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Chapter Three Solar Master Plan

Structural Evaluations

Once a school district has identified the buildings that it believes are the best candidates
for a PV system, the district will want to consider whether the roofs can support the
gravitational, wind and seismic loads of a PV system. In other words, can the PV system
meet the strict building code requirements that apply to California’s public schools?

The U.S. Department of Energy contracted with Interactive Resources in Richmond, CA
to review the “as-built” drawings for a selection of schools identified as good candidates
for PV systems. The purpose of the review was to identify any structural conditions that
might indicate that the roof of a target building would not meet the building code
requirements. The buildings were not physically inspected during this review; the
assessment was based on a review of the drawings only.

The reports that follow describe in detail what Interactive Resources considered in its
evaluation of several school roofs located in this district. While it is not necessary to
conduct this type of evaluation prior to seeking bids on a PV project — a review and
inspection can be done at a later point in the process — the district can save itself and
interested vendors time and money by doing a preliminary assessment prior to seeking
bids.
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August 25, 2011

Mr. Dan Olis

National Renewable Energy Laboratories
1617 Cole Blvd.

Golden, CO 80401

Subject: NREL Structural Evaluation 2010-004.01

QOUSD - Castlemont High School
Evaluation of Existing Framing

Dear Mr. Olis:

In accordance with the provisions of our agreement, we have completed our preliminary
structural investigation of the existing roof framing for select structures of the Castlemont
High School Facility located in Oakland, CA. The purpose of the evaluation is to rapidly
assess if the existing framing can support a solar array and determine if there are potential
structural deficiencies that may preclude the addition of a solar array.

The evaluation is based on an in-house review of the available “as-built” drawings
furnished by the Oakland Unified School District. No site visit has been performed as
part of this phase of the work; however, should the project move forward, a site visit
during a subsequent phase is planned to confirm that the structure, in general, conforms to
the “as-built” drawings. At that time the results presented in this rapid evaluation should
be reviewed and any refinement prepared as necessary.

This letter summarizes the results of our preliminary evaluation.

Existing Conditions

The existing structure is located at 8601 Macarthur Blvd in Oakland, California. The
buildings reviewed for this evaluation are comprised of three buildings: two multiple story
Classroom buildings and a single story Cafeteria building. Solar has been identified for
potential installation on each of these buildings. The year of construction is
approximately 1960. No solar is proposed for the other buildings at this site at this time.

The roof of the classroom buildings is specified as a composition roof over concrete slab
over concrete beams. The roof framing is supported by concrete columns and concrete
shear walls. Resistance to lateral loads due to wind or earthquake forces is provided by
the horizontal concrete diaphragm and the vertical concrete columns and shear walls.

The roof of the cafeteria building is specified as a composition roof over diagonal
sheathing over wood rafters and beams. The roof framing is supported by wood shear
walls. Resistance to lateral loads due to wind or earthquake forces is provided by the
horizontal sheathing diaphragm and the vertical wood shear walls.

Preliminary Structural Evaluation




The evaluation involves investigating two distinct aspects of the framing. First, can the
framing support the added gravity loads to be imposed by the proposed solar array and
second, can the existing lateral force resisting system support the added wind and/or
seismic horizontal forces without triggering a code required upgrade of the structure? The
latter is limited to a maximum of 10% of the existing tributary structural dead load as
permitted by ASCE 7-05 Section 11B.3 and the California Building Code (CBC) Section
3404A.4, Exception. The analysis assumes that there is only one roof membrane present
and that should a re-roof be performed either prior to installation of the solar array or
during the life of the array that the existing will be removed and not roofed over. For the
purposes of this analysis, a second roof membrane over the existing has been excluded to
maximize the potential size of the solar array.

Where the racking system keeps the array close to the roof, wind loads generally do not
represent a significant increase in forces to the existing main lateral force resisting
elements. There are no parapets to prevent the arrays from sliding off of the roofs,
therefore, the proposed arrays used in the analysis are planned to be positively anchored to
the structures without the use of any ballast. The design wind speed for this site is 85
MPH (3-second gust), Exposure C. A Suntech STP 260 solar module has been selected
for use in the framing evaluations. To support the modules and provide a 20° tilt to the
array, a SunLink racking system has been assumed. The use of alternate modules or other
racking systems that may produce alternate loadings is beyond the scope of this report.
The anticipated weight of the array (module + racking system) use in the analysis is
estimated to be 80.5# per module. A breakdown of the design loads used in the
evaluation of the existing framing is shown in the Table at the end of this report.

1) Evaluation of Gravity Loads:

The existing roof deck at the classrooms is shown as a 2 ¥4 concrete slab over 6.5x17
concrete joists spaced at 31 inches on center. At this time an array layout has not been
determined. In order to perform an evaluation of the gravity loads on the existing framing,
we used a 4x1 panel arrangement as manufactured by SunLink with the north-south axis
parallel to existing concrete joists. This orientation results in the maximum concentration
of loads to the least number of concrete joists. Our evaluation shows that the existing
framing is adequate to support the anticipated loads and that, therefore, the existing
framing is acceptable for any orientation or distribution of modules in the array(s).

At the Cafeteria building, the existing roof deck is shown as 1x diagonal sheathing over
2x joists spaced at 16” on center. The design live load on the original roof is 20 psf;
however, per DSA IR 16-8, the design roof live load based on the array racking system
selected may be taken as zero (racking system is low to the roof preventing storage
beneath it) in the area of the array. Our analysis indicates that the existing framing using
a 4x1 panel is acceptable to support the proposed loads. However, it should be noted that
the stress rating of the existing 2x framing is not shown on the plans. For this analysis a
common lumber grade of No. 1 has been assumed, but this should be confirmed should
the project move forward. Attached for your reference are our preliminary calculations.

2) Evaluation of Lateral Loads:



The total existing roof area where placement of arrays has been proposed is approximately
45,955 sq. ft. At Classroom building A, the roof area is 19,890 sqg. ft., at Classroom B the
area is 16,770 sg. ft. and at the Cafeteria building the area is 9,295 sq. ft. The estimated
dead load of the classroom roofs is 80 psf and 17psf for the Cafeteria. The Classroom
exterior walls are concrete columns and a curtain wall with an estimated dead load of 20
psf. The Cafeteria exterior walls are wood studs covered with plaster with an estimated
dead load of 18 psf. Combined together the total effective existing roof dead load at the
@ Classroom A is 1,708,200 Ibs., 1,443,000 Ibs. at Classroom B and 173,608 Ibs. at the
Cafeteria building.

In order to avoid triggering a code required upgrade, the weight of any added solar array
should not exceed 10% (Total Dead Load) or 170,820# (Classroom A), 144,300#
(Classroom B), and 17,361# (Cafeteria). Dividing these weights by the combined weight
per module of the proposed array (59.5+21) the maximum number of permissible modules
for the array can be determined as 2122, 1793, and 216 respectively. However, checking
the available roof area against the plan area of each module, the actual number of modules
that can be used at the Classroom buildings are significantly less than that based on 10%
of the existing mass. The module count, by area, at Classroom A is 640, and 539 at
Classroom B. Please note these module quantities do not account for any setbacks that
may be required or aisle ways, shading restrictions or any other roof obstructions that may
affect the final array layout.

Conclusions

In conclusion, we believe that positively anchored solar (PV) arrays can be supported on
the existing structures. They should not exceed either the Maximum Array Weight or the
Maximum Number of Modules shown below. Either the SunLink 4x1 or 3x1 panel system
is acceptable for this project.

Design Parameters

Existing roof dead load 80 psf (Classroom A & B)
17psf (Cafeteria)
Basic Wind Speed (3-second gust) 85 MPH (Exposure C)
Seismic force (Allowable Stress Design) 0.447 W, ~ 36# per module
Module Suntech STP 260
Module weight Approximately 59.5# each
Module Area 20.9 square feet
Module Mounting System By SunLink Corporation
System weight Approximately 21# per module
System tilt angle 20°
Maximum PV Array
Maximum Array Weight (10% Total Est. 170,820# (Classroom A)
Roof DL) 144,300# (Classroom B)
17,361# (Cafeteria)
Maximum Number of Modules 640 (Classroom A) (Limited by the

available roof area)




539 (Classroom B) (Limited by the
available roof area)
216 (Cafeteria)

If you have any questions regarding this letter, please call me at (209) 736-2079.

