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FOR TOTAL SYSTEM:

PV MODULE MODEL:                              JINKO SOLAR, JKM585N-72HL4-BDV (585 W)

PV MODULE SIZE:                                   89.69" L X 44.65" W X 1.38" D

NUMBER OF MODULES:                         84

PV MODULE PMAX:                                                     585 W

INVERTERS : (1)                                      YASKAWA/ SOLECTRIA

                                                                  PVI-50TL-480

NO. OF STRINGS PER INVERTER         INV #1 (6 STRINGS)

DC TO AC RATIO:                                    .98

NUMBER OF STRINGS:                          6

TOTAL NAMEPLATE SIZE:                     49.1 kW DC

                                                                 50.0 kW AC

NOTE:     PV SYSTEM IS 1000 V DC (MAX.)
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WARNING

DO NOT TOUCH TERMINALS

TERMINALS ON BOTH LINE AND LOAD SIDES

MAY BE ENERGIZED IN THE OPEN POSITION

LABEL 2

THE UTILITY METERING CABINET, EACH INVERTER, EACH DC AND

AC DISCONNECTING MEANS (SWITCHES AND BREAKERS) MUST

BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC

SYSTEM

DISCONNECT

LABEL 1

EACH PV STSTEM DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

LABEL 4

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

WARNING

IF GROUND FAULT IS INDICATED ALL

NORMALLY GROUNDED CONDUCTORS

MAY BE UNGROUNDED AND ENERGIZED

LABEL 3 LABEL 5

INTERACTIVE SYSTEM POINT OF INTERCONNECTION

MUST BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC SYSTEM

AC POINT OF INTERCONNECTION

THIS EQUIPMENT FED BY MULTIPLE

SOURCES. TOTAL RATING OF ALL

OVERCURRENT DEVICE SHALL NOT EXCEED

AMPACITY OF BUSSBAR

WARNING

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT      50kW INV.

                             1000 V

163.2 A

RATED AC OUTPUT CURRENT

NOMINAL OPERATING AC VOLTAGE

60.2 A

480 VAC

LABEL 15

LABEL SIZE 14" x 10". FIELD INSIDE OVAL RED AND OUTSIDE OVAL BLACK .

THIS LABEL TO BE INSTALLED ON BOTH FENCED IN ELECTRICAL SERVICE YARDS.

  USE STAINLESS STEEL HARDWARE.

HIGH VOLTAGE
NO

TRESPASSING

ELECTRIC SHOCK HAZARD ELECTRIC SHOCK HAZARD

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

WARNING

SOURCES UTILITY GRID AND

PV SOLAR ELECTRIC SYSTEM

DUAL POWER SUPPLY

LABEL 8

PHOTOVOLTAIC

SOLAR BREAKER

LABEL 10

LABEL 9

DO NOT RELOCATETHIS

OVERCURRENT DEVICE

LABEL 7

EQUIPMENT BACK FED FROM PHOTOVOLTAIC SYSTEMS

MUST BE LABELED WITH THIS PLACARD INCLUDING BOTH 480 V.

DISCONNECTS AND PRIMARY SWITCH AT SUBSTATION

AC

DISCONNECT

LABEL 11

EACH AC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

DC

 DISCONNECT

LABEL 12

EACH DC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

LABEL 13

CAUTION

PV  OUTPUT CIRCUIT

LABEL 14

CAUTION

INVERTER  OUTPUT CIRCUIT

LABEL 16

CAUTION SOLAR CIRCUIT

LABEL 6

INSTALL MAP PLACARD AS PER UTILITY REQUIREMENTS, SIGNAGE SHALL BE RED BACKGROUND

WITH WHITE ENGRAVED LETTERS:  (CAUTION 

3

4

", POWER TO...(

1

4

"), CALL OUTS (

1

8

")

THIS LABEL TO BE INSTALLED ON BOTH FENCED IN ELECTRICAL SERVICE YARDS.

CAUTION

POWER TO THIS FACILITY IS ALSO SUPPLIED FROM THE FOLLOWING

SOURCES WITH DISCONNECTS AS SHOWN:

SOLAR PV CANOPY

W/ EV CHARGERS

MAIN AC SOLAR DISC-A ON

RACK IN SERVICE YARD

DISC-B ON RACK IN SERVICE YARD

SOLAR PV INVERTER ON RACK IN

SERVICE YARD

NORTH

PANELBOARD-A ON RACK IN

SERVICE YARD

XFMR-A IN SERVICE

YARD

UTILITY METER AND XFMR,

IN SERVICE YARD

NOVA Consultants, Inc.

21580 Novi Road

Suite 300

Novi, MI 48375

Phone: (248) 347-3512

Fax: (248) 347-4152

www.novaconsultants.com

NO. DATE DESCRIPTION APPVD.

REVISED

SHEET NUMBER

DRAWN BY

SHEET SIZE

SCALE

CERTIFICATION

DATE DESCRIPTION APPVD.

ISSUED

PROJECT NUMBER

23-11-1168-PRK

22x34

DESIGNED BY CHECKED BY

1 2 3 4 5

1 2 3 4 5

A

B

C

D

Dwg: J:\PROJECTS\23 projs\23-11-1168 City of Ann Arbor - Solar at City Facilities\Bicentennial Park\Drawings\23111168-PRK-E701.dwg   Date: Jan 10 2025; 10:44AM   User: george kachadoorian

CITY OF ANN ARBOR

SOLAR FACILITIES

2945 E. ELLSWORTH

ANN ARBOR, MI 48108

BICENTENNIAL PARK

50.0 kW AC SOLAR ARRAY

49.1 kW DC SOLAR ARRAY

LABELS AND 

PLACARDS

E701

GAK

11-22-2024
90% REVIEW

1-10-2025
BID REVIEW

 

 

JE

JE



NOVA Consultants, Inc.

21580 Novi Road

Suite 300

Novi, MI 48375

Phone: (248) 347-3512

Fax: (248) 347-4152

www.novaconsultants.com

NO. DATE DESCRIPTION APPVD.

REVISED

SHEET NUMBER

DRAWN BY

SHEET SIZE

SCALE

CERTIFICATION

DATE DESCRIPTION APPVD.

ISSUED

PROJECT NUMBER

23-11-1168-PRK

22x34

DESIGNED BY CHECKED BY

1 2 3 4 5

1 2 3 4 5

A

B

C

D

Dwg: J:\PROJECTS\23 projs\23-11-1168 City of Ann Arbor - Solar at City Facilities\Bicentennial Park\Drawings\23111168-PRK-E702.dwg   Date: Jan 10 2025; 12:45PM   User: george kachadoorian

CITY OF ANN ARBOR

SOLAR FACILITIES

2945 E. ELLSWORTH

ANN ARBOR, MI 48108

BICENTENNIAL PARK

50.0 kW AC SOLAR ARRAY

49.1 kW DC SOLAR ARRAY

ELECTRICAL

SPECIFICATIONS

E702

GAK

11-22-2024
90% REVIEW

1-10-2025
BID REVIEW

1. BASIC ELECTRICAL REQUIREMENTS

A. FURNISH AND INSTALL THE MATERIAL, EQUIPMENT AND SYSTEMS COMPLETE AS SPECIFIED AND/OR INDICATED ON

THE DRAWINGS.

B. COMPLY WITH THE 2023  NATIONAL ELECTRICAL CODE (NEC) AND ALL APPLICABLE MUNICIPAL, STATE, LOCAL CODES.

C. OBTAIN ALL APPLICABLE PERMITS INCLUDING BUILDING AND ELECTRICAL, LICENSES AND INSPECTIONS AS REQUIRED.

D. ALL MATERIALS AND EQUIPMENT SHALL BE LISTED AND LABELED BY UL OR OTHER NATIONALLY RECOGNIZED TESTING

LABORATORY.

E. SUBMIT SHOP DRAWINGS, WIRING DIAGRAMS, SPECIFICATIONS, OPERATING DATA, AND/OR CATALOG CUTS FOR ALL

EQUIPMENT.

F. FOLLOW QUALITY ASSURANCE PROJECT PLAN (QAPP), STARTUP AND COMMISSIONING PROTOCOL.

G. UPON COMPLETION OF THE ELECTRICAL INSTALLATION, THE CONTRACTOR SHALL DELIVER TO NOVA ONE (1)

SET OF PRINTS OF AS-BUILT CONTRACT DRAWINGS SHOWING ALL ADDITIONS AND CHANGES DURING THE

INSTALLATION.   THESE DRAWINGS SHALL BE SUITABLE FOR USE IN PREPARATION OF RECORD DRAWINGS.

2. BASIC ELECTRICAL MATERIALS AND METHODS.

A. RACEWAYS

INSTALL ALL WIRING IN CONDUIT EXCEPT AS OTHERWISE INDICATED. MINIMUM CONDUIT SIZE TO BE ¾”. CONDUIT

SHALL BE RIGID GALVANIZED STEEL ABOVE GROUND AND WHERE USED AS ELBOWS AND STUB-UPS UNDERGROUND.

ELECTRICAL METALLIC TUBING (EMT) MAY BE INSTALLED ABOVE GROUND WHERE NOT SUBJECT TO DAMAGE.

UNDERGROUND CONDUIT SHALL BE SCHEDULE 40 PVC. INSTALL CONDUITS PARALLEL AND PERPENDICULAR TO WALLS

AND OTHER SURFACES. CLEAN, CAP, AND PROVIDE A PULL STRING IN EACH CONDUIT TO BE LEFT EMPTY.

B. BOXES

JUNCTION BOXES AND PULL BOXES SHALL BE STAMPED STEEL OR CAST ALUMINUM, UL LISTED FOR THE APPLICATION.

C. DISCONNECT SWITCHES

UNLESS OTHERWISE INDICATED, DISCONNECT SWITCHES USED INDOORS SHALL HAVE A NEMA 12 ENCLOSURE AND

DISCONNECT SWITCHES USED OUTDOORS SHALL HAVE A NEMA 3R ENCLOSURE. DISCONNECT SWITCHES SHALL BE

PAD LOCKABLE IN THE OPEN POSITION.

D. GROUNDING

PROVIDE GROUNDING OF THE ENTIRE ELECTRICAL SYSTEM IN ACCORDANCE WITH NEC ARTICLE 250.

PROVIDE EQUIPMENT GROUNDING CONDUCTORS IN ALL BRANCH CIRCUITS AND ALL FEEDERS.

GROUNDING CONDUCTORS SHALL BE CLASS B STRANDED COPPER, GREEN INSULATED. TERMINATE EACH END USING

A SUITABLE LISTED CONNECTOR.

BOND PV MODULES AS SHOWN ON THE DRAWINGS. CONNECT BONDING PIGTAILS TO MODULES PER MANUFACTURER'S

INSTRUCTIONS. WHERE USED LUGS SHALL BE UL LISTED FOR DIRECT BURIAL.

GROUNDING ELECTRODES (GROUND RODS) SHALL BE COPPER-CLAD STEEL, MINIMUM 5/8” DIAMETER AND 8 FT. LONG.

BOND TOGETHER METAL STRUCTURES PER NEC 250.110.

E. WIRE AND CABLE

1) WIRE FOR AC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER WIRES,

TYPE THHN/THWN-2 AND RATED 600V.

2) WIRE FOR MEDIUM VOLTAGE SHALL BE 1C-15kV CLASS.

3) WIRE FOR DC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER.  ALL DC

WIRING NOT IN RACEWAY SHALL BE INSULATED TYPE USE-2 OR PV RATED TO 2000V.

4) DC EQUIPMENT GROUNDING CONDUCTOR SHALL BE MINIMUM OF #6 AWG COPPER AND BE MECHANICALLY

ATTACHED TO EACH PV RACKING STRUCTURE UNLESS OTHERWISE NOTED.

5) NO SPLICES SHALL BE MADE EXCEPT WITHIN  BOXES UL LISTED FOR THE PURPOSE.

F. SENSORS AND SENSOR WIRING

1) FURNISH AND INSTALL  PYRANOMETERS, TEMPERATURE SENSORS, ETC. AS REQUIRED AND AS SHOWN ON

DRAWINGS. ALL WIRING USED FOR CONTROLS AND MONITORING SHALL BE APPROVED BY NOVA.

3. DATA AND COMMUNICATIONS SYSTEMS

A. ALL DATA AND COMMUNICATIONS WIRING (INCLUDING CELL MODEMS) SHALL BE COORDINATED WITH THE CITY OF ANN

ARBOR AND INSTALLED BY ELECTRICAL CONTRACTOR OR AS DIRECTED BY NOVA.

4. IDENTIFICATION AND LABELS

A. ALL WIRES SHALL BE LABELED AT EACH END.

B. ALL EQUIPMENT MUST BE LABELED PER NEC ARTICLE 690 AND SHEET E-701.

C. PROVIDE LABEL ON EACH PIECE OF EQUIPMENT, SUCH AS INVERTER, COMBINER BOXES, DISCONNECT SWITCHES,

ETC. THE LABEL SHALL IDENTIFY THE EQUIPMENT BY THE NAME USED ON THE DRAWINGS, SUCH AS INVERTERS,

COMBINER BOXES, DISCONNECT SWITCHES.

5. PV SYSTEM EQUIPMENT

A. PV MODULES:

1) JINKO SOLAR (EAGLE) JKM585N-72HL4-BDV (585W)

a. MAX POWER OUTPUT: Pmax = 585W AT STC

b. VOLTAGE AT MAX POWER: Vmp = 44.02V

c. OPEN CIRCUIT VOLTAGE: Voc = 52.70V

d. CURRENT AT MAX POWER: I mpp = 13.29A

e. SHORT CIRCUIT CURRENT: I sc = 14.01A

2) MODULES PER STRING =  14

3) STRINGS PER INVERTER = 6

4) NUMBER OF STRINGS = 6

5) No. OF MODULES = 84

6) NEG LEAD LENGTH (LANDSCAPE) = 55.12”

7) POS LEAD LENGTH (LANDSCAPE) = 55.12”

B. TOTAL ARRAY:

1) DC NAMEPLATE RATING: (84 x 585) = 49.14 kW

                    C.           RACKING SYSTEM:

1) GENMOUNTS SOLAR RACKING SYSTEM / SINCLAIR DESIGN & ENGINEERING SOLAR CARPORT SYSTEM

2) MODULES TILTED 7 DEGREES

D. INVERTER

1) YASKAWA SOLECTRIA SOLAR PVI-50TL-480

2) NUMBER OF INVERTERS = 1

3) MEETS IEEE-1547, RULE 21, RULE 14 (HI)

4) UL LISTED TO UL-1741, UL-1741 SA, UL-1699B. CSA 2.22

5) NOMINAL INPUT VOLTAGE DC+ TO DC- =  330 TO 1000 VDC RANGE (EACH)

6) MAXIMUM  INPUT VOLTAGE DC+ TO DC- = 1000 VDC (EACH)

7) MAX INPUT CURRENT: 108A

8) NOMINAL OUTPUT VOLTAGE: 277 / 480 VAC

9) CONTINUOUS CURRENT OUTPUT: 60.2A

10) MAX CONTINUOUS OUTPUT POWER: 50kW

6.       INSTALLATION

A.

1) STORE MODULES IN MANUFACTURER'S PACKAGING UNTIL READY TO INSTALL.

2) PREPARE SURFACE AND INSTALL PER MANUFACTURER'S RECOMMENDATIONS.

3) ATTACH MODULE GROUNDING TERMINAL TO GROUNDING SYSTEM PER DRAWINGS.

7.       ELECTRIC VEHICLE CHARGERS (EVC)

A. EVC's:

                                  1)   SEE SHEET E802 FOR EVC SPECIFICATIONS

                                  2)   INSTALL EVC PER MANUFACTURERS INSTALLATION MANUAL
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ONE LINE DIAGRAM SYMBOLS

DISCONNECT SWITCH 

TRANSFORMER

FUSE

GROUND

EV CHARGING STATION

INVERTER

DISCONNECT

METER

COMBINER

MOD

   1

MODULE (ONE - LINE DIAGRAM)

ELECTRICAL ABBREVIATION LIST

DESCRIPTION

ABOVE FINISH FLOOR

ELECTRICAL DETAIL SYMBOLS

~

+
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INVERTER

PANEL BOARD

DISCONNECT

METER

TRANSFORMER 

COPPER CLAD GROUND ROD

COMBINER

SWITCHGEAR

MODULE (PV WIRING PLAN)

SITE, ROOF & FLOOR PLAN SYMBOLS

EV CHARGING STATION

INVERTER

PANEL BOARD

DISCONNECT

METER

TRANSFORMER 
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NOTE: SOME SYMBOLS AND ABBREVIATIONS

SHOWN MAY NOT APPLY TO THIS PROJECT.
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

PV SYSTEM DESCRIPTION

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

SCALE: 1"=20'

0 5' 10' 20' 40'

SOLAR ARRAY ON ROOF

SOLAR ARRAY ON ROOF

3'-4"± H PARAPET WALL

(EXISTING)

EXISTING FALL PROTECTION

RAILING - TO BE EXTENDED

6"± H PARAPET (EXISTING)

UPPER ROOF ACCESS

HATCH (EXISTING)

LOWER ROOF ACCESS

DOOR (EXISTING)

BALLASTED RACKING

SYSTEM, SEE SHEET S-1.0

BY UNIRAC (TYPICAL)

METER (BELOW) IN

PRIMARY SUBSTATION

BALLASTED RACKING

SYSTEM, SEE SHEET S-1.0

BY UNIRAC (TYPICAL)

BALLASTED RACKING

SYSTEM, SEE SHEET S-1.0

BY UNIRAC (TYPICAL)

SHEET KEY NOTES

1. 80 kW AC, 101.5 kW DC - PV ARRAY (INV-1)

2. 30 kW AC, 33.64 kW DC - PV ARRAY (INV-2)

1
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SOLAR ARRAY

ON ROOF (TYP.)

3'-4"± H

PARAPET

WALL

3'-4"± HT.

