by analytically deter-
mining the effect of reduced wind loads on the heliostat structure and
upon the cost of the heliostat.

The design baseline selected for the anlysis is the ARCO/Advanced
Thermal Systems (ATS) 150 m2 glass/metal heliostat recently installed
at the Central Receiver Test Facility (CRTF) of Sandia National
Labdratories, Albuquerque, New Mexico. A drawing of the heliostat
configuration is included as Figure 1.



FIGURE 1

Pedestal

LARGE AREA HELIOSTAT
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2.0 STUDY APPROACH

The results of the CSU study for reduction of wind loads on helio-
stats are summarized on the load reduction curves shown in Figure 2.
These curves describe the load reduction as a function of the upwind
obstacles interfering with the wind. The load reduction (ordinate) .
is expressed as a fraction of the force and moment coefficients that
would exist on an isolated heliostat. The upwind obstacles interfering
with the wind (abscissa) are expressed as the term '"genmeralized blockage",
which is the ratio of the wind blockage area due to heliostats, fences,
or berms, to the field area containing the blockage.

The primary conclusion of the CSU study and resulting curves is that
wind loads on heliostats can be reduced to less than 307 of those imposed
on isclated heliostats. These curves were used as a guide in establish-
ing the approach for determining the savings on the heliostat structure.
Two points on the load reduction scale were selected for analysis to
establish a cost saving trend due to load reduction. The two points
selected are:

a) 507% wind load
b) 30% wind load

Implicit in this approach is the assumption that loads in all
directions are reduced by the same percentage simultaneously, as is

indicated by the curves.

Two approaches to reducing heliostat cost were evaluated and costed

separately.

a) The first approach was to relax or reduce the structural
loads on the heliostat and determine the reduced structural sizes

and accompanying reduced cost.

b) The second approach was to increase the reflective array area
in the reduced wind load environment to the point where gear box
moments are equal to those experienced by an isolated heliostat with

the baseline array size in an unreduced wind environment. The
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increased array size for a reduced wind load of 507 was computed to
be approximately a 50' x 50' array. The array size for a reduced
wind load of 30% is approximately 60' x 60'. The calculations in
which these sizes were derived are given in Appendix C, page C-3.



3.0 STRUCTURAL BASELINE

The baseline heliostat for this analysis is the 150 m2 ARCO/ATS
unit currently installed at the CRTF. It was designed as a modification
to the 40' x 40' Photovoltaic Tracker currently in operation at the
ARCO Carrisa Plains Photovoltaic Site in California. It is the same as
the Carrisa Tracker except for small changes in the rack assembly to
accommodate twenty (20) 4' x 20" mirror modules in place of the ten (10)
8' x 20' Carrisa PV panels.

A unique set of design analysis was not developed for the heliostat.
Due to its similarity to the tracker in shape, size, stiffness, and
weight, the wind load design conditions for the heliostat are assumed
to be the same as for the tracker. The wind loads for the tracker were
developed by performing scaled wind tummel tests to obtain forcing
functions,; then analytically predicting the dynamic response of the
structure. The wind environment used for the load predictions is that

unique to the Carrisa Plains site.

Using dynamic response loads from site specific winds resulted in
considerably higher loads on the heliostat than those estimated by using
static wind coefficients. Dynamic response moments at the drive are
compared below to static moments computed for 10° angle of attack,

90 mph wind, and coefficients from ASCE paper 3269.

Static Moment Dynamic Response Moment
{ft kips) (£t kips)
Elevation 126.5 241.6
Cross-elevation 124.4 308.7
Azimuth (30 mph) 20.7 181.5

The majority of the tracker (and heliostat) structural components
is critical for the stow condition, in which the array is positioned
3° from horizontal. This includes the panels (mirror modules), trusses,
torque tubes, gear drive for elevation and cross elevation loading
directions, and the top of the pedestal. The parts designed by the

operational condition are the base of the pedestal and the gear drive



for the torsional (azimuth) loading direction. The array bracing is
designed by seismic loading.

A control setting is used to allow the unit to operate in a normal
mode, including vertical, up to a wind velocity of about 25 mph at drive
centerline elevation. Velocities in excess of this will cause it to

stow into a horizontal position.

The tracker was designed to comply with allowable stresses in
accordance with UBC-82, AISC - 8th edition, and AISI-80, whichever governs.
Member allowable stresses were increased by 337% for load combinatlons

which included the effects of wind or earthquake.

The current structural design, unmodified, is used in this study
as the baseline for a heliostat in an unreduced wind environment
(isolated heliostat). The study further assumes that the structural
design is optimum for the unreduced wind loading. This assumption is
appropriate in that a survey of the major structural elements which
would be influenced by load reduction shows that they are within 67
of optimum. This was determined by reviewing the list of unity checks
computed for the pedestal, torque tube, truss chord, truss diagonals,
and drive. The critical checks ranged from .94 to 1.02.

