775 Fiero Lane, Suite 200

S nQ p rqc k“' San Luis Obispo, CA 93401

Email: contact@snapnrack.com
Phone Number: (877) 732-2860

SnapNrack Series 200 Ground Mount System

COVER LETTER

The loading criteria used in this report is from ASCE 7-10. For codes that reference ASCE 7-05,
Appendix A is provided to convert the wind speeds in ASCE 7-05 to the wind speeds used in this
report. Instructions for this conversion are provided in Appendix A. This report covers wind
speeds (Vur) to 170 MPH and ground snow to 120 PSF.

The following codes are covered in this report:

IBC 2015
IBC 2012
IBC 2009
IBC 2006

The mounting system structural submittal package shall consist of the following:

Pages 1 — 18 of the report (this includes this cover letter).
Only the applicable configuration table from pages 19 — 96.
Pages C1 - C29.

Appendix A (if applicable).

The applicable installation details.

This report provides structural engineering calculations and installation criteria for the mounting
system only. It does not certify the capacity of the supporting soil. The soil criteria are based on
soil class 4 (IBC Chapter 18). This is the generally accepted code minimum. The capacity of the
supporting soil is to be approved by the Authority Having Jurisdiction (AHJ). For unusual soil
conditions or where required by the AHJ, a geotechnical investigation shall be performed.

Please contact SnapNrack at (877) 732-2860, or Contact@snapnrack.com, for questions regard-
ing this report.

Norman Scheel, PE, SE

Fellow ASCE

Fellow SEAOC

LEED AP BD+C, LEED AP HOMES
E-mail: info@nsse.com
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Introduction

This summary letter is referencing the Structural Calculation Packet for the SnapNrack
Series 200 Mounting System. We performed the calculations in accordance with the
International Building Code (IBC) and the ASCE 7-10. The racking system has been
designed to withstand code-prescribed forces due to the racking system’s own weight, the
weight of the solar panels, the snow loads, and both the wind and seismic forces. The limits
of the structural design are as listed below.

e Wind Speed from 100 mph to 170 mph (Page C3 of calculations)
e Seismic Design Category D (Page C4 of calculations)
e Ground Snow Loads from 0 to 120 psf (Page C5 of calculations)

In our opinion, the racking system, outlined in the SnapNrack Series 200 PV Mounting
System Code Compliant Installation Manual, is acceptable and meets the loading
requirements stated above.

It should also be noted that the provided summary charts assume the site has a slope less
than 15:1 or 15%. For sites with slopes greater than 15%, the listed foundation depths will
be required to be increased as per the soils engineer or, if the project does not involve a
soils engineer, SnapNrack’s drawing S200-D06.
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Aluminum Ground Rail Spans

The aluminum ground rails used to connect the PV panels to the racking system should be
installed per the dimensions on the following detail for all tilt angles. With these lengths
being constant the horizontal span between the footings will be different for every tilt angle.
See detail and chart on page C2 for dimensions. The standard installation of the aluminum
rail is two rails per row of PV panels. See chart located on page C14 for conditions where
three rails per row of PV panels are required. The rails are to be connected to horizontal
pipes with SnapNrack pipe clamps on the bottom of the rail and module clamps on the top
in order to secure the PV panels.

RAIL CENTERED ON PIPE
RAIL CENTERED ON PIPE SUPPORT STRUCTURE

SUPPORT STRUCTURE
r,,s’"" 6' RAIL SP%.

8' RAIL SPAN

-

ARRAY TILT ANGLE

ARRAY TILT ANGLE

4 MODULE PANEL, TYPICAL 3 MODULE PANEL, TYPICAL

NSSE 5022 Sunrise Boulevard Fair Oaks CA 95628 (916) 536-9585 Page 5



Series 200 SnOp rQCk*"

Structural Report and Calculations

Pipe Rails, Braces, and Vertical Post

The racking system is composed of either a schedule 40 or a schedule 80 pipe, both of
which are 1 '4” in diameter and have a minimum yield strength of 35 ksi. See following
details for labels for individual pieces. The 50 ksi Flo-Coat Tube may be used as an
alternative for the typical schedule 40 and 80 pipe as listed in these calculations. See
manufacturer’s specifications for this pipe.

There are two different kinds on installations: standard and braced. Each option comes
with a 4 module panel or a 3 module panel choice. Using 2 rails is standard at the more
common lower loads, but higher wind and snow loads will require 3 rails per panel. This
makes for a total of 8 possible installation configurations.

Each configuration has unique load capabilities for the wind and snow loads specific to
each project. Pages C6-C13 illustrate the minimum number of rails required for every
snow and wind load combination as well as for every tilt angle. Pages 7 through 14 show
each of the 8 possible system configurations.
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Standard Installation (4 Module Panels and 2 Rails per Panel)
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Standard Installation (4 Module Panels and 3 Rails per Panel)
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Standard Installation (3 Module Panels and 2 Rails per Panel)
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Standard Installation (3 Module Panels and 3 Rails per Panel)
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Braced Installation (4 Module Panels and 2 Rails per Panel)
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Braced Installation (4 Module Panels and 3 Rails per Panel)
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Braced Installation (3 Module Panels and 2 Rails per Panel)
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Braced Installation (3 Module Panels and 3 Rails per Panel)
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Snap'rack:

Confiquration Tables

See pages 19 thru 96 for installation of racking system per wind and snow load
requirements. See example below for instructions on how to read tables. All dimensions

are in inches.

100 mph Wind Load O psf Snow

Standard Installation Braced Installation Mumber of Riails Required Per Panel
Tilt Angle & Max (PS) 12" Dia Pier Required Braces Max (PS) 12" Dia Pier Required Braces Module Size
Sch40 | Sch8o| short [ Tan A c D Sch40 | Sch80 | Short | Tall A E F 39"x 65" 39"x78"

8=0 135 | 154 | 30 30 No | Every3rdBay No 180 | 180 30 30 Yes | vYes Yes 2 2
03>8<7.5 114 | 130 | 30 30 Yes | Every3rdBay No 180 | 180 30 31 Yes | Yes Yes 2 2
7.558<15 107 | 122 | 30 33 Yes | Every3rdBay No 180 | 180 30 40 Yes | Yes Yes 2 2
15»6<225 | 101 | 115 | 30 38 Yes | Every3rdBay | Every3rdBay [ 180 | 180 30 47 Yes | Yes Yes 2 2
225>8<30 | 96 110 [ 30 41 Yes | Every3rdBay | Every3rdBay | 180 | 180 30 50 Yes | Yes Yes 2 2
30>8<37.5 | 98 112 | 30 51 Yes | Every3rdBay | Every3rdBay | 180 | 130 30 63 Yes | ves Yes 2 2
37.5>8<45 | 101 | 115 [ 30 51 Yes | Every3rdBay | Every3rdBay | 180 | 180 30 63 Yes | Yes Yes 2 2

Standard Installation

Standard Installation

Tilt Angle Jﬂéﬂe— Max [PS) 12" Dia Pier Required Braces
Horizontal pipe spans (in) S Lo, Shore | Tl ] o ] =
FOOtIng depth at ShOI’t p|pe (|n) G:Oﬂ . 135 154 30 30 No Every 3rd Bay No
. h tt ” | e (|n) 0>8<7.5 TTs 130 30 30 Yes Every 3rd Bay No
Footing dept . attall pip 7.5 ot 5P —s> 36—p> 33 | Yes | Every3rdBay No
Brace A reqUIrementS I5=6=225 0% 315 35 22 Mgz Every 3rd Bay Every 3rd Bay
Bl‘ace C I’equn‘ements 2257630 <€ 110 30 41 Yes Everys‘?d Bay Every 3rd Bay
Brace D requirements 3028375 98 1 112 30 51 Yes Every3rd Bay | Every3rdBay
37.5>8<45 101 La1s 23 51 X Every2ed-Bay—SEvery 3rd Bay