PARAPET

WALL

FALL PROTECTION

RAILING (TYPICAL)

6"± HEIGHT PARAPET (EXISTING)

UPPER ROOF ACCESS HATCH

LOWER ROOF ACCESS DOOR

SHEET KEY NOTES

1. 80 kW AC, 101.5 kW DC - PV ARRAY (INV-1)

2. 30 kW AC, 33.64 kW DC - PV ARRAY (INV-2)

0 8' 16' 32'

SCALE: 1" = 16'

1
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LEGEND

 1-1
PV STRING DESIGNATION
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INVERTER

PANEL BOARD

DISCONNECT

METER

INVERTER-2

LOWER ROOF

ACCESS DOOR

INVERTER-1

PV SYSTEM DESCRIPTION

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

METER (BELOW) IN

PRIMARY SUBSTATION

CITY HALL: DROP IS MORE THAN 4'-0"

VERTICAL WITH PARAPET LESS THAN 42"

PLUS OR MINUS 3" PER OSHA NO. 1926;

THEREFORE EXISTING FALL PROTECTION

RAILING SHALL BE EXTENDED AS SHOWN

(TYPICAL)

D
R

O
P

D
R

O
P

EXISTING FALL PROTECTION

RAILING (TO REMAIN)

JUSTICE CENTER: PARAPET EQUAL TO 42"

PLUS OR MINUS 3" PER OSHA NO. 1926;

THEREFORE NO ADDITIONAL FALL

PROTECTION AND OR PATHWAY SETBACK

REQUIRED (TYPICAL)

CITY HALL: PERIMETER PATHWAYS PER ICC

CS512.3 (IFC 1204.3); EITHER AXIS LESS THAN

250 FEET.  THEREFORE 4-FOOT PATHWAY

SETBACK IS ALLOWED IN LIEU OF 6-FOOT

SETBACK, EXCEPTION #1 (TYPICAL)

JUSTICE CENTER: PERIMETER PATHWAYS

PER ICC CS512.3 (IFC 1204.3); EITHER AXIS

LESS THAN 250 FEET.  THEREFORE 4-FOOT

PATHWAY SETBACK IS ALLOWED IN LIEU OF

6-FOOT SETBACK, EXCEPTION #1 (TYPICAL)

LINE OF 4'-0" PATHWAY PER ICC

CS512.3 (IFC 1204.3) INTERNATIONAL

SOLAR ENERGY PROVISIONS AND

INTERNATIONAL FIRE CODE (ISEP & IFC)

- TYPICAL

LINE OF 4'-0" PATHWAY PER ICC CS512.3

(IFC 1204.3) INTERNATIONAL SOLAR

ENERGY PROVISIONS AND INTERNATIONAL

FIRE CODE (ISEP & IFC) - TYPICAL

LINE OF 6'-0" WALKING-WORKING

SURFACES, USING OSHA APPROVED

SYSTEM PER 1910.28(b)(13)(ii)  - TYPICAL
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3'-4"± H

PARAPET

WALL

3'-4"± HT.

PARAPET

WALL

6"± HEIGHT PARAPET (EXISTING)

UPPER ROOF ACCESS HATCH

LOWER ROOF ACCESS DOOR

SHEET KEY NOTES

1. DRAIN, CUT TO STUB AND CAP EXISTING HYDRONIC SOLAR LINES AS

REQUIRED AND PER CODE (TYPICAL)

2. REMOVE AND RELOCATE EXISTING FALL PROTECTION AS REQUIRED

0 8' 16' 32'

SCALE: 1" = 16'

1

2

LOWER ROOF

ACCESS DOOR

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

D
R

O
P

D
R

O
P

EXISTING FALL PROTECTION

RAILING (TO REMAIN)

2

2

1

REMOVE EXISTING HYDRONIC SOLAR

MODULES, RACKING AND ROOF CURBS AS

REQUIRED. PATCH AND REPAIR ROOF AREA

TO "LIKE NEW " CONDITION (TYPICAL)

REMOVE EXISTING HYDRONIC SOLAR

LINES AND SUPPORT AS REQUIRED (TYP)

REMOVE EXISTING HYDRONIC SOLAR

MODULES, RACKING AND ROOF CURBS AS

REQUIRED. PATCH AND REPAIR ROOF AREA

TO "LIKE NEW " CONDITION (TYPICAL)

REMOVE EXISTING HYDRONIC SOLAR

LINES AND SUPPORT AS REQUIRED (TYP)

PHOTO 1 - EXISTING CONDITIONS

PHOTO 2 - EXISTING CONDITIONS
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INVERTER

PANEL BOARD

DISCONNECT

METER

TRANSFORMER 

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

PV SYSTEM DESCRIPTION - SUMMARY

SCALE:  1" = 16'-0"

ELECTRICAL PLAN

 

NORTH

SOLAR ARRAY ON ROOF

SOLAR ARRAY

ON ROOF

3'-4"± H

PARAPET

WALL

(EXISTING)

EXISTING FALL

PROTECTION RAILING,

TO BE EXTENDED (TYP)

6"± H PARAPET

(EXISTING)

UPPER ROOF ACCESS HATCH

(EXISTING)

LOWER ROOF ACCESS DOOR

(EXISTING)

0 8' 16' 32'

SCALE: 1" = 16'

NTS

ELECTRICAL RM - JUSTICE CTR PENTHOUSE

EXISTING DTE

METER #10098478

EXISTING DTE

ELECTRICAL

VAULT

POINT OF CONNECTION(P.O.C.)

NTS

ELEC RM - CITY HALL PENTHOUSE

PV SYSTEM DESCRIPTION - SECTION

JUSTICE CENTER : INV-1 (80 kW AC) 175 MODULES WITH 90 OPTIMIZERS

                                                                            DC = 101.5 kW DC

                                                                            INV-1 DC TO AC RATIO = 1.27

CITY HALL : INV-2 (30 kW AC) 58 MODULES WITH 30 OPTIMIZERS

                                                                            DC = 33.64 kW DC

                                                                            INV-2 DC TO AC RATIO = 1.12

FOR TOTAL SYSTEM:

PV MODULE MODEL: JINKO SOLAR, JKM580N-72HL4-BDV

PV MODULE SIZE: 89.69" L X 44.65" W X 1.18" D

NUMBER OF MODULES: 233

PV MODULE PMAX: 580 W

OPTIMIZERS: (120)                                           SOLAR EDGE S1201(DUAL OPTIMIZER)

INVERTERS : (2) 1.  SOLAR EDGE SE80KUS (80 kW)

                                         `                                 2.  SOLAR EDGE SE 30 US (30 kW)

NO. OF STRINGS PER INVERTER: INV #1 (6 STRINGS)

NO. OF STRINGS PER INVERTER: INV #2 (2 STRINGS)

DC TO AC RATIO: 1.23

NUMBER OF STRINGS: 8

TOTAL NAMEPLATE SIZE:  135.14 kW DC

110.0 kW AC

NOTE:     PV SYSTEM IS 1000 V DC (MAX.)

AC WIRING CONDUIT

DC WIRING CONDUIT

1. DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

2. DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

3. SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601.

3

(TYP)

21

3

(TYP)

21

32

(TYP)

32

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

SCALE:  1" = 16'-0"

AC POWER PLAN
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0 8' 16' 32'

SCALE: 1" = 16'
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ELECTRICAL RM - JUSTICE CTR PENTHOUSE

EXISTING DTE

METER #10098478
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ELECTRICAL

VAULT
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ELEC RM - CITY HALL PENTHOUSE

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

 1-1
PV STRING DESIGNATION
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INVERTER

PANEL BOARD

DISCONNECT

METER

TRANSFORMER 

POINT OF CONNECTION(P.O.C.)

AC WIRING CONDUIT

2

(TYP)

2

1. 135.14 kW DC SOLAR ARRAY [101.5 kW DC (J.C.) + 33.64 kW DC (C.H.)]

2. SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601.

1

(TYP)
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

SCALE:  1" = 16'-0"

DC POWER PLAN
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0 8' 16' 32'

SCALE: 1" = 16'

NTS
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1. DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

2. DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

3. SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601.
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SHEET GENERAL NOTES

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT

MICHIGAN ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE

(NEC), 2015 MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL

FIRE CODE, AND ALL APPLICABLE LOCAL CODES AND STANDARDS..

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. CONDUIT FILL TO BE LESS THAN 40%.

4. CONTRACTOR TO VERIFY THAT MODULES ARE COMPATABLE WITH

RACKING SYSTEM FOR ADEQUATE BONDING AND GROUNDING.

5. CONTRACTOR TO VERIFY WITH RACKING MANUFACTURER THE

NUMBER OF GROUNDING LUGS REQUIRED. 1 LUG PER.

CONTINUOUS ARRAY, NOT TO EXCEED 150' x 150'.

6. SOLAR PV WIRING METHODS AND WIRING SYSTEMS TO BE
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690, PARTS IV AND V.

7.     SEE SHEET E501 FOR GROUNDING DETAILS
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2. RACK TO RACK GROUNDING BARE #6 CU. RACK TO INVERTER

GROUNDING USE GREEN USE-2 #6 CU

SHEET KEY NOTES

1

2

1

2

1

2

1

2

1

1

1

2

2 1

2

2

2

2

2



~

+

-

~

+

-

CITY HALL (C.H.)

JUSTICE CENTER (J.C.)

M

STRING 1-6

+ (POS.)

- (NEG.)

STRING 1-6

- (NEG.)

STRING 1-5

STRING 1-5

+ (POS.)

- (NEG.)

STRING 1-4

STRING 1-4

+ (POS.)

- (NEG.)

STRING 1-3

STRING 1-3

+ (POS.)

STRING

1-2

+ (POS.)

- (NEG.)

STRING

1-2

STRING

1-1

+ (POS.)

- (NEG.)

STRING

1-1

- (NEG.)

STRING 2-1

STRING 2-1

+ (POS.)

- (NEG.)

STRING 2-2

STRING 2-2

+ (POS.)

INV-1

INV-2

(+)

MC4

CONNECTOR

(TYPICAL)

(-)

-

+

-

+

SOLAREDGE S1201 OPTIMZER WITH

RAPID SYSTEM SHUTDOWN CAPACITY

MOUNTED TO RACKING PER

MANUFACTURERS SPECIFICATIONS

(+)

MC4 CONNECTOR

(TYPICAL)

(-)

-

+

-

+

SOLAREDGE S1201 OPTIMZER WITH

RAPID SYSTEM SHUTDOWN CAPACITY

MOUNTED TO RACKING PER

MANUFACTURERS SPECIFICATIONS

(+) (-)

SOLAREDGE S1201 OPTIMZER WITH RAPID SYSTEM

SHUTDOWN CAPACITY MOUNTED TO RACKING PER

MANUFACTURERS SPECIFICATIONS

MC4 CONNECTOR

(TYPICAL)

-

+

-

+

SHEET GENERAL NOTES

LEGEND

NOVA Consultants, Inc.

21580 Novi Road

Suite 300

Novi, MI 48375

Phone: (248) 347-3512

Fax: (248) 347-4152

www.novaconsultants.com

NO. DATE DESCRIPTION APPVD.

REVISED

SHEET NUMBER

DRAWN BY

SHEET SIZE

SCALE

CERTIFICATION

DATE DESCRIPTION APPVD.

ISSUED

PROJECT NUMBER

23-11-1168-CH

22x34

DESIGNED BY CHECKED BY

1 2 3 4 5

1 2 3 4 5

A

B

C

D

Dwg: J:\PROJECTS\23 projs\23-11-1168 City of Ann Arbor - Solar at City Facilities\City Hall\Drawings\23111168-CH-E105.dwg   Date: Jan 27 2025; 3:32PM   User: george kachadoorian

301 E. HURON STREET

ANN ARBOR, MI 48104

CITY OF ANN ARBOR

SOLAR FACILITIES

110 kW AC SOLAR ARRAY

135 kW DC SOLAR ARRAY

CITY HALL &

JUSTICE CENTER

 

PV WIRING

PLAN

RGM

JE

E105

AS NOTED

RGM, GAK

6-29-2024
BID REVIEW

 1-27-2025
 ADDENDUM-2

INVERTER #

 1-1

STRING #

PV STRING DESIGNATION

~

+

-

M

D

INVERTER

DISCONNECT

METER

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

4.    PANEL MODULE PAIRS ARE WIRED IN SERIAL. POSITIVE OF FIRST

PANEL TO NEGATIVE OF SECOND PANEL WITH REMAINING PANEL

FEEDS CONNECTED TO S1201 OPTIMIZERS.
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PV SYSTEM DESCRIPTION - ANALYSIS

JUSTICE CENTER : INV-1 (80 kW AC) 175 MODULES WITH 90 OPTIMIZERS

                                                                            DC = 101.5 kW DC

                                                                            INV-1 DC TO AC RATIO = 1.27

CITY HALL : INV-2 (30 kW AC) 58 MODULES WITH 30 OPTIMIZERS

                                                                            DC = 33.64 kW DC

                                                                            INV-2 DC TO AC RATIO = 1.12

SHEET KEY NOTES

1. DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

2. DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

3. SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601.
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SHEET GENERAL NOTES

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE, AND

ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. FIELD ADJUST THE ARRAY LAYOUT BASED SITE OBSTRUCTIONS

IF NECESSARY.

3. SITE PLAN BASED ON INFORMATION PROVIDED BY OWNER.

SCALE: 3/8" = 1'-0"

ELEVATION - ELECTRICAL SERVICE WALL AT CITY HALL

 

2

E401

SCALE: 3/8" = 1'-0"

ELEVATION - ELECTRICAL SERVICE WALL AT JUSTICE CENTER
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SHEET GENERAL NOTES

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT

MICHIGAN ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE

(NEC), 2015 MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL

FIRE CODE, AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. CONDUIT FILL TO BE LESS THAN 40%.
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FOR TOTAL SYSTEM:

PV MODULE MODEL: JINKO SOLAR (EAGLE), JKM580N-72HL4-BDV

PV MODULE SIZE: 89.69" L X 44.65" W X 1.18" D

NUMBER OF MODULES: 233

PV MODULE PMAX: 580 W

OPTIMIZERS: (120)                                           SOLAR EDGE S1201(DUAL OPTIMIZER)

INVERTERS : (2) 1.  SOLAR EDGE SE80KUS (80 kW)

                                         `                                 2.  SOLAR EDGE SE30KUS (30 kW)

NO. OF STRINGS PER INVERTER: INV #1 (6 STRINGS)

NO. OF STRINGS PER INVERTER: INV #2 (2 STRINGS)

DC TO AC RATIO: 1.23

NUMBER OF STRINGS: 8

TOTAL NAMEPLATE SIZE:  135.14 kW DC

110.0 kW AC

NOTE:     PV SYSTEM IS 1000 V DC (MAX.)

NO SCALE

ONE LINE DIAGRAM

 A1

INVERTER #

 1-1

STRING #

DISCONNECT SWITCH 

TRANSFORMER

FUSE

GROUND

PV STRING DESIGNATION

1

1

2

5

4

1

2

4

3

3

3 3

4

4

6

POINT OF CONNECTION(P.O.C.)

PV SYSTEM DESCRIPTION - SECTION

JUSTICE CENTER : INV-1 (80 kW AC) 175 MODULES W/ 90 OPTIMIZERS (101.5 kW DC)

                                                                            DC TO AC RATIO = 1.27

CITY HALL : INV-2 (30 kW AC) 58 MODULES W/ 30 OPTIMIZERS (33.64 kW DC)

                                                                            DC TO AC RATIO = 1.12

1

1

1

2

2

2



WARNING

DO NOT TOUCH TERMINALS

TERMINALS ON BOTH LINE AND LOAD SIDES

MAY BE ENERGIZED IN THE OPEN POSITION

LABEL 2

THE UTILITY METERING CABINET, EACH INVERTER, EACH DC AND

AC DISCONNECTING MEANS (SWITCHES AND BREAKERS) MUST

BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC

SYSTEM

DISCONNECT

LABEL 1

EACH PV STSTEM DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

LABEL 4A

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

WARNING

IF GROUND FAULT IS INDICATED ALL

NORMALLY GROUNDED CONDUCTORS

MAY BE UNGROUNDED AND ENERGIZED

LABEL 3

LABEL 6

INSTALL MAP PLACARD AS PER UTILITY REQUIREMENTS, SIGNAGE SHALL BE RED BACKGROUND

WITH WHITE ENGRAVED LETTERS:  (CAUTION 

3

4

", POWER TO...(

1

4

"), CALL OUTS (

1

8

")

THIS LABEL TO BE INSTALLED ON DISCONNECT DISC-MAIN(S).

CAUTION

POWER TO THIS FACILITY IS ALSO SUPPLIED FROM THE FOLLOWING

SOURCES WITH DISCONNECTS AS SHOWN:

NORTH

LABEL 5B

INTERACTIVE SYSTEM POINT OF INTERCONNECTION (DP4)

MUST BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC SYSTEM

AC POINT OF INTERCONNECTION

THIS EQUIPMENT FED BY MULTIPLE

SOURCES. TOTAL RATING OF ALL

OVERCURRENT DEVICE SHALL NOT EXCEED

AMPACITY OF BUSSBAR

WARNING

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT      80kW INV-1

                             1000 V

96.5 A

RATED AC OUTPUT CURRENT

NOMINAL OPERATING AC VOLTAGE

36.5 A

480 VAC

ELECTRIC SHOCK HAZARD ELECTRIC SHOCK HAZARD

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

WARNING

SOURCES UTILITY GRID AND

PV SOLAR ELECTRIC SYSTEM

DUAL POWER SUPPLY

LABEL 8

PHOTOVOLTAIC

SOLAR BREAKER

LABEL 10

LABEL 9

DO NOT RELOCATETHIS

OVERCURRENT DEVICE

LABEL 7

EQUIPMENT BACK FED FROM PHOTOVOLTAIC SYSTEMS

MUST BE LABELED WITH THIS PLACARD INCLUDING BOTH 480 V.

DISCONNECTS AND PRIMARY SWITCH AT SUBSTATION

PHOTOVOLTAIC

SYSTEM

kWH METER

LABEL 11

AC

DISCONNECT

LABEL 12

EACH AC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

DC

 DISCONNECT

LABEL 13

EACH DC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

LABEL 14

CAUTION

PV  OUTPUT CIRCUIT

LABEL 15

CAUTION

INVERTER  OUTPUT CIRCUIT

PHOTOVOLTAIC

SYSTEM

EQUIPPED WITH

RAPID SHUTDOWN

LABEL 16

DC

PHOTOVOLTAIC

SOURCE CIRCUIT

LABEL 17

LABEL 19

CAUTION SOLAR CIRCUIT

INVERTER AND P.O.I.

LABEL 4B

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT      30kW INV-2

                             1000 V

45 A

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

PRIMARY SUBSTATION WITH METER

LOCATED IN FIRST FLOOR ELECTRICAL

ROOM (BELOW)

INV-2 SERVICE RACK AND DISCONNECT

ON CITY HALL PENTHOUSE WALL

CITY HALL - SOLAR PV ARRAY ON ROOF

(INV-2)

JUSTICE CENTER - SOLAR PV ARRAY ON

ROOF (INV-1)

ROOF HATCH FOR PENTHOUSE

INV-1 SERVICE RACK AND DISCONNECT

ON JUSTICE CENTER PENTHOUSE WALL

CITY HALL

JUSTICE CENTER

LABEL 5A

INTERACTIVE SYSTEM POINT OF INTERCONNECTION (DHN6P)

MUST BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC SYSTEM

AC POINT OF INTERCONNECTION

RATED AC OUTPUT CURRENT

NOMINAL OPERATING AC VOLTAGE

96.5 A

480 VAC

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

80kW INV-1 30kW INV-2
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1. BASIC ELECTRICAL REQUIREMENTS

A. FURNISH AND INSTALL THE MATERIAL, EQUIPMENT AND SYSTEMS COMPLETE AS SPECIFIED AND/OR INDICATED ON

THE DRAWINGS.

B. COMPLY WITH THE 2023  NATIONAL ELECTRICAL CODE (NEC) AND ALL APPLICABLE MUNICIPAL, STATE, LOCAL CODES.

C. OBTAIN ALL APPLICABLE PERMITS INCLUDING BUILDING AND ELECTRICAL, LICENSES AND INSPECTIONS AS REQUIRED.

D. ALL MATERIALS AND EQUIPMENT SHALL BE LISTED AND LABELED BY UL OR OTHER NATIONALLY RECOGNIZED TESTING

LABORATORY.

E. SUBMIT SHOP DRAWINGS, WIRING DIAGRAMS, SPECIFICATIONS, OPERATING DATA, AND/OR CATALOG CUTS FOR ALL

EQUIPMENT.