(1

(1)

Unity check is the ratio of actual stress to allowable stress.



4.0 STRUCTURAL MODIFICATIONS

Both approaches to reducing heliostat cost, as identified in
Section 2, required structural analysis of the heliostat structural
components to determine what modifications are appropriate when wind
loads are reduced. This analysis was performed and is included as
Appendix B and Appendix C.

The analysis is based on strength considerations only. No analysis
was made to evaluate the consequences of reducing stiffness, or increasing
the mass moments of inertia of the array. These effects would cause the
natural frequency of the heliostat to decrease, which is believed to have
the effect of increasing dynamic response loading, which would tend to
offset the advantage gained from reducing wind velocities. The increase
could result from increased turbulence due to the blockage, and the
increasing power spectral density of wind as frequency is reduced, as
presented by some sources. An analysis of this type is not considered
to be within the scope of this study, nor is all the necessary information
readily available to conduct such an analysis. However, it is recommended
that such an analysis be accomplished in the course of establishing an
operational design.

Modifications to the structure were determined primarily by a method
of ratioing to obtain new internal member loads from the loads which
design the baseline. Scaling formulas were written which accounted for
changes in wind pressure, array area or side dimension, moment arms, etc.
Some analyses required separation of gravity loads and dead loads in

order to ratio the partial load due to wind.

Certain members were found to have limitations on how thin they
could be fabricated. This effect was accounted for. The truss chord
and diagonals are limited by the manufacturing process which involves
automatic machinery. The pedestal is limited by the UBC and AISC codes
to a minimum diameter-to-thickness ratio to avoid buckling and reduced

allowable stress.



The baseline loads and allowable stresses were taken mostly from
the detailed stress analysis for the Carrisa tracker performed by

Fluor Engineers for ARCO.

Additional assumptions made during the course of analyzing struc-

tural modifications due to reduced loads are:
. The heliostat array will remain square in shape.

. Secondary effects on loads due to structural member weight

reduction or increase are insignificant.

. Structural member thicknesses can be tallored to the exact

requirement for a large project.

. Truss configuration will not be changed except for material
thickness and the length of truss.

. The mirror glass is not affected by load changes as it is
designed by hail resistance. Module support members will
remain unchanged by pressure changes in order to retain

stiffness and accuracy.



5.0 COSTING METHOD

The ultimate goal of this study 1s to determine the cost effective-~
ness of reducing wind loads on heliostats due to blockage. To accomplish
this, it was necessary to establish a baseline cost for the heliostat
and for each of its major components. Since cost forecasts vary widely,

it was necessary to settle on a value which would be appropriate for this

study. A cost of $150/m2 was selected, which is consistent with Department

of Energy estimates, and is believed to be applicable to large fields or
procurement lots, probably 5000 units or more. A small procurement in
todays marketplace would cost considerably more than $150/m2. A repre-
sentative budget for partial costs -- major components and installation --
of the heliostat is as follows:

Mirror Modules $45/m2
Drive 40
Structure 20
Pedestal 12
Electronics & Motors 8
Assembly, Installation,
Fee, etc. 25
TOTAL 150

These partial costs were then used to compute Acosts due to identified
changes in components from reduced wind loads. Only the first four items
in the above list would be affected.

For the main structural parts, Pedestal, Torque Tube, and Trusses,
weight change for each part was computed. /A costs were then computed
from the A weight by using a cost per pound of fabricated steel. Cost
per pound values were derived from supplier recommendations and somewhat
verified by past experience. This method was used for both cost reducing
approaches defined in Section 2.

For the pedestal and torque tube, the following considerations were

made to adjust thickness and length:

Fabricated steel of this type will cost 45¢/1b to 60¢/1b

in general.

10
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. A value of 50¢/1b was used for tube thickness changes, which
also affects the flange weld.

. A value of 40¢/1b was used to change length of tube only.

are
A value of 45¢/1b was used if both thickness and length is—

changed.

To adjust thickness and length of truss members, the following considera-

tions were used:
. Cost per pound will be from 90¢ to $1.00.
. A value of 95¢/1b was selected for this study.

The mirror modules and bracing were increased in area for the second
approach in which the array area was increased but the drive moment held
constant. Costing the increase was based on dollars per m2, assuming
that the bending stiffness, and the weight and cost per unit area will
remain constant, regardless of array size. Mirror module cost is $40/m2

and bracing is $4.50/m2 for this purpose.