Braced Installation

Braced Installation
% Max (PS) 12" Diz Pier Required Braces
Horizontal pipe spans (in) Sch40 | Sch80 | Short | Tall A E F
Footing depth at short pipe (in) B e et O B S 1a
Footing depth at tall pipe (in) e A U =
Brace A requirements 180 180 30 40 Yes Yes Yes
. L T80 T30 30 47 FHes Yes Yes
Brace E requ_lrements | 180 180 30 50 Yes Yes Yes
Brace F requirements | 15— Yes
1oV Ee-1v) =1 -2 TES TE Yes
Number of aluminum ground rails required Number of Fails Fequired Per Panel
for either the standard or braced options per Hodgle Siz
panel size. See pages C6 through C13 for 2 =
or 3 rail configurations. | 5 S
- 2 2
2 2
2 2
2 2
2 2
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ARRAY TILT ANGLE
BRACE A

PIER SHORT

|~ PIPE

Frame Section

BRACE C

BRACE D

PIER DEPTH

<~ MAX PIPE SPAN ( PS ) ————

—— MAX PIPE OVERHANG ( PS/4 )

Standard Installation Rear View Bracing
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Snap'rack:

Foundation Options

e Pier foundations: piers will be 12” in diameter and be at the depth required in the
following charts based on wind speed, panel tilt, and snow load. The minimum
depth of the footings is set to 30 inches and the concrete will be 2500 psi

minimum.

e Grade beam option: a grade beam may be used in place of the pier foundations
See SnapNrack’s drawing S200 D07 for grade beam configuration. Grade beams
will be a minimum of 12” wide x 12” deep and will run a minimum of 12°-0”
centered under the posts. Two #4 Bars will be used at the top and the bottom of
the grade beam, one on each side for the vertical pipe. These must have a
minimum of 3” clear concrete cover and shall be Grade 40 minimum. See table on

page C16 for grade beam sizes.

ALLOWABLE FOUNDATION AND LATERAL PRESSURE

SOIL BEARING CAPACITY

Allowable Lateral Bearing Lateral Sliding
Class of Materials Foundation (psf/f below Coefficient of Resistance

Pressure (psf)d natural grade)d friction (psf)b

1. Crystalline bedrock
12,000 1,200 0.70 —
2. Sedimentary and foliated
rock 4,000 400 0.35 —
3. Sandy gravel and/or
gravel (GW and GP) 3,000 200 0.35 —
4. Sand, silty sand, clayey
sand, silty gravel and clayey
gravel (SW, SP, SM, SC, 2,000 150 0.25 T
GM and GC)
5. Clay, sandy clay, silty
clay, clayey silt, silt and 1500 100 130
’ c -

sand silt (CL, ML, MH and
CH)

Referring to page C15, this report uses 1500 pcf foundation pressure into the calculations,
In addition, it uses a footing diameter of 1 ft., making the foundation pressure 1500 psf.
From these calculations, which are in terms of the worst-possible conditions, any of the
choices for the Class of Materials listed above in the table would work for the ground-

mount solar panels.

NSSE

5022 Sunrise Boulevard Fair Oaks CA 95628 (916) 536-9585
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Site — Specific Analysis

A site-specific analysis will be required if the location of the solar panel installation
corresponds to any of the following criteria:

e The pitch of the solar panel is greater than 45 degrees above the horizontal.

e Atopographic factor applies to the location. Topographic factors apply, for general
purposes, when the structure is on a hill, mesa or bluff, or is adjacent to a large body
of water. For complete descriptions of topographic, factors please refer to ASCE
7-10 section 26.8

e A combination of loads and/or site conditions applies when not addressed in the
attached charts.

If one or more of these factors applies to the project location, please contact NSSE, and we
will analyze the site conditions and recommend post spacing for each specific site.

Topographic Factors and Limits

It must be noted for any site location where the topographic factor is applied (e.g. hills,
mesas, and seashore) the configurations listed in this packet may not be adequate for the
given site. A registered structural engineer should evaluate the exact topographic
conditions for this specific site prior to construction.

Please note all sizes, material specifications, and weights have been provided by
SnapNrack. Please see SnapNrack’s plans for limits on the bolt parameters. Torque all
5/16” diameter hardware as specified in SnapNrack’ plans (10-16 ft-1bs for Silver Stainless
Steel and 7-9 ft-lbs for black Stainless Steel). SnapNrack has also provided estimated soil
values, referenced on page 17, used to calculate the optimized size and depths of the
footings. It is the responsibility of SnapNrack’s customer, otherwise known as the
contractor or professional solar installer, to verify, that the site specific soil conditions
match or exceed the estimated values given within this report. Installation of Series 200 is
to be conducted in accordance with SnapNrack’s drawings S200 DO1 thru D09 (all
drawings are REV G).

Please feel free to contact me with any questions or concerns, Thank you.

Sincerely,

Norman Scheel PE, SE
LEED-AP BD+C, LEED-AP Homes
Fellow SEAOC

Fellow A.S.C.E.

NSSE 5022 Sunrise Boulevard Fair Oaks CA 95628 (916) 536-9585 Page 18
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace A

Code References

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-10
Load Combinations Used : 2006 IBC & ASCE 7-05

General Information

Steel Section Name : HSS 1.900X0.145 Overall Column Height 8.150 ft
Analysis Method : Allowable Strength Top & Bottom Fixity Top & Bottom Pinned
Steel Stress Grade A-36, Carbon Steel, Fy = 36 ksi Brace condition for deflection (buckling) along columns :

Fy : Steel Yield 36.0 ksi X-X (width) axis :
E : Elastic Bending Modulus 29,000.0 ksi Unbraced Length for X-X Axis buckling = 8.5 ft, K = 1.0
Load Combination : 2006 IBC & ASCE 7-05 Y-Y (depth) axis : . _
Unbraced Length for Y-Y Axis buckling = 8.5 ft, K= 1.0

Applied Loads Service loads entered. Load Factors will be applied for calculations.

Column self weight included : 22.171 Ibs * Dead Load Factor

AXIAL LOADS . ..

Axial Load at 8.150 ft, D = 4.20 k

DESIGN SUMMARY

Bending & Shear Check Results
PASS Max. Axial+Bending Stress Ratio = 0.9957 :1 Maximum SERVICE Load Reactions . .

Load Combination D Only Top along X-X 0.0k
Location of max.above base 0.0 ft Bottom along X-X 0.0k
At maximum location values are . . . Top along Y-Y 0.0k
Pa : Axial 4.222 k Bottom along Y-Y 0.0k
Pn/Omega : Allowable 4.240 k ) i
Ma-x : Applied 0.0 kit Maximum SERVICE Load Deflections . ..
Mn-x / Omega : Allowable 0.7563 k-t Along Y-Y - 0.0in a 0.0ft above base
: for load combination :
Ma-y : Applied 0.0 k-t
Mn-y / Omega : Allowable 0.7563 k-t Along X-X 0.0in at 0.0ft  above base
for load combination :
PASS Maximum Shear Stress Ratio = 0.0 :1
Load Combination
Location of max.above base 0.0 ft
At maximum location values are . . .
Va : Applied 0.0 k
Vn / Omega : Allowable 0.0 k
Load Combination Results
Maximum Axial + Bending Stress Ratios Maximum Shear Ratios
Load Combination Stress Ratio  Status  Location Stress Ratio Status  Location
D Only 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+Lr+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.70E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+W+H 0.597 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+0.70E+H 0.597 PASS 0.00 ft 0.000 PASS 0.00 ft
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace A
Maximum Reactions - Unfactored Note: Only non-zero reactions are listed.
X-X Axis Reaction Y-Y Axis Reaction Axial Reaction
Load Combination @ Base @ Top @ Base @ Top @ Base
D Only k k 4.222 k
Maximum Deflections for Load Combinations - Unfactored Loads
Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
D Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
Steel Section Properties : HSS 1.900X0.145
Depth = 1.900 in | Xx = 0.29 in™4 J = 0.586 in"4
S XX = 0.31 in"3
Diameter = 1.900 in R xx = 0.626 in
Wall Thick = 0.145 in ZX = 0.421 in"3
Area = 0.749 in"2 lyy = 0.293 in"4 C = 0.617 in"3
Weight = 2.720 plf Syy = 0.309 in"3
Ryy = 0.626 in
Ycg = 0.000 in
=
o
4
o]
Load 1 X n
<
‘ =2
Q
I
1.90in N Loads are total entered value. Arrows do not reflect absolute direction.
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace C