Sincerely,
Interactive Resources

% /)f/f( ¢ Ao ;4—

Paul M. Westermann, P.E., S.E.
Principal

PAUL M. WESTERMANN

NO.__ 5003097

Enclosure



Design Criteria

Roof Framing
Roof Live Load 20 psf Slope 1/4:12 Reducible
Live Load at Solar Modules 12 ( Special roof load, greenhouse)
Classroom A & B
Roof Dead Load
Roofing 2.0 psf
Concrete slab 35.0 '
Concrete beams . 39.0
Acoustical Tile Ceiling 1.5
Mech/Elec/Misc 2.2
79.7 psf USE 80 psf
Cafeteria
Roof Dead Load
Comp Roofing 4.0 psf
Ix diagonal sheathing 2.3
2x6 @ 16" OC 1.7
Glu lam Beams 42
5/8 GYB ceiling 2.8
Mech/Elec/Misc ‘ 2.0
- 17.0 psf USE 17 psf
Existing Exterior Walls DL , |
14'x14" Conc Col & curtain wall 20 psf (Classroom A & B)
Plaster, diagonal sheathing, wood stud wall 18 psf (Cafeteria)
Parapet Height ~ 0.0 ft
Trib Ht. at Classroom A - 6.8’ @ Classroom B 6.8' @ Caf- 179
Interior Partitions

USE 5.0 psf for seismic loads at roof at Classrooms only

Determine Allowable Solar Array Size

Determine allowable loads as a percent of the exisitng tributary DL so as not to
trigger a Code reqgired Seismic Upgrade

Per ASCE 7-05, Section]1B.3 & CBC 3403A.2.3 - a seismic upgrade is not required if the addition
does not increase the seismic forces by 10%
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(E) Building Dimensions - Classroom A (larger)

B = 306.00' D= 65.00"
Existing Roof Area - 19,890 sf

(E) DL = 1,708,200

(per original construction documents)

Trib Wall DL = 20 psf*min(306, 65'y*2*(6.75+0' Parapet)

10% DL = 170820

Prposed Solar Array
Module - Suntech STP260

Titl-angle - 20°

(= Roof Area * DL + Trib Wall DL * Trib Wall Area)

Module Area - 20.9 sf Plan Area ~ 1.49 * Module Area= 31.1 sf
Module Wt. -  59.5 # Frmg per Module - 21
Basic Wind Speed = 85 mph
Exposure - C .(ASCE 7-05 Section 6.5.6.2)
Allowable number of Modules
: _ _10%EDL _
No. Modules Allowed _—Array Wi 2122 modules
Array Wt=80.5 #/module
No. Mod. based on roof area = _RoofArea _ 640 modules
Plan Area
Check (E) Framing _
(E) D+L = 1708200+19890*20 psf = 2,106,000 .
(E) D+L+ array = 1708200+19890*12 psf +640*80.5 = 1,998,400
_ 1,998,400 -
A 2,106,000 1 0.051 Ok
Change in load on deck ' '
(E)D+L = 100 psf __ %6 ._
(E) D+L+ array = 94.6 psf A 100 1 0.05 Ok
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161
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% SUNTECH sTo2s0- 2411
Solar powering a green future’ STP260 - 24/Vb-1

270 Watt

POLY-CRYSTALLINE SOLAR PANEL

Features
« High conversion eff ciency based on innovative photovoltaic technologies
+ High reliability with guaranteed +/-3% power output tolerance
* Withstands high wind-pressure and snow load, and extreme
temperature variations

Quallty and Safety
* Industry-leading, transferable 25-year power output warranty

* Rigorous quality control meeting the highest international standards

* 1SO9001:2000 (Quality Management System) and ISO 14001:2004
(Environmental Management System) certified factories deliver
world class products

* UL listing:UL1703, CULus, Class C fire rating, conformity to CE

Recommended Applications
*  On-grid utility systems

* On-grid commercial systems

» Off-grid ground mounted systems

«®= CE

Unique design on drainage holes
and rigid construction prevents
frame from deforming or breaking
due to freezing weather and

other forces

Suntech’s technology
yields improvements to
BSF structure and
anti-reflective coating to
increase conversjon
efficiency

Suntech was named Frost and
Sullivan’s 2008 Solar Energy

The panel provides Development Company of
more field power output

through an advanced the Year

cell texturing and

isolation process, which

improves low irradiance

performance

30?" A

www.suntech-power.com | E-mail: sales@suntech-power.com STP-DS-STD-N01.01 Rev 2008

STP is a trademark of Suntech Power Holdings Co., Ltd. All rights reserved © Copyright 2008 Suntech Power




% SUNTECH ey

STP260 - 24/Vb-1

Solar powering a green future”

Electrical Characteristics

Characteristics STP280-24/Vb -1 STP270-24/Vb-1 STP260-24/Vb -1
Open - Circuit Voltage (Voc) 44.8V 44.5V 44V
OptlmumOperanngVOItage(va) ................................................................... 352\/ . 35\/ ............... 348\/ .............
Sh ortcwcu't C ur re nt(lsc) ................................................................................ 8 33A ............................. 8 2A ........................... 8 0 9A ..............
Optlmum Op eratmgcu"ent ( lmp) .................................................................... 7 95A ............................ 7 7 1 A ............................ 7 4 7A ..............
Max'm umpowe rat STC ( Pmax) ........................................................................ 230 Wp .......................... 270Wp .......................... 260Wp .............
Oper atmgTemp erature .............................................................................. 400Ct0+850C 4 OoCto+850C ................ : 4 Ovcm+85°c ........
Max,m um S ystem Vohag e .............................................................................. 600 VDC ........................ 600 V DC ........................ : OOV D C .............
Max,mumsenesFuseRatmg 20A .............................. 20A ......................... 20A .............
powerTo|erance 13% 13% ﬂ% ..............

STC: Irradiance 1000W/m?, Madule temperature 25°C, AM=1.5

Mechanical Characteristics

Epal Solar Cell Poly-crystalline 156x156mm (6 inch)
i ~Junction box

Dvamge__'}_gi_g_s_,.’j ’ ikl
|1 i‘—[‘
14x9 [0.55%0.35 /-{ (1 |
Mounting slots |
B places I | |
Al H

BACKVEW o

e AIW(12AWG), asymmetrical lengths (-) 1200mm

Type IV connectors

205 1a02] .
fﬁ’u“"f."“ Output Cables (47.2 inch) and (+) 800mm (31.5 inch), MC Piug

Temperature Coefficients

=
8
Power(W)

Current(A)

Pecoaie Nominal Operating Cell Temperature (NOCT) 4532°C
Temperature Coefficient of Pmax -(0.47 £0.05) %/°C
o IEEHEHSIERESTTHEEI |0 el e et e s
I Temperature Coefficient of Voc ~(0.34 +0.01) %/°C
Note:mm finch] | B e T e R (= T o S e oSO A S
Temperature Coefficient of Isc (0.055 £ 0.01) %/°C
Current-Voltage & Power-Voltage Curve (260W) Temperature Dependence of Is¢, Voc, Pmax
¥ I 43
B 1000W/m#
2 m \
- 4 e \ I
800W/m? \\ E |52
| e — e 4 ne @ —]
/ \ :_ L 3 \ Voc
I~ |
N

i =z
I 600W/m? / = ]
= B /

L~

Normalized lsc, Vo, Pmax (%)

=

I
= W il

L] 5 i L1 s E-3 » "
Voltage(V) Cell Temperature {°C) /o FA

&
&

www.suntech-power.com | E-mail: sales@suntech-power.com STP-DS-STD-NO01.01 Rev 2008




(E) Building Dimensions - Classroom B (smaller)
B= 258.00" D= 65.00'

Existing Roof Area - 16,770 sf (per original construction documents)

(E) DL = 1,443,000 (= Roof Area * DL + Trib Wall DL * Trib Wall Area)