Accurate costing of the drive unit is difficult as considerable
disparity exists in the available information. Estimates were solicited

from capable suppliers for large production runs. The estimates were higher

than can reasonably be budgeted within the $150/m2 heliostat cost. They
are also higher than believed to be necessary for large production in
which automation and dedicated facilities are employed. After reviewing
all the available information, the following values were selected for

drive costs for this study:

Baseline $40/m2
507 capacity X .67
30% capacity x .5

A tolerance range on this estimate is approximately +25%, -0Z%.

The detail costing calculations are included in Appendices B and C.

11



6.0 RESULTS AND CONCLUSIONS

Both approaches described in Section 2.0, "Relaxatiomn of Structural
Requirements" and "Increased Reflective Area', have been assessed to
determine the cost saving potential as a function of wind load reduction.
The decreases in partial costs were totalled and subtracted from the

baseline cost in the first approach, and increases were added to the

baseline in the second approach to obtain new heliostat costs. New larger

array area was computed in the second approach. Cost saving in dollars
per m2 was then computed. The net result is that, by reducing the wind
load acting on a heliostat to 30% of the initial load, as much as 19%
cost saving per m2 can be achieved by reducing the structure and keeping
the array area the same size. Likewlse, for the same reduction, but by
increasing the array size to keep the drive design moment constant, as
much as 317 cost saving per m2 can be achieved. A cost summary of these
two approaches is presented in Table 1 and Table 2. A set of curves
shows the results graphically in Figure 3.

By investigating the elements of Table 1 and Table 2 closely, it
is apparent that the largest contributor to cost savings is by far the
drive in both cases. The overall conclusion, given the assumptions
of this study, is that if heliostat structural loads are reduced by
generalized blockage techniques, substantial savings in cost will be

realized.

12
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TABLE 1

COST SUMMARY - RELAXATION OF LOADS, CONSTANT ARRAY SIZE (40' x 40')

A Cost - §

Mirror Modules
Drive
Structure

Torque Tubes
Trusses
Bracing

Pedestal

TOTAL
Cost per Helio
m2 per Helio
Unit Cost $/m2
Unit Cost Saving $/m2

Baseline 50% Load 307 Load
- -2000 -3000
- - 402 - 549
—_— - 103 - 103
- - 495 = 495
-3000 ~4147
$22,290 19,290 18,143
148.6 148.6 148.6
150 129.80 122.10
- 20.20 27.90
13



TABLE 2

COST SUMMARY - INCREASED ARRAY, CONSTANT DRIVE MOMENT

Baseline 50% Load 30% Load
(40' x 40%) (50' x 50'") (60' x 60")

A\ Cost - $
Mirror Modules - 3933 8240
Drive - - -
Structure
Torque Tubes - 490 1498
Trusses -— 335 1058
Bracing -— 390 817
Pedestal - 189 378
TOTAL 5337 11991
Cost per Helio $22,290 27,627 34,281
n? per Helio 148.6 236.0 331.7
Unit Cost §$/m 150 117.10 103.30
Unit Cost Saving $/m2 - 32.90 46.70

14
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7.0 RECOMMENDATIONS

The following paragraphs identify a few key recommendations and
cautions associated with the use of the information in this study.

(a) The information presented in the previous section, setting
forth the cost savings as a function of reduced loads, should be
relatively useable in a system study provided an accurate assessment of
load reduction is made. However, a gap exists in the completeness of
information available from the CSU study to analyze and obtain the actual
load reduction of structural components. The needed information is the
fluctuating nature of the wind in a sheltered field environment, including
frequency content, and subsequently, its effect on the dynamic response
of the heliostat. It is recommended that fluctuating wind time histories
be extracted from future or past wind tumnel tests and applied to a
dynamic response analysis of the heliostat to obtain loads.in major
structural components. A decision as to a preferred method of imple-
menting an analysis of this type is probably premature and requires some

discussion.

(b) If the cost saving method of "increasing the reflective array
area" were to be implemented, taller heliostats would result. If fences
or berms were employed, they would probably be taller. Increased wind
velocities at the slightly higher elevation would not be a large penalty
but should be accounted for. Using the .15 power velocity profile,
this effect would increase the velocity by about 3.3%Z for the 50% load
case (50' x 50' array), and about 6.1% for the 30% load case (60' x 60'
array). Assuming load is proportional to velocity squared, the net re-
sult would be that the 507 load case is actually a 53.4% case, and 307

load case is actually a 33.87 case.

If shading and blocking were to remain constant, respacing the
field would be required. However, if respaced to give the same shading
and blocking, the reflective area per acre of ground would remain

constant.