F. FOLLOW QUALITY ASSURANCE PROJECT PLAN (QAPP), STARTUP AND COMMISSIONING PROTOCOL.

G. UPON COMPLETION OF THE ELECTRICAL INSTALLATION, THE CONTRACTOR SHALL DELIVER TO NOVA ONE (1)

SET OF PRINTS OF AS-BUILT CONTRACT DRAWINGS SHOWING ALL ADDITIONS AND CHANGES DURING THE

INSTALLATION.   THESE DRAWINGS SHALL BE SUITABLE FOR USE IN PREPARATION OF RECORD DRAWINGS.

2. BASIC ELECTRICAL MATERIALS AND METHODS.

A. RACEWAYS

INSTALL ALL WIRING IN CONDUIT EXCEPT AS OTHERWISE INDICATED. MINIMUM CONDUIT SIZE TO BE ¾”. CONDUIT

SHALL BE RIGID GALVANIZED STEEL ABOVE GROUND AND WHERE USED AS ELBOWS AND STUB-UPS UNDERGROUND.

ELECTRICAL METALLIC TUBING (EMT) MAY BE INSTALLED ABOVE GROUND WHERE NOT SUBJECT TO DAMAGE.

UNDERGROUND CONDUIT SHALL BE SCHEDULE 40 PVC. INSTALL CONDUITS PARALLEL AND PERPENDICULAR TO WALLS

AND OTHER SURFACES. CLEAN, CAP, AND PROVIDE A PULL STRING IN EACH CONDUIT TO BE LEFT EMPTY.

B. BOXES

JUNCTION BOXES AND PULL BOXES SHALL BE STAMPED STEEL OR CAST ALUMINUM, UL LISTED FOR THE APPLICATION.

C. DISCONNECT SWITCHES

UNLESS OTHERWISE INDICATED, DISCONNECT SWITCHES USED INDOORS SHALL HAVE A NEMA 12 ENCLOSURE AND

DISCONNECT SWITCHES USED OUTDOORS SHALL HAVE A NEMA 3R ENCLOSURE. DISCONNECT SWITCHES SHALL BE

PAD LOCKABLE IN THE OPEN POSITION.

D. GROUNDING

PROVIDE GROUNDING OF THE ENTIRE ELECTRICAL SYSTEM IN ACCORDANCE WITH NEC ARTICLE 250.

PROVIDE EQUIPMENT GROUNDING CONDUCTORS IN ALL BRANCH CIRCUITS AND ALL FEEDERS.

GROUNDING CONDUCTORS SHALL BE CLASS B STRANDED COPPER, GREEN INSULATED. TERMINATE EACH END USING

A SUITABLE LISTED CONNECTOR.

BOND PV MODULES AS SHOWN ON THE DRAWINGS. CONNECT BONDING PIGTAILS TO MODULES PER MANUFACTURER'S

INSTRUCTIONS. WHERE USED LUGS SHALL BE UL LISTED FOR DIRECT BURIAL.

GROUNDING ELECTRODES (GROUND RODS) SHALL BE COPPER-CLAD STEEL, MINIMUM 5/8” DIAMETER AND 8 FT. LONG.

BOND TOGETHER METAL STRUCTURES PER NEC 250.110.

E. WIRE AND CABLE

1) WIRE FOR AC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER WIRES,

TYPE THHN/THWN-2 AND RATED 600V.

2) WIRE FOR MEDIUM VOLTAGE SHALL BE 1C-15kV CLASS.

3) WIRE FOR DC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER.  ALL DC

WIRING NOT IN RACEWAY SHALL BE INSULATED TYPE USE-2 OR PV RATED TO 2000V.

4) DC EQUIPMENT GROUNDING CONDUCTOR SHALL BE MINIMUM OF #6 AWG COPPER AND BE MECHANICALLY

ATTACHED TO EACH PV RACKING STRUCTURE UNLESS OTHERWISE NOTED.

5) NO SPLICES SHALL BE MADE EXCEPT WITHIN  BOXES UL LISTED FOR THE PURPOSE.

F. SENSORS AND SENSOR WIRING

1) FURNISH AND INSTALL  PYRANOMETERS, TEMPERATURE SENSORS, ETC. AS REQUIRED AND AS SHOWN ON

DRAWINGS. ALL WIRING USED FOR CONTROLS AND MONITORING SHALL BE APPROVED BY NOVA.

3. DATA AND COMMUNICATIONS SYSTEMS

A. ALL DATA AND COMMUNICATIONS WIRING (INCLUDING CELL MODEMS) SHALL BE COORDINATED WITH THE CITY OF ANN

ARBOR AND INSTALLED BY ELECTRICAL CONTRACTOR OR AS DIRECTED BY NOVA.

4. IDENTIFICATION AND LABELS

A. ALL WIRES SHALL BE LABELED AT EACH END.

B. ALL EQUIPMENT MUST BE LABELED PER NEC ARTICLE 690 AND SHEET E-701.

C. PROVIDE LABEL ON EACH PIECE OF EQUIPMENT, SUCH AS INVERTER, COMBINER BOXES, DISCONNECT SWITCHES,

ETC. THE LABEL SHALL IDENTIFY THE EQUIPMENT BY THE NAME USED ON THE DRAWINGS, SUCH AS INVERTERS,

COMBINER BOXES, DISCONNECT SWITCHES.

5. PV SYSTEM EQUIPMENT

A. PV MODULES:

1) JINKO SOLAR (EAGLE) JKM580N-72HL4-BDV (580W)

a. MAX POWER OUTPUT: Pmax = 580W AT STC

b. VOLTAGE AT MAX POWER: Vmp = 42.59V

c. OPEN CIRCUIT VOLTAGE: Voc = 51.47V

d. CURRENT AT MAX POWER: I mpp = 13.62A

e. SHORT CIRCUIT CURRENT: I sc = 14.37A

2) MODULES PER STRING =  29 (TYPICAL), EXCEPTION STRING 1-1 = 30 MODULES

3) STRINGS PER INVERTER = 6 (INV. #1) / 2 (INV. #2)

4) NUMBER OF STRINGS = 8

5) No. OF MODULES = 233

6) NEG LEAD LENGTH (LANDSCAPE) = 55.12”

7) POS LEAD LENGTH (LANDSCAPE) = 55.12”

B. POWER OPTIMIZER

1) SOLAREDGE S1201 (DUAL OPTIMIZER)

2) INPUT WIRE LENGTH IN FEET

INPUT 1 OUTPUT

5.25'       (+)  17.38'  (-) 0.32'

3) RATED INPUT DC POWER = 1200W

4) USE WITH 2 MODULES CONNECTED IN PARALLEL

5) PHOTOVOLTAIC RAPID SHUTDOWN SYSTEM, COMPLIANT WITH NEC 2014, 2017, 2023

C. TOTAL ARRAY:

1) DC NAMEPLATE RATING: (233 x 580) = 135.14 kW

D. RACKING SYSTEM:

1) UNIRAC'S ECOLIBRIUM SOLAR, ECOFOOT2+ WITH BALLAST

2) MODULES TILTED 10 DEGREES

E. INVERTER

1) SOLAREDGE SE 80K US / SE 30K US

2) NUMBER OF INVERTERS = 1 / 1

3) MEETS IEEE-1547, RULE 21, RULE 14 (HI)

4) UL LISTED TO UL-1741, UL-1741 SA, UL-1699B. CSA 2.22

5) NOMINAL INPUT VOLTAGE DC+ TO DC- =  850 VDC (INV-1) / 850 VDC (INV-2)

6) MAXIMUM  INPUT VOLTAGE DC+ TO DC- = 1000 VDC (EACH)

7) MAX INPUT CURRENT: 96.5A (INV-1) / 36.25A (INV-2)

8) NOMINAL OUTPUT VOLTAGE: 277/480 VAC

9) CONTINUOUS CURRENT OUTPUT: 96.5A (INV-1) / 36.25A (INV-2)

10) MAX CONTINUOUS OUTPUT POWER: 80kW (INV-1) / 30kW (INV-2)

5. INSTALLATION

A.

1) STORE MODULES IN MANUFACTURER'S PACKAGING UNTIL READY TO INSTALL.

2) PREPARE SURFACE AND INSTALL PER MANUFACTURER'S RECOMMENDATIONS.

3) ATTACH MODULE GROUNDING TERMINAL TO GROUNDING SYSTEM PER DRAWINGS.
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1.8744.17 18.90

6.53

2.27

8.41°

44.65

JINKO SOLAR JKM580N-72HL4-BDV 580W
ECOFOOT2+ LANDSCAPE ELEVATION/ISO VIEWS
SCALE: NTS UNITS: INCHES

251'-81
2"

109'-9"

33'-101
2"

43'-6"

2 4 4 3 3 3 3 3 4 4 2

3 3 3 3 2 2 2 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3
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3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1

1 1

1 2 2 1 1 1 1 2 2 1

BOM and AVG PSF Array 1
ITEM QTY UNIT WEIGHT TOTAL WEIGHT

ECOFOOT 2+ 94 5 470
WIND DEFLECTORS K 59 6 354

BALLAST BLOCKS 250 32 8000
PANELS 59 68.34 4032.06000

1-MOD ATTACHMENT 3 9.6 28.80000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 12884.86000
ARRAY AREA(sft) 2503.02

AVG PSF 5.14773

BOM and AVG PSF Array 2
ITEM QTY UNIT WEIGHT TOTAL WEIGHT

ECOFOOT 2+ 172 5 860
WIND DEFLECTORS K 102 6 612

BALLAST BLOCKS 459 32 14688
PANELS 102 68.34 6970.68000

1-MOD ATTACHMENT 4 9.6 38.40000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 23169.08000
ARRAY AREA(sft) 4416.51

AVG PSF 5.24602

4 2 4 3 3 3 4 4 2

3 3 3 3 3 3 2 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3
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3 2 3

3 2 3
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3 3 3

11 1 1 1

1 1 1 1

1 1 1 1 1 2 2 2 2 2

1

1 1

2

2

2

1

2 2

14'-11
2"

56'

7'-81
2"

6'-7"

8'-7"

14'

6'-31
2"

4' FIRE SETBACK

ROOF HEIGHT 70'
PARAPET 12"

ROOF HEIGHT 60'
PARAPET 42"

5 6 3

3 3 3

3 3 3 3

3 3 3 3

3 3 3 3

3 3 3 3

3 3 3 3

2 2 2 2

2 3 2

3 2 3

1 3 2 2

2 2 3

2 2 2

BOM and AVG PSF Array 1
ITEM QTY UNIT WEIGHT TOTAL WEIGHT

ECOFOOT 2+ 47 5 235
WIND DEFLECTORS K 14 6 84

BALLAST BLOCKS 128 32 4096
PANELS 14 68.34 956.76000

1-MOD ATTACHMENT 3 9.6 28.80000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 5400.56000
ARRAY AREA(sft) 659.99

AVG PSF 8.18279
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-BALLAST BLOCK: 16"x8"x4" @ 32 LBS

ECOFOOT 2+ (BLOCK PER E2+):

PRODUCED FOR:

JUSTICE CENTER 301 E 
HURON ST
ANN ARBOR, MI 48104 48104

PROJECT NAME:

NOVA CONSULTANTS INC

ARRAY OF GREATEST AVERAGE PSF = 8.18

= BASE WITH NO OF BLOCKS

 BASIC WIND SPEED (MPH) 120

 EXPOSURE CATEGORY B

 GROUND SNOW LOAD (PSF) 20

 OCCUPANCY CATEGORY IV

 SEISMIC (Ss) 0.094

 ROOF HEIGHT (FT) VARIES

 PARAPET HEIGHT (IN) VARIES

 SETBACK TYP. (IN) 48

 ROOF SLOPE (DEG) 1.20

 ROOFING TYPE TPO

 ASCE7 VERSION 2010

 BUILDING CODE IBC 2015

SG

-PV MODULE SPECS (W): 580

-PV MODULE QUANTITY: 175

-SYSTEM POWER RATING (STC KWDC): 101.5

-ORIENTATION/TILT (DEGREE): LANDSCAPE/8.41°

1411 BROADWAY BOULEVARD NE
ALBUQUERQUE, NEW MEXICO, USA, 87102

WWW.UNIRAC.COM

DRAWING INDICATES PLACEMENT OF EQUIPMENT AND BALLAST. PLEASE REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS. INSTALLER IS RESPONSIBLE FOR VERIFICATION OF SITE AND PROJECT SPECIFICS. DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.

BILL OF MATERIALS
PART NO NAME QTY

ES20207 ECOFOOT2+ 313

ES10466 UNIVERSAL CLAMP KIT 273

ES20311K WIND DEFLECTOR 175

ES10970 ECOFOOT MLPE BRACKET 175

ES10378 38" BONDING JUMPER 41

ES11203 MID-SUPPORT KIT 175

310999 10

ES10843 ROOF TO STRUT 10

ES10844 STRUT TO MODULE 10

ES20501 1 5/8” X 1 5/8” 12 GAUGE STRUT (10') 5

USER
SUPPLIED

32 LBS BALLAST BLOCK
(SOURCED LOCALLY OR SUPPLIED BY
OTHERS)

837

008009P ILSCO LAY IN LLUG 3

FLASHLOC RM

= 1 MODULE ATTACHMENT

N
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89.69

.50

1.8744.17 18.90

6.53

2.27

8.41°

44.65

JINKO JKM 580N-72HL4-BDV 580W
ECOFOOT2+ LANDSCAPE ELEVATION/ISO VIEWS
SCALE: NTS UNITS: INCHES

103'-31
2"

29'-41
2"

28'-2"

117'-91
2"

6 6 6 6 5 6 6 4

3 3 3 3 3 3 3 3 3

4 3 3 3 3 3

3 3 3 3 3 3

3 3 3 3 3

3 2 3 2 3 3 2 2 2 2 3 2

2 2 2 3 1 2

2 2 2 2 2 2

2 2

BOM and AVG PSF
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 13 5 65

WIND DEFLECTORS K 6 6 36
BALLAST BLOCKS 0 32 0

PANELS 6 68.34 410.04000
1-MOD ATTACHMENT 6 9.6 57.60000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 568.64000
ARRAY AREA(sft) 293.74

AVG PSF 1.93586

BOM and AVG PSF
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 63 5 315

WIND DEFLECTORS K 20 6 120
BALLAST BLOCKS 186 32 5952

PANELS 20 68.34 1366.80000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 7773.00000
ARRAY AREA(sft) 939.73

AVG PSF 8.27152

BOM and AVG PSF
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 8 5 40

WIND DEFLECTORS K 3 6 18
BALLAST BLOCKS 0 32 0

PANELS 3 68.34 205.02000
1-MOD ATTACHMENT 3 9.6 28.80000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 291.82000
ARRAY AREA(sft) 163.87

AVG PSF 1.78080

4 6 6 6 6 6 4

3 3 3 3 3 3 3 5 5

3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 6 3 3

3 3 3 3 3 3 3 3 3 3

2 2 2 2 2 2

2 2 2

2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 3

BOM and AVG PSF
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 71 5 355

WIND DEFLECTORS K 29 6 174
BALLAST BLOCKS 212 32 6784

PANELS 29 68.34 1981.86000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 9314.06000
ARRAY AREA(sft) 1305.96

AVG PSF 7.13196

22

4'-11" 4'-1"

1

11'-9"

7'-41
2"

3'-10"

11'-2"

6'-10"

4' FIRE SETBACK

ROOF HEIGHT: 80FT

ROOF HEIGHT: 100FT

NO. REVISION BY DATE
0 INITIAL RELEASE PK 2024-6-4

Scale

Date

Sheet

MODULE NOTES

S-1.0CUSTOM

2024-06-05

SITE NOTES

BALLAST NOTES

Drawn By:

-BALLAST BLOCK: 16"x8"x4" @ 32 LBS

ECOFOOT 2+ (BLOCK PER E2+):

PRODUCED FOR:

                 CITY HALL

301 EAST HURON STREET
ANN ARBOR, MI 48104

PROJECT NAME:

NOVA CONSULTANTS INC

ARRAY OF GREATEST AVERAGE PSF = 8.27

= BASE WITH BLOCK COUNT

= 1 MODULE / SEISMIC ATTACHMENT

 BASIC WIND SPEED (MPH) 120

 EXPOSURE CATEGORY B

 GROUND SNOW LOAD (PSF) 20

 OCCUPANCY CATEGORY IV

 SEISMIC (Ss) 0.094

 ROOF HEIGHT (FT) VARIES

 PARAPET HEIGHT (IN) 6

 SETBACK TYP. (IN) 48

 ROOF SLOPE (DEG) 1.20

 ROOFING TYPE OTHER

 ASCE7 VERSION 2010

 BUILDING CODE IBC 2015

PK

-PV MODULE SPECS (W): 580

-PV MODULE QUANTITY: 58

-SYSTEM POWER RATING (STC KWDC): 33.64

-ORIENTATION/TILT (DEGREE): LANDSCAPE/8.41°

1411 BROADWAY BOULEVARD NE
ALBUQUERQUE, NEW MEXICO, USA, 87102

WWW.UNIRAC.COM

DRAWING INDICATES PLACEMENT OF EQUIPMENT AND BALLAST. PLEASE REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS. INSTALLER IS RESPONSIBLE FOR VERIFICATION OF SITE AND PROJECT SPECIFICS. DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.

BILL OF MATERIALS
PART NO NAME QTY

ES20207 ECOFOOT2+ 155

ES10466 UNIVERSAL CLAMP KIT 116

ES20311K WIND DEFLECTOR 58

ES10970 ECOFOOT MLPE BRACKET 58

ES10378 38" BONDING JUMPER 13

ES11203 MID-SUPPORT KIT 58

310999 13

ES10843 ROOF TO STRUT 13

ES10844 STRUT TO MODULE 13

ES20501 1 5/8” X 1 5/8” 12 GAUGE STRUT (10') 6

USER
SUPPLIED

32 LBS BALLAST BLOCK
(SOURCED LOCALLY OR SUPPLIED BY
OTHERS)

398

008009P ILSCO LAY IN LUG 4

FLASHLOC RM

AutoCAD SHX Text
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Prepared For: Nova Consultants Inc

Project Name: Justice Center

Project Address: 301 E Huron St, Ann Arbor, MI 48104

Date:

SOLUTION OVERVIEW VICINTY MAP PROJECT SPECIFICATIONS
EcoFoot2+ Low-Slope Racking

Total System Size (KW) 93.38

Total Module Quantity 161

Module Orientation Landscape

Module Manufacturer JINKO SOLAR

Module Model JKM580N-72HL4-BDV

Module Wattage 580

Module Length (in.) 89.69

Module Width (in.) 44.65

Module Weight (lbs) 68.34

Roof Type Other

Parapet Height (in) 42

Setback (in) 48

Roof Height (ft) 60

Roof Slope (degrees) 1.20

ASCE Version 2010

Basic Windspeed (mph) 120

Wind Exposure Category B

Occupancy Category IV

Ground Snow Load (lb/ft
2
) 20

SYSTEM INFORMATION

EQUIPMENT

BUILDING DATA

DESIGN VALUES

June 7, 2024

SOLAR PROJECT DESIGN

With 500MW installed, EcoFoot Racking is preferred by installers for fast, simple 

installation and streamlined logistics. The enclosed provides the layout and system 

details for a complete solution for your project using this validated and reliable product.

EcoFoot2+ delivers key advantages for a successful, efficient installation.