Trib Wall DL = 20 psf*min(258, 65*2*(6.75+0" Parapet)
10% DL = 144300 '

Prposed Solar Array
Module - Suntech STP260 Titl-angle - 20°
Module Area - 20.9sf Plan Area ~ 1.49 * Module Area= 31.1 sf
Module Wt. - 59.5 # Frmg per Module - 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)

Allowable number of Modules

o _ 10%(E)DL _
No. Modules Allowed —May Wi 1793 modules
Array Wt=80.5 #/module
No. Mod. based on roof area = M= 539 modules
Plan Area

Check (E) Framing

(E) D+L = 1443000+16770*20 psf = 1,778,400
(E) D+L+ array = 1443000+16770*12 psf +539*80.5 = 1,687,630

1,687,630

A= {77400 1T 0051 Ok
Change in load on deck '
EIE% gii;array =100 pSf94.6 psf A :% 1= -0.05
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161

0Ok
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(E) Building Dimensions - Cafeteria
B= 169.00'

D= 55.00'
Existing Roof Area - 9,295 sf {per original construction documents)

(E) DL = 173,608 (=Roof Area * DL + Trib Wall DL * Trib Wall Area)
Trib Wall DL = 18 psf*min{169, 55*2*(7.875+0" Parapet)

10% DL = 17361
Prposed Solar Array

Module - Suntech STP260
Module Area - 20.9 sf
Module Wt.- 59.5 #

Basic Wind Speed = 85 mph
Exposure - C

Allowable number of Modules

Check (E) Framing

(E) D+L = 173608+9295*20 psf= 359,508
(E) D+L+ array = 173608+9295%12 psf +216%80.5 =

No. Modules per Support ~ 2
P=2*(59.5+21)= 161

(ASCE 7-05 Section 6.5.6.2)

A= —%:%g—gm 1=
Change in load on deck
(E) D+L = 37 psf A= 316
~ (E) D+L+array = 31.6 psf 37
Racking Point Loads
for SunlLink System

Titl-angle - 20°
Plan Area ~ 1.49 * Module Area= 31.1sf
Frmg per Module - 21

302,536

-0.158

-1=

-0.15

_ _10%E)DL _
No. Modules Allowed ———————Array Wt 216 modules
“Array Wt=80.5 #/module
No. Mod. based on roof area = M =299 modules
. Plan Area

Ok

Ok
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Check (E) Frmg.

Ck. (E) 2x6 @ 16" o.c. Jsts.

Critical loading occurs with N/S array axis parallel to

sub-purlins
Pl i lPl lPl
[N NGI NN RS AR AR R RS NN UNARSRNINANAAREYS] . SUppOTtSng- 74.0"
T L= 1265
R1 R2
P1= 161
w=(17-42+12)*16/12 ft = 33
R1=R2= 450
M= 1195 (= wL/8 +PL/4 + Pa) a= 0.16'

Assume (E) Frmg spec’d as DF-L No. 1
Vallow = 655
M allow = 1167

See next page

Note: per DSA IR 16-8, the roof live load at the array may be taken as zero
.. Mdead= 876

(E) Joists are Ok
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Wood Framing Member Allowable Loads

Beam Size -2x6 DF-L No. 1
b= 1.50" A= 825 i Allowable Shear
S d= 5.50" S, =7.56 in’ F',=Fv *Cp * Cy (FV)
I,=208. in’ Vaiow =F, *A/ 15
CF,=95psi Adjustment Factors Load | Cp | Cu | F'y | Vi
F, = 1000 psi Wet Service, Cy . No | 95 ¢ 523#
E= 1700000 psi Fp- 0.85 Floor 1 100 =5, e 00 [ 506 4
F,- .
v~ 0.97 Roof LL. | 1.25 No | 119 655 #
Beam Span - 12.65' "E- 090 Yes | 115 633 #
Size Factor, C- 1.30 S 115 No | 109 600 #
Repetetive Member, C, - 1.15 oW B T yes [ 106 | 583 #
Allowable Flexural Loads | Form Factor C; - 1.00
M=F, *S
Fp=Fp *Cp* Cy* G * (Cyor Cp) * G * C;
Load Floor Roof LL Snow
| 0a
L, | Ky | Cy Cp=100 C,;=1.00( Cp=1.25 C(;= 1.00 Cp=115 C,=1.00
C. | ey | G | P, M c | P, M C.|F,| ™
No No 0.99(1292 814 0.993] 1613 1016 0.993| 1485 936
1 1 1.00| Na. Yes 0.99(1099 692 0.993| 1372 864 0.994] 1263 796
' Yes No 0.99(1485 936 0.991| 1852 1167 0.992] 1706 1075
Yes 0.99(1263 796 0.992| 1575 992 0.993| 1450 914
No No 0.99(1283 808 0.983| 1597 1006 0.985| 1472 927
2 11.00! Na Yes 0.99(1092 688 0.984| 1359 856 0.986| 1253 789
) | Yes No 0.98(1472 927 0.979| 1830 1153 0.982| 1688 1063
Yes 0.99(1253 789 0.981( 1558 982 0.983| 1436 905
No No 0.98(1272 801 0.97| 1576 993 0.973[ 1455 917
3 11.00!| Na Yes 0.98(1083 682 0.972| 1343 846 0.975] 1240 781
' Yes No 0.97(1455 917 0.963| 1799 1133 0.967| 1663 1048
Yes 0.98] 1240 781 0.966| 1534 966 0.97| 1417 893
No No 0.97(1260 794 0.956| 1553 978 0.961| 1437 905
4 11.00| NAa Yes 0.97|1073 676 0.96| 1325 835 0.965| 1226 772
) _ Ye§ No 0.96|1437 905 0.943] 1762 1110 0.951| 1635 1030
Yes 0.96(1226 772 0.949| 1507 949 0.956] 1397 880
No No 0.96(1246 785 0.938| 1524 960 0.947| 1415 891
s 11.00! Na "~ Yes 0.96(1063 670 0.944| 1304 822 0.952] 1210 762
) Yes No 0.95(1415 891 0.918| 1715 1080 0.931| 1600 1008
Yes 0.95(1210 762 0.927| 1472 927 0.938( 1370 863
3 No No 0.94(1228 774 0.914| 1486 936 0.928| 1387 874
; 6 |1.00| Na Yes 0.95(1050 662 0.924| 1276 804 0.936| 1189 749
;' ) Yes No 0.93(1387 874 0.884| 1652 1041 0.904| 1553 978
Yes | 0.94[1189] 749 |0.898] 1426| 898 | 0.9451 1337 ke 3 -
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Seismic (IBC / ASCE 7) Seismic Design Category - E

Building Category - I (ASCE 7-05 Table 1-1)

Seismic Importance Factor, I - 0.00 (ASCE 7-05 Table 11.5-1)
Soil Site Class - D (ASCE 7-05 Chapter 20)
S,= 1.996
S, = 0.778 } See next Page
SMS:Fa Ss= 1.996 Fa= 1
Swmi=F S = 1.167 F,=15

Sps = 2/3 Sy = 1.331
Spy =2/3 Sy = 0.778

Tp=0.2 Spy/Sps = 0.117
Ts = SDI/SDS = (0.585

forT< To, Sa = SDS (04 +0.6 T/To)
for To <T< Tsa Sa = SDS

for T,<T, S, = Sp,/T

T=Ch*= 021 (ASCE Eq. 12.8-7)
C,= 0.020 (ASCE Table 12.8-2)
h,= 23.50 |
x= 075 (ASCE Table 12.8-2)

Component Force ~ (ASCE Section 13.3.1)

ASCE Eq. 13.3-1

F = 043,SW,
? Ro/ 1,

ASCE Eq. 13.3-2

(1+2 %)= 0.639Wp  Controls

(CBC 1613.5.6 & ASCE 7-05, Sect. 11.6)

Site Loc‘ation
Li?timde 37.759° N
Longitude 122.164° W
z=h h= roof elev.

