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AERIAL�MAPVICINITY�MAP

HOUSE�VIEW

COVER�SHEET

MALA�RAJAMANI�-�10.560kW�DC,�8.376kW�AC

•ELECTRIC�CODE:�NEC�2020

• VIRGINIA�STATEWIDE�FIRE�PREVENTION�CODE:�IFC�2021

• VIRGINIA�CONSTRUCTION�CODE:�IBC�2021

• VIRGINIA�RESIDENTIAL�CODE:�IRC�2021

APPLICABLE�CODES

ENGINEERING�SCOPE�OF�WORK

1. ILLUMINE�INTERNATIONAL�INC.�HAS�ONLY�PROVIDED�DRAFTING�SERVICES�FOR�THE�PERMIT�DRAWINGS.�NO�ACTUAL

ENGINEERING�WORK,�ENGINEERING�REVIEW�OR�ENGINEERING�APPROVAL�HAS�BEEN�CONDUCTED�BY�ILLUMINE

INTERNATIONAL�INC.�UNLESS�NOTED�OTHERWISE.

2. WHEN�A�PROFESSIONAL�ENGINEER�APPROVES�AND�SEALS�THE�DESIGN�FOR�COMPONENTS�OF�THEIR�RESPECTIVE

DISCIPLINE�(STRUCTURAL/ELECTRICAL)�SHOWN�ON�THESE�PERMIT�DRAWINGS,�THE�PROFESSIONAL�ENGINEER

a.�TAKES�FULL�DIRECT�CONTROL�OF�THE�ENGINEERED�DESIGN

b.�IS�GIVEN�ACCESS�TO�PERSONALLY�SUPERVISE�AND�RECTIFY�ANY�ASPECT�OF�THE�ENGINEERED�DESIGN

c.�HAS�FULLY�ACCEPTED�RESPONSIBILITY�FOR�THE�ENGINEERED�DESIGN

(24)ENPHASE�IQ8AC-72-M-US�(240V)

(24)CANADIAN�SOLAR�CS6.1-54TM-440H

(440W)

SYSTEM�SIZE:

10560W�DC,�8376W�AC

MODULE:

INVERTER:

SCOPE�OF�WORK

1. MODULES�ARE�LISTED�UNDER�UL�1703�/�61730�AND�CONFORM�TO�THE�STANDARDS.

2. INVERTERS�ARE�LISTED�UNDER�UL�1741�AND�CONFORM�TO�THE�STANDARDS.

3. DRAWINGS� ARE� DIAGRAMMATIC,� INDICATING� GENERAL� ARRANGEMENT� OF� THE� PV� SYSTEM� AND� THE� ACTUAL� SITE�

CONDITION�MIGHT�VARY.

4. WORKING�CLEARANCES�AROUND�THE�NEW�PV�ELECTRICAL�EQUIPMENT�WILL�BE�MAINTAINED�IN�ACCORDANCE�WITH�

NEC�110.26.

5. ALL�GROUND�WIRING�CONNECTED�TO�THE�MAIN�SERVICE�GROUNDING�IN�MAIN�SERVICE�PANEL/�SERVICE�EQUIPMENT.

6. ALL�CONDUCTORS�SHALL�BE�600V,�90°C�STANDARD�COPPER�UNLESS�OTHERWISE�NOTED.

7. WHEN�REQUIRED,�A�LADDER�SHALL�BE�IN�PLACE�FOR�INSPECTION�IN�COMPLIANCE�WITH�OSHA�REGULATIONS.

8. THE�SYSTEM�WILL�NOT�BE�INTERCONNECTED�BY�THE�CONTRACTOR�UNTIL�APPROVAL�FROM�THE�LOCAL�JURISDICTION�

AND/OR�THE�UTILITY.

9. ROOF�ACCESS�POINT�SHALL�BE� LOCATED� IN�AREAS�THAT�DO�NOT�REQUIRE� THE� PLACEMENT�OF�GROUND�LADDERS�

OVER� OPENINGS� SUCH� AS� WINDOWS� OR� DOORS,� AND� LOCATED� AT� STRONG� POINTS� OF� BUILDING� CONSTRUCTION�

WHERE�THE�ACCESS�POINT�DOES�NOT�CONFLICT�WITH�OVERHEAD�OBSTRUCTIONS�SUCH�AS�TREES,�WIRES�OR�SIGNS.

10. PV�ARRAY�COMBINER/JUNCTION�BOX�PROVIDES�TRANSITION�FROM�ARRAY�WIRING�TO�CONDUIT�WIRING.

GENERAL�NOTES

BRANCH�DETAILS:

1X8,�1X8,�1X8�ENPHASE�BRANCHES

RISK�CATEGORY-�ll

BASIC�WIND�SPEED��=�135��MPH�@�3-SEC�GUST

GROUND�SNOW�LOAD�=�30��PSF

DESIGN�CRITERIA

PROJECT�WINDSPEED�DETERMINED�USING�THE

ASCE�7�STANDARD�UNLESS�DIRECTED�OTHERWISE

BY�LOCAL�JURISDICTION�AMENDMENTS

ROOF�AREA�CALCULATION

TOTAL�ARRAY�AREA =�527.03�sq.ft

TOTAL�ROOF�AREA =�1140�sq.ft

%�ARRAY�AREA�IN�ROOF� =�46.23�%

SHEET�CATALOG

SHEET REVISION DESCRIPTION

CS-01 COVER�SHEET

CS-02 GENERAL�NOTES

E-01 SITE�PLAN

E-01.1 SATELLITE�VIEW

S-01 MOUNTING�DETAILS

S-02 STRUCTURAL�DETAILS

E-02 SINGLE�LINE�DIAGRAM

E-03 ELECTRICAL�CALCULATIONS

PL-01 PLACARDS

SS SPEC�SHEET(S)