Code References

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-10
Load Combinations Used : 2006 IBC & ASCE 7-05

General Information

Steel Section Name : HSS 1.900X0.145 Overall Column Height 11.310 ft
Analysis Method : Allowable Strength Top & Bottom Fixity Top & Bottom Pinned
Steel Stress Grade A-36, Carbon Steel, Fy = 36 ksi Brace condition for deflection (buckling) along columns :

Fy : Steel Yield 36.0 ksi X-X (width) axis :
E : Elastic Bending Modulus 29,000.0 ksi Unbraced Length for X-X Axis buckling = 8.5 ft, K = 1.0
Load Combination : 2006 IBC & ASCE 7-05 Y-Y (depth) axis : . _
Unbraced Length for Y-Y Axis buckling = 8.5 ft, K= 1.0

Applied Loads Service loads entered. Load Factors will be applied for calculations.

Column self weight included : 30.767 Ibs * Dead Load Factor

AXIAL LOADS . ..

Axial Load at 11.310 ft, D = 4.20 k

DESIGN SUMMARY

Bending & Shear Check Results
PASS Max. Axial+Bending Stress Ratio = 0.9977 :1 Maximum SERVICE Load Reactions . .

Load Combination D Only Top along X-X 0.0k
Location of max.above base 0.0 ft Bottom along X-X 0.0k
At maximum location values are . . . Top along Y-Y 0.0k
Pa : Axial 4.231 k Bottom along Y-Y 0.0k
Pn/Omega : Allowable 4.240 k ) i
Ma-x : Applied 0.0 kit Maximum SERVICE Load Deflections . ..
Mn-x / Omega : Allowable 0.7563 k-t Along Y-Y - 0.0in a 0.0ft above base
: for load combination :
Ma-y : Applied 0.0 k-t
Mn-y / Omega : Allowable 0.7563 k-t Along X-X 0.0in at 0.0ft  above base
for load combination :
PASS Maximum Shear Stress Ratio = 0.0 :1
Load Combination
Location of max.above base 0.0 ft
At maximum location values are . . .
Va : Applied 0.0 k
Vn / Omega : Allowable 0.0 k
Load Combination Results
Maximum Axial + Bending Stress Ratios Maximum Shear Ratios
Load Combination Stress Ratio  Status  Location Stress Ratio Status  Location
D Only 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+L+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+Lr+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+S+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+W+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.70E+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.750W+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.750W+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.5250E+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.5250E+H 0.998 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+W+H 0.599 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+0.70E+H 0.599 PASS 0.00 ft 0.000 PASS 0.00 ft
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace C
Maximum Reactions - Unfactored Note: Only non-zero reactions are listed.
X-X Axis Reaction Y-Y Axis Reaction Axial Reaction
Load Combination @ Base @ Top @ Base @ Top @ Base
D Only k k 4231k
Maximum Deflections for Load Combinations - Unfactored Loads
Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
D Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
Steel Section Properties : HSS 1.900X0.145
Depth = 1.900 in | Xx = 0.29 in™4 J = 0.586 in"4
S XX = 0.31 in"3
Diameter = 1.900 in R xx = 0.626 in
Wall Thick = 0.145 in ZX = 0.421 in"3
Area = 0.749 in"2 lyy = 0.293 in"4 C = 0.617 in"3
Weight = 2.720 plf Syy = 0.309 in"3
Ryy = 0.626 in
Ycg = 0.000 in
=
&
a
Load 1 S I
3 :
5
[3}
I
1.90in N Loads are total entered value. Arrows do not reflect absolute direction.
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace D

Code References

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-10
Load Combinations Used : 2006 IBC & ASCE 7-05

General Information

Steel Section Name : HSS 1.900X0.145 Overall Column Height 8.060 ft
Analysis Method : Allowable Strength Top & Bottom Fixity Top & Bottom Pinned
Steel Stress Grade A-36, Carbon Steel, Fy = 36 ksi Brace condition for deflection (buckling) along columns :

Fy : Steel Yield 36.0 ksi X-X (width) axis :
E : Elastic Bending Modulus 29,000.0 ksi Unbraced Length for X-X Axis buckling = 8.5 ft, K = 1.0
Load Combination : 2006 IBC & ASCE 7-05 Y-Y (depth) axis : . _
Unbraced Length for Y-Y Axis buckling = 8.5 ft, K= 1.0

Applied Loads Service loads entered. Load Factors will be applied for calculations.

Column self weight included : 21.926 Ibs * Dead Load Factor

AXIAL LOADS . ..

Axial Load at 8.060 ft, D = 4.20 k

DESIGN SUMMARY

Bending & Shear Check Results
PASS Max. Axial+Bending Stress Ratio = 0.9956 :1 Maximum SERVICE Load Reactions . .

Load Combination D Only Top along X-X 0.0k
Location of max.above base 0.0 ft Bottom along X-X 0.0k
At maximum location values are . . . Top along Y-Y 0.0k
Pa : Axial 4.222 k Bottom along Y-Y 0.0k
Pn/Omega : Allowable 4.240 k ) i
Ma-x : Applied 0.0 kit Maximum SERVICE Load Deflections . ..
Mn-x / Omega : Allowable 0.7563 k-t Along Y-Y - 0.0in a 0.0ft above base
: for load combination :
Ma-y : Applied 0.0 k-t
Mn-y / Omega : Allowable 0.7563 k-t Along X-X 0.0in at 0.0ft  above base
for load combination :
PASS Maximum Shear Stress Ratio = 0.0 :1
Load Combination
Location of max.above base 0.0 ft
At maximum location values are . . .
Va : Applied 0.0 k
Vn / Omega : Allowable 0.0 k
Load Combination Results
Maximum Axial + Bending Stress Ratios Maximum Shear Ratios
Load Combination Stress Ratio  Status  Location Stress Ratio Status  Location
D Only 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+Lr+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.70E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+W+H 0.597 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+0.70E+H 0.597 PASS 0.00 ft 0.000 PASS 0.00 ft



Norman Scheel Project Title: 200 Series Ground Mount

Structural Engineer Engineer: Project ID: 12065
5022 Sunrise Boulevard Project Descr:

Fair Oaks, CA 95628

(916) 536-9585

Printed: 9 JAN 2014, 10:06AM
File = G:\Jobfiles\12065\Enercalc\12065.ec6
ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31

Steel Column

Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE
Description : Brace D
Maximum Reactions - Unfactored Note: Only non-zero reactions are listed.
X-X Axis Reaction Y-Y Axis Reaction Axial Reaction
Load Combination @ Base @ Top @ Base @ Top @ Base
D Only k k 4.222 k
Maximum Deflections for Load Combinations - Unfactored Loads
Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
D Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
Steel Section Properties : HSS 1.900X0.145
Depth = 1.900 in | Xx = 0.29 in™4 J = 0.586 in"4
S XX = 0.31 in"3
Diameter = 1.900 in R xx = 0.626 in
Wall Thick = 0.145 in Zx = 0.421 in"3
Area = 0.749 in"2 lyy = 0.293 in"4 C = 0.617 in"3
Weight = 2.720 plf Syy = 0.309 in"3
Ryy = 0.626 in
Ycg = 0.000 in
S
S
[ee}
Load 1 X "
>( £
[}
I
. v |
1.90in » Loads are total entered value. Arrows do not reflect absolute direction.
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace E

Code References

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-10
Load Combinations Used : 2006 IBC & ASCE 7-05

General Information

Steel Section Name : HSS 1.900X0.145 Overall Column Height 9.360 ft
Analysis Method : Allowable Strength Top & Bottom Fixity Top & Bottom Pinned
Steel Stress Grade A-36, Carbon Steel, Fy = 36 ksi Brace condition for deflection (buckling) along columns :

Fy : Steel Yield 36.0 ksi X-X (width) axis :
E : Elastic Bending Modulus 29,000.0 ksi Unbraced Length for X-X Axis buckling = 8.5 ft, K = 1.0
Load Combination : 2006 IBC & ASCE 7-05 Y-Y (depth) axis : . _
Unbraced Length for Y-Y Axis buckling = 8.5 ft, K= 1.0

Applied Loads Service loads entered. Load Factors will be applied for calculations.