F,max= 1.6Sps [, W,=  2.130 Wp
ASCE Eg. 13.3-3
© F,min=03 Spg I, W, = 0.399 Wp
I,= 1.0 a,= 1.0 R,= 2.5
W, = 814 SF, =514 for ASD, USE 0.7 * F, = 36 #
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Conterminous 48 States _ . Oakland Unified School
2005 ASCE 7 Standard / 2010 California Building Code ' District
Latitude = 37.759 Castlemont High School
Longitude =-122.164
Spectral Response Accelerations Ss and S1
Ss and S1 =Mapped Spectral Acceleration Values
Site Class B- Fa=1.0,Fv=1.0
Data are based on a 0.01 deg grid spacing ' .

Period Sa f

(sec) (g)

0.2 1.996 (Ss, Site Class B)

1.0 0.778 (S1, Site Class B)

Conterminous 48 States

2005 ASCE 7 Standard / 2010 California Building Code
Latitude = 37.759

Longitude =-122.164

Spectral Response Accelerations SMs and SM 1
SMs = Fa x Ss and SM1 =Fv x S1

Site Class D- Fa=1.0 ,Fv=1.5

Period Sa
(sec) (g)

0.2 1.996 (SMs, Site Class D)
1.0 1.166 (SM1, Site Class D)

Conterminous 48 States

2005 ASCE 7 Standard /2010 California Building Code
Latitude =37.759 '

Longitude =-122.164

Design Spectral Response Accelerations SDs and SD1
SDs =2/3 x SMs and SD1 =2/3 x SM1

Site ClassD- Fa=1.0 Fv=1.5

Period Sa

(sec) (2)
0.2 1.331(SDs, Site Class D)

1.0 0.778 (SDI, Site Class D)

Reference: “USGS Seismic Hazard Curves and Uniform Hazard Response Spectra”,
NSHMP_HazardApp.jar application
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Architecture
Engineering
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117 Park Place
Richmond, California
94801

510.236.7435

Fax 510.232.5325

Www.intres.com

September 22, 2011

Mr. Dan Olis

National Renewable Energy Laboratories
1617 Cole Blvd.

Golden, CO 80401

Subject: NREL Structural Evaluation 2010-004.01

OUSD - Fremont High School
Evaluation of Existing Framing

Dear Mr. Olis:

In accordance with the provisions of our agreement, we have completed our preliminary
structural investigation of the existing roof framing for select structures of the Fremont
High School Facility located in Oakland, CA. The purpose of the evaluation is to rapidly
assess if the existing framing can support a solar array and determine if there are potential
structural deficiencies that may preclude the addition of a solar array.

The evaluation is based on an in-house review of the available “as-built” drawings
furnished by the Oakland Unified School District. No site visit has been performed as
part of this phase of the work; however, should the project move forward, a site visit
during a subsequent phase is planned to confirm that the structure, in general, conforms to
the “as-built” drawings. At that time the results presented in this rapid evaluation should
be reviewed and any refinement prepared as necessary.

This letter summarizes the results of our preliminary evaluation.

Existing Conditions

The existing structure is located at 4610 Foothill Blvd in Oakland, California. The roofs
reviewed for this evaluation are comprised of 3 sections (of various heights and areas) of
the Gymnasium building. Solar has been identified for potential installation on each of
these roof areas. The year of construction is around 1940. No solar is proposed for the
other buildings at this site at this time.

The roof of the existing structure is specified as a composition roof over concrete slab
over concrete beams (at the low roofs) or over steel beams and trusses (at the main roofs).
The roof framing is supported by concrete walls and concrete columns (at the low roofs)
or steel columns (at the main roof). Resistance to lateral loads due to wind or earthquake
forces is provided by the horizontal concrete diaphragm and the vertical concrete shear
walls.

Preliminary Structural Evaluation

The evaluation involves investigating two distinct aspects of the framing. First, can the
framing support the added gravity loads to be imposed by the proposed solar array and
second, can the existing lateral force resisting system support the added wind and/or



seismic horizontal forces without triggering a code required upgrade of the structure? The
latter is limited to a maximum of 10% of the existing tributary structural dead load as
permitted by ASCE 7-05 Section 11B.3 and the California Building Code (CBC) Section
3404A.4, Exception. The analysis assumes that there is only one roof membrane present
and that should a re-roof be performed either prior to installation of the solar array or
during the life of the array that the existing will be removed and not roofed over. For the
purposes of this analysis, a second roof membrane over the existing has been excluded to
maximize the potential size of the solar array.

Where the racking system keeps the array close to the roof, wind loads generally do not
represent a significant increase in forces to the existing main lateral force resisting
elements. The proposed array used in the analysis is planned to be positively anchored to
the structure without the use of any ballast. The design wind speed for this site is 85 MPH
(3-second gust), Exposure C. A Suntech STP 260 solar module has been selected for use
in the framing evaluations. To support the modules and provide a 20° tilt to the array, a
SunLink racking system has been assumed. The use of alternate modules or other racking
systems that may produce alternate loadings is beyond the scope of this report. The
anticipated weight of the array (module + racking system) use in the analysis is estimated
to be 80.5# per module. A breakdown of the design loads used in the evaluation of the
existing framing is shown in the Table at the end of this report.

1) Evaluation of Gravity Loads:

The existing roof deck on the low roofs is shown as a 3 '4” concrete slab over concrete
beams with an average size of 12x20 spaced at roughly 7’-6” on center. At this time an
array layout has not been determined. In order to perform an evaluation of the gravity
loads on the existing framing, we used a 4x1 panel arrangement as manufactured by
SunLink. Our evaluation shows that the existing concrete framing is adequate to support
the anticipated loads and that, therefore, the existing framing is acceptable for any
orientation or distribution of modules in the array(s).

At the main roof, the existing roof deck is shown as a 3 '%” concrete slab over steel purlins
spaced at 6’-6” on center. At this time an array layout has not been determined. In order
to perform an evaluation of the gravity loads on the existing framing, we used a 4x1 panel
arrangement as manufactured by SunLink. Our evaluation shows that the existing
concrete & steel framing is adequate to support the anticipated loads and that, therefore,
the existing framing is acceptable for any orientation or distribution of modules in the
array(s). Attached for your reference are our preliminary calculations.

2) Evaluation of Lateral Loads:

The total existing roof area where placement of arrays has been proposed is approximately
15,516 sq. ft. At the western low roof, the roof area is 3,684 sq. ft., at the eastern low roof
the area is 3,057 sq. ft., and at the main roof the area is 8,775 sq. ft. The estimated dead
load of the two low roofs is 92 psf and 61 psf at the main roof. The exterior walls are
8”concrete with an estimated dead load of 100 psf. Combined together the total effective
existing roof dead load at the western low roof is 459,648 lbs., 398,829 lbs. at the eastern
low roof, and 823,875 1bs. at the main roof.

In order to avoid triggering a code required upgrade, the weight of any added solar array
should not exceed 10% (Total Dead Load) or 45,965# (western low roof), 39,883#
(eastern low roof), and 82,388# (main roof). Dividing these weights by the combined



weight per module of the proposed array (59.5+21) the maximum number of permissible
modules for the array can be determined as 571+495+1023 respectively. However,
checking the available roof area against the plan area of each module, the actual number
of modules that can be used at the 3 roof areas is significantly less than that based on 10%
of the existing mass. These module counts are 118+98+282 respectively. Additionally,
per the client’s direction, the usable roof area for the two low roofs further limits the
module count. These module counts are 58 for the western low roof and 42 for the
eastern low roof. Please note these module quantities do not account for any setbacks that
may be required or aisle ways, shading restrictions or any other roof obstructions that may
affect the final array layout.

Conclusions

In conclusion, we believe that positively anchored solar (PV) arrays can be supported on
the existing structures. They should not exceed either the Maximum Array Weight or the
Maximum Number of Modules shown below. Either the SunLink 4x1 or 3x1 panel system
is acceptable for this project.