B

B

B

B

B

B

B

B

B

B
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GENERAL�NOTES

INSTALLATION�NOTES:

1. STRUCTURAL�ROOF�MEMBER�LOCATIONS�ARE�ESTIMATED�AND�SHOULD�BE�LOCATED�AND�VERIFIED�BY�THE�CONTRACTOR�WHEN�LAG�BOLT�PENETRATION�OR�MECHANICAL�ATTACHMENT�TO�THE�STRUCTURE�IS�REQUIRED.

2. ROOFTOP�PENETRATIONS�FOR�SOLAR�RACKING�WILL�BE�COMPLETED�AND�SEALED�WITH�APPROVED�SEALANT�PER�CODE�BY�A�LICENSED�CONTRACTOR.

3. LAGS�MUST�HAVE�A�MINIMUM�2.5"�THREAD�EMBEDMENT�INTO�THE�STRUCTURAL�MEMBER.

4. ALL�PV�RACKING�ATTACHMENTS�SHALL�BE�STAGGERED�BY�ROW�BETWEEN�THE�ROOF�FRAMING�MEMBERS�AS�NECESSARY.

5. ROOF�MOUNTED�STANDARD�RAIL�REQUIRES�ONE�THERMAL�EXPANSION�GAP�FOR�EVERY�RUN�OF�RAIL�GREATER�THAN�40'.

6. ALL�CONDUCTORS�AND�CONDUITS�ON�THE�ROOF�SHALL�BE��MINIMUM�7/8"�ABOVE�THE�ROOF�SURFACE�(INCLUDING�CABLES�UNDERNEATH�MODULES�AND�RACKING).

7. ALL�SOLAR�PANEL�ARRAY�COMPONENTS�SHALL�BE�INSTALLED�PER�THE�MANUFACTURER'S�APPROVED�INSTALLATION�SPECIFICATIONS.

8. THE�EXISTING�BUILDINGS�STRUCTURE�SHALL�BE�VERIFIED�AS�PROPERLY�CONSTRUCTED�AND�MAINTAINED�IN�GOOD�CONDITION.�NO�ALLOWANCE�HAS�BEEN�MADE�IN�THESE�DRAWINGS�FOR�ANY�EXISTING�DEFICIENCY�IN�DESIGN,�MATERIAL,�

CONSTRUCTION,�OR�LACK�OF�MAINTENANCE�FOR�THE�EXISTING�STRUCTURE�OR�PROPOSED�EQUIPMENT.�THE�CONTRACTOR�SHALL�BE�RESPONSIBLE�FOR�FIELD�VERIFYING�EXISTING�CONDITIONS,�PROPER�FIT,�AND�CLEARANCES�IN�THE�FIELD.

9. WATERPROOFING AROUND�THE�ROOF�PENETRATIONS�IS�THE�RESPONSIBILITY�OF�CONTRACTOR/INSTALLER.

10. MISCELLANEOUS�ITEMS�NOT�EXPLICITLY�LISTED�OR�IDENTIFIED�IN�THESE�DRAWINGS�HAVE�NOT�BEEN�DESIGNED.�IT�IS�RECOMMENDED�THAT�MATERIAL�OF�SUITABLE�SIZE�STRENGTH�TO�BE�OBTAINED�FROM�A�REPUTABLE�MANUFACTURER��

FOR�MISCELLANEOUS�ITEMS.

11. IF�PROJECT�IS�STAMPED�AND�SEALED�BY�AN�ILLUMINE-I�STRUCTURAL�ENGINEER,�SEE�ASSOCIATED�ILLUMINE-I�STRUCTURAL�REPORT�FOR�FULL�COMPREHENSIVE�SCOPE�OF�STRUCTURAL�ENGINEERING�INVESTIGATION�AND�APPROVAL.

12. IF�ANY�CONDITION�THROUGHOUT�THE�ASSOCIATED�REPORT�OR�PERMIT�DRAWINGS�IS�NOT�ALSO�REPRESENTED�ON-SITE,�CONTRACTOR�SHALL�NOTIFY�THE�ENGINEER�OF�RECORD�OF�ANY�DISCREPANCIES�AND�RECEIVE�WRITTEN�APPROVAL��

FROM�THE�ENGINEER�OF�RECORD�BEFORE�PROCEEDING�WITH�INSTALLATION.

13. CONTRACTOR�TO�PROVIDE�MINIMUM�1/4"�GAP�BETWEEN�ALL�SOLAR�PANELS.

ROOF�ACCESS�PATHWAYS�AND�SETBACKS:

1205.2.1 SOLAR�PHOTOVOLTAIC�SYSTEMS�FOR�GROUP�R-3�BUILDINGS:

SOLAR�PHOTOVOLTAIC�SYSTEMS�FOR�GROUP�R-3�BUILDINGS�SHALL COMPLY�WITH�SECTIONS�1205.2.1.1�THROUGH�1205.2.1.3.