16
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APPENDIX A
Statement of Work
Analysis of Heliocstat Design and Cost
With Reduced Wind Loads

Background

The DOE Solar Thermal Program continues to strive for low-cast,
efficient heliostat systems. Wind loads are the major determinant for
the structural design of the heliostat system under toth operatiomal and
survival conditions. Researchers at Colorado State Umiversity (CSU)
have recently completed an experimental and analytical study to identify
possible strategies for reducing the wind loads for heliostats
(Reference: SERI/STR-253-2859, Paterka at, al., ¥ind Load Reduction for
Heliostats). The major comeclusions from this study are:

o Mean wind loads on heliostats withim the fiasld can be reduced to
below 207 of those on isolated heliostats by appropriate design of
fiald and external fences or berms.

o A simple design-oriented prediction method (generalized blockage
approach) for mean heliostat wind loads in a field was developed.

o Peak dynamic loads are significantly lower within a field than at
the edga for heliostats in operational positions.

o Limited analyesis of dymamiec loads has not identified 2 loading
mechanism indicating that on—heliostat spoilars would te
benieficial in decreasing mean and dynamic wind loads.

o The strength of the heliostat should te tased on the eak load
rather tham a mean load multiplied by an assumed gust factor.

o Full-ccale wind loads were not available for comparison with wind-
tunnal data.

o Design forces perpendicular to the mirror plane for an isolated
heliostat are controlled by operational winds (30 mph) while
decign drive moments zre controlled by survival winds (90 mph).



Tasks

Using this study as 3 base, the comtractor shall perform the following
tasks to evaluate the potemtial for cost effectiveness of the wind load
reduction concepts proposed by CSU when combined with approrriate
reductions in heliostat structural reguirements.

1. Structural Design Impact.

This task is to identify the impacts of rednced wind loads on
heliostat design and ecqst. The bhaseline for tha amnalysis is the
state-of-the—art 150 m“ glass/metal heliostat. Given the
potential for reduced wind loads identified in the CSU study, an
analysis of the options for improving the cost effectiveness of
heliostat systems will be performed.

o Initial efforts will be to identify curremt costs, by
component, of the state—of-the-art haeliostat. The potential
for cost reduction in each of the heliostat compoments will
then be identified assuming a reduced wind load enviromnment.

o Alternative approaches to reducing the overall cost will be
assessed. Design options to be imcluded, tut not
necessarily limited to, are tha relazation of struectural
requirements for the drive mechanism and/or support
structure and the increasing of reflective area so that the
wind loads are equivilent to those of an isolated heliostat.

o Also included in this task will be an identification of the
potential impacts (e.g. shading, spacing, etc.) on the
overall system of implementing the wind load reduction
strategies suggested by CSU.

Milestonaes/Delivarables

The contractor will provide weekly, verbtal progress reports to the SERI
Technical Momitor.

A final techmical report detailing the contract effort will be subtmitted
3 weaks prior to the contract end data.
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APPENDIX B

STRUCTURAL AND COST CALCULATIONS

UTILIZING

LOAD RELAXATION ON HELIOSTAT,

KEEPING REFLECTIVE ARRAY AREA CONSTANT

B-1
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tohieh mus?t be sublracted to determi e
Wi o maluced /Oa.a(-

DZQA IO&J MOM&(W“'

D.L.

Wt L Mow eut
irror Modules G 12.5 lbs Y9 44
m ° Cloxoones fo 6,370 £t fes
Bracing 137 16,0 1,570
869.5 ‘
8,928

bUr'noﬂ /nduazc/ /an: §3.3-9,9= 4y _p+ k
50 72 load =(c5')(4l‘f.‘f) +8.9 = 31,1 Frk

30% foad =) y4v)+ 8.9 = 22.2 Ptk

B-10
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Y TEY WU T WS W PN P TN IS BT W W WE W N I vy u.

BY. < I:AIrrE'J/'w'sG SUBJECT Truss <h i SHEET NO or.
CHKD. BY. DATE JoB NO
Chovd IcaJ -
M 3LI(R)
5-093 P: ; = 28.'42 - ’3.\ K
22.2C12) _
30% p= 2892 ~ 94 Kk
Fa= 2348 ksi Fluor Anal corvected for

Wea k axis buck/a'mj
Paitow = 133 Fa A

Keguired thickuess
. [74

- Pallowd 13, | _ .
§0% Ar°34= 33 Fo = 133C2348)  1&
42 :
f = 653 <~086) = L0585 1w,
9.4 _ Dz
307> Aregd = 1330239 8) = 30

3 _
t = %53 (1088 = o4p ju.