Column self weight included : 25.463 Ibs * Dead Load Factor

AXIAL LOADS . ..

Axial Load at 9.360 ft, D = 4.20 k

DESIGN SUMMARY

Bending & Shear Check Results
PASS Max. Axial+Bending Stress Ratio = 0.9965 :1 Maximum SERVICE Load Reactions . .

Load Combination D Only Top along X-X 0.0k
Location of max.above base 0.0 ft Bottom along X-X 0.0k
At maximum location values are . . . Top along Y-Y 0.0k
Pa : Axial 4.225 k Bottom along Y-Y 0.0k
Pn/Omega : Allowable 4.240 k ) i
Ma-x : Applied 0.0 kit Maximum SERVICE Load Deflections . ..
Mn-x / Omega : Allowable 0.7563 k-t Along Y-Y - 0.0in a 0.0ft above base
: for load combination :
Ma-y : Applied 0.0 k-t
Mn-y / Omega : Allowable 0.7563 k-t Along X-X 0.0in at 0.0ft  above base
for load combination :
PASS Maximum Shear Stress Ratio = 0.0 :1
Load Combination
Location of max.above base 0.0 ft
At maximum location values are . . .
Va : Applied 0.0 k
Vn / Omega : Allowable 0.0 k
Load Combination Results
Maximum Axial + Bending Stress Ratios Maximum Shear Ratios
Load Combination Stress Ratio  Status  Location Stress Ratio Status  Location
D Only 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+Lr+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.70E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.750W+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.5250E+H 0.996 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+W+H 0.598 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+0.70E+H 0.598 PASS 0.00 ft 0.000 PASS 0.00 ft
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace E
Maximum Reactions - Unfactored Note: Only non-zero reactions are listed.
X-X Axis Reaction Y-Y Axis Reaction Axial Reaction
Load Combination @ Base @ Top @ Base @ Top @ Base
D Only k k 4.225 k
Maximum Deflections for Load Combinations - Unfactored Loads
Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
D Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
Steel Section Properties : HSS 1.900X0.145
Depth = 1.900 in | Xx = 0.29 in™4 J = 0.586 in"4
S XX = 0.31 in"3
Diameter = 1.900 in R xx = 0.626 in
Wall Thick = 0.145 in Zx = 0.421 in"3
Area = 0.749 in"2 lyy = 0.293 in"4 C = 0.617 in"3
Weight = 2.720 plf Syy = 0.309 in"3
Ryy = 0.626 in
Ycg = 0.000 in
S
@
(2]
Load 1 X n
>( =
[
I
. v
1.90in » Loads are total entered value. Arrows do not reflect absolute direction.
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace F

Code References

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-10
Load Combinations Used : 2006 IBC & ASCE 7-05

General Information

Steel Section Name : HSS 1.900X0.145 Overall Column Height 5.060 ft
Analysis Method : Allowable Strength Top & Bottom Fixity Top & Bottom Pinned
Steel Stress Grade A-36, Carbon Steel, Fy = 36 ksi Brace condition for deflection (buckling) along columns :

Fy : Steel Yield 36.0 ksi X-X (width) axis :
E : Elastic Bending Modulus 29,000.0 ksi Unbraced Length for X-X Axis buckling = 8.5 ft, K = 1.0
Load Combination : 2006 IBC & ASCE 7-05 Y-Y (depth) axis : . _
Unbraced Length for Y-Y Axis buckling = 8.5 ft, K= 1.0

Applied Loads Service loads entered. Load Factors will be applied for calculations.

Column self weight included : 13.765 Ibs * Dead Load Factor

AXIAL LOADS . ..

Axial Load at 5.060 ft, D = 4.20 k

DESIGN SUMMARY

Bending & Shear Check Results
PASS Max. Axial+Bending Stress Ratio = 0.9937 :1 Maximum SERVICE Load Reactions . .

Load Combination D Only Top along X-X 0.0k
Location of max.above base 0.0 ft Bottom along X-X 0.0k
At maximum location values are . . . Top along Y-Y 0.0k
Pa: Axial 4.214 k Bottom along Y-Y 0.0k
Pn/Omega : Allowable 4.240 k ) i
Ma-x : Applied 0.0 kit Maximum SERVICE Load Deflections . ..
Mn-x / Omega : Allowable 0.7563 k-t Along Y-Y - 0.0in a 0.0ft above base
: for load combination :
Ma-y : Applied 0.0 k-t
Mn-y / Omega : Allowable 0.7563 k-t Along X-X 0.0in at 0.0ft  above base
for load combination :
PASS Maximum Shear Stress Ratio = 0.0 :1
Load Combination
Location of max.above base 0.0 ft
At maximum location values are . . .
Va : Applied 0.0 k
Vn / Omega : Allowable 0.0 k
Load Combination Results
Maximum Axial + Bending Stress Ratios Maximum Shear Ratios
Load Combination Stress Ratio  Status  Location Stress Ratio Status  Location
D Only 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+L+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+D+Lr+H 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+S+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+H 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+D+W+H 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.70E+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.750W+H 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.750W+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750Lr+0.750L+0.5250E+H 0.994 PASS 0.00 ft 0.000 PASS 0.00 ft
+D+0.750L+0.750S+0.5250E+H 0.994  PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+W+H 0.596 PASS 0.00 ft 0.000 PASS 0.00 ft
+0.60D+0.70E+H 0.596 PASS 0.00 ft 0.000 PASS 0.00 ft
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Steel CO I umn ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver:6.13.8.31
Lic. #: KW-06002320 Licensee : NORMAN SCHEEL SE