EXCEPTIONS:

1. THESE�REQUIREMENTS�SHALL�NOT�APPLY�TO�STRUCTURES�DESIGNED�AND�CONSTRUCTED�IN�ACCORDANCE�WITH�THE�INTERNATIONAL�RESIDENTIAL�CODE.

2. THESE�REQUIREMENTS�SHALL�NOT�APPLY�TO�ROOFS�WITH�SLOPES�OF�2�UNITS�VERTICAL�IN�12�UNITS�HORIZONTAL�(16.7-PERCENT)�OR�LESS.

1205.2.1.1�PATHWAYS�TO�RIDGE:

NOT�FEWER�THAN�TWO�36-INCH-WIDE�(914�MM)�PATHWAYS�ON�SEPARATE�ROOF�PLANES,FROM�LOWEST�ROOF�EDGE�TO�RIDGE,�SHALL�BE�PROVIDED�ON�ALL�BUILDINGS.�NOT�FEWER�THAN�ONE�PATHWAY�SHALL�BE�PROVIDED�ON�THE�STREET�OR�

DRIVEWAY�SIDE�OF�THE�ROOF.�FOR�EACH�ROOF�PLANE�WITH�A�PHOTOVOLTAIC�ARRAY,�NOT�FEWER�THAN�ONE�36-INCH-WIDE�(914�MM)�PATHWAY�FROM�LOWEST�ROOF�EDGE�TO�RIDGE�SHALL�BE�PROVIDED�ON�THE�SAME�ROOF�PLANE�AS�THE�

PHOTOVOLTAIC�ARRAY,�ON�AN�ADJACENT�ROOF�PLANE�OR�STRADDLING�THE�SAME�AND�ADJACENT�ROOF�PLANES

1205.2.1.2�SETBACKS�AT�RIDGE:

FOR�PHOTOVOLTAIC�ARRAYS�OCCUPYING�33�PERCENT�OR�LESS�OF�THE�PLAN�VIEW�TOTAL�ROOF�AREA,

A�SETBACK�OF�NOT�LESS�THAN�18�INCHES�(457�MM)WIDE�IS�REQUIRED�ON�BOTH�SIDES�OF�A�HORIZONTAL�RIDGE.�FOR�PHOTOVOLTAIC�ARRAYS�OCCUPYING�MORE�THAN�33�PERCENT�OF�THE�PLAN�VIEW�TOTAL�ROOF�AREA,�A�SETBACK�OF�NOT�

LESS�THAN�36�INCHES�(457�MM)�WIDE�IS�REQUIRED�ON�BOTH�SIDES�OF�A�HORIZONTAL�RIDGE.

1205.2.1.3�ALTERNATIVE�SETBACKS�AT�RIDGE:

WHERE�AN�AUTOMATIC�SPRINKLER�SYSTEM�IS�INSTALLED�WITHIN�THE�DWELLING�IN�ACCORDANCE�WITH�SECTION�903.3.1.3,�SETBACKS�AT�THE�RIDGE�SHALL�CONFORM�TO�ONE�OF�THE�FOLLOWING:

1. FOR�PHOTOVOLTAIC�ARRAYS�OCCUPYING�66�PERCENT�OR�LESS�OF�THE�PLAN�VIEW�TOTAL�ROOF�AREA,�A�SETBACK�OF�NOT�LESS�THAN�18�INCHES�(457�MM)�WIDE�IS�REQUIRED�ON�BOTH�SIDES�OF�A�HORIZONTAL�RIDGE.

2. FOR�PHOTOVOLTAIC�ARRAYS�OCCUPYING�MORE�THAN�66�PERCENT�OF�THE�PLAN�VIEW�TOTAL�ROOF�AREA,�A�SETBACK�OF�NOT�LESS�THAN�36�INCHES�(914�MM)�WIDE�IS�REQUIRED�ON�BOTH�SIDES�OF�A�HORIZONTAL�RIDGE.

1205.2.2 EMERGENCY�ESCAPE�AND�RESCUE�OPENINGS.�PANELS�AND�MODULES�INSTALLED�ON�GROUP�R-3�BUILDINGS�SHALL�NOT�BE�PLACED�ON�THE�PORTION�OF�A�ROOF�THAT�IS�BELOW�AN�EMERGENCY�ESCAPE�AND�RESCUE�OPENING.�A�

PATHWAY�OF�NOT�LESS�THAN�36�INCHES�(914�MM)�WIDE�SHALL�BE�PROVIDED�TO�THE�EMERGENCY�ESCAPE�AND�RESCUE�OPENING.
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MALA�RAJAMANI�-�10.560kW�DC,�8.376kW�AC
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PHOTOVOLTAIC�ARRAY�ON

THE�ROOF

(E)�UTILITY�METER�(EXTERIOR)

(N)�ENPHASE�IQ�COMBINER�4C�(EXTERIOR)

(N)�AC�DISCONNECT�(EXTERIOR)

(E)�MAIN�SERVICE�PANEL�(INTERIOR)

NOTE:�NO�GATE�AND�FENCE
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ALUMINUM�RAILS

2�X�4�RAFTERS�@

2'-0"SPACING

ARRAY�MP-01

SCALE:3/16"�=�1'-0"

MOUNTING�DETAILS

S.NO AZIMUTH PITCH
NO.�OF

MODULES

ARRAY�AREA

(SQ.�FT.)