Faster Installation: Installers complete projects in less time with self-aligning Bases, 

simple pre-assembled components, five-minute learning curve, and one-tool 

installation. Install speed is rated at 13.5 modules/installer-hour by DNV-GL. 

Low Part Count & Streamlined Logistics: EcoFoot2+ consists of three core 

components: roof friendly, durable Base with integrated north/south Wire Clips, 

pre-assembled Clamps, and Wind Deflector to reduce ballast and provide east/west 

bonding. Stackable Bases fit up to 50kW per pallet, meaning fewer crane lifts and less 

space used on the job site. 

Dedicated Support: Experienced project managers and field technicians support your 

project from bid to inspection. Project managers ensure you have needed details to 

obtain a permit and pass inspection. Our field team offers a dedicated phone line and 

email. On-site training is available.

DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.
CONTRACTOR IS RESPONSIBLE FOR VERIFYING ROOF CAPACITY.  

CONTRACTOR IS RESPONSIBLE FOR CONFIRMING ALL DESIGN CRITERIA ARE CORRECT AND APPROPRIATE FOR THE PROJECT SITE. 

CONTRACTOR MUST CONFIRM DESIGN MEETS ALL UTILITY AND AHJ REQUIREMENTS.

CONTRACTOR IS RESPONSIBLE FOR VERIFYING THAT BUILDING STRUCTURE AND RELATED CONNECTIONS CAN SUPPORT ALL LOADS IMPOSED BY PV 

SYSTEM.  

REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS AND ADDITIONAL INFORMATION.
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

*req's slip sheets

Occupancy Category

48

60
1.20

Wind Exposure

3 Sec. Gust (mph)

B

Parapet Height (in.)

Roof Slope (deg)
Roof Height (ft.)

42

IV

Below, Table 1 and Table 2 list the design criteria and project details for a proposed system in Ann Arbor, MI. These values 

will be used throughout the remainder of this explanation.

2010ASCE7 Version

Table 1: System Design Criteria

Soil Site Class

Snow Load (psf)

0.37Coeff. Of Friction (fn)*

N/AGround Elevation (ft)

Landscape

D

20.0
Seismic Data (SS)

89.69
44.65
68.34

OtherRoof Type

Table 2: PV Module Specifics

120

Min Edge Setback (in)
Module Orientation

0.0940

Module Manufacturer

Module Model JKM580N-72HL4-BDV
JINKO SOLAR

Introduction, Site Specifics and Variable Definition

In order to efficiently design EcoFoot2+ and EcoFoot5D ballasted photovoltaic systems, Unirac makes use of a proprietary 

solar array design aid called “EcoCalcs”. Starting with a set of design criteria, shown here in Table 1 below, EcoCalcs 

utilizes methodologies laid out in the ASCE7 and SEAOC PV1/PV2 documents, and derivative building codes. Actual 

calculations for this project are included herein, and are accompanied by a step-by-step explanation of Unirac's design 

process.

The output of EcoCalcs is a comprehensive set of ballast prescriptions, including Image 3 found on Page 6. Ballast 

prescriptions are applied to a proposed system layout by the Unirac engineering team. Engineering Alliance, Unirac's 

professional engineering partner, has reviewed and verified EcoCalcs and reviews system designs to ensure that 

calculations and ballast prescriptions were correctly applied. Upon successful review, Engineering Alliance provides a 

stamped design review including relevant supporting documentation (this explanation included) and a stamped, approved 

ballast plan.

Please note: Unirac and Engineering Alliance are not conducting a structural review of the proposed site.

580Module Power (w)

Module Weight (lbs.)

Module Length (in)
Module Width (in)

Utilizing the inputs from Tables 1 and 2, the factors in Table 3 are generated for the site. This list of factors is used in 

various ways to fully define a proposed system according to calculations laid out in the SEAOC and ASCE documents. In the 

scope of this explanation, factors are used to calculate velocity pressure, qh as defined in ASCE7-05, Section 6.5.10; ASCE7-

10, Section 30.3.2; or ASCE7-16 and ASCE7-22, Section 26.10.2, and ultimately the amount of ballast required to offset 

uplift and drag forces.

Product Line EcoFoot 2+

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Racking Component Weight per Module lbs.

lbs.

ft2

ft
2

lbs.

in.

ft.

ft.

ft.

psf

psf

psf

psf

Table 3: Calculation Inputs, Constants, and Variables

1Ke= Ground Elevation Factor

0.85

 

32

0.6

1200

Ballast Block Weight

Asymmetric lift load Ratio (North Row)

Asymmetric lift load Ratio (South Row)

Ala= Effective Lift Area of PV Module

Ada= Effective Drag Area of PV Module

dLF1= Dead Load of Module and Attributed Racking

zg (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

Load Combination Factor for Wind

Roof Setback Minimum

α (from ASCE7 Table 6-2 or 26.9.1 or 26.11-1)=

Load Combination Factor for Seismic

30

60

27.511

48

 

83.528

4.07

1.4

1.6

15.19

0.7

7

Kd= Directionality Factor

qh_wind= Velocity Pressure (0.00256*Kz*Kzt*Ke*Kd*V^2*I)
Dead Load design load factor

 

26.76

0.00
 26.76

zmin (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

z selected (from zmin & inputs)=

Kz= Velocity pressure exposure coefficient at height 

Wind design load factor 0.6

Kzt= Topographic Factor 1

0.85

 

Wind Tunnel Testing, Uplift and Drag Force Calculations

0.6

26.76

Wind tunnel testing of the EcoFoot product line to determine GCn values has been conducted by Rowan Williams Davies & Irwin Inc. (RWDI), a 

nationally recognized boundary-layer wind tunnel test firm. Testing was conducted in accordance with ASCE7-05, section 6.6; and ASCE7-10/16/22, 

section 31.2. Module-specific GCn data allows for precise application of ballast to prevent uplift. Deviation from prescriptive wind GCn values has been 

addressed according to SEAOC PV2 via a peer review of the wind tunnel testing and results by Maffei Structural Engineering. 

GCn and qh are used to calculate the pressure exerted on each module via the design wind pressure equations (ASCE7-05 – section 6.5.12.4, ASCE7-10 

– section 30.4.2, ASCE7-16-30.5.2  and ASCE7-22 – section 30.3.2). Ballast required to offset uplift and drag forces (BWUz) is calculated in accordance 

with RWDI recoemndations. Detailed calculations for this project are found in Table 4. Resulting required ballast BWUz is displayed graphically in 

Image 3.

An explanation of variables:

Asymmetric Lift Load Ratio: This is a ratio describing the leverage created by EcoFoot base dimensions, module 
attachment location and location of center of ballast mass. Assessed as a multiplier on top of ballast 
distribution scheme in Image 4.

dLF1= Dead Load of Module and Attributed Racking: the weight of one module and hardware attributed to 
that module, not including ballast.

Ala= Effective Lift Area of PV Module: The surface area of a module projected onto the horizontal plane for lift 
calculations.

Ada= Effective Drag Area of PV Module: The surface area of a module projected onto the horizontal plane for 
drag calculations.

qh= Velocity Pressure at height "h": Calculation prescribed by ASCE7-05, eq. 6-15, and ASCE7-10, eq. 30.3-1, or 
ASCE7-16 and ASCE 7-22, eq. 26.10-1 (subscript "h" used here for clarity, ASCE7 utilizes subscript "z").

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

15.6
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67.3
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67.3
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-76.5
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-7.1
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-67.5

lbs

psf

-40.4

67.3

-5.5

-7.7

-211.1 -150.8

-7.1

-196.0

-67.5

15.6

17.0

Table 4: Ballast to Resist Uplift Calculations for Project Proposed in Ann Arbor, MI 48104
N

o
rt

h
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o
rn

er
N

o
rt

h
 E

d
ge

112.5

-40.4-67.5

112.5

-5.5

127.6

-7.1

-196.0

-67.5

Image 1: Aerodynamic Zones from RWDI Report

The aerodynamic differences among different sub-sections of a large array are handled by various calculation sections 

(North Corner, North Edge, E/W Edge...) and apply according to the excerpt from the RWDI report shown below in Image 

1. The highlighted sections of Table 4 correspond to specific module locations, also shown in Image 4: blue - the north 

corners, orange - the east or west edge, yellow - the deep interior. See Page 7 for expanded calculations pertaining to the 

highlighted sections.
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

aw = Wind Load Combination Factor = 

Total Required Ballast Weight (Per Image 2)= 
Wballastblock = 
Total Required Ballast Blocks: 94

26.76

16

32

ad = Dead Load Combination Factor = 
qz (qh in Table 3)
M = dLF1 from Table 3 = 
fn (also see Table 1)  = 
Auplift = Ala in Table 3 = 

0.6

GCp-drag

GCp-uplift

83.53

4.07

1.42

27.51

0.6

Table 5: Ballast to Resist Sliding Calculation
Sub-Array Module Count Total:

For easier interpretation, the results calculated in Table 4 are laid out in graphical representations of a solar array, shown in 

Image 4. Unirac engineers and drafters make use of this graphical layout when applying ballast to a given system design.

As shown in Image 3, the ballast required to resist lift - BWUz from Table 4 - is listed for each module location in Image 4. A 

portion of each BWUz value is distributed to each of the connected EcoFoot Bases, also detailed in Image 3 and included in 

Image 4. The total ballast required at each EcoFoot location is then calculated and rounded up to the next ballast block 

increment.

Ballast Application to Sheet S-1.0

To check the amount of drag a given sub-array will experience, the equation in Image 2 is utilized - an excerpt from RWDI's 

test report. Each sub-array is checked for sliding, proceeding from the smallest to largest or until drag no longer governs total 

required ballast. 

Table 5 lists the calculations used to identify the total required ballast to counteract drag forces and prevent sliding. Friction 

values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for Measuring and 

Reporting Friction Coefficients. Unless detailed information is available pertaining to the location of the sub-array, the roof's 

worst case uplift GCp are utilized in calculating drag and required ballast.

2989.18

0.19

0.44

0.31

-0.62

Image 2: Ballast to Resist Sliding Equation

0.37

(GCp)*
drag = 

Adrag = Ada in Table 3 = 

|GCp|*
uplift = 

Area Reduction Factor = 
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EcoFoot 2+ Ballast Layout EcoFoot 5D Ballast Layout
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Image 3: Example of Module and Ballast Graphical Representation

0 0 0

2 1

52.47 27.36

1

0 0 0 0

0

The ballast prescription array shown in Image 4 is one of many similar arrays created automatically through EcoCalcs in order 

to address all possible array configurations. The data calculated in Table 4 was ultimately used to assign ballast to the system 

design in Sheet S-1.0 by Unirac. EcoCalcs and the resulting ballast plan S-1.0 are reviewed by CBC Engineers for correctness 

and completeness. Once approved, an engineering report including Sheet S-1.0 and any supporting material (this explanation 

included) are stamped and sealed by a professional engineer registered in the state where the project is proposed.

Image 4: Ballast Prescriptions Produced by Table 4
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NOTE: The colored module locations in Image 4 correspond to the same colored areas in Table 4: blue - the north corners, 

orange - the east or west edge, yellow - the deep interior. See Page 7 for more detailed calculations.

0 0
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0
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psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

Load Combinations

Detailed Calculations From Table 4

North Corner Module
GCn Value from RWDI report:
qh value from Table 3:
pUz = Uplift design wind pressure in Z direction = qh*GCn:
Am = Surface Area of Module: 
Θm = Module Incline:
Ala = PV Module Lift Area = Am * Cos (Θm):

East/West Edge Module
GCn Value from RWDI report: -0.25

qh value from Table 3: 26.76

pUz = Uplift design wind pressure in Z direction = qh*GCn: -6.58

Am = Surface Area of Module: 27.81

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6

-0.34
26.76
-9.04
27.81
8.41

27.51
-248.80
83.53
-99.16
165.27

WLFUz=Uplift wind load force in Z direction=pUz*Ala
dLF1 = Dead load of one module and attributed hardware:
DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

Am = Surface Area of Module: 27.81

Θm = Module Incline: 8.41

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -150.79

dLF1 = Dead load of one module and attributed hardware: 83.53

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 97.42

Interior Module
GCn Value from RWDI report: -0.20

qh value from Table 3: 26.76

pUz = Uplift design wind pressure in Z direction = qh*GCn: -5.48

-40.36

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 67.26

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -180.95

dLF1 = Dead load of one module and attributed hardware: 83.53

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -58.45

 145.36 lbs

of module area

Θm = Module Incline:

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

8.41

DL+0.75SL+0.45WL  498.13 lbs

DL+ SL

DL+0.6WL

 475.49 lbs
 285.59 lbs

Max downpoint load calculations

No of Mid supports

Tributary Area to support/bays/base

Wind force down (WL)

Snow load Down (SL)

Total Dead load per Bay (DL)

1
0.5

 234 lbs
 330.13 lbs
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SEAOC PV1 specifies that “PV support systems that are attached to the roof structure shall be designed to resist the 

lateral seismic force Fp specified in ASCE 7-16/22 Chapter 13.” Although SEAOC PV1 was released prior to ASCE 7-16/22, 

Fp  is defined the same way in Chapter 13 of both ASCE verions 7-10, 7-16 and 7-22.  Therefore the lateral seismic force 

analysis applied is valid for both ASCE 7-10, 16 and 22.  In utilizing the Fp calculations for nominal, minimum, and 

maximum values laid out in Section 13.3.1, the values in Table 7 are found.

The following is excerpted from SEAOC PV1-2012, Section 4 – Attached Arrays:

“For attached roof-bearing systems, friction is permitted to contribute in combination with the design lateral strength of 

attachments to resist the lateral force Fp when all of the following conditions are met:

     •      “The maximum roof slope at the location of the array is less than or equal to 7 degrees (12.3 percent);

     •      “The height above the roof surface to the center of mass of the solar array is less than the smaller of 

               36 inches and half the least plan dimension of the supporting base of the array

     •      “Rp shall not exceed 1.5 unless it is shown that the lateral displacement behavior of attachments is 

               compatible with the simultaneous development of frictional resistance.”

33.15
'Seismic Calcs (Attached)'!A9 1.00
Fa (Site Class D) 1.6
Sms = Fa x Ss 0.15
Sds = (2/3) x Sms

Rp 1.50 Fp

0.10

Wp=Weight per unit 275.53 h=structure height compared to base (in.) 1.00

Fp=0.3*Sds*Ip*Wp 12.43
Seismic Design Category 0.00 Fp=1.6*Sds*Ip*Wp 66.30

Fp (ASD) 23.21

Site Class D Fp=0.4*ap*Sds*Wp*(1+2*z/h)/(Rp/Ip) 33.15

Number of blocks per Ecofoot 6.00 z=height of point of attachment (in.) 1.00

Ip 1.50

Table 6: Seismic Design Inputs Table 7: ASCE7 Inputs

Unirac utilizes the unattached design approach to account for seismic force as provided for by Section 16 of the 2016 

California Building Code, the Structural Engineering Association of California PV1 Requirements (SEAOC PV1-2012) and ASCE 

7.  Section 1613.5 defines “Ballasted Photovoltaic System” which also defines "partially attached" systems, and provides 

guidance for designing arrays that utilize physical anchors and friction to resist seismic forces.  SEAOC PV1 or ASCE 7 Chapter 

13 defines the calculations required design attached photovoltaic systems, including friction to partially offset seismic forces.

The following explanation walks through calculations outlined in Section 4 - Attached Arrays. The attached approach begins 

with the project specific design criteria outlined in Table 6.  These values reflect site inputs as well as assumptions permitted 

in the SEAOC PV1-2012 document Section 4 and ASCE 7 chapter 13 .

SEAOC PV1 - 2012 - Section 4: attached Arrays

unirac.com
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ASD design load

Image 5: Example of ballast layout with seismic attachment callouts

This final number of panels per attachment represents the maximum number of modules that any given attachment point 

may account for in terms of offsetting seismic force Fp. Physical attachments shall be installed per the manufacturer’s 

instructions, and attached to the EcoFoot 2+ or EcoFoot 5D system per the installation instructions provided by Unirac. 

On Sheet S-1.0 physical attachments are called out as shown below in Image 5:

(if negative, no fasteners are needed)

634.91
Number of panels per attachment -33.91
Attachment system rating (allowable)

Table 8: Calculation of Physical Attachment Requirements

Friction Coefficient 0.37 ASTM G115 Tested

The EcoFoot 2+ and EcoFoot 5D systems have been demonstrated to be in conformance with the above stated stipulations. 

As such, and in accordance with the remainder of Section 4 – Attached Arrays from SEAOC PV1-2012, the force required to 

resist movement due to seismic shifting is calculated. Based on the minimum ultimate shear strength of the roof mounting 

method prescribed for this job, the total lateral load that one attachment may offset is calculated, and by extension the 

number of modules allowed per attachment point. These values can be found in Table 8.

All friction values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for 

Measuring and Reporting Friction Coefficients, methodology that is in agreement with SEAOC PV2 and Los Angeles, CA 

stipulations.

SEAOC section 4 (ASD), Friction Force 

Force to be offset by physical attachments-18.72
Ff (max friction) = (0.6-0.14*Sds)*(0.7*u)*Wp 41.93
Excess force per unit

unirac.com
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Prepared For: Nova Consultants Inc

Project Name: Justice Center

Project Address: 301 E Huron St, Ann Arbor, MI 48104

Date:

SOLUTION OVERVIEW VICINTY MAP PROJECT SPECIFICATIONS
EcoFoot2+ Low-Slope Racking

Total System Size (KW) 8.12

Total Module Quantity 14

Module Orientation Landscape

Module Manufacturer JINKO SOLAR

Module Model JKM580N-72HL4-BDV

Module Wattage 580

Module Length (in.) 89.69

Module Width (in.) 44.65

Module Weight (lbs) 68.34

Roof Type Other

Parapet Height (in) 12

Setback (in) 48

Roof Height (ft) 70

Roof Slope (degrees) 1.20

ASCE Version 2010

Basic Windspeed (mph) 120

Wind Exposure Category B

Occupancy Category IV

Ground Snow Load (lb/ft
2
) 20

SYSTEM INFORMATION

EQUIPMENT

BUILDING DATA

DESIGN VALUES

June 7, 2024

SOLAR PROJECT DESIGN

With 500MW installed, EcoFoot Racking is preferred by installers for fast, simple 

installation and streamlined logistics. The enclosed provides the layout and system 

details for a complete solution for your project using this validated and reliable product.

EcoFoot2+ delivers key advantages for a successful, efficient installation.

Faster Installation: Installers complete projects in less time with self-aligning Bases, 

simple pre-assembled components, five-minute learning curve, and one-tool 

installation. Install speed is rated at 13.5 modules/installer-hour by DNV-GL. 

Low Part Count & Streamlined Logistics: EcoFoot2+ consists of three core 

components: roof friendly, durable Base with integrated north/south Wire Clips, 

pre-assembled Clamps, and Wind Deflector to reduce ballast and provide east/west 

bonding. Stackable Bases fit up to 50kW per pallet, meaning fewer crane lifts and less 

space used on the job site. 

Dedicated Support: Experienced project managers and field technicians support your 

project from bid to inspection. Project managers ensure you have needed details to 

obtain a permit and pass inspection. Our field team offers a dedicated phone line and 

email. On-site training is available.

DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.
CONTRACTOR IS RESPONSIBLE FOR VERIFYING ROOF CAPACITY.  