Description : Brace F
Maximum Reactions - Unfactored Note: Only non-zero reactions are listed.
X-X Axis Reaction Y-Y Axis Reaction Axial Reaction
Load Combination @ Base @ Top @ Base @ Top @ Base
D Only k k 4214k
Maximum Deflections for Load Combinations - Unfactored Loads
Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
D Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
Steel Section Properties : HSS 1.900X0.145
Depth = 1.900 in | Xx = 0.29 in™4 J = 0.586 in"4
S XX = 0.31 in"3
Diameter = 1.900 in R xx = 0.626 in
Wall Thick = 0.145 in ZX = 0.421 in"3
Area = 0.749 in"2 lyy = 0.293 in"4 C = 0.617 in"3
Weight = 2.720 plf Syy = 0.309 in"3
Ryy = 0.626 in
Ycg = 0.000 in
|
S
3
n
X 2
XI oad 1 5
©
I
. A
1.90in ) Loads are total entered value. Arrows do not reflect absolute direction.
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Description : Frame
3
Y: W(1.9p
X:W(1.1) D/Pipel-1/2 Std
B/Pipel-1/2 Std -1/2 Std
1 4
Joints...
Joint Joint Coordinates Joint
Label X Y X Restraint Y Restraint Z Restraint Tem
ft ft deg
1 0.0 0.0 Fixed Fixed 0
2 0.0 3.060 0
3 7.310 5.850 0
4 7.310 0.0 Fixed Fixed 0
Members...
Member bel Endpoint Joints "ﬂgrr?btﬁr | End Releases J End Releases
Label Property Labe I Joint J Joint i X y z X y z
A Pipel-1/2 Std 2 4 7.925 Fixed Fixed Fixed Fixed Fixed Fixed
B Pipel-1/2 Std 1 2 3.060 Fixed Fixed Fixed Fixed Fixed Fixed
C Pipel-1/2 Std 2 3 7.824 Fixed Fixed Fixed Fixed Fixed Fixed
D Pipel-1/2 Std 3 4 5.850 Fixed Fixed Fixed Fixed Fixed Fixed
Member Stress Check Data...
Member Unbraced Lengths Slenderness Factors AISC Bending & Stability Factors
Label lu:z f Lu:y K:z K:y Cm Cb
A 7.925 7.925 1.00 1.00 1.000 1.000
B 3.060 3.060 1.00 1.00 1.000 1.000
C 7.824 7.824 1.00 1.00 1.000 1.000
D 5.850 5.850 1.00 1.00 1.000 1.000
Materials...
Member Youngs Density Thermal Yield
Label ksi kef in/degr ksi
Default 1.00 0.000 0.000000 1.00
Steel 29,000.00 0.490 0.000650 50.00
Tube 29,000.00 0.490 0.000650 42.00
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2-D Frame Analysis

Lic. # : KW-06002320

Description : Frame
Member Sections...
Prop Label Group Tag Material Area Depth Width Ixx lyy
Default Group Tube 1.0in"2 0.0 in 0.0 in 1.0inM 1.0 in4
Pipel-1/2 Std Group Tube 0.750 in"2 1.90 in 1.90 in 0.2930 in"4 0.2930 in"4
Joint Loads....
_ _Loat_j Load Magnitude
Joint Label Direction Dead  Roof Live Live Snow Seismic Wind Earth
2 Global X 1.10 k
2 Global Y 1.90 k
Load Combinations...
Load Combination Group |Self Weight Factors Load Combination Factors
Description Multiplier X Y Dead Roof Live Live Snow  Seismic Wind Earth
+D+S+H 1.0 -1.0 1.0 1.0 1.0
+D+W+H 1.0 -1.0 1.0 1.0 1.0
+D+0.750L+0.750S+0.750W+H 1.0 -1.0 1.0 0.750 0.750 0.750 1.0
+0.60D+W+H 1.0 -1.0 0.60 1.0 1.0
Joint Displacements & Reactions by Load Combination :
Joint Displacements Joint Reactions
Joint Label LoadCombination Y z X Y z
in in Radians k k k-ft
1 +D+S+H 0.0 0.0 0.000127 0.004783 0.02791
2 +D+S+H -000010  -.0000410 -0.000253
3 +D+S+H -.0000230 -.0000530 0.000175
4 +D+S+H 0.0 0.0 0.000179 -0.004783 0.03503
1 +D+W+H 0.0 0.0 -.000040 0.003241 1.467
2 +D+W+H 0.004614  -0.002471 -0.000297
3 +D+W+H 0.003672 -.0000550 0.000166
4 +D+W+H 0.0 0.0 0.000149 -1.103 0.4955
1 +D+0.750L+0.750S+0.750W+H 0.0 0.0 .0000020 0.003627 1.108
2 +D+0.750L+0.750S+0.750W+H 0.003458  -0.001863 -0.000286
3 +D+0.750L+0.750S+0.750W+H 0.002748 -.0000540 0.000169
4 +D+0.750L+0.750S+0.750W+H 0.0 0.0 0.000157 -0.8286 0.3804
1 +0.60D+W+H 0.0 0.0 -.000040 0.003241 1.467
2 +0.60D+W+H 0.004614  -0.002471 -0.000297
3 +0.60D+W+H 0.003672 -.0000550 0.000166
4 +0.60D+W+H 0.0 0.0 0.000149 -1.103 0.4955
Extreme Member End Forces Only Load Combinations giving maximum values are listed
Member " | " End Forces Member " J " End Forces
Member Label Axial Shear Moment Axial Shear Moment
k k k-ft k k k-ft
A 1.188 0.008910 0.007445 -0.005292 0.01022 -0.01076
Max +D+W+H +D+S+H +D+S+H +D+S+H +D+W+H +D+S+H
A -0.002517 0.008435 0.005459 -1.196 0.009746 -0.01254
Min +D+S+H +D+W+H +D+W+H +D+W+H +D+S+H +D+W+H
B 1.467 -0.003241 0.0 -0.02010 0.004783 -0.009918
Max +D+W+H +D+W+H +D+W+H +D+S+H +D+S+H +D+W+H
B 0.02791 -0.004783 0.0 -1.460 0.003241 -0.01464
Min +D+S+H +D+S+H +D+S+H +D+W+H +D+W+H +D+S+H
C 0.00780 0.008882 0.007191 -0.000192 0.01040 -0.01068
Max +D+W+H +D+S+H +D+S+H +D+S+H +D+W+H +D+S+H
C 0.007312 0.008252 0.004459 -0.000680 0.009774 -0.01288
Min +D+S+H +D+W+H +D+W+H +D+W+H +D+S+H +D+W+H
D 0.009478 0.004345 0.01288 -0.02399 -0.003665 0.01254
Max +D+W+H +D+W+H +D+W+H +D+S+H +D+S+H +D+W+H
D 0.009063 0.003665 0.01068 -0.02441 -0.004345 0.01076
Min +D+S+H +D+S+H +D+S+H +D+W+H +D+W+H +D+S+H
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2-D Frame Analysis

Lic. # : KW-06002320

Description : Frame

Extreme Member Forces

Only Load Combinations giving maximum values are listed

Mmbr Label Axial Dist from "I" Joint Moment Dist from "I" Joint Shear Dist from "I" Joint
A 0.002517k 0.0ft 0.01254 k-ft 7.9251t 0.008910 k 0.0 ft
Max +D+S+H +D+W+H +D+S+H
-1.196k 7.925 ft -0.009651 k-ft 3.5581t -0.01022 k 7.925 ft
Min +D+W+H +D+W+H +D+W+H
B -0.02010k 3.060 ft 0.01464 k-ft 3.0601t -0.003241 k 0.0 ft
Max +D+S+H +D+S+H +D+W+H
-1.467k 0.0ft 0.0 k-ft 0.0ft -0.004783 k 0.0 ft
Min +D+W+H +D+S+H +D+S+H
C -0.000192k 7.824 1t 0.01288 k-ft 7.8241t 0.008882 k 0.0 ft
Max +D+S+H +D+W+H +D+S+H
-0.00780k 0.0ft -0.009816 k-ft 3.5131t -0.01040 k 7.824 ft
Min +D+W+H +D+W+H +D+W+H
D -0.009063k 0.0ft 0.01288 k-ft 0.0ft 0.004345 k 0.0 ft
Max +D+S+H +D+W+H +D+W+H
-0.02441k 5.850 ft -0.01254 k-ft 5.850 ft 0.003665 k 0.0 ft
Min +D+W+H +D+W+H +D+S+H
Member Stress Checks...
Member Section Material Max. Axial + Bending Stress Ratios Max. Shear Stress Ratios
Label Label ! Load Combination  Ratio Status  Dist (ft) | Load Combination Ratio Status  Dist (ft)
A Group Steel| +D+W+H 0.245 PASS 6.47 | +D+W+H 0.002 PASS 7.92
B Group Steel +D+W+H 0.096 PASS 0.00 | +D+S+H 0.001 PASS 0.00
C Group Steel| +D+W+H 0.015 PASS 7.82 | +D+W+H 0.002 PASS 7.82
D Group Steel| +D+W+H 0.016 PASS 5.85 | +D+W+H 0.001 PASS 0.00




Series 200 anp rqck“

Structural Report and Calculations

Appendix A: ASCE-2010 to 2005 conversion sheet

The 200 Series report’s results have been calculated according to the ASCE-2010 guidelines. If
the results would rather be examined in terms of the ASCE-2005 codes, the following conversions
must be applied for the two codes’ results to be of equivalence.