ROOF

EXPOSURE

FRAME

SPACING

MAX�RAIL

SPAN
ROOF�TYPE ATTACHMENT FRAME�TYPE

MP-01 45° 0° 24 527.03 TPO�MEMBRANE FLAT�ROOF�ATTACHMENT ATTIC RAFTERS 2'-0"

OVER

HANG

FRAME

SIZE

2�X�4 4'-0" 1'-6"

SITE�INFORMATION

NOTE:�PENETRATIONS�ARE�STAGGERED

4'

2'-2"

4'-5"

6'-3"

14'-10"

3'

1'-6"
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STRUCTURAL�DETAILS

MODULE

END�CLAMPMID�CLAMP
MODULE

IRONRIDGE�XR10�RAIL

GROUNDING�DETAILS

GROUNDING�LUG

IRONRIDGE�INTERNAL�SPLICE

SELF-DRILLING�SCREW

�SCALE:�NTS

RAIL�TO�RAIL

T-BOLT

MID�CLAMP�ASSEMBLY

MODULE

FRAME

MODULE�TO�MODULE�&�MODULE�TO�RAIL

GROUNDING�MID-CLAMP������������������������������������SCALE:�NTS �SCALE:�NTS

IRONRIDGE�XR10�RAIL

DEAD�LOAD�CALCULATIONS

BOM QUANTITY LBS/UNIT

TOTAL

WEIGHT

(LBS)

MODULES 24 50.7 1216.8

MID-CLAMP 40 0.05 2

END-CLAMP 16 0.05 0.8

RAIL�LENGTH 288 0.43 123.84

SPLICE�BAR 16 0.36 5.76

FLAT�ROOF

ATTACHMENT
80 1.2 96

MICROINVERTERS 24 2.43 58.32

TOTAL�WEIGHT�OF�THE�SYSTEM�(LBS) 1503.52

TOTAL�ARRAY�AREA�ON�THE�ROOF�(SQ.�FT.) 527.03

WEIGHT�PER�SQ.�FT.(LBS) 2.85

WEIGHT�PER�PENETRATION�(LBS) 18.79

SCALE:NTS

NOTE:�(2)�5/16"�LAG�SCREWS�SHALL

��BE�ATTACHED�TO�THE�RAFTERS

6"�MAX

ATTACHMENT�DETAIL-IRONRIDGE�FLAT�ROOF�ATTACHMENT

IRONRIDGE�FLAT�ROOF�ATTACHMENT

(E)�ROOF�DECKING

(E)�FLAT�ROOF

MODULE

(E)�FRAMING�SEE�SHEET�S-01
(2)�#15�X�4"�LAG�SCREWS�W/�2.5"�MIN

EMBEDMENT

IRONRIDGE�XR10�RAIL

ROOF�FRAMING�DETAILS

TPO�MEMBRANE�ROOF

2�X�4�RAFTERS

@2'-0"�SPACING

MODULE

LOAD�BEARING�WALL

SCALE:NTS

�(2)�#15�X�4"�LAG�SCREWS�W/�2.5"�MIN�EMBEDMENT

PER�ATTACHMENT

MID-CLAMP�AND�END-CLAMP�ASSEMBLY

MODULE�DATA

CANADIAN�SOLAR�CS6.1-54TM-440H�(440W)

MODULE�DIM 70.9"x44.6"x1.38"

LAG�SCREWS
(2)�#15�X�4"�LAG�SCREWS�W/�2.5"�MIN

EMBEDMENT
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(N)JUNCTION

BOX
DC�CONDUCTORS

AC�CONDUCTORS

MICROINVERTER

(1)�BRANCH�OF�(8)�MICROINVERTERS

(1)�BRANCH�OF�(8)�MICROINVERTERS

(1)�BRANCH�OF�(8)�MICROINVERTERS

(N)(24)CANADIAN�SOLAR�CS6.1-54TM-440H�(440W)�MODULES�WITH

(N)(24)ENPHASE�IQ8AC-72-M-US�(240V)

(3)

(1)

15A

20A

20A

20A

(N)ENPHASE�IQ

COMBINER�4C

ENPHASE�IQ�COMBINER�4C

X-IQ-AM1-240-4C

120/240V�NEMA�3R�INSTALL

����20A�2P�PV�BREAKERS

����15A�2P�BREAKER�FOR�IQ

GATEWAY�(ONLY�FOR

SOLAR,�NO�LOADS�TO�BE

ADDED)

IQ�GATEWAY

60A�FUSE

SQUARE�D�D222NRB

AC�DISCONNECT

FUSED�60A,�NEMA�3R,

120/240V,�2P

(N)60A�AC

DISCONNECT

UTILITY

GRID

EXISTING�120/240V�1PH�60HZ

METER#:DOMINION�ENERGY

298�967�731

M

(E
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0
0
A
�M

A
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B
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(E)225A�END�FED�MAIN
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LINE�SIDE�TAP
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SINGLE�LINE�DIAGRAM