CONTRACTOR IS RESPONSIBLE FOR CONFIRMING ALL DESIGN CRITERIA ARE CORRECT AND APPROPRIATE FOR THE PROJECT SITE. 

CONTRACTOR MUST CONFIRM DESIGN MEETS ALL UTILITY AND AHJ REQUIREMENTS.

CONTRACTOR IS RESPONSIBLE FOR VERIFYING THAT BUILDING STRUCTURE AND RELATED CONNECTIONS CAN SUPPORT ALL LOADS IMPOSED BY PV 

SYSTEM.  

REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS AND ADDITIONAL INFORMATION.
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*req's slip sheets

Utilizing the inputs from Tables 1 and 2, the factors in Table 3 are generated for the site. This list of factors is used in 

various ways to fully define a proposed system according to calculations laid out in the SEAOC and ASCE documents. In the 

scope of this explanation, factors are used to calculate velocity pressure, qh as defined in ASCE7-05, Section 6.5.10; ASCE7-

10, Section 30.3.2; or ASCE7-16 and ASCE7-22, Section 26.10.2, and ultimately the amount of ballast required to offset 

uplift and drag forces.

Product Line EcoFoot 2+

580Module Power (w)

Module Weight (lbs.)

Module Length (in)
Module Width (in)

Introduction, Site Specifics and Variable Definition

In order to efficiently design EcoFoot2+ and EcoFoot5D ballasted photovoltaic systems, Unirac makes use of a proprietary 

solar array design aid called “EcoCalcs”. Starting with a set of design criteria, shown here in Table 1 below, EcoCalcs 

utilizes methodologies laid out in the ASCE7 and SEAOC PV1/PV2 documents, and derivative building codes. Actual 

calculations for this project are included herein, and are accompanied by a step-by-step explanation of Unirac's design 

process.

The output of EcoCalcs is a comprehensive set of ballast prescriptions, including Image 3 found on Page 6. Ballast 

prescriptions are applied to a proposed system layout by the Unirac engineering team. Engineering Alliance, Unirac's 

professional engineering partner, has reviewed and verified EcoCalcs and reviews system designs to ensure that 

calculations and ballast prescriptions were correctly applied. Upon successful review, Engineering Alliance provides a 

stamped design review including relevant supporting documentation (this explanation included) and a stamped, approved 

ballast plan.

Please note: Unirac and Engineering Alliance are not conducting a structural review of the proposed site.

Soil Site Class

Snow Load (psf)

0.37Coeff. Of Friction (fn)*

N/AGround Elevation (ft)

Landscape

D

20.0
Seismic Data (SS)

89.69
44.65
68.34

OtherRoof Type

Table 2: PV Module Specifics

120

Min Edge Setback (in)
Module Orientation

0.0940

Module Manufacturer

Module Model JKM580N-72HL4-BDV
JINKO SOLAR

Occupancy Category

48

70
1.20

Wind Exposure

3 Sec. Gust (mph)

B

Parapet Height (in.)

Roof Slope (deg)
Roof Height (ft.)

12

IV

Below, Table 1 and Table 2 list the design criteria and project details for a proposed system in Ann Arbor, MI. These values 

will be used throughout the remainder of this explanation.

2010ASCE7 Version

Table 1: System Design Criteria

unirac.com

Page 3

1411 Broadway Blvd NE, Albuquerque, NM 87102

 505-242-6411



Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Racking Component Weight per Module lbs.

lbs.

ft2

ft
2

lbs.

in.

ft.

ft.

ft.

psf

psf

psf

psf

Wind tunnel testing of the EcoFoot product line to determine GCn values has been conducted by Rowan Williams Davies & Irwin Inc. (RWDI), a 

nationally recognized boundary-layer wind tunnel test firm. Testing was conducted in accordance with ASCE7-05, section 6.6; and ASCE7-10/16/22, 

section 31.2. Module-specific GCn data allows for precise application of ballast to prevent uplift. Deviation from prescriptive wind GCn values has been 

addressed according to SEAOC PV2 via a peer review of the wind tunnel testing and results by Maffei Structural Engineering. 

GCn and qh are used to calculate the pressure exerted on each module via the design wind pressure equations (ASCE7-05 – section 6.5.12.4, ASCE7-10 

– section 30.4.2, ASCE7-16-30.5.2  and ASCE7-22 – section 30.3.2). Ballast required to offset uplift and drag forces (BWUz) is calculated in accordance 

with RWDI recoemndations. Detailed calculations for this project are found in Table 4. Resulting required ballast BWUz is displayed graphically in 

Image 3.

27.97

Wind Tunnel Testing, Uplift and Drag Force Calculations

0.6

zmin (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

z selected (from zmin & inputs)=

Kz= Velocity pressure exposure coefficient at height 

Wind design load factor 0.6

Kzt= Topographic Factor 1

0.85

 

15.19

0.7

7

Kd= Directionality Factor

qh_wind= Velocity Pressure (0.00256*Kz*Kzt*Ke*Kd*V^2*I)
Dead Load design load factor

 

27.97

0.00
 27.97

30

70

27.511

48

 

83.528

4.07

1.4

1.6

Ballast Block Weight

Asymmetric lift load Ratio (North Row)

Asymmetric lift load Ratio (South Row)

Ala= Effective Lift Area of PV Module

Ada= Effective Drag Area of PV Module

dLF1= Dead Load of Module and Attributed Racking

zg (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

Load Combination Factor for Wind

Roof Setback Minimum

α (from ASCE7 Table 6-2 or 26.9.1 or 26.11-1)=

Load Combination Factor for Seismic

Table 3: Calculation Inputs, Constants, and Variables

1Ke= Ground Elevation Factor

0.89

 

32

0.6

1200

An explanation of variables:

Asymmetric Lift Load Ratio: This is a ratio describing the leverage created by EcoFoot base dimensions, module 
attachment location and location of center of ballast mass. Assessed as a multiplier on top of ballast 
distribution scheme in Image 4.

dLF1= Dead Load of Module and Attributed Racking: the weight of one module and hardware attributed to 
that module, not including ballast.

Ala= Effective Lift Area of PV Module: The surface area of a module projected onto the horizontal plane for lift 
calculations.

Ada= Effective Drag Area of PV Module: The surface area of a module projected onto the horizontal plane for 
drag calculations.

qh= Velocity Pressure at height "h": Calculation prescribed by ASCE7-05, eq. 6-15, and ASCE7-10, eq. 30.3-1, or 
ASCE7-16 and ASCE 7-22, eq. 26.10-1 (subscript "h" used here for clarity, ASCE7 utilizes subscript "z").
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pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6So
u

th
 E

d
ge

lbs

-8.6

-236.4

-91.7

152.8 97.7

-6.6

-181.2

-58.6

lbs

lbs

psf

lbs

lbs

Load Sharing Area

-5.7

-157.6

-44.4

74.1

-5.7

-157.6

-44.4

74.1

3x3

-6.9

-189.1

-63.3

105.6

-5.7

-157.6

-260.0

-105.9

3x23x33x22x32x2
#col x

#rows

-260.0

-105.9

-9.5

-82.2

-189.1

-63.3

105.6

-8.3

-228.5

-87.0

145.0

-6.6

-181.2

-58.6

97.7

-6.9

lbs

psf

121.3

lbs

lbs

lbs

lbs

psf

lbs

lbs

-9.5

-260.0

-105.9

176.5

-7.4

-204.9

-72.8

121.3

176.5

psf

lbs.

lbs

lbs

psf

lbs

lbs

-9.5

-7.4

-204.9

105.6

-189.1

-63.3

-6.6

-181.2

-58.6

97.7

-6.9

176.5

-204.9

-72.8

121.3

-6.3

-173.3

-53.9

89.8

-157.6

-44.4

74.1

-5.7

-157.6

-44.4

74.1

-6.9

-5.7

-8.0

-72.8

121.3

-6.3

-173.3

-53.9

89.8

-53.9

89.8

-5.7

-204.9

-7.4

-44.4

74.1

-189.1

-63.3

105.6

-5.7

-157.6

-44.4

74.1

-7.4

-204.9

-72.8

121.3

-6.3

-173.3

-53.9

89.8

-7.4

Down

(1x1)

-157.6

-44.4

74.1

121.3

-6.3

-173.3

17.8

17.8

16.3

-72.8

121.3

-5.7

137.1

-7.4

-204.9

-72.8

Image 1: Aerodynamic Zones from RWDI Report

The aerodynamic differences among different sub-sections of a large array are handled by various calculation sections 

(North Corner, North Edge, E/W Edge...) and apply according to the excerpt from the RWDI report shown below in Image 

1. The highlighted sections of Table 4 correspond to specific module locations, also shown in Image 4: blue - the north 

corners, orange - the east or west edge, yellow - the deep interior. See Page 7 for expanded calculations pertaining to the 

highlighted sections.

121.3

-44.4

Table 4: Ballast to Resist Uplift Calculations for Project Proposed in Ann Arbor, MI 48104
N
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ge

16.3

17.8

lbs

psf

-44.4

74.1

-5.7

-8.0

-220.6 -157.6

-7.4

-204.9

-72.8Fi
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ge

-7.4

-204.9

-72.8

137.1

16.3

-157.6

-44.4

74.1
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-157.6

74.1
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-220.6
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Area Reduction Factor = 

Adrag = Ada in Table 3 = 

|GCp|*
uplift = 

For easier interpretation, the results calculated in Table 4 are laid out in graphical representations of a solar array, shown in 

Image 4. Unirac engineers and drafters make use of this graphical layout when applying ballast to a given system design.

As shown in Image 3, the ballast required to resist lift - BWUz from Table 4 - is listed for each module location in Image 4. A 

portion of each BWUz value is distributed to each of the connected EcoFoot Bases, also detailed in Image 3 and included in 

Image 4. The total ballast required at each EcoFoot location is then calculated and rounded up to the next ballast block 

increment.

Ballast Application to Sheet S-1.0

To check the amount of drag a given sub-array will experience, the equation in Image 2 is utilized - an excerpt from RWDI's 

test report. Each sub-array is checked for sliding, proceeding from the smallest to largest or until drag no longer governs total 

required ballast. 

Table 5 lists the calculations used to identify the total required ballast to counteract drag forces and prevent sliding. Friction 

values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for Measuring and 

Reporting Friction Coefficients. Unless detailed information is available pertaining to the location of the sub-array, the roof's 

worst case uplift GCp are utilized in calculating drag and required ballast.

3183.96

0.19

0.44

0.31

-0.62

Image 2: Ballast to Resist Sliding Equation

0.37

(GCp)*
drag = 

0.6

Table 5: Ballast to Resist Sliding Calculation
Sub-Array Module Count Total:

ad = Dead Load Combination Factor = 
qz (qh in Table 3)
M = dLF1 from Table 3 = 
fn (also see Table 1)  = 
Auplift = Ala in Table 3 = 

0.6

GCp-drag

GCp-uplift

83.53

4.07

1.42

27.51

16

32

27.97

Total Required Ballast Weight (Per Image 2)= 
Wballastblock = 
Total Required Ballast Blocks: 100

aw = Wind Load Combination Factor = 
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EcoFoot 2+ Ballast Layout EcoFoot 5D Ballast Layout

2 2 1

2 2 1

2 2 1

3 4 4 4 3 3 0 0

4 3 3 3 3 3 0 0

4 4 4 3 3 3 0 0

3 3 3 3 3 3 0 0

N
3 3 3 3 3 3 0 0

3 3 3 3 3 3 0 0

3 3 3 3 3 3 0 0

3 4 4 4 4 4 0 0

4 4 4 4 4 4 0 0

NOTE: The colored module locations in Image 4 correspond to the same colored areas in Table 4: blue - the north corners, 

orange - the east or west edge, yellow - the deep interior. See Page 7 for more detailed calculations.

0 0

121.32

0

176.48 137.08137.08

0 00

A
rr

ay
 C

o
n

ti
n

u
es

 In
w

ar
d

, I
s 

Sy
m

m
et

ri
c 

A
b

o
u

t 
C

en
te

rl
in

e

74.05

52.47

1

Break Line 

(green dashed line)

Module, with required ballast 

weight "BWUz" called out

27.36

27.36

105.57

105.57

EcoFoot location with required 

number of ballast blocks

00

121.32

2

52.47 27.36

2

105.57

105.57 74.05 74.05

0

176.48

74.05 74.05

89.81

0

0

0

144.96

144.96

The ballast prescription array shown in Image 4 is one of many similar arrays created automatically through EcoCalcs in order 

to address all possible array configurations. The data calculated in Table 4 was ultimately used to assign ballast to the system 

design in Sheet S-1.0 by Unirac. EcoCalcs and the resulting ballast plan S-1.0 are reviewed by CBC Engineers for correctness 

and completeness. Once approved, an engineering report including Sheet S-1.0 and any supporting material (this explanation 

included) are stamped and sealed by a professional engineer registered in the state where the project is proposed.

Image 4: Ballast Prescriptions Produced by Table 4

000
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Image 3: Example of Module and Ballast Graphical Representation
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psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

Load Combinations

DL+0.75SL+0.45WL  502.87 lbs

DL+ SL

DL+0.6WL

 475.49 lbs
 291.91 lbs

Max downpoint load calculations

No of Mid supports

Tributary Area to support/bays/base

Wind force down (WL)

Snow load Down (SL)

Total Dead load per Bay (DL)

1
0.5

 244 lbs
 330.13 lbs

8.41

 145.36 lbs

of module area

Θm = Module Incline:

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -44.43

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 74.05

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -189.10

dLF1 = Dead load of one module and attributed hardware: 83.53

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -63.34

Am = Surface Area of Module: 27.81

Θm = Module Incline: 8.41

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -157.58

dLF1 = Dead load of one module and attributed hardware: 83.53

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 105.57

Interior Module
GCn Value from RWDI report: -0.20

qh value from Table 3: 27.97

pUz = Uplift design wind pressure in Z direction = qh*GCn: -5.73

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6

-0.34
27.97
-9.45
27.81
8.41

27.51
-260.01
83.53

-105.89
176.48

WLFUz=Uplift wind load force in Z direction=pUz*Ala
dLF1 = Dead load of one module and attributed hardware:
DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

East/West Edge Module
GCn Value from RWDI report: -0.25

qh value from Table 3: 27.97

pUz = Uplift design wind pressure in Z direction = qh*GCn: -6.87

Am = Surface Area of Module: 27.81

Detailed Calculations From Table 4

North Corner Module
GCn Value from RWDI report:
qh value from Table 3:
pUz = Uplift design wind pressure in Z direction = qh*GCn:
Am = Surface Area of Module: 
Θm = Module Incline:
Ala = PV Module Lift Area = Am * Cos (Θm):

unirac.com

Page 8

1411 Broadway Blvd NE, Albuquerque, NM 87102

 505-242-6411



Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Table 6: Seismic Design Inputs Table 7: ASCE7 Inputs

Unirac utilizes the unattached design approach to account for seismic force as provided for by Section 16 of the 2016 

California Building Code, the Structural Engineering Association of California PV1 Requirements (SEAOC PV1-2012) and ASCE 

7.  Section 1613.5 defines “Ballasted Photovoltaic System” which also defines "partially attached" systems, and provides 

guidance for designing arrays that utilize physical anchors and friction to resist seismic forces.  SEAOC PV1 or ASCE 7 Chapter 

13 defines the calculations required design attached photovoltaic systems, including friction to partially offset seismic forces.

The following explanation walks through calculations outlined in Section 4 - Attached Arrays. The attached approach begins 

with the project specific design criteria outlined in Table 6.  These values reflect site inputs as well as assumptions permitted 

in the SEAOC PV1-2012 document Section 4 and ASCE 7 chapter 13 .

SEAOC PV1 - 2012 - Section 4: attached Arrays

Fp (ASD) 23.21

Site Class D Fp=0.4*ap*Sds*Wp*(1+2*z/h)/(Rp/Ip) 33.15

Number of blocks per Ecofoot 6.00 z=height of point of attachment (in.) 1.00

Ip 1.50 Fp=0.3*Sds*Ip*Wp 12.43
Seismic Design Category 0.00 Fp=1.6*Sds*Ip*Wp 66.30

Wp=Weight per unit 275.53 h=structure height compared to base (in.) 1.00

SEAOC PV1 specifies that “PV support systems that are attached to the roof structure shall be designed to resist the 

lateral seismic force Fp specified in ASCE 7-16/22 Chapter 13.” Although SEAOC PV1 was released prior to ASCE 7-16/22, 

Fp  is defined the same way in Chapter 13 of both ASCE verions 7-10, 7-16 and 7-22.  Therefore the lateral seismic force 

analysis applied is valid for both ASCE 7-10, 16 and 22.  In utilizing the Fp calculations for nominal, minimum, and 

maximum values laid out in Section 13.3.1, the values in Table 7 are found.

The following is excerpted from SEAOC PV1-2012, Section 4 – Attached Arrays:

“For attached roof-bearing systems, friction is permitted to contribute in combination with the design lateral strength of 

attachments to resist the lateral force Fp when all of the following conditions are met:

     •      “The maximum roof slope at the location of the array is less than or equal to 7 degrees (12.3 percent);

     •      “The height above the roof surface to the center of mass of the solar array is less than the smaller of 

               36 inches and half the least plan dimension of the supporting base of the array

     •      “Rp shall not exceed 1.5 unless it is shown that the lateral displacement behavior of attachments is 

               compatible with the simultaneous development of frictional resistance.”

33.15
'Seismic Calcs (Attached)'!A9 1.00
Fa (Site Class D) 1.6
Sms = Fa x Ss 0.15
Sds = (2/3) x Sms

Rp 1.50 Fp

0.10

unirac.com
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Table 8: Calculation of Physical Attachment Requirements

Friction Coefficient 0.37 ASTM G115 Tested

The EcoFoot 2+ and EcoFoot 5D systems have been demonstrated to be in conformance with the above stated stipulations. 

As such, and in accordance with the remainder of Section 4 – Attached Arrays from SEAOC PV1-2012, the force required to 

resist movement due to seismic shifting is calculated. Based on the minimum ultimate shear strength of the roof mounting 

method prescribed for this job, the total lateral load that one attachment may offset is calculated, and by extension the 

number of modules allowed per attachment point. These values can be found in Table 8.

All friction values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for 

Measuring and Reporting Friction Coefficients, methodology that is in agreement with SEAOC PV2 and Los Angeles, CA 

stipulations.

SEAOC section 4 (ASD), Friction Force 

Force to be offset by physical attachments-18.72
Ff (max friction) = (0.6-0.14*Sds)*(0.7*u)*Wp 41.93
Excess force per unit

634.91
Number of panels per attachment -33.91
Attachment system rating (allowable)

(if negative, no fasteners are needed)

ASD design load

Image 5: Example of ballast layout with seismic attachment callouts

This final number of panels per attachment represents the maximum number of modules that any given attachment point 

may account for in terms of offsetting seismic force Fp. Physical attachments shall be installed per the manufacturer’s 

instructions, and attached to the EcoFoot 2+ or EcoFoot 5D system per the installation instructions provided by Unirac. 