This appendix also applies for converting to different years for IBC codes. For 2006 and 2009
IBC, use the ASCE-2005 codes, and for the 2012 and 2015 IBC, use the ASCE-2010 codes.

Factors specific to this report
1) The ground-mounted solar panels are in terms of Risk Category |
2) The importance factor for the ASCE-2005 code is | =.77
3) The ASCE-2010 code has no importance factor for the wind loads
4) The snow load’s importance factor remains the same for both the 2005 and 2010 codes
5) Thus, calculations that utilize wind loads are the ONLY ones that need conversions

Velocity Equivalence (mph)

V3-sec (ASCE7-05) Vi (ASCE7-10)
85 100
90 116
100 129
110 142
120 155
130 168
140 181
150 194

The following velocities listed in the graph refer to some V2o0s being equal to some Vzo10. In other
words, use the following velocities in accordance with either ASCE-2005 or ASCE-2010.

NSSE 5022 Sunrise Boulevard Fair Oaks CA 95628 (916) 536-9585 Page Al
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STANDARD CONCRETE

PIER CONFIGURATION

SEE ENGINEERNG TABLES
FOR PIER DEPTHS AND
SPAN LIMITATIONS.

UNLESS OTHERWISE
SPECIFIED IN
ENGINEERING DOCS,

THE FOLLOWING

VALUES APPLY:

MAX RAIL LENGTH: 162"
RAIL SPAN: 96"

MAX RAIL OVERHANG: 32"

BRACE D

SNAPNRACK UNIVERSAL
END CLAMPS (SHOWN)
OR SNAPNRACK TOP

MOUNT END CLAMPS

GROUND RAIL

BRACE CJ

ISO VIEW OF RACKING ASSEMBLY

MAX RAIL OVERHANG (RO)

MAX RAIL LENGTH (RL)

' //
8' RAIL SPAN (RS) SNAPNRACK GROUND RAIL
‘ WITH MAX RAIL LENGTH ||
/ (RL), 8' RAIL SPAN (RS)
s AND MAX RAIL OVERHANG
OR CANTILEVER (RO)
T ARRAY TILT ANGLE
MAX 48" ) \
ABOVE GRADE ‘ 6" MAX \..,
6" MAX
PIER DEPTH
ARRAY SIDE VIEW

HORIZONTAL
PIPE

MODULES TYP

MAX DIMENSIONS
78" X 40" X 2" THICK
MAX WEIGHT: 65 LBS

SNAPNRACK MID
CLAMP ASSEMBLIES

REVISION:

SNAPNRACK GROUND RAIL

SPEED RAIL OR EQUIVALENT
SINGLE SOCKET SWIVELS
CONNECT ANGLED BRACES
TO VERTICAL PIPES

(A AND C BRACES, TYP)

SNAPNRACK
CHANNEL NUT

SNAPNRACK
PIPE CLAMP 1-1/2"

SECURE PIPE CLAMPS
WITH 5/16" X 1-1/2"
DETAIL A |Ex BOLTS WITH S5
SCALE1/5  opLIT LOCK WASHERS

DETAILED VIEW OF PIPE TO RAIL AND BRACING INTERFACE

‘F

\ w//ﬁ

BRACE D: SEE NOTE/

ON REQUIREMENTS

FOR BRACE D

MAX PIPE OVERHANG (PS)/4

- SITE SDS VALUE EXCEEDS 1
- FRONT (SHORT) POST HEIGHT

BRACE D: WHEN BRACE C IS
REQUIRED, BRACE D IS ALSO
REQUIRED IF:

BRACE C: SEE TABLE FOR
CONDITIONS WHEN THIS
BRACE IS REQUIRED AND
MINIMUM FREQUENCY.
ALTERNATE BRACE
ORIENTATION AS SHOWN

EXCEEDS 36"

ARRAY BACK VIEW

MAINSTREAM ENERGY CORP.
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o
Pv M@ ntine i) THE INFORMATION IN THS DRAWING IS CONFIDENTIAL AND PROPRIETARY. ANY REPRODUCTION
0] DY OB IS | o o S F S R B W as T whnTen Cone oF

RRRRRRRRRRRRRRRRRRRRRRRR

DESIGNER: G McPheeters

SCALE:

DRAFTER: D Ryan

DNS

APPROVED BY:

DATE:

120113

PART NUMBER:
S200 D01

DESCRIPTION: REV
SERIES 200 OVERVIEW G




NOTE:
TORQUE %" SS
SILVER HEX BOLTS
TO 10-16 FT-LBS
TORQUE %s6" SS
BLACK HEX BOLTS

TYPICAL ARRAY
OF 4 MODULES

REVISION:

MODULES TYP

MODULE MOUNTING HARDWARE
MAX DIMENSIONS:

SNAPNRACK UNIVERSAL END CLAMP

(FOR END OF ROW) 78" X 40" X 2" THICK

MAX WEIGHT: 65 LBS

CLAMPS MODULE WITH %" STAINLESS

HARDWARE USING WEDGE CLAMP
MODULE MOUNTING HARDWARE MID CLAMP (FOR MIDDLE

FOR MODULES WITHOUT AN UNDERSIDE OF ROW). CLAMPS MODULE WITH " STAINLESS

RAIL SHOWN U
BEFORE MODULES
ARE INSTALLED

ISO VIEW OF RACKING ASSEMBLY

NOTE:

SNAPNRACK
GROUND RAIL

SNAPNRACK UNIVERSAL
END CLAMP (SHOWN)
OR SNAPNRACK TOP
MOUNT END CLAMP

SNAPNRACK
CHANNEL NUTS

1 ¥%" SCHEDULE 40
(MIN) STEEL PIPE

%" X 13" SS HEX BOLTS
WITH SS SPLIT LOCK WASHERS

SNAPNRACK g
RAIL END CAP
/ /
-
PIPE TO RAIL CONNECTION EXPLODED

TO 7-9 FT-LBS LIP USE SNAPNRACK TOP MOUNT END HARDWARE INTO CHANNEL NUT IN RAIL
CLAMPS
I I
0

SNAPNRACK PIPE CLAMP 1 75"

SECURE PIPE CLAMPS WITH 6" X 13" SS HEX

BOLTS WITH SS SPLIT SLOCK WASHERS
SNAPNRACK GROUND RAILS
SECURE ROWS OF MODULES
TO TOPS OF HORIZONTAL
MOUNTING PIPES

HORIZONTAL PIPE SUPPORTS RAILS
1%" SCH 40 (MIN) STEEL PIPE

MODULE AND RAIL ATTACHMENT DETAILS

TORQUE ¥%¢" SS SILVER HEX
BOLTS TO 10-16 FT-LBS
TORQUE %6" SS BLACK HEX
BOLTS TO 7-9 FT-LBS

MODULE MID CLAMP
ASSEMBLY

THREADED PIPE
COUPLERS\

SPEED RAIL OR
EQUIVALENT
PIPE TEES
KN
©

| / :

1 %" SCHED 40 (MIN)
STEEL PIPE FOR
HORIZONTAL MEMBERS

—MODULE END STEEL PIPE FOR
CLAMP

ASSEMBLY

SPEED RAIL OR
EQUIVALENT
SINGLE SOCKET
SWIVELS

SNAPNRACK PIPE
CLAMP ASSEMBLY

.