�DC�SYSTEM�SIZE-�10560W,�AC�SYSTEM�SIZE�-�8376W

TAG�ID CONDUIT�SIZE CONDUCTOR NEUTRAL GROUND

1 NONE
(2)�12�AWG�ENPHASE�Q�CABLE�PER

BRANCH�CIRCUIT
NONE (1)�6�AWG�BARE�COPPER

2 �METALLIC�CONDUIT (6)�10�AWG�THHN/THWN-2 NONE (1)�8�AWG�THHN/THWN-2

3 �CONDUIT (2)�6�AWG�THHN/THWN-2 (1)�6�AWG�THHN/THWN-2 (1)�8�AWG�THHN/THWN-2

4 CONDUIT (2)�6�AWG�THHN/THWN-2 (1)�6�AWG�THHN/THWN-2 (1)�6�AWG�THHN/THWN-2

CONDUCTOR�AND�CONDUIT�SCHEDULE

NOTE:

EACH�MICROINVERTER�IS�RAPID�SHUTDOWN�COMPLIANT
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ELECTRICAL�NOTES

ELECTRICAL�CALCULATIONS

�DC�SYSTEM�SIZE-�10560W,�AC�SYSTEM�SIZE�-�8376W

ENPHASE�IQ8AC-72-M-US�(240V)

MICROINVERTER�SPECIFICATIONS

MODEL

POWER�RATING 349W

MAX.�CONTINUOUS�OUTPUT�CURRENT 1.45A

CEC�WEIGHTED�EFFICIENCY 97%

MAX�NO�OF�MICROINVERTERS�/�BRANCH 11

MAX�DC�VOLTAGE 60V

13.93�AMAX�POWER�CURRENT:Imp

14.48�ASHORT�CIRCUIT�CURRENT:Isc

31.6�VMAX�POWER�VOLTAGE:Vmp

38.9�VOPEN�CIRCUIT�VOLTAGE:Voc

440�WMODULE�POWER�@�STC

MODEL

MODULE�SPECIFICATION

CANADIAN�SOLAR

CS6.1-54TM-440H�(440W)

ALLOWABLE�BACKFEED:
MAIN�PANEL�RATING� =�225�A

MAIN�BREAKER�RATING =�200�A

LINE�SIDE�TAP�100%�OF�ALLOWABLE�BACKFEED�� =�200�A

INVERTER�OVERCURRENT�PROTECTION:
INVERTER�OVERCURRENT�PROTECTION =�(MICROINVERTER�O/P�CURRENT�*�#�OF�MICROINVERTERS

���*�CONTINUOUS�LOAD(1.25))

=�(1.45�*�24�*1.25)

=�43.5�A

PV�BREAKER�SIZE�/�FUSE�SIZE =�60�A�≥�43.5�A

TOTAL�REQUIRED�PV�BREAKER�SIZE�/�FUSE�SIZE�=�60�A�PV�BREAKER�/�FUSE�SIZE

OCPD�CALCULATION

WIRE�SIZE�CALCULATIONS

=�72�A

=�43.5�A

=�72�A

=�43.5�A

=�30.72�A

=�14.5�A

=�28.8�A

=�14.5�A

TAG�1:�(AC)

REQUIRED�CONDUCTOR�AMPACITY�(1.45�*�8�*�1.25)

CORRECTED�AMPACITY�CALCULATION�(0.96�*�1�*�30)

14.5A�<�28.8A

TAG�2:�(AC)

REQUIRED�CONDUCTOR�AMPACITY�(1.45�*�8�*�1.25)

CORRECTED�AMPACITY�CALCULATION�(0.96�*�0.8�*�40)�

14.5A�<�30.72A

TAG�3:�(AC)

REQUIRED�CONDUCTOR�AMPACITY�(1.45�*�24�*�1.25)�����

CORRECTED�AMPACITY�CALCULATION�(0.96�*�1�*�75)

�43.5A�<�72A���������������

TAG�4:�(AC)

REQUIRED�CONDUCTOR�AMPACITY�(1.45�*�24�*�1.25)

CORRECTED�AMPACITY�CALCULATION�(0.96�*�1�*�75)

43.5A�<�72A�������������������

AC�WIRE�SIZING�CALCULATIONS�BASED�ON�FOLLOWING�EQUATIONS

REQUIRED�CONDUCTOR�AMPACITY:

�INVERTER�OUTPUT�CURRENT�*�#OF�INVERTERS =�MAX�CURRENT�PER�690.8(A)(1)(e)�*�125%

������������=�MAX�CURRENT�PER�690.8(B)(1)

CORRECTED�AMPACITY�CALCULATIONS:

�DERATED�CONDUCTOR�AMPACITY�PER�690.8(B)(2)�=�AMPACITY�*�TEMPERATURE�DERATE�FACTOR�*

����CONDUIT�FILL�DERATE

�DERATED�CONDUCTOR�AMPACITY�CHECK:�MAX�CURRENT�PER�690.8(B)(1)�<�DERATED�CONDUCTOR�AMPACITY

1. CONDUCTORS�EXPOSED�TO�WET�LOCATIONS�SHALL�BE�SUITABLE

FOR�USE�IN�WET�LOCATIONS�PER�NEC�310.10(C).

2. CONDUCTORS�EXPOSED�TO�SUNLIGHT�SHALL�BE�LISTED�AS

SUNLIGHT�RESISTANT�PER�NEC�310.10(D).