B-11



BY. RJT oarell28786 guueer TrUSS d;‘ajowak SHEET NO or.
CHKD. BY DATE. JoB No

Dés:‘am Cawpress/‘avx load = S 78 Kk Ex:‘sh'nja’e;fjn

piies e Sl e

0{= ,005-/ t:to’ ') Fy :5-5' KSI‘/ =‘Z7[ |‘hz

Fluor Awnal Ps ¢

LUJ%J mduced joad = Dz.s,‘ﬁm locad] - dexdd loo

=5,728k - .87k = (¢,9] k

§0% load = 5(4.91)+ .87 = 3.3 «
20%¢ load = .3 (‘l.?/>+.87 = 2.3 k

FQ:"(olbe kf.l

IZa?l wived 'Hoic.knef.s

33— . e ). _f,
5025 Al"ejfj: [33(llb) Ll {‘ 57 (09 o5

_ 23 _ - - 12 (o) 53
320%a Arezoi- "33(!‘.“0 A0 1 f :Z7l( >'° ‘

B-12 '

Minivum gawge 1S . 078



oL )T parelZ-1786 sumsgct Truss SHEET NOeeo . _OF.
CHKD. BY DATE. JOB NO

u/efql\i's

7’0,0 C’,lpora/ = bt lrp

®)0283)(12) ¢, Lre 2o G0 ) Ly F4)

27168 tc L 7e lbs

Bot chord = 27.168 t. Lge

"
3’115%,_(;7 922 ¢p) P 12Lp

Dl‘ajona/
20a§26 -éo LD /QS
Total W= 27.168 Ze (z,-¢+£8¢) + 20526 ¢, L,

P;r fruss

Base /:'nc wt = 258.5 Jbs per truss

cost

A Cost based on 95¢/lb per Butler Mfg Co.

B-13
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| QL L 5ol Cohenlit h'thlz  b'lse (ssn4-9)
& : O 92XxX09
02'5¢S 8'25%2 + 9% ¢l L'9h ¢ 0SX oS
ﬂ-
mm © % \qms_ M.QMN omooo_.WS.\\vh.o%
53
oo SO — h:gol — 9'$2b h1sZ | °/08
oo €9l o~ h80 1 — 9'S2b hilsC °c OGS
4s°0 V +MY | »toL _ Yoo n...\row
| Gan +152m . "
‘" 7
.um (ssr41-9) "
N 197 ) 19 se)Beo: [go" - 09x09
N . .
05 , 8k 1S - . leo BL0' QS5X0S
b ] |
m ,0h 8¢ ko 040" 980" °,00! - 2U!| 5%y
® 9 h , 8 1 h (050%) BLO® (550°) BLO’ " o¢g 05
> .
i r Oh .85 Ik (sr)eLor (sho)BLO" °40s
< 4
1 EYe ll.lﬁﬂ.l a0
5 @7 PR L7 s bigneD
N} &
g
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v BT  oarmlt-1-86 ,uugc,m;'rrar Modules

SHEET NO or.
GHKD. BY DATE. JOB NO
Glass wi'll rewmain uwun c,ko.vL3@.J Lfor all

YN\ rnrov VYHDQ(\L‘G.S} as 1+ s Aesigned by
ha!l reslistance,

Suppo"‘f' meuwmbers dawn [oe ;-eaqucej ‘CF‘OMA
029 l—o 020 MmN M K cdau e -par- $o%s
or J0 Pe Conib ned pressure awnd alymaw.fc

/aacpfwe

SO % load + 302 load
W+ saved = 80 x.008 X 92 X213 X.283 = 398.2 /bs

# saved =(35) (3982 ) =V39.40 /helio

Nb‘\LQZ 771@ S‘?Lﬁﬁ.fnes;' anJ accurac7 a.’Cthz
M"frar moafu-/a w?// LQ Jejr’—a/ej 5;/
ﬂ’.d’ucinj tha gauge, Therelore Jeq ve

+he gdppor?‘ member stiflaess (3““52)

as 'S,

B-15
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APPENDIX C

STRUCTURAL AND COST CALCULATIONS

UTILIZING

INCREASED REFLECTIVE ARRAY AREA

KEEPING DRIVE MOMENT CONSTANT

c-1



BY. RyT DM‘}Z-?-&@ SUBJECT. los?t Summ ary SHEET NO OoF.

CHKD. BY. DATE. _.Z:ﬂc;'easea/ Akray JOB NO.

Baseline 50% Load  30% Load
' (4o'x4o')  (50'x50') (60'xb0")

A Cost -~ 8
Mirver /V’OG'UleS ~ 3933 8240
Drive | - - -
St+ructure
ﬁv$ue Tulbes - 490 | 498
Trusses - 335 o058
Bracfnj - 32990 g7
Pedestal - | 89 378
7Tetal - 5337 11441
CoSf’Per He,/'a | tZZ,Z?O 2714,2.7 3Y4,28)
M? per Helio 148.6 236.0 33,7
Unit+ Cost #/m* 150 117,10 16330
Ut Cost qufMj %Z - 32.40 46,70

c-2
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gy 2T DAm)Z‘I-ak suasect LM € reased /4Pra>a S'ze BHEET NO or
CHKD. BY, DATE. JOB NO

| S r':\J

S/2e of .a'.?rray; ! _ /’301 “\
- ’ T i
4) por reducecd wo‘:uap. m
(¢ dynamic response) . |

loads of 507 aud 709
A = Array area
b) keap :lnj drive Momem?‘ f = fres‘jH'rQ
QOMS“}QH* (w;'na( ﬂ'o(yn. re:‘pauje)
L= Length (v width)
of arvay.