1 %" SCHED 40 (MIN) STEEL
PIPE FOR VERTICAL MEMBERS

PIPE FITTING DETAILS

PIPE TO RAIL CONNECTION

S N k MAINSTREAM ENERGY CORP. DESIGNER: G. McPheeters SCALE: DNS PART NUMBER: DESCRIPTION: REV
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BRACING MEMBERS




LIMITATIONS.

MAX RL: 162"
RS: 96"
MAX RO: 32"

MAX RAIL LENGTH (RL)

COMPATIBLE WITH ALL PIER OPTIONS INCLUDING
STANDARD PIERS AND GRADE BEAMS

UNLESS OTHERWISE SPECIFIED IN ENGINEERING
DOCS, THE FOLLOWING VALUES APPLY:

BRACING OPTION FOR HIGH LOAD OR
LONGER SPAN APPLICATIONS

SEE ENGINEERNG TABLES FOR PIER DEPTHS AND SPAN

A

BRACE A

REVISION:

RAIL WITH MAX RAIL
LENGTH (RL), MAX

RAIL SPAN (RS) AND
MAX RAIL OVERHANG
OR CANTILEVER (RO)

DETAIL
MAX RAIL OVERHANG (RO)
- —
A N
\ j
SNAPNRACK GROUND

L]

| EERN

BRACE A: SEE TABLE
— FOR CONDITIONS
WHEN THIS BRACE IS
REQUIRED. BRACE A

MAX 48"
ABOVE
GRADE

OPTIONS)

™ PIERS (VARIOUS

Fi VARIES BY TILT 44

‘ SHOULD ALWAYS BE
THE CLOSEST BRACE
TO CONCRETE PIERS

MAX BRACED PIPE

OVERHANG (PS/3)

(PS)/3—

~=———MAX BRACED PIPE SPAN (PS)

~—(PS)/3 —

BRACE E CONNECTS
FRONT HORIZONTAL
PIPE TO FRONT PIERS

BRACE F CONNECTS REAR
HORIZONTAL PIPE TO REAR PIERS.

DIAGONAL BRACING ON BOTH

HORIZONTAL PIPES REPLACE
BRACE C (ALL BAYS) AND
SUPPORT HORIZONTAL PIPE

AT 4 AND % OF PIPE SPAN (PS)

PV Mounting Systems

SnapNrack'
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DRAFTER:

775 FIERO LANE, SUITE 200 e SAN LUIS OBISPO, CA 93401 USA
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TYPICAL ARRAY
OF 3 MODULES NOTE:
TORQUE %" SS
SILVER HEX BOLTS
TO 10-16 FT-LBS
TORQUE %¢" SS

BLACK HEX BOLTS

REVISION:

MODULES TYP

MAX DIMENSIONS:
78" X 40" X 2" THICK
MAX WEIGHT: 65 LBS

MODULE MOUNTING HARDWARE
SNAPNRACK UNIVERSAL END CLAMP
(FOR END OF ROW)

CLAMPS MODULE WITH %" STAINLESS

HARDWARE USING WEDGE CLAMP
MODULE MOUNTING HARDWARE MID CLAMP (FOR MIDDLE

FOR MODULES WITHOUT AN UNDERSIDE OF ROW). CLAMPS MODULE WITH " STAINLESS

RAIL SHOWN
BEFORE MODULES
ARE INSTALLED

ISO VIEW OF RACKING ASSEMBLY

SNAPNRACK
GROUND RAIL

SNAPNRACK UNIVERSAL
END CLAMP (SHOWN)
OR SNAPNRACK TOP
MOUNT END CLAMP

SNAPNRACK
CHANNEL NUTS

" X 13" SS HEX BOLTS

~
SNAPNRACK - G
RAIL END CAP / /
/ J/
/ e
N
PIPE TO RAIL CONNECTION EXPLODED

WITH SS SPLIT LOCK WASHERS

1 ¥%" SCHEDULE 40
(MIN) STEEL PIPE

TO 7-9 FT-LBS LIP USE SNAPNRACK TOP MOUNT HARDWARE INTO CHANNEL NUT IN RAIL
END CLAMPS
I I
0

SNAPNRACK MILL FINISH PIPE CLAMP 1 %"

SECURE PIPE CLAMPS WITH %" X 13" SS HEX

SNAPNRACK GROUND RAILS BOLTS WITH SS SPLIT SLOCK WASHERS

SECURE ROWS OF MODULES
TO TOPS OF HORIZONTAL
MOUNTING PIPES

HORIZONTAL PIPE SUPPORTS RAILS
1%" SCH 40 (MIN) STEEL PIPE

MODULE AND RAIL ATTACHMENT DETAILS

NOTE:
TORQUE %¢" SS SILVER HEX
BOLTS TO 10-16 FT-LBS
TORQUE %" SS BLACK HEX
BOLTS TO 7-9 FT-LBS

SNAPNRACK BONDING
MODULE MID CLAMP
ASSEMBLY

THREADED PIPE
COUPLERS\

SPEED RAIL OR
EQUIVALENT
PIPE TEES
KN
©

/ ©

1 %" SCHED 40 (MIN)
STEEL PIPE FOR
BRACING MEMBERS

1 %" SCHED 40 (MIN)
STEEL PIPE FOR
HORIZONTAL MEMBERS

SPEED RAIL OR
EQUIVALENT
SINGLE SOCKET

SNAPNRACK PIPE SWIVELS

CLAMP ASSEMBLY

SNAPNRACK MODULE
END CLAMP ASSEMBLY

PIPE TO RAIL CONNECTION

\ 1 %" SCHED 40 (MIN) STEEL
PIPE FOR VERTICAL MEMBERS

PIPE FITTING DETAILS

MAINSTREAM ENERGY CORP. DESIGNER: G. McPheeters SCALE: DNS PART NUMBER: DESCRIPTION: REV
Sﬂ@@N [F@@[%" SRR e SUTE 0 S omre ca st bk | oy e D, Ryan S200 D04 SERIES 200 SYSTEM DETAILS, 3 MODULE G
. ' DATE: PANELS
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BRACING OPTION FOR HIGH LOAD OR LONGER
SPAN APPLICATIONS - 3 MODULE PANELS

SEE ENGINEERNG TABLES FOR PIER DEPTHS AND SPAN
LIMITATIONS.

COMPATIBLE WITH ALL PIER OPTIONS INCLUDING
STANDARD PIERS AND GRADE BEAMS

UNLESS OTHERWISE SPECIFIED IN ENGINEERING DOCS,
THE FOLLOWING VALUES APPLY:
MAX RL: 122"

RS: 72"

MAX RO: 24"

MAX 48"
ABOVE
GRADE

MAX RAIL LENGTH (RL)

—

L VARIES BY TILT J

= PIERS (VARIOUS

MAX RAIL OVERHANG (RO)

—= =— 8" MAX

DETAIL A

REVISION:

Al

SNAPNRACK GROUND 8

I

RAIL WITH MAX RAIL ™ _
LENGTH (RL), MAX
RAIL SPAN (RS) AND

MAX RAIL OVERHANG
OR CANTILEVER (RO)

BRACE A: SEE TABLE
FOR CONDITIONS
WHEN THIS BRACE IS
REQUIRED. BRACE A
SHOULD ALWAYS BE
THE CLOSEST BRACE
TO CONCRETE PIERS

OPTIONS)

< (PS)/3—~

MAX BRACED PIPE
OVERHANG (PS/3)

MAX BRACED PIPE SPAN (PS) —

~=— (PS)/3 —=

BRACE E CONNECTS
FRONT HORIZONTAL
PIPE TO FRONT PIERS

BRACE F CONNECTS REAR
HORIZONTAL PIPE TO REAR PIERS.

DIAGONAL BRACING ON BOTH
HORIZONTAL PIPES REPLACE
BRACE C (ALL BAYS) AND
SUPPORT HORIZONTAL PIPE

AT 4 AND % OF PIPE SPAN (PS)

SnapNrack'

PV Mounting Systems

MAINSTREAM ENERGY CORP.