3. MAXIMUM�DC/AC�VOLTAGE�DROP�SHALL�BE�NO�MORE�THAN�2%.

4. ALL�CONDUCTORS�SHALL�BE�IN�CONDUIT�UNLESS�OTHERWISE

NOTED.

5. BREAKER/FUSES�SIZED�ACCORDING�PER�NEC�ARTICLE�240.

6. AC�GROUNDING�ELECTRODE�CONDUCTOR�(GEC)�SIZED�PER�NEC

250.66.

7. EQUIPMENT�GROUNDING�CONDUCTOR�(EGC)�SIZED�PER�NEC

250.122.

8. AMBIENT�TEMPERATURE�ADJUSTMENT�FACTOR�IS�BASED�ON

TABLE�NEC�310.15(B)(1).

9. CURRENT�CARRYING�CONDUCTOR�ADJUSTMENT�FACTOR�IS�BASED

ON�NEC�310.15(C)(1).

10. MAX.�SYSTEM�VOLTAGE�CORRECTION�IS�PER�NEC�690.7.

11. CONDUCTORS�ARE�SIZED�PER�NEC�310.16.
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Loading Summary

Exposure and Occupancy Categories
B
II

Wind Loading:

v 135 mph Over-ridden per client request.  Original data from  Municipality 
provided wind / snow loadings.

qz 27.76 psf

pg 30.00 psf
Ground Snow Load pg  (Over-ridden per client request.  Original 

data from  Municipality provided wind / snow loadings.)
Total Snow Load

ps 20.00      psf

mm ft in
1,800 5.91 70.87
1,134 3.72 44.65
2.0 21.97
kg lb

23.00 50.71

Roof Panel (Cladding) Loading Summary Module Loading Summary
Upward Upward Upward Downward

1 2 3 All
lb -66 -95 -112 158

Positive values indicate net downward force

Exposure Category (ASCE 7-22 Table 26.7.3, Page 274)
Building Use Occupancy / Risk Category (ASCE 7-22 Table 1.5-1, Page 5)

Snow Loading

Velocity qz, calculated at height z [ASD]

Effective snow load on roof and modules

Module Data
Canadian Solar: CS6.1-54TM-440H

Dimensions
Length

Roof Zones
Support Point Loads

Width
Area (m^2, ft^2)

Net load per module

Weight
Module

Loading Summary R iRooFA® Copyright © 2020-2025 Richard Pantel. All Rights Reserved. 2 of 11



Primary Stanchion: IronRidge Flat Roof Attachment - 4 Bolts
StanchionFastener Pull-out and Spacing Calculations

ft 2.00
ea 2
ft 4.00

4
in 0.50

1.10
lb/in 186 lb per inch of embedment
lb 338

Fastener details Material Stainless Size 1/4 Predrill hole 0.12" dia or use self tapping
lb 400
lb 338

1 2 3
lb 66 95 112

Min tot bolt thread embedment depth rq'd in 0.10 0.14 0.17
Net uplift pressure 7. 0.60D - 0.6W psf -8.89 -12.80 -15.08

sf 38.00 26.39 22.40
ft 4.00 4.00 4.00

ft 3.72
ft > 6 > 6 > 6
ft 4.00 4.00 4.00
sf 7.44 7.44 7.44
lb -66 -95 -112

ft 5.91
ft > 6 > 6 6.00
ft 4.00 4.00 4.00
sf 11.81 11.81 11.81
lb -105 -151 -178

Gauge Shank Dia Length W
10 0.134 2.5 54
9 0.148 3 59

1.6

138
189

1 2 3
ea 0.48 0.69 0.81
ea 0.35 0.50 0.59
ea 0.76 1.09 1.29
ea 0.56 0.80 0.94

Stanchion support threaded fastener sizes are indicated in the Module Loading Summary table above.  Lift forces 
were determined from GCp and other coefficients contained in the ASCE nomographs

Safety Factor

Net lift per module

  Maximum module area / support point
  Factored lift per support point

Allowable lift area / support point

Landscape Modules
  Length along rafter

  10D withdrawl force @ 2.5" penetration (lb)

Roof Zones

Pull-out for 1/4 threaded fasteners

Framing spacing

Portrait Modules
  Length along rafter

  # 8D's Req'd / stanchion in Landscape
  # 10D's Req'd / stanchion in Landscape
  # 8D's Req'd / stanchion in Portrait
  # 10D's Req'd / stanchion in Portrait

  AWC 11.3.1 W'=W*Cd*Cm*Ct*Ceg*LD
  Load Duration Factor - Wind

  8D
  10D

Max proposed stanchion span
Rails / Module

Max rail span per support spacing

  Max stanchion EW spacing

  Max stanchion EW spacing

Plywood Nailing Calculations

  8D withdrawl force @ 2" penetration (lb)

  Nail Size

# fasteners per stanchion
Bolt thread embedment depth

Factored max fastener uplift capacity

  Lift calc'ed max stanchion EW spacing

  Maximum module area / support point
  Factored lift per support point

  Lift calc'ed max stanchion EW spacing

Max stanchion uplift capacity
Max support point uplift capacity
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Conclusions

We were asked to review the roof of Mala Rajamani, located at 111A Park Street Northeast, Vienna, VA, by COS, 
to determine its suitability to support a PV solar system installation.