Design Parameters

Existing roof dead load 92 psf (low roofs)
61 psf (main roof)
Basic Wind Speed (3-second gust) 85 MPH (Exposure C)
Seismic force (Allowable Stress Design) 0.391 W, ~ 31# per module
Module Suntech STP 260
Module weight Approximately 59.5# each
Module Area 20.9 square feet
Module Mounting System By SunLink Corporation
System weight Approximately 21# per module
System tilt angle 20°
Maximum PV Array
Maximum Array Weight (10% Total Est. 45,965# (western low roof)
Roof DL) 39,883# (eastern low roof)
82,388# (main roof)
Maximum Number of Modules 58 (western low roof)
(Limited by the available roof area, as 42 (eastern low roof)
specified by client) 288 (main roof)

If you have any questions regarding this letter, please call me at (209) 736-2079.

Sincerely,
Interactive Resources

é’ PAUL M. WESTERMANN

S 003097
Paul M. Westermann, P.E., S.E.

Principal

Enclosure



Design Criteria

Roof Framing
Roof Live Load
Live Load at Solar Modules

Low Roofs - West & East

Roof Dead Load
Comp Roofing
Concrete slab
Concrete beams
Acoustical Tile Ceiling
Mech/Elec/Misc

Main Roof

Roof Dead Load
Comp Roofing
Concrete Slab
Steel Beams
Steel Trusses
Accoustical Tile Ceiling
Mech/Elec/Misc

Existing Exterior Walls DL
~8" thick conc walls

Parapet Height ~ 4.0 ft
Trib Ht. at Low Roofs - 7.0

Interior Partitions

20 psf
12

4.0 psf
43.8
40.0

1.5

2.0

" 91.3 psf

4.0 psf
43.8

2.7

7.0

1.5

2.0

61.0 psf

100 psf

Slope 1/4:12 Reducible

( Special roof load, greenhouse)

_USE 92pst_

USE 61psf

(At each roof)

@ Main Roof - 14.5'

USE 5.0 psf for seismic loads at roof at Low Roofs only

Determine Allowable Solar Array Size

Determine allowable loads as a percent of the exisitng tributary DL so as not to

trigger a Code reqired Seismic Upgrade

Per ASCE 7-05, Section11B.3 & CBC 3403A.2.3 - a seismic upgrade is not required if the addition

does not increase the seismic forces by 10%

2010-004-01 OUSD Fremont Solar Design.xls, (E) Frmg Eval

NREL Structural Evaluation

INTERACTIVE | 5ysp - Fremont High School

job 2040~
004.01

R B 8 6 ¢ 2 C % 3 e
N o rev. | description

date  |by

ARCHITECTURE o PLANNING s ENGINEERING
Structural Engineers

drawn
PMW/JC

117 Park Place
Point Richmond, CA 94801

scale

510.236.7435
510.232.5325 (FAX)

date

page

éof/j\?’




(E) Building Dimensions - Low Roof - West

B= 90.20' » D= 4650 A
Existing Roof Area - 3,684 sf (per original construction documents)

(E) DL = 459,648 (= Roof Area * DL + Trib Wall DL * Trib Wall Area)
Trib Wall DL = 100 psf*min(90.2, 46.5)*2*(7+4' Parapet)

10% DL = 45965
Prposed Solar Array

Module - Suntech STP260 Titl-angle - 20°
Module Area - 20.9sf - Plan Area ~ 1.49 * Module Area= 31.1sf
Module Wt.- 595 # ' Frmg per Module - 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)
Allowable number of Modules

: _ _10%EDL _
No. Modules Allowed ———-—-——Array Wi 571 modu}es

Array Wt= 80.5 #/module

No. Mod. based on roof area = M—Aﬁ—-= 118 modules
Plan Area »

Usable roof area per client - 1,790 sf

No. Mod. based on client;s roof area = M——c 58 modules
: Plan Area .

Check (E) Framing (based on full area)

(E) D+L = 459648+3684*20 psf= 533,328
(E) D+L+ array = 459648+3684*12 psf +118¥80.5 = 513,355

_ 513,355 _
A= 533308 1 -0.037 Ok
Change in load on deck (based on full arca)
(B DiL= 112 psf _ 1066 . _ .
(E)D+L+array=  106.6 pst A=—yp 1= 005 Ok
Racking Point Loads
for Sunlink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161

(see roof area'C' on the areal site image attached after calcs)

. -004- Solar Desi val
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Solar powering a green future”

POLY-CRYSTALLINE SOLAR PANEL

Suntech’s technology Unique design on drainage holes
yields improvements to and rigid construction prevents
BSF structure and frame from deforming or breaking

anti-reflective coating to
increase conversion
efficiency

due to freezing weather and
other forces

Suntech was named Frost and

Sullivan’s 2008 Solar Energy
The panel provides Development Company of
more field power output he Ve
through an advanced the Year
cell texturing and
isolation process, which
improves low irradiance
performance




Solar powering a green future”

Electrical Characteristics

Open - Circuit Voltage (Voo)

Power Tolerance

STC: lrradiance 1000W/n?, Module temperature 25°C, AM=1.5

Current-Voltage & Power-Voltage Curve (260W)

Mechanical Characteristics

Solar Cell Poly-crystalline 156x156mm (6 inch)

NOOfC e "S .............. 72 (6x 1 2) ............................................................
Dimensions 1956x992x50mm (77.0x39.1x20inch)
W e ,ght ................... 27 kg (595 [ b 5) ..................................................
F mnt G ;ass .............. 4m m(o 15 ‘ n Ch) . te mpETEd g[a 35 .............................
Fra me .................... Ano d ‘Ze d a’ Umm, u m 31 ‘oy .....................................
JunmonBOX ........... 1p55 r ated ..........................................................

AIW(12AWG), asymmetrical lengths (-) 1200mm
Qutput Cables (47.2 inch) and (+) 800mm (31.5 inch), MCPlug
Type IV connectors

Temperature Coefficients

Nominal Operating Cell Temperature (NOCT) 4542°C

Temperature Coefficent of Pmax - 047 £005) %/°C
Temperature Coefficent of Voc 1034001 %°C
Temperature Coefficientof lsc 1 (0055 + 0.01) %/°C_

Temperature Dependence of Is¢, Vog, Pmax



(E) Building Dimensions - Low Roof - East
B= 8550 : D= 46.50'

Existing Roof Area - 3,057 sf {per original construction documents)

(E) DL = 398,829 (=Roof Area * DL + Trib Wall DL * Trib Wall Area)

Trib Wall DL = 100 psmin(85.5, 46.5)*2%(7+4' Parapet)
10% DL = 39883 =

Prposed Solar Array
Module - Suntech STP260 Titl-angle - 20°
Module Area - 20.9sf - Plan Area ~ 1.49 * Module Area= 31.1 sf
Module Wt. -  59.5 # ' Frmg per Module - 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)

Allowable number of Modules

. _ _10% (E)DL _
No. Modules Allowed W 495 modules
Array Wt= 80.5 #module

No. Mod. based on roof areg = Roof Area = 98 modules

Plan Area
Usable roof area per client - 1,294 sf (see roof area 'B' on the areal site image attached after calcs)

No. Mod. based on client's foof area = Mr_g_: 42 modules

: Plan Area

Check (E) Framing (based on full area)

(E) D+L = 398829+3057%20 psf = 459,960
(E) D+Lo+ array = 398829+3057%12 psf-+98480.5 = 443,402

A-—isSe— 1= 0036 Ok
Change in load on deck (based on full area)
(E)D+L = 112 psf A=1086 s
(E) DtLtaray=  106.6 psf 112
Racking Point Loads '
for SunlLink System

No. Modules per Support ~ 2
P=2%*(59.5+21) = 161
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(E) Building Dimensions - Main Roof
B= 112.50' D= 78.00'
Existing Roof Area - 8,775 sf (per original construction documents)

(E) DL = 823,875 (= Roof Area * DL + Trib Wall DL * Trib Wall Area)
Trib Wall DL = 100 psf*min(112.5, 78')*2*(14.5+4' Parapet)

10% DL = 82388

Prposed Solar Array
Module - Suntech STP260 Titl-angle - 20°
Module Area - 20.9 sf Plan Area ~ 1.49 * Module Area= 31.1sf
Module Wt.- 595 # Frmg per Module -- 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)
Allowable number of Modules