On Sheet S-1.0 physical attachments are called out as shown below in Image 5:

unirac.com
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Prepared For: Nova Consultants Inc

Project Name: City Hall

Project Address: 301 East Huron Street, Ann Arbor, MI 48104

Date:

SOLUTION OVERVIEW VICINTY MAP PROJECT SPECIFICATIONS
EcoFoot2+ Low-Slope Racking

Total System Size (KW) 16.82

Total Module Quantity 29

Module Orientation Landscape

Module Manufacturer Jinko

Module Model JKM 580N-72HL4-BDV

Module Wattage 580

Module Length (in.) 89.69

Module Width (in.) 44.65

Module Weight (lbs) 68.34

Roof Type Other

Parapet Height (in) 6

Setback (in) 48

Roof Height (ft) 80

Roof Slope (degrees) 1.20

ASCE Version 2010

Basic Windspeed (mph) 120

Wind Exposure Category B

Occupancy Category IV

Ground Snow Load (lb/ft
2
) 20

SYSTEM INFORMATION

EQUIPMENT

BUILDING DATA

DESIGN VALUES

June 5, 2024

SOLAR PROJECT DESIGN

With 500MW installed, EcoFoot Racking is preferred by installers for fast, simple 

installation and streamlined logistics. The enclosed provides the layout and system 

details for a complete solution for your project using this validated and reliable product.

EcoFoot2+ delivers key advantages for a successful, efficient installation.

Faster Installation: Installers complete projects in less time with self-aligning Bases, 

simple pre-assembled components, five-minute learning curve, and one-tool 

installation. Install speed is rated at 13.5 modules/installer-hour by DNV-GL. 

Low Part Count & Streamlined Logistics: EcoFoot2+ consists of three core 

components: roof friendly, durable Base with integrated north/south Wire Clips, 

pre-assembled Clamps, and Wind Deflector to reduce ballast and provide east/west 

bonding. Stackable Bases fit up to 50kW per pallet, meaning fewer crane lifts and less 

space used on the job site. 

Dedicated Support: Experienced project managers and field technicians support your 

project from bid to inspection. Project managers ensure you have needed details to 

obtain a permit and pass inspection. Our field team offers a dedicated phone line and 

email. On-site training is available.

DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.
CONTRACTOR IS RESPONSIBLE FOR VERIFYING ROOF CAPACITY.  

CONTRACTOR IS RESPONSIBLE FOR CONFIRMING ALL DESIGN CRITERIA ARE CORRECT AND APPROPRIATE FOR THE PROJECT SITE. 

CONTRACTOR MUST CONFIRM DESIGN MEETS ALL UTILITY AND AHJ REQUIREMENTS.

CONTRACTOR IS RESPONSIBLE FOR VERIFYING THAT BUILDING STRUCTURE AND RELATED CONNECTIONS CAN SUPPORT ALL LOADS IMPOSED BY PV 

SYSTEM.  

REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS AND ADDITIONAL INFORMATION.
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

*req's slip sheets

Utilizing the inputs from Tables 1 and 2, the factors in Table 3 are generated for the site. This list of factors is used in 

various ways to fully define a proposed system according to calculations laid out in the SEAOC and ASCE documents. In the 

scope of this explanation, factors are used to calculate velocity pressure, qh as defined in ASCE7-05, Section 6.5.10; ASCE7-

10, Section 30.3.2; or ASCE7-16 and ASCE7-22, Section 26.10.2, and ultimately the amount of ballast required to offset 

uplift and drag forces.

Product Line EcoFoot 2+

580Module Power (w)

Module Weight (lbs.)

Module Length (in)
Module Width (in)

Introduction, Site Specifics and Variable Definition

In order to efficiently design EcoFoot2+ and EcoFoot5D ballasted photovoltaic systems, Unirac makes use of a proprietary 

solar array design aid called “EcoCalcs”. Starting with a set of design criteria, shown here in Table 1 below, EcoCalcs 

utilizes methodologies laid out in the ASCE7 and SEAOC PV1/PV2 documents, and derivative building codes. Actual 

calculations for this project are included herein, and are accompanied by a step-by-step explanation of Unirac's design 

process.

The output of EcoCalcs is a comprehensive set of ballast prescriptions, including Image 3 found on Page 6. Ballast 

prescriptions are applied to a proposed system layout by the Unirac engineering team. Engineering Alliance, Unirac's 

professional engineering partner, has reviewed and verified EcoCalcs and reviews system designs to ensure that 

calculations and ballast prescriptions were correctly applied. Upon successful review, Engineering Alliance provides a 

stamped design review including relevant supporting documentation (this explanation included) and a stamped, approved 

ballast plan.

Please note: Unirac and Engineering Alliance are not conducting a structural review of the proposed site.

Soil Site Class

Snow Load (psf)

0.37Coeff. Of Friction (fn)*

N/AGround Elevation (ft)

Landscape

D-Stiff Soil

20.0
Seismic Data (SS)

89.69
44.65
68.34

OtherRoof Type

Table 2: PV Module Specifics

120

Min Edge Setback (in)
Module Orientation

0.0940

Module Manufacturer

Module Model JKM 580N-72HL4-BDV
Jinko

Occupancy Category

48

80
1.20

Wind Exposure

3 Sec. Gust (mph)

B

Parapet Height (in.)

Roof Slope (deg)
Roof Height (ft.)

6

IV

Below, Table 1 and Table 2 list the design criteria and project details for a proposed system in Ann Arbor, MI. These values 

will be used throughout the remainder of this explanation.

2010ASCE7 Version

Table 1: System Design Criteria

unirac.com
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Racking Component Weight per Module lbs.

lbs.

ft2

ft
2

lbs.

in.

ft.

ft.

ft.

psf

psf

psf

psf

Wind tunnel testing of the EcoFoot product line to determine GCn values has been conducted by Rowan Williams Davies & Irwin Inc. (RWDI), a 

nationally recognized boundary-layer wind tunnel test firm. Testing was conducted in accordance with ASCE7-05, section 6.6; and ASCE7-10/16/22, 

section 31.2. Module-specific GCn data allows for precise application of ballast to prevent uplift. Deviation from prescriptive wind GCn values has been 

addressed according to SEAOC PV2 via a peer review of the wind tunnel testing and results by Maffei Structural Engineering. 

GCn and qh are used to calculate the pressure exerted on each module via the design wind pressure equations (ASCE7-05 – section 6.5.12.4, ASCE7-10 

– section 30.4.2, ASCE7-16-30.5.2  and ASCE7-22 – section 30.3.2). Ballast required to offset uplift and drag forces (BWUz) is calculated in accordance 

with RWDI recoemndations. Detailed calculations for this project are found in Table 4. Resulting required ballast BWUz is displayed graphically in 

Image 3.

29.05

Wind Tunnel Testing, Uplift and Drag Force Calculations

0.6

zmin (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

z selected (from zmin & inputs)=

Kz= Velocity pressure exposure coefficient at height 

Wind design load factor 0.6

Kzt= Topographic Factor 1

0.85

 

15.19

0.7

7

Kd= Directionality Factor

qh_wind= Velocity Pressure (0.00256*Kz*Kzt*Ke*Kd*V^2*I)
Dead Load design load factor

 

29.05

0.00
 29.05

30

80

27.511

48

 

83.528

4.07

1.4

1.6

Ballast Block Weight

Asymmetric lift load Ratio (North Row)

Asymmetric lift load Ratio (South Row)

Ala= Effective Lift Area of PV Module

Ada= Effective Drag Area of PV Module

dLF1= Dead Load of Module and Attributed Racking

zg (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

Load Combination Factor for Wind

Roof Setback Minimum

α (from ASCE7 Table 6-2 or 26.9.1 or 26.11-1)=

Load Combination Factor for Seismic

Table 3: Calculation Inputs, Constants, and Variables

1Ke= Ground Elevation Factor

0.93

 

32

0.6

1200

An explanation of variables:

Asymmetric Lift Load Ratio: This is a ratio describing the leverage created by EcoFoot base dimensions, module 
attachment location and location of center of ballast mass. Assessed as a multiplier on top of ballast 
distribution scheme in Image 4.

dLF1= Dead Load of Module and Attributed Racking: the weight of one module and hardware attributed to 
that module, not including ballast.

Ala= Effective Lift Area of PV Module: The surface area of a module projected onto the horizontal plane for lift 
calculations.

Ada= Effective Drag Area of PV Module: The surface area of a module projected onto the horizontal plane for 
drag calculations.

qh= Velocity Pressure at height "h": Calculation prescribed by ASCE7-05, eq. 6-15, and ASCE7-10, eq. 30.3-1, or 
ASCE7-16 and ASCE 7-22, eq. 26.10-1 (subscript "h" used here for clarity, ASCE7 utilizes subscript "z").
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pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6So
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Down

(1x1)
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23.0

23.0

18.0

-70.2

116.9

-6.8

127.6

-7.3

-200.5

-70.2

Image 1: Aerodynamic Zones from RWDI Report

The aerodynamic differences among different sub-sections of a large array are handled by various calculation sections 

(North Corner, North Edge, E/W Edge...) and apply according to the excerpt from the RWDI report shown below in Image 

1. The highlighted sections of Table 4 correspond to specific module locations, also shown in Image 4: blue - the north 

corners, orange - the east or west edge, yellow - the deep interior. See Page 7 for expanded calculations pertaining to the 

highlighted sections.

116.9
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Table 4: Ballast to Resist Uplift Calculations for Project Proposed in Ann Arbor, MI 48104
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Area Reduction Factor = 

Adrag = Ada in Table 3 = 

|GCp|*
uplift = 

For easier interpretation, the results calculated in Table 4 are laid out in graphical representations of a solar array, shown in 

Image 4. Unirac engineers and drafters make use of this graphical layout when applying ballast to a given system design.

As shown in Image 3, the ballast required to resist lift - BWUz from Table 4 - is listed for each module location in Image 4. A 

portion of each BWUz value is distributed to each of the connected EcoFoot Bases, also detailed in Image 3 and included in 

Image 4. The total ballast required at each EcoFoot location is then calculated and rounded up to the next ballast block 

increment.

Ballast Application to Sheet S-1.0

To check the amount of drag a given sub-array will experience, the equation in Image 2 is utilized - an excerpt from RWDI's 

test report. Each sub-array is checked for sliding, proceeding from the smallest to largest or until drag no longer governs total 

required ballast. 

Table 5 lists the calculations used to identify the total required ballast to counteract drag forces and prevent sliding. Friction 

values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for Measuring and 

Reporting Friction Coefficients. Unless detailed information is available pertaining to the location of the sub-array, the roof's 

worst case uplift GCp are utilized in calculating drag and required ballast.

3920.40

0.21

0.51

0.31

-0.66

Image 2: Ballast to Resist Sliding Equation

0.37

(GCp)*
drag = 

0.6

Table 5: Ballast to Resist Sliding Calculation
Sub-Array Module Count Total:

ad = Dead Load Combination Factor = 
qz (qh in Table 3)
M = dLF1 from Table 3 = 
fn (also see Table 1)  = 
Auplift = Ala in Table 3 = 

0.6

GCp-drag

GCp-uplift

83.53

4.07

1.65

27.51

16

32

29.05

Total Required Ballast Weight (Per Image 2)= 
Wballastblock = 
Total Required Ballast Blocks: 123

aw = Wind Load Combination Factor = 

unirac.com
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EcoFoot 2+ Ballast Layout EcoFoot 5D Ballast Layout

2 2 1

2 2 1

2 2 1

3 5 4 4 4 4 0 0

4 3 3 3 3 3 0 0

4 4 4 4 3 3 0 0

3 4 4 4 3 3 0 0

N
3 3 4 3 3 3 0 0

3 3 4 3 3 3 0 0

3 3 4 3 3 3 0 0

4 4 4 4 4 4 0 0

4 4 4 4 4 4 0 0

NOTE: The colored module locations in Image 4 correspond to the same colored areas in Table 4: blue - the north corners, 

orange - the east or west edge, yellow - the deep interior. See Page 7 for more detailed calculations.
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1

Break Line 

(green dashed line)

Module, with required ballast 

weight "BWUz" called out

27.36

27.36

132.90

106.29

EcoFoot location with required 

number of ballast blocks

00

116.93

2

52.47 27.36

2

132.90

106.29 85.00 85.00

0

176.36

85.00 85.00

113.38

0

0

0

146.20

146.20

The ballast prescription array shown in Image 4 is one of many similar arrays created automatically through EcoCalcs in order 

to address all possible array configurations. The data calculated in Table 4 was ultimately used to assign ballast to the system 

design in Sheet S-1.0 by Unirac. EcoCalcs and the resulting ballast plan S-1.0 are reviewed by CBC Engineers for correctness 

and completeness. Once approved, an engineering report including Sheet S-1.0 and any supporting material (this explanation 

included) are stamped and sealed by a professional engineer registered in the state where the project is proposed.

Image 4: Ballast Prescriptions Produced by Table 4

000
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0
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Image 3: Example of Module and Ballast Graphical Representation
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

psf

sqft

deg

sqft

lbf

lbf

lbf

lbf

Load Combinations

DL+0.75SL+0.45WL  535.06 lbs

DL+ SL

DL+0.6WL

 475.49 lbs
 334.82 lbs

Max downpoint load calculations

No of Mid supports

Tributary Area to support/bays/base

Wind force down (WL)

Snow load Down (SL)

Total Dead load per Bay (DL)

1
0.5

 316 lbs
 330.13 lbs

8.41

 145.36 lbs

of module area

Θm = Module Incline:

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -51.00

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 85.00

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -216.43

dLF1 = Dead load of one module and attributed hardware: 83.53

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -79.74

Am = Surface Area of Module: 27.81

Θm = Module Incline: 8.41

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -168.53

dLF1 = Dead load of one module and attributed hardware: 83.53

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 132.90

Interior Module
GCn Value from RWDI report: -0.21

qh value from Table 3: 29.05

pUz = Uplift design wind pressure in Z direction = qh*GCn: -6.13

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6

-0.33
29.05
-9.45
27.81
8.41

27.51
-259.89
83.53

-105.82
176.36

WLFUz=Uplift wind load force in Z direction=pUz*Ala
dLF1 = Dead load of one module and attributed hardware:
DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

East/West Edge Module
GCn Value from RWDI report: -0.27

qh value from Table 3: 29.05

pUz = Uplift design wind pressure in Z direction = qh*GCn: -7.87

Am = Surface Area of Module: 27.81

Detailed Calculations From Table 4

North Corner Module
GCn Value from RWDI report:
qh value from Table 3:
pUz = Uplift design wind pressure in Z direction = qh*GCn:
Am = Surface Area of Module: 
Θm = Module Incline:
Ala = PV Module Lift Area = Am * Cos (Θm):
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Table 6: Seismic Design Inputs Table 7: ASCE7 Inputs

Unirac utilizes the unattached design approach to account for seismic force as provided for by Section 16 of the 2016 

California Building Code, the Structural Engineering Association of California PV1 Requirements (SEAOC PV1-2012) and ASCE 

7.  Section 1613.5 defines “Ballasted Photovoltaic System” which also defines "partially attached" systems, and provides 

guidance for designing arrays that utilize physical anchors and friction to resist seismic forces.  SEAOC PV1 or ASCE 7 Chapter 

13 defines the calculations required design attached photovoltaic systems, including friction to partially offset seismic forces.

The following explanation walks through calculations outlined in Section 4 - Attached Arrays. The attached approach begins 

with the project specific design criteria outlined in Table 6.  These values reflect site inputs as well as assumptions permitted 

in the SEAOC PV1-2012 document Section 4 and ASCE 7 chapter 13 .

SEAOC PV1 - 2012 - Section 4: attached Arrays

Fp (ASD) 23.21

Site Class D-Stiff Soil Fp=0.4*ap*Sds*Wp*(1+2*z/h)/(Rp/Ip) 33.15

Number of blocks per Ecofoot 6.00 z=height of point of attachment (in.) 1.00

Ip 1.50 Fp=0.3*Sds*Ip*Wp 12.43
Seismic Design Category 0.00 Fp=1.6*Sds*Ip*Wp 66.30

Wp=Weight per unit 275.53 h=structure height compared to base (in.) 1.00

SEAOC PV1 specifies that “PV support systems that are attached to the roof structure shall be designed to resist the 

lateral seismic force Fp specified in ASCE 7-16/22 Chapter 13.” Although SEAOC PV1 was released prior to ASCE 7-16/22, 

Fp  is defined the same way in Chapter 13 of both ASCE verions 7-10, 7-16 and 7-22.  Therefore the lateral seismic force 

analysis applied is valid for both ASCE 7-10, 16 and 22.  In utilizing the Fp calculations for nominal, minimum, and 

maximum values laid out in Section 13.3.1, the values in Table 7 are found.

The following is excerpted from SEAOC PV1-2012, Section 4 – Attached Arrays:

“For attached roof-bearing systems, friction is permitted to contribute in combination with the design lateral strength of 

attachments to resist the lateral force Fp when all of the following conditions are met:

     •      “The maximum roof slope at the location of the array is less than or equal to 7 degrees (12.3 percent);

     •      “The height above the roof surface to the center of mass of the solar array is less than the smaller of 

               36 inches and half the least plan dimension of the supporting base of the array

     •      “Rp shall not exceed 1.5 unless it is shown that the lateral displacement behavior of attachments is 

               compatible with the simultaneous development of frictional resistance.”

33.15
'Seismic Calcs (Attached)'!A9 1.00
Fa (Site Class E) 2.5
Sms = Fa x Ss 0.15
Sds = (2/3) x Sms

Rp 1.50 Fp

0.10

unirac.com
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Table 8: Calculation of Physical Attachment Requirements

Friction Coefficient 0.37 ASTM G115 Tested

The EcoFoot 2+ and EcoFoot 5D systems have been demonstrated to be in conformance with the above stated stipulations. 

As such, and in accordance with the remainder of Section 4 – Attached Arrays from SEAOC PV1-2012, the force required to 

resist movement due to seismic shifting is calculated. Based on the minimum ultimate shear strength of the roof mounting 

method prescribed for this job, the total lateral load that one attachment may offset is calculated, and by extension the 

number of modules allowed per attachment point. These values can be found in Table 8.

All friction values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for 

Measuring and Reporting Friction Coefficients, methodology that is in agreement with SEAOC PV2 and Los Angeles, CA 

stipulations.

SEAOC section 4 (ASD), Friction Force 

Force to be offset by physical attachments-18.72
Ff (max friction) = (0.6-0.14*Sds)*(0.7*u)*Wp 41.93
Excess force per unit

634.91
Number of panels per attachment -33.91
Attachment system rating (allowable)

(if negative, no fasteners are needed)

ASD design load

Image 5: Example of ballast layout with seismic attachment callouts

This final number of panels per attachment represents the maximum number of modules that any given attachment point 

may account for in terms of offsetting seismic force Fp. Physical attachments shall be installed per the manufacturer’s 

instructions, and attached to the EcoFoot 2+ or EcoFoot 5D system per the installation instructions provided by Unirac. 