The referenced building's roof structure was field measured by COS on 10/07/2025.  The attached framing 
analyses reflect the results of  those field measurements combined with the PV solar module locations shown on 

the PV solar roof layout design prepared by COS.  Loads are calculated to combine the existing building and 
environmental loads with the proposed new PV array loads.

The IronRidge XR10 Rail racking and IronRidge Flat Roof Attachment - 4 Bolts stanchions were selected for this 
project by COS.  The racking and support stanchions shall be placed as shown on their plans, dated 10/07/2025, 
and shall be fastened to the roof framing using fastener sizes indicated in this report.  Rack support spacing shall 

be no more than that shown above.  Note that support points for alternating rows shall share the same rafter 
cavity.  Intermediate rows shall move the support points laterally to the next rafter cavity.
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Google Location Map

Framing Summary
Ex. Framing Total Ex DL

MP 1: 1.50" x 3.50" member x 20.83' span with a 0° slope @ 24" OC 0.50 psf 2.89 psf
    * Wood species used in these calculations assumes spruce, pine or fir, #2 grade.

Based upon the attached calculations, the existing roof's framing system is capable of supporting the additional 
loading for the proposed PV solar system along with the existing building and environmental loads.  No 

supplemental roof framing structural supports are required.  No further structural alterations or modifications are 
needed to support the system.  Minimum required anchorage fastening is described above.

Fastener notes: 1) Install fasteners with head and where required, washer, flush to material surface (no gap). Do 
not over-torque.  

References and Codes:
1) ASCE 7-22 Minimum Design Loads for Buildings and Other Structures
2) 2021 IBC
3) 2021 Virginia Residential Code
4) American Wood Council, NDS 2018,Table 12.2A, 12.3.3A.  
5) American Wood Council, Wood Structural Design, 1992, Figure 6.
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Roof Structural Calculations for PV Solar Installation Array AR-1
Location: MP 1 Roof shape: Gable
Member: Rafter - Total Length 20.83 ft, Unsupported 0 ft

deg. 1.2
deg. 0.0
ft. 54.71
ft. 21.83
ft. 28.02

Roof Wind Zone Width
use, a = 3.00 ft

Wind Velocity Pressure, q z  evaluated at the height z
q z= 27.76 psf Vasd q z= 16.79 psf  Basic wind pressure
V= 135 mph

Framing Data

2 # Rafters / Rack Support Width
1 4.00 Rack Support Spacing (ft)

in 24.00 48.00 Max. Rack Support Spacing (in) 
ft 20.83 4 Max # of mod's / Rafter

Member * Mem properties based upon field measurements
(1)1.5x3.5 Rafter

1.15
psi 530
psi 1,100 24.00 Collar tie OC spacing, in.

Module Data
kg lb psf load

23.00 50.71 2.31
0.73 1.6 0.07

Units Value Description
psf 0.50
psf 2.39 0.50 in. Plywood w/ TPO, 60-mil (Membrane Only)

* Roof surface: TPO, 60-mil (Membrane Only)
Rack Support Spacing and Loading

ft 4.0
ft 3.7
sf 7.4
in 1.0 0.08 ft

ft 20.83
ft 0.00
ft 0.00

180 Use max delta 1/x for deflection
Rafter segment to calc Free span
Deflection Ratio

Along rafter slope
Area / support point

Maximum member free span

Existing Dead Loads

Rafter below Proposed Co

Ө

L
W
h

White 0.12%

Max Shear parallel to grain

Across rafters

Framing Member

4 Stanchions

Uphill gap between modules

Geometric Data
Angle of roof plane from horizontal, in degrees

Length of roof plane, in feet (meters)
Plan view width of roof plane, in feet (meters)
Average height of roof above grade, in feet (meters)

Rafter / Truss OC

Wood source, moisture content
Wood type

# Framing Members / Support

US Spruce

ω Angle the solar panel makes with the roof surface

Repetitive Member Factor (Cr)

Weight

Member Total Length

Member Properties
Name

Max Shear perp. to grain

Module

Roof Deck & Surface Material*

Member Total Length
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1.00 ft
2.95 ft

ASCE 7-22 Method for Calculating Uplift on PV Modules

Notation
Lp = Panel chord length.
p = uplift wind pressure
γa = Solar panel pressure equalization factor, defined in Fig. 29.4-8.
γE = Array edge factor as defined in Section 29.4.4.
θ = Angle of plane of roof from horizontal, in degrees.

29.4.3 Rooftop Solar Panels for Buildings of All Heights with Flat 
Roofs or Gable or Hip Roofs with Slopes Less Than 7°.

p= qh (GCrn) (lb ⁄ft2) (29.4-5)
(GCrn) = (γp) (γc) (γE) (GCrn)nom (29.4-6)
γp = 0.9
γc = 0.954331

Min.d1: Exposed FALSE
Max.d1: Exposed TRUE Use EXPOSED for uplift calculations

1.5(Lp) = 8.86
γE = 1.5

Zones 1 2 3
p, Windload (psf) -20.08 -26.60 -30.40

Zones 1 2 3 Downward, Zones 1, 2 & 3
GCp -0.98 -2.09 -2.84 GCp 0.27

ASCE 7-22 Chapter 2 Combinations of Loads, Table 2.4, Page 8 (in psf)
1 2 3 1, 2 & 3

Module 
Upward

Module 
Upward

Module 
Upward Downward

2.38 2.38 2.38 2.38
20.00 20.00 20.00 20.00
-20.08 -26.60 -30.40 4.46

2.4 Combining Nominal Loads Using Allowable Stress Design (in psf)
2.4.1 Basic Combinations. Loads listed herein shall be considered to act in the following combinations; whichever 

produces the most unfavorable effect in the building, foundation, or structural member being considered. Effects of one 
or more loads not acting shall be considered.