_ _10%E)DL _
No. Modules Allowed -———-—--—Array Wi 1023 modules

Array Wt=80.5 #/module

No. Mod. based on roof area = M= 282 modules
Plan Area

Check (E) Framing

(E) D+L = 823875+8775*20 pst = 999,375
(E) D+L+ array = 823875+8775%12 psf +282%80.5 = 951,876

_ 951,876 -
A= 996375 " 1 -0.048 Ok
Change in load on deck
(E) D+L = 81 psf __I156 ._
(E)D+L+array = 75.6 pst A=—gg —-1= 007 Ok
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161
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Sps=2/3 Sy = 1.165
SD} =2/3 SMI = (.645

T, = Spy/Sps = 0.554
for T < Ty, S, = Spg (0.4 + 0.6 T/Ty)

for Ty < T < T, S, = Sps

for T,< T, S, = Spy/T

T=Ch*= 034 (ASCE Eq. 12:8-7)

C,= 0.020 (ASCE Table 12.8-2)
h,= 43.00
x= 075 (ASCE Table 12.8-2)

Component Force  (ASCE Section 13.3.1)

ASCE Eq. 13.3-1

Ry /L,
ASCE Eq. 13.3-2

Seismic (IBC / ASCE 7) Seismic Design Category -
Building Category - I (ASCE 7-05 Table 1-1)
Seismic Importance Factor, I - 1.0 (ASCE 7-05 Table 11.5-1)
Soil Site Class - D (ASCE 7-05 Chapter 20)
S.= 1.748
S, = 0.645 } See next Page
Sus =F,S,= 1.748 F,=
SM} = Fv Sl = 0.968 Fv =1.5

TO =0.2 SDI/SDS = (0.111

F,= 0.4 8 Sps W ( 1+2 ——ﬁ-——) = 0559 Wp Controls

(CBC 1613.5.6 & ASCE 7-05, Sect. 11.6)

Site Location

Tatitude — 37.774° N
Longitude 122.210° W
z=h h= roofelev.

F,max= 1.6 Sps I, W, = 1.864 Wp
ASCE Eq. 13.3-3
Fomin=0.3 Spg I, W, = 0.350 Wp
L= 10 a,= 1.0 R, =25
Wp= 81# Fp=45# forASD,USEO.7*Fp=3I#
2010-004-01 QUSD Fremont Solar Design.xls, ASCE Seis
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Conterminous 48 States Oakland Unified School
2005 ASCE 7 Standard / 2010 California Building Code District

Latitude =37.774
Longitude = -122.21000000000001 Fremont High School
Spectral Response Accelerations Ss and S1
Ss and S1 = Mapped Spectral Acceleration Values
Site ClassB- Fa=1.0 Fv=1.0
Data are based on a 0.01 deg grid spacing

Period Sa

(sec) (2)

0.2 1.748 (Ss, Site Class B)

1.0 0.645 (S1, Site Class B)

Conterminous 48 States

2005 ASCE 7 Standard / 2010 California Buﬂdmg Code
Latitude =37.774

Longitude = -122.21000000000001

Spectral Response Accelerations SMs and SM1

SMs =Fax Ss and SM1 =Fvx S1

Site Class D- Fa=1.0 ,Fv=1.5

Period Sa

(sec) (g)

0.2 1.748 (SMs, Site Class D)
- 1.0 0.967 (SM1, Site Class D)

Conterminous 48 States

2005 ASCE 7 Standard / 2010 California Building Code
Latitude =37.774

Longitude = -122.21000000000001

Design Spectral Response Accelerations SDs and SD1
SDs = 2/3 x SMs and SD1 =2/3 x SM1

Site Class D - Fa=1.0 Fv=1.5

Period Sa

(sec) ()
0.2 1.165 (SDs, Site Class D)

1.0 0.645 (SD1, Site Class D)

Reference: “USGS Seismic Hazard Curves and Uniform Hazard Response Spectra”,
NSHMP_HazardApp.jar application
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INTERACTIVE

RES OU

Architecture
Engineering
Planning

117 Park Place
Richmond, California
94801

510.236.7435

Fax 510.232.5325

Www.intres.com

R C E S

August 25, 2011

Mr. Dan Olis

National Renewable Energy Laboratories
1617 Cole Blvd.

Golden, CO 80401

Subject: NREL Structural Evaluation 2010-004.01

OUSD — M cClymonds High School
Evaluation of Existing Framing

Dear Mr. Olis:

In accordance with the provisions of our agreement, we have completed our preliminary
structural investigation of the existing roof framing for select structures of the
McClymonds High School Facility located in Oakland, CA. The purpose of the
evaluation is to rapidly assess if the existing framing can support a solar array and
determine if there are potential structural deficiencies that may preclude the addition of a
solar array.

The evaluation is based on an in-house review of the available “as-built” drawings
furnished by the Oakland Unified School District. No site visit has been performed as
part of this phase of the work; however, should the project move forward, a site visit
during a subsequent phase is planned to confirm that the structure, in general, conforms to
the “as-built” drawings. At that time the results presented in this rapid evaluation should
be reviewed and any refinement prepared as necessary.

This letter summarizes the results of our preliminary evaluation.

Existing Conditions

The existing structure is located at 2607 Myrtle St in Oakland, California. The buildings
reviewed for this evaluation are comprised of: an Auditorium, a Band Room (w/ other
rooms), and a Cafeteria — all at different heights. Solar has been identified for potential
installation on each of these buildings. The year of construction is early 1950s. No solar
is proposed for the other buildings at this site at this time.

The roof of the existing structures is specified as a gypsum roof (similar to lightweight
concrete) over steel purlins and trusses. The roof framing is supported by steel columns
and concrete walls. Resistance to lateral loads due to wind or earthquake forces is
provided by the horizontal gypsum diaphragm and the vertical concrete shear walls.

Preliminary Structural Evaluation

The evaluation involves investigating two distinct aspects of the framing. First, can the
framing support the added gravity loads to be imposed by the proposed solar array and
second, can the existing lateral force resisting system support the added wind and/or
seismic horizontal forces without triggering a code required upgrade of the structure? The



latter is limited to a maximum of 10% of the existing tributary structural dead load as
permitted by ASCE 7-05 Section 11B.3 and the California Building Code (CBC) Section
3404A.4, Exception. The analysis assumes that there is only one roof membrane present
and that should a re-roof be performed either prior to installation of the solar array or
during the life of the array that the existing will be removed and not roofed over. For the
purposes of this analysis, a second roof membrane over the existing has been excluded to
maximize the potential size of the solar array.

Where the racking system keeps the array close to the roof, wind loads generally do not
represent a significant increase in forces to the existing main lateral force resisting
elements. The proposed array used in the analysis is planned to be positively anchored to
the structure without the use of any ballast. The design wind speed for this site is 85
MPH (3-second gust), Exposure C. A Suntech STP 260 solar module has been selected
for use in the framing evaluations. To support the modules and provide a 20° tilt to the
array, a SunLink racking system has been assumed. The use of alternate modules or other
racking systems that may produce alternate loadings is beyond the scope of this report.
The anticipated weight of the array (module + racking system) use in the analysis is
estimated to be 80.5# per module. A breakdown of the design loads used in the
evaluation of the existing framing is shown in the Table at the end of this report.

1) Evaluation of Gravity Loads:

The existing roof deck on the existing structures is shown as a 3” gypsum roof over steel
purlins spaced at 6’-9” on center. At this time an array layout has not been determined. In
order to perform an evaluation of the gravity loads on the existing framing, we used a 4x1
panel arrangement as manufactured by SunLink. Our evaluation shows that the existing
gypsum roof and supporting framing are adequate to support the anticipated gravity loads
and that, therefore, the existing framing is acceptable for any orientation or distribution of
modules in the array(s). Attached for your reference are our preliminary calculations.

2) Evaluation of Lateral Loads:

The total existing roof area where placement of arrays has been proposed is approximately
22,292 sq. ft. At the Auditorium, the roof area is 13,398 sq. ft.; at the Band Room the
area is 3806 sg. ft. and at the Cafeteria the area is 5088 sq. ft. The estimated dead load of
each roof is approximately 22 psf. The exterior walls are 8” concrete with an estimated
dead load of 100 psf. Combined together the total effective existing roof dead load at the
@ Auditorium is 681,156 Ibs., 212,357 Ibs. at the Band Room and 246,336 Ibs. @ the
Cafeteria building.