M= d (pdr = £(d,p,A)
-—-F‘((f)L?)

§O0 P lood —Sawme drive moment
(87 @) - O -

{2 T -Cz)-? L, = 126 L, =126(40) = $o0’

30 2 ,ooQ_ - sawme drive moment

(-LL—-Z;->3= (1\(,"/3') = 3 /3

|/3 l
L, =037 L= 149y ¢, = lys9(vd)= 60

c-3



ay. 2‘”— .,DAT!'.L?.-..'}:.aé SUBJECT. Pe Je S 7ZQ / SHEET NO n;

CHKD. BY.

DATE. JOB NO.

ASSulMﬂ'f'l‘oWS

s AR ok o

Pedestal /s cr'tical /'m vertical pos/?L/'on
Oy.‘aa'na.‘ Qrvay é IS ZI’GLOVQ 3ro-de (+ l:;’,d.p) l
Critical mowent s 2, below 7raole l

0r|‘3 Je‘sfﬁn.-'—- M‘omew"""‘fZ? 53H< (,'ncl\.E#K jmv,m«-'

W# = 1l K on ch Sk array. (‘/0)(‘/0) Erav, Mo, w,//éel
. preserwecﬂ 8f+KI
/ 0 Rati)o Base Moment

M= p A d fEAﬂlﬂv_L
Ma

A
‘(%)(ﬁ(i‘f) wind !

- f:,??s-/ Ue. =)o
f:q= 19.8 Ks ) Fluor Anel

Fo= 66 (1.33)(36) = 36 ks/

C-4
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ov—RAT  oarell -84 su.uecr Pedestal SHEET NO or.
CHKD. BY. DATE JOB NO
50'x50' $0% |oad

Ma _ <o Zéf-H.ff-Z.O) _
"M, -(5) qo‘><zl+:.§rz.o = 14
Mped = 1949 (429-8 ) +8 = 404 ftx
5o°
Pred = DL =(u-a.s')+ e.s'(:,-;z>= -
For 29" %.37Cwall | 57619 n’ A=27.83 in°

L= B2 - 57 ks

27.83
_ yod () |
'pb = 61,9 = 30 ks
S 30
)ga * 36 =,6%+ 95 =98 <1.0

Depth of embedment remains sawme

Paclastal lamgth = 34.5 '+ 0" = 39.5°

b cost = (402/1 )(§ ) (94,5 bs)ts)= 1852 Jheria

C-5



o 23T oarel2=3-86 susser_ Fedestal SHEET NO— or
CHKD. BY, DATE JOB NO

60'X 60 309 jeod

2
Mz (é.?..) 3:+:.f+z.o) = 9¢
M, "’<'3> Y0%/\ 21 +1.5+2.0 4

Mp.wl" .Cii'(qz‘?-a) + 8 = 408 £f£+«k
AN
PP“‘: oL =<““85) +8~5.<?32-) = 2Lk k

Lon 24"%x.375 wall, S=ibl9 -,'n’/ Az 27283 im

2.6
£a= ﬁ?; = .78 kg,
_ 408012 :
%t s T 30 ke
}Zz t 37 e = o4 .96 =)o =0

DQP‘)"L\ Oﬂc emlo_ch me_w{‘ y-emq;\,\s Sqwme

Pedes tal IeV\jJ-k = fv.s"ﬂo.'o: g8 /

Acdost = (4o ¢/,1,)(/09(9~.¢/As/¢+) =g378.i°//;e/fo,

Cc-6
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Ty T W T T W O D O S T W W S T T T A e

ov—RJ T _ pare!2-3-8C sumsecr T”?‘*e Tube SHEET NO or

DATE. JoB NoO

AssuurpFiows

Moment due to wind G'ne, A’m) will be

UMCJ"‘[W?Q-J due Fo Fhe /arger Qrrecy,
(var.'-ﬂj‘e,( ' Fruss aquneal,

Momem'/" Jue 7LO .Deo-d LOa.J will l'hC.Ved-SQ
due 1LO IQP?Z? eray

@Vl‘so 0’45!13’111 /V] = /33.6 ‘p‘ltk WI.P‘-OI
=38.8 f+k DL
t= .6 , Ui, T 1o
'5—=S-ét7 '/'ng

A}G—UJ ;S/:ii - -por I\’\ creased C/.pa.:g /aa.é/

,l
50 X 5—0’ Qrray

7
DL = B :‘Tz. Muo "'(%3)(39'8):758 Frk

o>

Total! moment= |33.6 + 75.6=209.9 L+k

2099 , _ _ ,
Srcad’= ’72,._/ (56‘7)‘63:‘7 /n'?