On Sheet S-1.0 physical attachments are called out as shown below in Image 5:
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Prepared For: Nova Consultants Inc

Project Name: City Hall

Project Address: 301 East Huron Street, Ann Arbor, MI 48104

Date:

SOLUTION OVERVIEW VICINTY MAP PROJECT SPECIFICATIONS
EcoFoot2+ Low-Slope Racking

Total System Size (KW) 16.82

Total Module Quantity 29

Module Orientation Landscape

Module Manufacturer Jinko

Module Model JKM 580N-72HL4-BDV

Module Wattage 580

Module Length (in.) 89.69

Module Width (in.) 44.65

Module Weight (lbs) 68.34

Roof Type Other

Parapet Height (in) 6

Setback (in) 48

Roof Height (ft) 100

Roof Slope (degrees) 1.20

ASCE Version 2010

Basic Windspeed (mph) 120

Wind Exposure Category B

Occupancy Category IV

Ground Snow Load (lb/ft
2
) 20

SYSTEM INFORMATION

EQUIPMENT

BUILDING DATA

DESIGN VALUES

June 5, 2024

SOLAR PROJECT DESIGN

With 500MW installed, EcoFoot Racking is preferred by installers for fast, simple 

installation and streamlined logistics. The enclosed provides the layout and system 

details for a complete solution for your project using this validated and reliable product.

EcoFoot2+ delivers key advantages for a successful, efficient installation.

Faster Installation: Installers complete projects in less time with self-aligning Bases, 

simple pre-assembled components, five-minute learning curve, and one-tool 

installation. Install speed is rated at 13.5 modules/installer-hour by DNV-GL. 

Low Part Count & Streamlined Logistics: EcoFoot2+ consists of three core 

components: roof friendly, durable Base with integrated north/south Wire Clips, 

pre-assembled Clamps, and Wind Deflector to reduce ballast and provide east/west 

bonding. Stackable Bases fit up to 50kW per pallet, meaning fewer crane lifts and less 

space used on the job site. 

Dedicated Support: Experienced project managers and field technicians support your 

project from bid to inspection. Project managers ensure you have needed details to 

obtain a permit and pass inspection. Our field team offers a dedicated phone line and 

email. On-site training is available.

DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.
CONTRACTOR IS RESPONSIBLE FOR VERIFYING ROOF CAPACITY.  

CONTRACTOR IS RESPONSIBLE FOR CONFIRMING ALL DESIGN CRITERIA ARE CORRECT AND APPROPRIATE FOR THE PROJECT SITE. 

CONTRACTOR MUST CONFIRM DESIGN MEETS ALL UTILITY AND AHJ REQUIREMENTS.

CONTRACTOR IS RESPONSIBLE FOR VERIFYING THAT BUILDING STRUCTURE AND RELATED CONNECTIONS CAN SUPPORT ALL LOADS IMPOSED BY PV 

SYSTEM.  

REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS AND ADDITIONAL INFORMATION.
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*req's slip sheets

Occupancy Category

48

100
1.20

Wind Exposure

3 Sec. Gust (mph)

B

Parapet Height (in.)

Roof Slope (deg)
Roof Height (ft.)

6

IV

Below, Table 1 and Table 2 list the design criteria and project details for a proposed system in Ann Arbor, MI. These values 

will be used throughout the remainder of this explanation.

2010ASCE7 Version

Table 1: System Design Criteria

Soil Site Class

Snow Load (psf)

0.37Coeff. Of Friction (fn)*

N/AGround Elevation (ft)

Landscape

D-Stiff Soil

20.0
Seismic Data (SS)

89.69
44.65
68.34

OtherRoof Type

Table 2: PV Module Specifics

120

Min Edge Setback (in)
Module Orientation

0.0940

Module Manufacturer

Module Model JKM 580N-72HL4-BDV
Jinko

Introduction, Site Specifics and Variable Definition

In order to efficiently design EcoFoot2+ and EcoFoot5D ballasted photovoltaic systems, Unirac makes use of a proprietary 

solar array design aid called “EcoCalcs”. Starting with a set of design criteria, shown here in Table 1 below, EcoCalcs 

utilizes methodologies laid out in the ASCE7 and SEAOC PV1/PV2 documents, and derivative building codes. Actual 

calculations for this project are included herein, and are accompanied by a step-by-step explanation of Unirac's design 

process.

The output of EcoCalcs is a comprehensive set of ballast prescriptions, including Image 3 found on Page 6. Ballast 

prescriptions are applied to a proposed system layout by the Unirac engineering team. Engineering Alliance, Unirac's 

professional engineering partner, has reviewed and verified EcoCalcs and reviews system designs to ensure that 

calculations and ballast prescriptions were correctly applied. Upon successful review, Engineering Alliance provides a 

stamped design review including relevant supporting documentation (this explanation included) and a stamped, approved 

ballast plan.

Please note: Unirac and Engineering Alliance are not conducting a structural review of the proposed site.

580Module Power (w)

Module Weight (lbs.)

Module Length (in)
Module Width (in)

Utilizing the inputs from Tables 1 and 2, the factors in Table 3 are generated for the site. This list of factors is used in 

various ways to fully define a proposed system according to calculations laid out in the SEAOC and ASCE documents. In the 

scope of this explanation, factors are used to calculate velocity pressure, qh as defined in ASCE7-05, Section 6.5.10; ASCE7-

10, Section 30.3.2; or ASCE7-16 and ASCE7-22, Section 26.10.2, and ultimately the amount of ballast required to offset 

uplift and drag forces.

Product Line EcoFoot 2+

unirac.com
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Racking Component Weight per Module lbs.

lbs.

ft2

ft
2

lbs.

in.

ft.

ft.

ft.

psf

psf

psf

psf

Table 3: Calculation Inputs, Constants, and Variables

1Ke= Ground Elevation Factor

0.99

 

32

0.6

1200

Ballast Block Weight

Asymmetric lift load Ratio (North Row)

Asymmetric lift load Ratio (South Row)

Ala= Effective Lift Area of PV Module

Ada= Effective Drag Area of PV Module

dLF1= Dead Load of Module and Attributed Racking

zg (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

Load Combination Factor for Wind

Roof Setback Minimum

α (from ASCE7 Table 6-2 or 26.9.1 or 26.11-1)=

Load Combination Factor for Seismic

30

100

27.511

48

 

83.528

4.07

1.4

1.6

15.19

0.7

7

Kd= Directionality Factor

qh_wind= Velocity Pressure (0.00256*Kz*Kzt*Ke*Kd*V^2*I)
Dead Load design load factor

 

30.97

0.00
 30.97

zmin (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

z selected (from zmin & inputs)=

Kz= Velocity pressure exposure coefficient at height 

Wind design load factor 0.6

Kzt= Topographic Factor 1

0.85

 

Wind Tunnel Testing, Uplift and Drag Force Calculations

0.6

30.97

Wind tunnel testing of the EcoFoot product line to determine GCn values has been conducted by Rowan Williams Davies & Irwin Inc. (RWDI), a 

nationally recognized boundary-layer wind tunnel test firm. Testing was conducted in accordance with ASCE7-05, section 6.6; and ASCE7-10/16/22, 

section 31.2. Module-specific GCn data allows for precise application of ballast to prevent uplift. Deviation from prescriptive wind GCn values has been 

addressed according to SEAOC PV2 via a peer review of the wind tunnel testing and results by Maffei Structural Engineering. 

GCn and qh are used to calculate the pressure exerted on each module via the design wind pressure equations (ASCE7-05 – section 6.5.12.4, ASCE7-10 

– section 30.4.2, ASCE7-16-30.5.2  and ASCE7-22 – section 30.3.2). Ballast required to offset uplift and drag forces (BWUz) is calculated in accordance 

with RWDI recoemndations. Detailed calculations for this project are found in Table 4. Resulting required ballast BWUz is displayed graphically in 

Image 3.

An explanation of variables:

Asymmetric Lift Load Ratio: This is a ratio describing the leverage created by EcoFoot base dimensions, module 
attachment location and location of center of ballast mass. Assessed as a multiplier on top of ballast 
distribution scheme in Image 4.

dLF1= Dead Load of Module and Attributed Racking: the weight of one module and hardware attributed to 
that module, not including ballast.

Ala= Effective Lift Area of PV Module: The surface area of a module projected onto the horizontal plane for lift 
calculations.

Ada= Effective Drag Area of PV Module: The surface area of a module projected onto the horizontal plane for 
drag calculations.

qh= Velocity Pressure at height "h": Calculation prescribed by ASCE7-05, eq. 6-15, and ASCE7-10, eq. 30.3-1, or 
ASCE7-16 and ASCE 7-22, eq. 26.10-1 (subscript "h" used here for clarity, ASCE7 utilizes subscript "z").
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6
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Table 4: Ballast to Resist Uplift Calculations for Project Proposed in Ann Arbor, MI 48104
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Image 1: Aerodynamic Zones from RWDI Report

The aerodynamic differences among different sub-sections of a large array are handled by various calculation sections 

(North Corner, North Edge, E/W Edge...) and apply according to the excerpt from the RWDI report shown below in Image 

1. The highlighted sections of Table 4 correspond to specific module locations, also shown in Image 4: blue - the north 

corners, orange - the east or west edge, yellow - the deep interior. See Page 7 for expanded calculations pertaining to the 

highlighted sections.
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aw = Wind Load Combination Factor = 

Total Required Ballast Weight (Per Image 2)= 
Wballastblock = 
Total Required Ballast Blocks: 136

30.97

16

32

ad = Dead Load Combination Factor = 
qz (qh in Table 3)
M = dLF1 from Table 3 = 
fn (also see Table 1)  = 
Auplift = Ala in Table 3 = 

0.6

GCp-drag

GCp-uplift

83.53

4.07

1.67

27.51

0.6

Table 5: Ballast to Resist Sliding Calculation
Sub-Array Module Count Total:

For easier interpretation, the results calculated in Table 4 are laid out in graphical representations of a solar array, shown in 

Image 4. Unirac engineers and drafters make use of this graphical layout when applying ballast to a given system design.

As shown in Image 3, the ballast required to resist lift - BWUz from Table 4 - is listed for each module location in Image 4. A 

portion of each BWUz value is distributed to each of the connected EcoFoot Bases, also detailed in Image 3 and included in 

Image 4. The total ballast required at each EcoFoot location is then calculated and rounded up to the next ballast block 

increment.

Ballast Application to Sheet S-1.0

To check the amount of drag a given sub-array will experience, the equation in Image 2 is utilized - an excerpt from RWDI's 

test report. Each sub-array is checked for sliding, proceeding from the smallest to largest or until drag no longer governs total 

required ballast. 

Table 5 lists the calculations used to identify the total required ballast to counteract drag forces and prevent sliding. Friction 

values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for Measuring and 

Reporting Friction Coefficients. Unless detailed information is available pertaining to the location of the sub-array, the roof's 

worst case uplift GCp are utilized in calculating drag and required ballast.

4351.07

0.21

0.52

0.31

-0.67

Image 2: Ballast to Resist Sliding Equation

0.37

(GCp)*
drag = 

Adrag = Ada in Table 3 = 

|GCp|*
uplift = 

Area Reduction Factor = 
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EcoFoot 2+ Ballast Layout EcoFoot 5D Ballast Layout
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Image 3: Example of Module and Ballast Graphical Representation
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The ballast prescription array shown in Image 4 is one of many similar arrays created automatically through EcoCalcs in order 

to address all possible array configurations. The data calculated in Table 4 was ultimately used to assign ballast to the system 

design in Sheet S-1.0 by Unirac. EcoCalcs and the resulting ballast plan S-1.0 are reviewed by CBC Engineers for correctness 

and completeness. Once approved, an engineering report including Sheet S-1.0 and any supporting material (this explanation 

included) are stamped and sealed by a professional engineer registered in the state where the project is proposed.

Image 4: Ballast Prescriptions Produced by Table 4
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NOTE: The colored module locations in Image 4 correspond to the same colored areas in Table 4: blue - the north corners, 

orange - the east or west edge, yellow - the deep interior. See Page 7 for more detailed calculations.
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Load Combinations

Detailed Calculations From Table 4

North Corner Module
GCn Value from RWDI report:
qh value from Table 3:
pUz = Uplift design wind pressure in Z direction = qh*GCn:
Am = Surface Area of Module: 
Θm = Module Incline:
Ala = PV Module Lift Area = Am * Cos (Θm):

East/West Edge Module
GCn Value from RWDI report: -0.27

qh value from Table 3: 30.97

pUz = Uplift design wind pressure in Z direction = qh*GCn: -8.51

Am = Surface Area of Module: 27.81

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6

-0.33
30.97
-10.22
27.81
8.41

27.51
-281.18
83.53

-118.59
197.65

WLFUz=Uplift wind load force in Z direction=pUz*Ala
dLF1 = Dead load of one module and attributed hardware:
DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

Am = Surface Area of Module: 27.81

Θm = Module Incline: 8.41

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -182.34

dLF1 = Dead load of one module and attributed hardware: 83.53

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 150.63

Interior Module
GCn Value from RWDI report: -0.21

qh value from Table 3: 30.97

pUz = Uplift design wind pressure in Z direction = qh*GCn: -6.63

-59.28

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 98.81

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -234.16

dLF1 = Dead load of one module and attributed hardware: 83.53

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -90.38

 145.36 lbs

of module area

Θm = Module Incline:

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

8.41

DL+0.75SL+0.45WL  546.70 lbs

DL+ SL

DL+0.6WL

 475.49 lbs
 350.34 lbs

Max downpoint load calculations

No of Mid supports

Tributary Area to support/bays/base

Wind force down (WL)

Snow load Down (SL)

Total Dead load per Bay (DL)

1
0.5

 342 lbs
 330.13 lbs
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SEAOC PV1 specifies that “PV support systems that are attached to the roof structure shall be designed to resist the 

lateral seismic force Fp specified in ASCE 7-16/22 Chapter 13.” Although SEAOC PV1 was released prior to ASCE 7-16/22, 

Fp  is defined the same way in Chapter 13 of both ASCE verions 7-10, 7-16 and 7-22.  Therefore the lateral seismic force 

analysis applied is valid for both ASCE 7-10, 16 and 22.  In utilizing the Fp calculations for nominal, minimum, and 

maximum values laid out in Section 13.3.1, the values in Table 7 are found.

The following is excerpted from SEAOC PV1-2012, Section 4 – Attached Arrays:

“For attached roof-bearing systems, friction is permitted to contribute in combination with the design lateral strength of 

attachments to resist the lateral force Fp when all of the following conditions are met:

     •      “The maximum roof slope at the location of the array is less than or equal to 7 degrees (12.3 percent);

     •      “The height above the roof surface to the center of mass of the solar array is less than the smaller of 

               36 inches and half the least plan dimension of the supporting base of the array

     •      “Rp shall not exceed 1.5 unless it is shown that the lateral displacement behavior of attachments is 

               compatible with the simultaneous development of frictional resistance.”

33.15
'Seismic Calcs (Attached)'!A9 1.00
Fa (Site Class E) 2.5
Sms = Fa x Ss 0.15
Sds = (2/3) x Sms

Rp 1.50 Fp

0.10

Wp=Weight per unit 275.53 h=structure height compared to base (in.) 1.00

Fp=0.3*Sds*Ip*Wp 12.43
Seismic Design Category 0.00 Fp=1.6*Sds*Ip*Wp 66.30

Fp (ASD) 23.21

Site Class D-Stiff Soil Fp=0.4*ap*Sds*Wp*(1+2*z/h)/(Rp/Ip) 33.15

Number of blocks per Ecofoot 6.00 z=height of point of attachment (in.) 1.00

Ip 1.50

Table 6: Seismic Design Inputs Table 7: ASCE7 Inputs

Unirac utilizes the unattached design approach to account for seismic force as provided for by Section 16 of the 2016 

California Building Code, the Structural Engineering Association of California PV1 Requirements (SEAOC PV1-2012) and ASCE 

7.  Section 1613.5 defines “Ballasted Photovoltaic System” which also defines "partially attached" systems, and provides 

guidance for designing arrays that utilize physical anchors and friction to resist seismic forces.  SEAOC PV1 or ASCE 7 Chapter 

13 defines the calculations required design attached photovoltaic systems, including friction to partially offset seismic forces.

The following explanation walks through calculations outlined in Section 4 - Attached Arrays. The attached approach begins 

with the project specific design criteria outlined in Table 6.  These values reflect site inputs as well as assumptions permitted 

in the SEAOC PV1-2012 document Section 4 and ASCE 7 chapter 13 .

SEAOC PV1 - 2012 - Section 4: attached Arrays
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ASD design load

Image 5: Example of ballast layout with seismic attachment callouts

This final number of panels per attachment represents the maximum number of modules that any given attachment point 

may account for in terms of offsetting seismic force Fp. Physical attachments shall be installed per the manufacturer’s 

instructions, and attached to the EcoFoot 2+ or EcoFoot 5D system per the installation instructions provided by Unirac. 

On Sheet S-1.0 physical attachments are called out as shown below in Image 5:

(if negative, no fasteners are needed)

634.91
Number of panels per attachment -33.91
Attachment system rating (allowable)

Table 8: Calculation of Physical Attachment Requirements

Friction Coefficient 0.37 ASTM G115 Tested

The EcoFoot 2+ and EcoFoot 5D systems have been demonstrated to be in conformance with the above stated stipulations. 

As such, and in accordance with the remainder of Section 4 – Attached Arrays from SEAOC PV1-2012, the force required to 

resist movement due to seismic shifting is calculated. Based on the minimum ultimate shear strength of the roof mounting 

method prescribed for this job, the total lateral load that one attachment may offset is calculated, and by extension the 

number of modules allowed per attachment point. These values can be found in Table 8.

All friction values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for 

Measuring and Reporting Friction Coefficients, methodology that is in agreement with SEAOC PV2 and Los Angeles, CA 

stipulations.

SEAOC section 4 (ASD), Friction Force 

Force to be offset by physical attachments-18.72
Ff (max friction) = (0.6-0.14*Sds)*(0.7*u)*Wp 41.93
Excess force per unit
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111 NORTH 5TH AVENUE

ANN ARBOR, MI 48104

FIRE STATION 1

96.8 kW DC SOLAR ARRAY

84.6 kW AC SOLAR ARRAY

SHEET KEY NOTES

1. 96.8 kW DC SOLAR ARRAY, 84.6 kW AC SOLAR ARRAY

2.     NO PARKING, FIRE LANES (EXISTING)

3. ROOF ACCESS HATCH (EXISTING)

4. EXISTING GENERATOR
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NO SCALE

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

NORTH

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.
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 6-28-2024
BID REVIEW

111 NORTH 5TH AVENUE

ANN ARBOR, MI 48104

FIRE STATION 1

96.8 kW DC SOLAR ARRAY

84.6 kW AC SOLAR ARRAY

SHEET KEY NOTES

1. 96.8 kW DC PV ARRAY, 84.6 kW AC PV ARRAY.

2. 6'-0" PREFERRED PERIMETER PATHWAY (4'-0" CODE MIN.)

3. SERVICE RACK WITH INVERTERS AND PB-A.

1

2

3

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

SHEET GENERAL NOTES

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.
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JE

6-28-2024
BID REVIEW

7-8-2024
INTERCONNECT REV.

111 NORTH 5TH AVENUE

ANN ARBOR, MI 48104

FIRE STATION 1

Scale: 3/16" = 1'-0"

PLAN DETAIL - AT EQUIPMENT RACK(S)

E101

1

SHEET KEY NOTES

1. 96.8 kW DC SOLAR ARRAY, 84.6 kW AC SOLAR ARRAY

2. SERVICE RACK (ON ROOF)

3. PB-A,(ON ROOF)

4. (2) 17.3 kW INVERTERS 1 & 2,(ON ROOF)

5. (1) 50 kW INVERTER 3,(ON ROOF)

6. SOLAR PV DISCONNECT-A (P.O.C.), LOCKABLE WITH BLADE STYLE

VISIBLE BREAK TO BE INSTALLED WITHIN 5 FEET OF DTE UTILITY

METER

7. EXIST. MAIN-1 DISCONNECT

8. EXIST. CT CABINET

9. EXIST. UTILITY METER

10. EXIST. DTE TRANSFORMER

  11.   DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

  12.   DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

  13.   SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601

1
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96.8 kW DC SOLAR ARRAY
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.
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4

32

543

1

3 4

5

10

ELEV.