In order to avoid triggering a code required upgrade, the weight of any added solar array
should not exceed 10% (Total Dead Load) or 68,116# (Auditorium), 21,236# (Band
Room) and 24,634# (Cafeteria). Dividing these weights by the combined weight per
module of the proposed array (59.5+21) the maximum number of permissible modules for
the array can be determined as 846+264+306 respectively. However, checking the
available roof area against the plan area of each module, the actual number of modules
that can be used is significantly less than that based on 10% of the existing mass. These
module counts are 431+122+164 respectively. Please note these module quantities do not



account for any setbacks that may be required or aisle ways, shading restrictions or any
other roof obstructions that may affect the final array layout.

Conclusions

In conclusion, we believe that positively anchored solar (PV) arrays can be supported on
the existing structures. They should not exceed either the Maximum Array Weight or the
Maximum Number of Modules shown below. Either the SunLink 4x1 or 3x1 panel system
is acceptable for this project.

Design Parameters

Existing roof dead load 22 psf (Auditorium, Band Room, &
Cafeteria)
Basic Wind Speed (3-second gust) 85 MPH (Exposure C)
Seismic force (Allowable Stress Design) 0.336 W, ~ 27# per module
Module Suntech STP 260
Module weight Approximately 59.5# each
Module Area 20.9 square feet
Module Mounting System By SunLink Corporation
System weight Approximately 21# per module
System tilt angle 20°

Maximum PV Array

Maximum Array Weight (10% Total Est. 68,116# (Auditorium)
Roof DL) 21,236# (Band Room)
24,634+ (Cafeteria)
Maximum Number of Modules 431 (Auditorium)
(Limited by the available roof area) 122 (Band Room)

164 (Cafeteria)

If you have any questions regarding this letter, please call me at (209) 736-2079.

Sincerely,
Interactive Resources

%4 ﬂf( t Ao Z{‘

PAUL M. WESTERMANN

NO.___5 003097
Paul M. Westermann, P.E., S.E. A\ REN._ 9-30-11

Principal

Enclosure



Design Criteria

Roof Framing :
Roof Live Load 20 psf Slope 1/4:12 Reducible
Live Load at Solar Modules 12 ( Special roof load, greenhouse) '

Auditorium, Band Room, & Cafeteria

Roof Dead Load
Roofing 2.0 psf
Gypsum Roof 11.0
Steel Purlins/Trusses 5.0
Acoustical Tile Ceiling 1.5
Mech/Elec/Misc 2.2
' 21.7 psf USE 22 psf
Existing Exterior Walls DL
8" Conc Wall ' 100 psf
Parapet Height ~ 3.0 ft

Trib Ht. at Auditorium - 20’ @ Band Room 9.3’ @ Caf- 7.5
Detenhine Allowable Solar Array Size '

Determine allowable loads as a percent of the exisitng tributary DL so as not to
trigger a Code regired Seismic Upgrade

Per ASCE 7-05, Section11B.3 & CBC 3403A.2.3 - a seismic upgrade is not required if the addition
does not increase the seismic forces by 10%
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(E) Building Dimensions - Auditorium

B= 159.50' D= 84.00'

Existing Roof Area - 13,398 sf (per original construction documents)

(E) DL = 681,156 (=Roof Area * DL + Trib Wall DL * Trib Wall Area)
~ Trib Wall DL = 100 psf*min(159.5, 84")*2*(20+3' Parapet)

10% DL = 68116
Prposed Solar Array

Module - Suntech STP260 Titl-angle - 20°
Module Area - 20.9 sf Plan Area ~ 1.49-* Module Area=31.1 sf
Module Wt.-  59.5 # Frmg per Module - 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)

Allowable number of Modules

_ 10% E)DL _
No. Modules Allowed —_Anay Wi 846 modules
Array Wt= 80.5 #/module
No. Mod. based on roof area = R_oofAre_a= 431 modules
Plan Area

Check (E) Framing

(E) D+L = 681156+13398*20 psf= 949,116
(E) D+L+ array = 681156+13398*12 psf +431*80.5 = 876,628

876,628

A :—W -1= -0.076 %
Change in load on deck
(E)D+L = 42 psf __ 366 -
(E) D+L+ array = 36.6 psf A 42 -1 0.13 Ok
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161
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% SUNTECH TR
Solar powering a green future” STP260 - 24/Vb-1

270 Watt

POLY-CRYSTALLINE SOLAR PANEL

Features
« High conversion eff ciency based on innovative photovoltaic technologies
» High reliability with guaranteed +/-3% power output tolerance
« Withstands high wind-pressure and snow load, and extreme
temperature variations

Quallty and Safety
* Industry-leading, transferable 25-year power output warranty

= Rigorous quality control meeting the highest international standards

* SO 9001:2000 (Quality Management System) and ISO 14001:2004
(Environmental Management System) certified factories deliver
world class products

¢ UL listing:UL1703, CULus, Class C fire rating, conformity to CE

Recommended Applications
» On-grid utility systems

* On-grid commercial systems

« Off-grid ground mounted systems

«®= CE

Unique design on drainage holes
and rigid construction prevents
frame from deforming or breaking
due to freezing weather and
other forces

Suntech’s technology
yields improvements to
BSF structure and
anti-reflective coating to
increase conversion
efficiency

Suntech was named Frost and
Sullivan’s 2008 Solar Energy
The panel provides Development Company of
more field power output
through an advanced the Year
cell texturing and
isolation process, which
improves low irradiance
performance

DogA

www.suntech-power.com | E-mail: sales@suntech-power.com STP-DS-STD-N01.01 Rev 2008

STP is a trademark of Suntech Power Holdings Co., Ltd. All rights reserved © Copyright 2008 Suntech Power




% SUNTECH STP270- 24V

STP260 - 24/Vb-1

Solar powering a green future”

Electrical Characteristics

Characteristics STP280-24/Vb-1 STP270-24/Vb-1 STP260-24/Vb-1
Open - Circuit Voltage (Voc) 448V 445V 44y
OptlmumOperamgvo]tage(vmp) ................................................................... 352\/ 35\/ ............................. 348\/ ..............
Shortorcwtcurrem(lsc) ................................................................................ 833A ............................. 82A ............................. 809A ..............
Op“mum ope,am gcurrem . (,mp) ..................................................................... 7 95A ............................ 7 7 1 A ............................ 7 4 7A ..............
Maximum Power at STC Gma) wowe wowp oowp
O peratmgTempe rature .............................................................................. 40 OC . to +850C ................ 40 Octo +85 oC ................ 4 0 OC to+850C ........
Max,mumsystem\/ohage .............................................................................. 600VDC ........................ 6OOVDC 600VDC .............
Max,mumSenesFuseRatmg ZOA .............................. ZOA .............................. ZOA ...............
PowerTo!erance 13% 13% 13% ...............

STC: Irradiance 1000W/m?, Module temperature 25°C, AM=1.5

Mechanical Characteristics

aaa(37.) Solar Cell Poly-crystaliine 156x156mm (6 inch)
= SHIELL e T e e e
Drainage holes 7 = T No. of Cells 72 (6x12)
.I Dimensions 1956%992x50mm (77.0%39.1x2.0 inch)
eight 27 59.5 Ibs.
J Weigh kg (59.5 Ibs.)
s B e e e
;a;;;r;igg it | 5 Front Glass 4mm(0.16 inch) tempered glass
| Frame Anodized aluminium alloy
e N R I e e e
| Junction Box IP65 rated
Al 7 o e S UGN
| BACKVEW g
é—ﬁfﬁl/’-’ $ E;eﬁ' AW(12AWG), asymmetrical lengths (-) 1200mm
e | Output Cables (47.2 inch) and (+) 800mm (31.5 inch), MC Plug
Type IV connectors
Temperature Coefficients
S“"‘ﬂ"“‘ Nominal Operating Cell Temperature (NOCT) 4542°C
2 Temperature Coefficient of Pmax (047 £0.05) %/°C
| S t Temperature Coefficient of Voc -(0.34 £ 0.01) %/°C
NO‘E-' mm [in(hl “« L O TR L LR R R P L LL L L L L E R PP
Temperature Coefficient of Isc (0.055 +£0.01) %/°C
Current-Voltage & Power-Voltage Curve (260W) Temperature Dependence of Isc, Voc, Pmax
L] ’ ‘)
r 1000W/m?