775 FIERO LANE, SUITE 200 e SAN LUIS OBISPO, CA 93401 USA
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NOTE:

FLANGE MOUNTS ARE A VIABLE OPTION FOR INSTALLATION
OF GROUND MOUNT SYSTEMS ON CONCRETE PADS OR
VARIOUS TYPES OF ROOF TOP STRUCTURES, BUT ARE NOT
SPECIFIED IN DETAIL IN THE STANDARD ENGINEERING

REVIEW FOR 2013.

OPTIONAL:
FORM TOP OF PIER 4"

OPTIONAL:

FORM TOP OF PIER 4"
TYPICAL ABOVE GRADE
WITH 8" SONATUBE

—4" TYP. HEIGHT
ABOVE GRADE

%
4

REVISION:

1.5" SCH 40 STEEL
PIPE VERTICAL POSTS

ATTACH SPEED RAIL

OR EQUIVALENT

FLANGES TO BOTTOM

OF VERTICAL SUPPORT
POSTS OR WELD 0.25"
PLATE TO BOTTOM OF
VERTICAL POSTS TO
CREATE FLANGE SURFACE

DATE:

TYPICAL ABOVE GRADE S
ﬂ TO "CLEAR" | _ = ROOF SURFACE OR
IEEIEIE ST T=T / o
= M:\H:J: === == - i = G
= ﬁ@ﬁg‘;\“ 7 —Wmﬁmﬁ ﬁmﬁ:ﬁg -
4" TYP. HEIGHT =T =111 \T‘g CONCRETE PIERS / SHEATHING TYP.
ABOVE GRADE | / CONCRETE: 2,500
PSI MIN.
CONCRETE PIERS . RAFTER
CONCRETE: 2,500
PIER DEPTH PSI MIN. ~— SECURE FLANGES
PIER DEPTH TO SURFACE USING
APPROPRIATE HARDWARE
TO RESIST PULL OUT
PIER DIAMETER PIER DIAMETER
STANDARD 127 TYP. 12" TYP. STANDARD
PIER DETAIL PIER DETAIL
ON SLOPED
GRADE
. MAINSTREAM ENERGY CORP. DESIGNER: G. McPheeters SCALE: DNS PART NUMBER: DESCRIPTION: REV
Sﬂ@@N [F@@[Ir/ﬁ] T i aman™ | DRAFTER:  D-Ryan $200 D06 SERIES 200 PIER DETAILS G
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GRADE BEA

M

FOUNDATION
CONFIGURATION

SEE ENGINEERING TABLES FOR

SPAN LIMITATIONS.

UNLESS OTHERWISE SPECIFIED IN
ENGINEERING DOCS, THE
FOLLOWING VALUES APPLY:

MAX RL: 162"
RS: 96"
MAX RO: 32"

MIN GBW: 12"
MIN GBD: 18"

MAX RAIL LENGTH (RL)

8' RAIL /"I'

MAX 48"
ABOVE GRADE

/

o~ BRACE A: SEE TABLE

GRADE BEAM FOUNDATIONS
SHOULD ONLY BE USED IN
FLAT GROUND CONDITIONS
(GROUND SLOPE LESS THAN
5 DEGREES TYPICAL)

COMPATIBLE WITH ALL
BRACING OPTIONS

]

c

ftjc

C

MIN 6"
CLEARANCE

REBARJ

MAX RAIL OVERHANG (RO)

1.5" SCH 40 STEEL
PIPE VERTICAL POSTS

OPTIONAL:

FORM TOP OF PIER 4"
TYPICAL ABOVE GRADE
WITH 8" SONATUBE

7 REVISION:

| | -

| | -

| | -

| | -

| |

| |

| |

| |

‘ ‘ 4" TYP. HEIGHT ABOVE GRADE
-

_ CONCRETE PIERS

GRADE BEAM DEPTH

1|

(2) #4 BARS SHALL BE USED AT BOTH

THE TOP AND BOTTOM OF THE GRADE

BEAM, ONE ON EACH SIDE OF THE
VERTICAL PIPE. THESE SHALL HAVE A
MINIMUM OF 3" CLEAR OF CONCRETE COVER

GRADE BEAM FOUNDATION DETAIL

CONCRETE: 2,500 PSI MIN.

SNAPNRACK GROUND RAIL
WITH MAX RAIL LENGTH |
(RL), MAX RAIL SPAN (RS)
AND MAX RAIL OVERHANG
OR CANTILEVER (RO)

1

% | #
j“\ :
|

i

FOR CONDITIONS WHEN
THIS BRACE IS REQUIRED.

d

GRADE BEAM DEPTH

\— 1.5" SCH 40 GALVANIZED STEEL PIPE POSTS SET
IN CONCRETE FILLED GRADE BEAMS (ASSUME SOIL
LATERAL PASSIVE VALUE OF 150 PSF (CODE
MINIMUM FOR SAND CLASS SOILS)

ARRAY SIDE VIEW

=

—

76" MAX

BRACE D: SEE NOTE—/
ON REQUIREMENTS
FOR BRACE D

~— GRADE BEAM WIDTH (GBW)

MAX PIPE SPAN (PS)

MAX PIPE OVERHANG (PS/4)

BRACE D: WHEN BRACE C IS

REQUIRED, BRACE D IS ALSO

REQUIRED IF:
- SITE SDS VALUE EXCEEDS 1

- FRONT (SHORT) POST HEIGHT

EXCEEDS 36"

ARRAY BACK VIEW

BRACE C: SEE TABLE FOR CONDITIONS
WHEN THIS BRACE IS REQUIRED AND
MINIMUM FREQUENCY. ALTERNATE
BRACE ORIENTATION AS SHOWN

PV Mounting Systems
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REVISION:

SERIES 200 3-RAIL CONFIGURATIONS
THE SERIES 200 3-RAIL OPTION CAN BE SET UP
FOR 3 MODULE AND 4 MODULE PANELS USING 3
RAILS PER PANEL.

4 MODULE PANEL, TYP.

3 MODULE PANEL, TYP.

SNAPNRACK MODULE
MOUNTING HARDWARE

SNAPNRACK MODULE
MOUNTING HARDWARE

3 SNAPNRACK GROUND Q
RAILS PER PANEL N\,

3 SNAPNRACK GROUND
RAILS PER PANEL

HORIZONTAL PIPE

7
‘Eﬁf\'
/ POST
e —————
‘ |
BRACE D
BRACE D BRACE A BRACE A
5 )
] =
4 MODULE PANEL CONFIGURATION 3 MODULE PANEL CONFIGURATION
MAINSTREAM ENERGY CORP. DESIGNER: GMcPheeters SCALE: DNS PART NUMBER: DESCRIPTION: REV
SnapNracls ~ssammememss= | omaerer  oryen 5200 D08 SERIES 200, 3-RAIL CONFIGURATIONS, G
. ' DATE: UN-BRACED OPTION
PV Mounting Systems | s ammmmrmmmasmm APPROVED BY: 120113




REVISION:

SERIES 200 3-RAIL CONFIGURATIONS
THE SERIES 200 3-RAIL OPTION CAN BE SET UP
FOR 3 MODULE AND 4 MODULE PANELS USING 3
RAILS PER PANEL.

SNAPNRACK MODULE
MOUNTING HARDWARE
4 MODULE PANEL, TYP. 3 MODULE PANEL, TYP.
,, RAILS PER PANEL Ny ,» 3 SNAPNRACK GROUND

MOUNTING HARDWARE N
RAILS PER PANEL

4
/\

HORIZONTAL PIPE
\ POST
>
\\
%
by BRACE F
]
BRACE A
BRACE E
4 MODULE PANEL CONFIGURATION 3 MODULE PANEL CONFIGURATION
. MAINSTREAM ENERGY CORP. DESIGNER: GMcPheeters SCALE: DNS PART NUMBER: DESCRIPTION: REV
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