D) = 20427 - 129.9(68.9) = /7,477

D, = 1).EO in A=,625 In



RI4T ]2-3-86b.

L
BY. DATE. susger../ @ T34 Tube SHEET NO or.
CHKD. BY. DATE. : JOB NO©

6o 'x 60’ arravy

3
DL = %3%)(38.3) = 131 £tk

Totel! momwent = 133.6 + 131 = 264.6 Fk

: . 2616 - ', 3
Sregd = ooy (§e7) = 820 i

D‘f‘ = 2,427 - 129.9 (8?.0) = | §,I16

D; = 1.1 " = 83 /n

Cc-8
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oy RIT  parel2-3-8C gumecr 75"2 ue Jube SHEET NO or.
CHKD. BY...........DATE. JOB NO

Added We g Wt of +ube

¢!

W+ of orl‘a tube = 98¢ lbv /8/") t=.5

é'o'xfolarray l=227 v i-—.é?.S'”

Wt of tube =(80.9 s/t &5 ) = )530 los

Awt =1530~-98¢c = 54949 lbs ea

@X“GO' Qrray L= 301,5" .83"

Wt of tube = (055 lbs/er) ( B ) bs

Awt = 2650 =986 = jLeY Ibs ex

A dﬁleo’ Cos 'f'

Assume 4Y45&/i, Lor matl, + Lab., (V'nereased”
f'h/'ck ness and /'w<reased /enév,llq)

’
SoX 50’ Grray

A cost = (2x54Y) (?qs'/u,> = #q 89.40 per helio

OXxbo drray

A Qost = (ZXIGG“/)(:"";/IE’)T- ﬂ/q?ZéO Fer helio



ay_EAT  oarell=i-86  gLgsecr Truss - Increasealarmy SHEET NO. oF
CHKD. BY. DATE. @“6_3 ow”()— JOB NO.
Poeddidi i)
o v - 4é%</ﬂ____
- 1l
' L
S h ear Fovrce oun Truss &,,‘3 de,-,;s, '/l“_L‘
=g« | N
v p A | ._l ;_ —_———
Vn (%X K;B press. +dyw. —_——

S_O'Xé'ol Array

Va _ /7 \/ % -
7= (NER) = 78
V1=

78 V,=.78 (4,7/)- 383 &k
Increafecﬂ Dead Load =

Total 3.83 +# 1L36 =
Diagonal thickness PQZuU\V‘eo( -

Shear =

6o x 60 Arrey

Vo _ s b0°
7= (3 () =
Vy = 675 (4,2/) =

D.C, —(

Total Shear =

ATy
331 K
)637}-: 1,96 K
231+ 1,96 =

Dfﬁjonml thickvness reg wived =

5.8

$, 27
5,18 (09)=

MOW\QM.+ Q\sou""'

Cross eleva+tiyn
ax\s,

lav-essuv—e +Ahyn,

(87 )'G,o)z< 87)" 1,36 &k

5,19 »
2117 1 090) = . 081 /'

Pressure *‘Aym,

§.27 K

082 in
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ov—BI T oare)2:278% gumeer./russ- Tncreased '4'”‘,7 SHEET NO or
CHKD. BY DATE. JOB NoO
DRiaga ~als

It 6- fruss yys-/em )s useof For #he éO’xéo'drra/

S hear Go'x.bn'.

V*-Q)( %) =

Vo= 4S5 (491 0= 2,21k press vdyn.
pe.=(52) (.87) =
Totoa| Shear = 2,2 +1h3 = 3.5 Kk

. , 35) _
Diagond +hickness re?unred (070) L0055 in

oo ” f
Miviy mum aaucje = .078,

Cc-11



BY parel?-2-86 sussecr T rus S-Tacrear eﬂ Lrr 2%/ SHEET NO oF.
GHKD. BY DATE. Q[\OV‘J JOB NO.
Moment ou +4russ Orig design , 53.3 #k
M= g A d o Wind

T

'
so'xso Qrray

2. =(,s.-)(‘f;%3;) = .98 = 1.0
!