- ~
A e | b A

; __B%ﬂ_- N ___..___h;//__%_ : \ 2 | e 5
:5:, { T 6(|)OW/m’ / //r ‘:\\\ 1= g Qi_‘ g \ch
GO — \\\\\ e %’ P v
L e // \\\\ T E, ;

\‘\ I
-5 15 @ 25 % s o

e 5 3 15 »n n w -] “0 a8
Voltage(V) sl lemiperatire (i) Lfg r /4

www.suntech-power.com | E-mail: sales@suntech-power.com STP-DS-STD-N01.01 Rev 2008




(E) Building Dimensions - Band Room
B= 7250 D= 5250

Existing Roof Area - 3,806 sf (per original construction documents)

10% DL = 21236
Prposed Solar Array

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)

Allowable number of Modules

Check (E) Framing

(E) D+L = 212357+3806*20 psf = 288,477
(E) D+L+ array = 212357+3806*12 psf +122*80.5 = 267,850

267,850

A=288—,477 -1= 0072 Ok
Change in load on deck
(B) D+L = 42 psf A=—386  1- 13
(E) D+L+ array = 36.6 psf 42
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21)= 161

_ _10% (E)DL _
No. Modules Allowed _—Array Wi 264 modules
Array Wt= 80.5 #/module
No. Mod. based on roof area = M= 122 modules
Plan Area

(E) DL = 212,357 (= Roof Area * DL + Trib Wall DL * Trib Wall Area)
Trib Wall DL = 100 psf*min(72.5, 52.5')*2%(9.25+3' Parapet)

Module - Suntech STP260 Titl-angle - 20°
Module Area -~ 20.9 sf Plan Area ~ 1.49-* Module Area= 31.1 sf
Module Wt. - 59.5 # Frmg per Module - 21

2010-004-01 OUSD McClymonds Solar Design.xls, (E) Frmg Eval

NREL Structural Evaluation

R E S O U &k C B 3
a e

ARGHITECTURE s PLANNING » ENGINEERING
Structural Engineers

117 Park Place
Point Richmond, CA 94801
510.236.7435

510.232.5325 (FAX)

% 2010~
INTERACTIVE | oysp - McClymonds High School 004.01
rev. | description date by drawn page
PMW/JC

scale
O .
date S 4
of 7!




(E) Building Dimensions - Cafeteria
B= 79.50' D= 64.00'

Existing Roof Area - 5,088 sf (per original construction documents)

(E) DL = 246,336 (= Roof Area * DL + Trib Wall DL * Trib Wall Area)

Trib Wall DL = 100 psf*min(79.5, 64")*2*(7.5+3" Parapet)
10% DL = 24634 '
Prposed Solar Array

Module - Suntech STP260 ' Titl-angle - 20°
Module Area - 20.9 sf Plan Area ~ 1.49-* Module Area = 31.1 sf
Module Wt.- 595 # Frmg per Module - 21

Basic Wind Speed = 85 mph
Exposure - C (ASCE 7-05 Section 6.5.6.2)
Allowable number of Modules

_ _10%(E)DL _
No. Modules Allowed —_Array Wt 306 modules

Array Wt= 80.5 #/module

_ Roof Area
No. Mod. based on roof area Plan Area

Check (E) Framing

(E) D+L =246336+5088*20 psf= 348,096
(E) D+L+ array = 246336+5088*12 psf +164*80.5 = 320,594

A=§—§§j§§§— -1= 0079 Ok
Change in load on deck
(E) D+L = 42 psf Azﬂ -1= -0.13
(E) D+L+ array = 36.6 psf 42
Racking Point Loads
for SunlLink System

No. Modules per Support ~ 2
P=2*(59.5+21) = 161

= 164 modules

Ok
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Seismic (IBC / ASCE 7)

Seismic Design Category - D

Building Category -

Seismic Importance Factor, I -

Soil Site Class -

500
§

Sps =2/3 Sys = 1.000
SDl =2/3 SMI = 0.600

II  (ASCE 7-05 Table 1-1)
0.00 (ASCE 7-05 Table 11.5-1)
D (ASCE 7-05 Chapter 20)

See next Page

Ty=0.2 Spy/Sps= 0.12
Ts = SDI/SDS =0.6

forT < To, Sa = SDS (04 +0.6 T/To)

for To < T <T,, S, = Sps

for T,<T,S,=Sp/T

T=Ch, =

C,= 0.020
h, = 40.00
x= 075

Component Force

032

ASCE Eq. 13.3-1

F o 042,85 W,

’ R,/1,
ASCE Egq. 13.3-2

F,ymax = 1.6 Spg I, W, =

ASCE Eq. 13.3-3

F,min =0.3 Spg [, W, =

I,= 1.0
W,=81#

(ASCE Egq. 12.8-7)
(ASCE Table 12.8-2)

(ASCE Table 12.8-2)

(ASCE Section 13.3.1)

0.480 Wp Controls

(1+2 4)=

1.600 Wp

0.300 Wp
a,=1.0 R,= 2.5

S F,=39#

(CBC 1613.5.6 & ASCE 7-05, Sect. 11.6)

Site Location

Latitude

37.819°

Longitude

gz

122.280°

z=h h = roofelev.

for ASD, USE 0.7 * F, = 27 #
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Conterminous 48 States Oakland Unified School
2005 ASCE 7 Standard / 2010 California Building Code : District

Iigggsuede i718 2129 28 McClymonds High School
Spectral Response Accelerations Ss and S1
Ss and S1 = Mapped Spectral Acceleration Values
Site Class B- Fa=1.0 ,Fv=1.0 '
Data are based on a 0.01 deg grid spacing

Period Sa

(sec) (8)

0.2 1.500 (Ss, Site Class B)

1.0 0.600 (S1, Site Class B)

Conterminous 48 States

2005 ASCE 7 Standard

Latitude = 37.819

Longitude =-122.28

Spectral Response Accelerations SMs and SM1
SMs =Fax Ss and SM1 =Fvx Sl

Site Class D - Fa=1.0 ,Fv=1.5

Period Sa
(sec) (2) |

0.2 1.500 (SMs, Site Class D)
1.0 0.900 (SM1, Site Class D)

Conterminous 48 States

2005 ASCE 7 Standard

Latitude =37.819

Longitude =-122.28

Design Spectral Response Accelerations SDs and SD1
SDs =2/3 x SMs and SD1 =2/3 x SM1

Site ClassD - Fa=1.0,Fv=1.5

Period Sa

(se0) (8) |
0.2 1.000 (SDs, Site Class D)

1.0 0.600 (SD1, Site Class D)

Reference: “USGS Seismic Hazard Curves and Uniform Hazard Response Spectra”,
NSHMP_HazardApp.jar application

INTERACTIVE NREL Structural Evaluation job 2010~
. QUSD - McClymonds High School 004.01
c 3

rrre ? l. ! rev. | description date | by drawn page
ARCHITECTURE & PLANNING s ENGINEERING : PMW/JC
Structural Engineers scadle
117 Park Place .
Point Richmond, CA 94801 ) A
510.236.7435 dote el A
510.232.5325 (FAX) : . of




Wile N siy

a|gejieae
sbuimelp JIng-sy,

Tuy

) _,_moam.umwﬁ. ~

paysiuIn} SJUSWNOOoP Ul
a|gelieAe Jou sbumelq

£ SUISOUOD [BINJON]S JOOU 8IBY)} BlY g
£,81001 JO uolIpuod R abe ale Jeypp ‘L

101381 10} suolsany

L209Y6 VO ‘ONYIMVO ‘LS ITLHAIN 2092
|Jooyos ybiH spuowA|Do