Upward Upward Upward Downward
Use this loading combination for DOWNWARD for Proposed PV Dead Load

22.38 22.38 22.38 24.39
167 167 167 181
145 145 145 158

Use this loading combination for UPWARD for Proposed PV Dead Load
-8.89 -12.80 -15.08 5.27
-66 -95 -112 39

D = dead load of PV Module + Stanchion

Eave Overhang Length past Rafter Plate

W = wind load = (Vu Windload) = (Vasd Windload / 0.6)

Cr Factored Module Support point load (lb)

Module Support point load (lb)

6. D + 0.75L - 0.75(0.60W) + 0.75(Lr or S or R)

7. 0.60D - 0.6W

S = snow load

Uphill Distance from Eave to Lowest Support

Module Support point load (lb)

2.2 SYMBOLS AND NOTATION

Zones

Combination Formulae
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DOWNWARD
Presume loading directly over member.

Combined Dead and Wind Pressure Downward Loading
Rafter below Proposed Collar Tie  

PV 
Module 

Row

Point load 
loc's from 

Left 
support

Module 
Support 

Point Load
Comment Module 

Orientation

ft from left lb
1 1.95 0 Support outside of max stressed section Landscape
1 5.67 0 Support outside of max stressed section Landscape
2 5.75 0 Support outside of max stressed section Landscape
2 9.47 0 Support outside of max stressed section Landscape
3 9.56 0 Support outside of max stressed section Landscape
3 13.28 0 Support outside of max stressed section Landscape
4 13.36 0 Support outside of max stressed section Landscape
4 17.08 0 Support outside of max stressed section Landscape
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Analysis for PV impacted areas

5. Simple Beam - Exposed Roof Snow Load - Above and Below PV
Units Total Allowed Check

Delta @ mid span in #DIV/0! 0.00 #DIV/0!
M at mid span lb-ft #DIV/0! 1,667 #DIV/0!

Sum Downward Loading Conditions: PV; Beam DL; Exposed Roof 
Environmental Load

Units Total Allowed Check
in #DIV/0! 0.00 #DIV/0!
% #DIV/0! 100% #DIV/0!

lb-ft #DIV/0! 1,667 #DIV/0!
psi #DIV/0! 6,533 #DIV/0!

* Loading includes member self weight & roofing materials.  w loading = wind & snow on exposed areas

Framing section with max stress: Rafter below Proposed Collar Tie

Percent Max Delta
Moment
fs

Delta
Parameter

Parameter

Floor 

-0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

-1 1 3 5 7 9 11 13 15 17 19 21 
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Snow Loading Analysis for MP 1

where:
Fully Exposed Exposure category

Ce = 0.9 Exposure Factor, Ce (ASCE 7-22 Table 7.3-1, Page 61)
Ct = 1.0 Thermal Factor, Ct (ASCE 7-22 Table 7.3-2, Page 61)

I = 1.0 Snow Importance Factor, Is (ASCE 7-22 Table 1.5-2, Page 5)
pg = 30 Ground Snow Load pg  (Over-ridden per client request.  Original data from  Municipalit

Roof slope factor Cs for Warm Roofs, where Ct = 1.0
Roof surface condition = Slippery Roof

Cs = 1.00 Roof Slope Factor, Cs (ASCE 7-22 Table 7.4-1a, Page 62)

Total Snow Load Snow Load to Use
ps = 20.00 psf 20.00 psf
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Snow Loading Analysis

where:
Fully Exposed Exposure category

Ce = 0.9 Exposure Factor, Ce (ASCE 7-22 Table 7.3-1, Page 61)
Ct = 1.0 Thermal Factor, Ct (ASCE 7-22 Table 7.3-2, Page 61)
Is = 1.0 Snow Importance Factor, Is (ASCE 7-22 Table 1.5-2, Page 5)
pg = 30.00 Ground Snow Load pg  (Over-ridden per client request.  Original data from  Municipality 

pf = 0.7CeCtIsPg Flat Roof Snow Load, pf (ASCE 7-22 Table 7.3-1, Page 61)
pf = 18.90 psf

but where Pf is not less than the following:
Minimum Snow Load pm (ASCE 7-22 Table 7.3.4, Page 62)

pm = 20 psf. When Pg > 20 psf, then use Pf = 20 psf x Is

pf = 20.00 psf. Resultant Snow pressure to be used with Roof slope factor below
ps = Cspf Sloped Roof Snow Load ps (ASCE 7-22 Table 7.4, Page 61)

Roof Type Warm Roofs
Roof slope factor Cs for Warm Roofs, where Ct = 1.0

Roof surface condition = Slippery Roof

Cs = 1.00 Roof Slope Factor, Cs (ASCE 7-22 Table 7.4-1a, Page 62)

Total Snow Load

ps = 20.00 psf Roof snow load

Snow Loading iRooFA® Copyright © 2020-2025 Richard Pantel. All Rights Reserved. 11 of 11