My = 1.0m = 1.0 (44.4) = U4y ﬂl(‘(frers T d\/VJ
Ar dz ?
SYIE A ‘-:"r. (8.9) =<%§ )(a.?)z 17,4 Ft K

Total Moment = 4l 44174 = 6.8 Frk

60' x ko' array

3
M 60\ .
= (N(550) = e
My = 1.0 M, = 1L0(449.Y) = Y4q Pric press ¢ dyn

DiL. = (%Z)(s @) = 30.0 £+k

Tofal Moment = 444 +30.0 = 744 £+ Kk

¥ OL,= 89 -Pfk fov' L/O’XVO’ array ) refﬂpj —

Cc-12



8y /Z._} T I,,,‘.,.,/2-2-93 SUBJECT TrusS-Jn creased Arré Y gHEET NO or
CHKD. BY. DATE. 4 JOB NO.
. Chord

T a (- Fruss s'ys/em ’'s wused KLor
7LAQ éOIX.éO, arra)/

M"-(B) ‘/07.>= Yy

M,

DL, = %%:>(8.9) =

.Q?T(#‘LLO = 30.0 Pk fress*i‘aqu\

Tota| Moment = 30 +20 T S0 £+ Kk

Cc-13



o BT oarel22-8% gumiger_Truss-Increased Lrray sueer o

CHKD. BY. DATE. L JOB NO

Chovd

/Zeg uired 7 hi'ck ness

,za-f.r'd -ﬂrom .ZL=.086 por' L/O’array

Fe =23.498 ksi s approprm.'(e allowable

ovr increased #rhick aess

{o'xS'o' avray

éo 7 \
(553 )(08e) = 098 n
60')(4:0' Qrray L/-frusf Ty 5 Fe
7449 ,
%’ (5-?'3)(.086) - .120 R4l
éO'XéO’ drﬁ-ay 6 -Fruss Sy 5 Fe m
O

.&.—(;‘;‘j )( 086) = pg/ in (use this)

C-14
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EJT- ,,AT;IZ"/’SG SUBJECT, 7—" ‘—(SS-

SHEET NO

JOB NO-.

DATE.

lcnnn.lv

QL 'Lsol

02'S€%

(@]
a0l —

45D V

' ] i :

L€+

8'25% +

o

h'8Ql —

801 —

ny

9
1S

Vh
I b

¢

>17

hithlz  b'iss
g98¢l  L'9hs

heol $'852
952k h1ee
9'S2b hilsC
23R

Gan +1572m

: «a@mno. [80°
. 1o’ 260’
04L0" 280"

(0s0°) BLo® (s550°) BLO

¢so')8Lo’ (0h0)BLO"

(ssnas-9)
0O 2X009

0OSX oS
%00| - WS.COH ng
%605

O&OM

h..q XP)

‘Aww:;s-ww
09 %09

QE5X0S
°001 - U1 250
°¢ 05

°e0 <

Bipred

“oeis



oy PR4dT  parel2:2-86 su,_,m,/y):‘rror Maa/u les SHEET NO or

CHKD. BY.............DATE. JOB NO

Zncreased Arvay

Glass = Remain unc,laan-jej — Mail c(gs;j,,

Suppoff mewm bers

The support mew bers dan be reduced
(v site for shenghh as +hey will
be subjected tfo Jower Joads. Yowever
st bLness showuld be masnaitaned,

The §0°'x50" mjm will Jose st {Loesy
with inereased /enijA. Howeve r, [ F w. i/

be assuned that the support stfLness
per unit arvea dan rewarn +he su e .
The 40'xL0" w/m will probalbly Le

a (©-Fruss Sys#em , So S 5%,'£¢'nef:

!

UJIN LZ P»-esef'/@—ae Wr\*hau..')l" ]

ncreas /'v\j

SuPPar+ mew loe Fauge,
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' BY. R J T mm)l-a'ado SUBJECT. B L= QI‘ “3 COS T SHEET NQ. . or

CHKD. BY. DATE — , JOB NO
l For _(S'ta-h'nj U'ﬂ Bryay Size
" Pe tb'ua.dv-aw‘}' — PBaseline @stivwate
' Part Leng“* Costin % aty  _Cost
I Mtq Beawm 134 - .15 3 Jr(m.:‘;o
l Cross Brace o3 1O Y 43,12
b cross Brace -short 26.4 10 2 528
I WImj Tie I - 10 /2 §i80
I Stabi hizer 3.3 10 Y 12,52
l Brikts 10,00
I |§2,0¢
' Assume 10 Pa +o assewible 1w ta rack

- | I 4 ' z ¥ -2

I Cost = 11 x4Yx9S2 = 150w~ = 4. 4G /ra
I Use g% 50 /m? for avea diflereutial
' wﬁzew Sca//'nj L(F Array SI|EQ
'< X Approx, cost For fyp;‘Ca/ /arh’ In med)um production,
l Cc-17