ELEV.

2

8

9

6

7

P.O.C.

ELEV.

1

*

*



GEN.

HVAC

ROOF

HATCH

SKY-

LIGHT

SKY-

LIGHT

SKY-

LIGHT

HVAC

HVAC

HVAC

HVAC

HVAC

HVAC

HVAC

HVAC

HVAC

SKY-

LIGHT

SKY-

LIGHT

SKY-

LIGHT

2-GAS

LINES

2-GAS

LINES

GAS

LINE

GAS

LINE

GAS

LINE

GAS

LINE

GAS

LINE

GAS

LINE

GAS

LINE

GAS

LINE

2-GAS

LINES

M

ALLEY

(AT GRADE)

ROOF

LEVEL

EXISTING DTE

TRANSFORMER

ON CURB RISE

M

LOADING DOCK

+

-

+

-

+

-

~

~~

ALLEY

(AT GRADE)

ROOF

LEVEL

EXISTING

CONCRETE

CURB  RISE

EXISTING

BOLLARD

HANDS ON

MUSEUM

PB-A

C
T

D

XFMR

SHEET GENERAL NOTES

NOVA Consultants, Inc.

21580 Novi Road

Suite 300

Novi, MI 48375

Phone: (248) 347-3512

Fax: (248) 347-4152

www.novaconsultants.com

NO. DATE DESCRIPTION APPVD.

REVISED

SHEET NUMBER

DRAWN BY

SHEET SIZE

SCALE

DATE DESCRIPTION APPVD.

ISSUED

PROJECT NUMBER

23-11-1168-FS1

22x34

DESIGNED BY CHECKED BY

1 2 3 4 5

1 2 3 4 5

A

B

C

D

Dwg: J:\PROJECTS\23 projs\23-11-1168 City of Ann Arbor - Solar at City Facilities\Fire Station 1\Drawings\23111168-FS1-E102.dwg   Date: Jun 27 2024; 3:56PM   User: george

CITY OF ANN ARBOR

SOLAR FACILITIES

 

AC POWER

PLAN

RGM

JE

E102

AS NOTED

BD, GAK

 3-22-2024
50% REVIEW

 

 6-28-2024
 BID REVIEW

111 NORTH 5TH AVENUE

ANN ARBOR, MI 48104

FIRE STATION 1

96.8 kW DC SOLAR ARRAY

84.6 kW AC SOLAR ARRAY

SHEET KEY NOTES

1

1. 96.8 kW DC SOLAR ARRAY, 84.6 kW AC SOLAR ARRAY

2. SERVICE RACK (ON ROOF)

3. PB-A, (ON ROOF)

4. (2) 17.3 kW INVERTERS 1 & 2.(ON ROOF)

5. (1) 50 kW INVERTER 3, (ON ROOF)

6. DISCONNECT-A (P.O.C.)

7. EXIST. MAIN-1 DISCONNECT

8. EXIST. CT CABINET

9. EXIST. UTILITY METER

10. EXIST. DTE TRANSFORMER

E102

1

SCALE:  N.T.S.
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POINT OF CONNECTION(P.O.C.)

AC WIRING CONDUIT

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT

TILT 10°

AZIMUTH 182°

INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.
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111 NORTH 5TH AVENUE

ANN ARBOR, MI 48104

FIRE STATION 1

84.6 kW AC SOLAR ARRAY

96.8 kW DC SOLAR ARRAY

SCALE:  N.T.S.

DC POWER PLAN

 

NORTH

SHEET GENERAL NOTES

SHEET KEY NOTES

1. 96.8 kW DC SOLAR ARRAY, 84.6 kW AC SOLAR ARRAY

2. SERVICE RACK (ON ROOF)

3. PB-A,(ON ROOF)

4. (2) 17.3 kW INVERTERS 1 & 2,(ON ROOF)

5. (1) 50 kW INVERTER 3,(ON ROOF)

6. DISCONNECT-A (P.O.C.)

7. EXIST. MAIN-1 DISCONNECT

8. EXIST. CT CABINET

9. EXIST. UTILITY METER

10. EXIST. DTE TRANSFORMER

  11.   DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

  12.   DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

  13.   SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601
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POINT OF CONNECTION(P.O.C.)

AC WIRING CONDUIT
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.
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IF NECESSARY.
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT

MICHIGAN ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE

(NEC), 2015 MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL

FIRE CODE, AND ALL APPLICABLE LOCAL CODES AND STANDARDS..

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. CONDUIT FILL TO BE LESS THAN 40%.

4. CONTRACTOR TO VERIFY THAT MODULES ARE COMPATABLE WITH
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SHEET GENERAL NOTES
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STRING #
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STRING WIRING

SHEET KEY NOTES

1. DC HOME RUNS UNDER MODULES:  PV WIRING SHALL BE SECURED

VIA HEYCO CABLE CLIPS OR EQUAL.

2. DC HOME RUNS NOT UNDER MODULES, AND AC WIRING:  WIRING

SHALL BE IN CONDUIT PER CODE, SEE VERTICAL CONDUIT SUPPORT

(WALL) AND CONDUIT SUPPORT DETAILS (ROOF) ON SHEET E501.

3. SEE CONDUIT AND WIRE SIZE CHART ON SHEET E601.

PV SYSTEM DESCRIPTION - GENERAL

ARRAY TYPE BALLASTED ROOF MOUNT
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INTRAROW SPACING 1.6 FT. PER RACKING  SPECIFICATIONS

Scale: NONE
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1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN

ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), 2015

MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL FIRE CODE,

AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. FIELD ADJUST THE ARRAY LAYOUT BASED ON ROOF OBSTRUCTIONS

IF NECESSARY.

4.    PANEL MODULE PAIRS ARE WIRED IN SERIAL. POSITIVE OF FIRST

PANEL TO NEGATIVE OF SECOND PANEL WITH REMAINING PANEL

FEEDS CONNECTED TO S1201 OPTIMIZERS.
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SHEET GENERAL NOTES

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT

MICHIGAN ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE

(NEC), 2015 MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL

FIRE CODE, AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. CONDUIT FILL TO BE LESS THAN 40%.
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FOR TOTAL SYSTEM:

PV MODULE MODEL: JINKO SOLAR, JKM580N-72HL4-BDV (580 W)

PV MODULE SIZE: 89.69" L X 44.65" W X 1.18" D

NUMBER OF MODULES: 167

PV MODULE PMAX: 580 W

OPTIMIZERS: (84)                                            SOLAR EDGE S1201 (DUAL OPTIMIZER)

INVERTERS : (3) 1.  SOLAR EDGE - SE 17.3 KUS

                                                                           2.  SOLAR EDGE - SE 17.3 KUS

3. SOLAR EDGE - SE   50  KUS

NO. OF STRINGS PER INVERTER: INV #1 (2 STRINGS)

NO. OF STRINGS PER INVERTER: INV #2 (2 STRINGS)

NO. OF STRINGS PER INVERTER:                  INV #3 (4 STRINGS)

DC TO AC RATIO: 1.14

NUMBER OF STRINGS: 8

TOTAL NAMEPLATE SIZE:  96.86 kW DC

84.6 kW AC

NOTE:     PV SYSTEM IS 600 V DC (MAX.)

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT MICHIGAN ELECTRICAL

CODE, 2023 NATIONAL ELECTRICAL CODE (NEC), AND ALL APPLICABLE LOCAL

CODES AND STANDARDS.

2. THE INVERTERS INCLUDE RESIDUAL CURRENT DETECTION GFIC AS PART OF THE

DC GROUND FAULT DETECTION METHOD REQUIRED BY UL 1741.

3. ARTICLE 310.15 (B)(2) EXCEPTION: TYPE XHHW-2 INSULATED CONDUCTORS SHALL

NOT BE SUBJECT TO THIS AMPACITY ADJUSTMENT PER 310.15.

4. DC CONDUCTORS SHALL BE DERATED PER 310.15.

5. SOLAR EDGE INVERTERS ARE CERTIFIED UL 1699B FOR ARC FAULT PROTECTION

PER SECTION 690.11.

6. INVERTERS INCLUDE ANTI-ISLANDING PROTECTION COMPLIANT WITH UL 1741

 AND IEEE 1547 PER NEC 690.

7. CONTRACTOR TO FIELD VERIFY THAT ALL LISTED GROUNDING ELECTRODES ARE

PRESENT AND PROPERLY TERMINATED ON SITE.

8. CONTRACTOR TO VERIFY THAT ALL CIRCUIT BREAKERS ARE SUITABLE FOR

BACKFEED.

1. AC GROUNDING CONNECTION TO EXISTING MAIN DISCONNECT PROVIDES

CONNECTION TO BUILDING GROUNDING ELECTRODE GROUNDING

CONDUCTORS AND BONDING JUMPERS TO BE INSTALLED TO COMPLY WITH

ARTICLE 250.

2. NEW SUPPLY SIDE AC CONNECTION POWER PRODUCTION CONDUCTORS

MUST MEET NEC 690, AND 705.11(D) AND (F) FOR SERVICE DISCONNECTING

MEANS AND OVERCURRENT PROTECTION.

3. REFER TO CHART FOR CONDUIT AND WIRE SIZES.

4. INSTALL PLACARD SHOWING LOCATIONS OF DISCONNECT AND SOLAR ARRAY.

421

3 (TYP.)
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LABEL 6

INSTALL MAP PLACARD AS PER UTILITY REQUIREMENTS, SIGNAGE SHALL BE RED BACKGROUND

WITH WHITE ENGRAVED LETTERS:  (CAUTION 

3

4

", POWER TO...(

1

4

"), CALL OUTS (

1

8

")

THIS LABEL TO BE INSTALLED ON FENCE BESIDE GATE AND AT DISCONNECT DISC-MAIN.

CAUTION

POWER TO THIS FACILITY IS ALSO SUPPLIED FROM THE FOLLOWING

SOURCES WITH DISCONNECTS AS SHOWN:

NORTH

WARNING

DO NOT TOUCH TERMINALS

TERMINALS ON BOTH LINE AND LOAD SIDES

MAY BE ENERGIZED IN THE OPEN POSITION

LABEL 2

THE UTILITY METERING CABINET, EACH INVERTER, EACH DC AND

AC DISCONNECTING MEANS (SWITCHES AND BREAKERS) MUST

BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC

SYSTEM

DISCONNECT

LABEL 1

EACH PV STSTEM DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

LABEL 4A

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

WARNING

IF GROUND FAULT IS INDICATED ALL

NORMALLY GROUNDED CONDUCTORS

MAY BE UNGROUNDED AND ENERGIZED

LABEL 3

LABEL 5

INTERACTIVE SYSTEM POINT OF CONNECTION - P.O.C. (DISC-A)

MUST BE LABELED WITH THIS PLACARD

PHOTOVOLTAIC SYSTEM

AC POINT OF INTERCONNECTION

THIS EQUIPMENT FED BY MULTIPLE

SOURCES. TOTAL RATING OF ALL

OVERCURRENT DEVICE SHALL NOT EXCEED

AMPACITY OF BUSSBAR

WARNING

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT     17.3kW INV-1

                             1000 V

55 A

RATED AC OUTPUT CURRENT

NOMINAL OPERATING AC VOLTAGE

236 A

208 VAC

ELECTRIC SHOCK HAZARD ELECTRIC SHOCK HAZARD

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

WARNING

SOURCES UTILITY GRID AND

PV SOLAR ELECTRIC SYSTEM

DUAL POWER SUPPLY

LABEL 8

PHOTOVOLTAIC

SOLAR BREAKER

LABEL 10

LABEL 9

DO NOT RELOCATETHIS

OVERCURRENT DEVICE

LABEL 7

EQUIPMENT BACK FED FROM PHOTOVOLTAIC SYSTEMS

MUST BE LABELED WITH THIS PLACARD INCLUDING BOTH 480 V.

DISCONNECTS AND PRIMARY SWITCH AT SUBSTATION

PHOTOVOLTAIC

SYSTEM

kWH METER

LABEL 11

AC

DISCONNECT

LABEL 12

EACH AC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

DC

 DISCONNECT

LABEL 13

EACH DC DISCONNECTING MEANS MUST BE

LABELED WITH THIS PLACARD

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

LABEL 14

CAUTION

PV  OUTPUT CIRCUIT

LABEL 15

CAUTION

INVERTER  OUTPUT CIRCUIT

PHOTOVOLTAIC

SYSTEM

EQUIPPED WITH

RAPID SHUTDOWN

LABEL 16

DC

PHOTOVOLTAIC

SOURCE CIRCUIT

LABEL 17

LABEL 19

CAUTION SOLAR CIRCUIT

INVERTER AND P.O.I.

LABEL 4B

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT     17.3kW INV-2

                             1000 V

55 A

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

LABEL 4C

INVERTER DC DISCONNECT MUST BE

LABELED WITH THIS PLACARD

MAX SYSTEM DC VOLTAGE 

SHORT CIRCUIT DC CURRENT      50kW INV-3

                             1000 V

139.5 A

PHOTOVOLTAIC SYSTEM

DC DISCONNECT

TOP OF LABEL IS WHITE ON BLACK, BOTTOM IS BLACK ON WHITE

SERVICE RACK WITH

PB-A AND INVERTERS

LOCATED ON ROOF

SOLAR PV ARRAY ON ROOF

UTILITY COMPANY

TRANSFORMER AT

GRADE IN ALLEY BELOW

LOCATION OF ROOF HATCH

MAIN PV SOLAR

DISCONNECT-A, ON

WALL NEAR GRADE IN

ALLEY (P.O.C.)

ADJACENT BUILDING

WITH COMMON ALLEY
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1. BASIC ELECTRICAL REQUIREMENTS

A. FURNISH AND INSTALL THE MATERIAL, EQUIPMENT AND SYSTEMS COMPLETE AS SPECIFIED AND/OR INDICATED ON

THE DRAWINGS.

B. COMPLY WITH THE 2023  NATIONAL ELECTRICAL CODE (NEC) AND ALL APPLICABLE MUNICIPAL, STATE, LOCAL CODES.

C. OBTAIN ALL APPLICABLE PERMITS INCLUDING BUILDING AND ELECTRICAL, LICENSES AND INSPECTIONS AS REQUIRED.

D. ALL MATERIALS AND EQUIPMENT SHALL BE LISTED AND LABELED BY UL OR OTHER NATIONALLY RECOGNIZED TESTING

LABORATORY.

E. SUBMIT SHOP DRAWINGS, WIRING DIAGRAMS, SPECIFICATIONS, OPERATING DATA, AND/OR CATALOG CUTS FOR ALL

EQUIPMENT.

F. FOLLOW QUALITY ASSURANCE PROJECT PLAN (QAPP), STARTUP AND COMMISSIONING PROTOCOL.

G. UPON COMPLETION OF THE ELECTRICAL INSTALLATION, THE CONTRACTOR SHALL DELIVER TO NOVA ONE (1)

SET OF PRINTS OF AS-BUILT CONTRACT DRAWINGS SHOWING ALL ADDITIONS AND CHANGES DURING THE

INSTALLATION.   THESE DRAWINGS SHALL BE SUITABLE FOR USE IN PREPARATION OF RECORD DRAWINGS.

2. BASIC ELECTRICAL MATERIALS AND METHODS.

A. RACEWAYS

INSTALL ALL WIRING IN CONDUIT EXCEPT AS OTHERWISE INDICATED. MINIMUM CONDUIT SIZE TO BE ¾”. CONDUIT

SHALL BE RIGID GALVANIZED STEEL ABOVE GROUND AND WHERE USED AS ELBOWS AND STUB-UPS UNDERGROUND.

ELECTRICAL METALLIC TUBING (EMT) MAY BE INSTALLED ABOVE GROUND WHERE NOT SUBJECT TO DAMAGE.

UNDERGROUND CONDUIT SHALL BE SCHEDULE 40 PVC. INSTALL CONDUITS PARALLEL AND PERPENDICULAR TO WALLS

AND OTHER SURFACES. CLEAN, CAP, AND PROVIDE A PULL STRING IN EACH CONDUIT TO BE LEFT EMPTY.

B. BOXES

JUNCTION BOXES AND PULL BOXES SHALL BE STAMPED STEEL OR CAST ALUMINUM, UL LISTED FOR THE APPLICATION.

C. DISCONNECT SWITCHES

UNLESS OTHERWISE INDICATED, DISCONNECT SWITCHES USED INDOORS SHALL HAVE A NEMA 12 ENCLOSURE AND

DISCONNECT SWITCHES USED OUTDOORS SHALL HAVE A NEMA 3R ENCLOSURE. DISCONNECT SWITCHES SHALL BE

PAD LOCKABLE IN THE OPEN POSITION.

D. GROUNDING

PROVIDE GROUNDING OF THE ENTIRE ELECTRICAL SYSTEM IN ACCORDANCE WITH NEC ARTICLE 250.

PROVIDE EQUIPMENT GROUNDING CONDUCTORS IN ALL BRANCH CIRCUITS AND ALL FEEDERS.

GROUNDING CONDUCTORS SHALL BE CLASS B STRANDED COPPER, GREEN INSULATED. TERMINATE EACH END USING

A SUITABLE LISTED CONNECTOR.

BOND PV MODULES AS SHOWN ON THE DRAWINGS. CONNECT BONDING PIGTAILS TO MODULES PER MANUFACTURER'S

INSTRUCTIONS. WHERE USED LUGS SHALL BE UL LISTED FOR DIRECT BURIAL.

GROUNDING ELECTRODES (GROUND RODS) SHALL BE COPPER-CLAD STEEL, MINIMUM 5/8” DIAMETER AND 8 FT. LONG.

BOND TOGETHER METAL STRUCTURES PER NEC 250.110.

E. WIRE AND CABLE

1) WIRE FOR AC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER WIRES,

TYPE THHN/THWN-2 AND RATED 600V.

2) WIRE FOR MEDIUM VOLTAGE SHALL BE 1C-15kV CLASS.

3) WIRE FOR DC CIRCUITS SHALL BE RATED 90 DEGREES C WET OR DRY AND SHALL BE STRANDED COPPER.  ALL DC

WIRING NOT IN RACEWAY SHALL BE INSULATED TYPE USE-2 OR PV RATED TO 2000V.

4) DC EQUIPMENT GROUNDING CONDUCTOR SHALL BE MINIMUM OF #6 AWG COPPER AND BE MECHANICALLY

ATTACHED TO EACH PV RACKING STRUCTURE UNLESS OTHERWISE NOTED.

5) NO SPLICES SHALL BE MADE EXCEPT WITHIN  BOXES UL LISTED FOR THE PURPOSE.

F. SENSORS AND SENSOR WIRING

1) FURNISH AND INSTALL  PYRANOMETERS, TEMPERATURE SENSORS, ETC. AS REQUIRED AND AS SHOWN ON

DRAWINGS. ALL WIRING USED FOR CONTROLS AND MONITORING SHALL BE APPROVED BY NOVA.

3. DATA AND COMMUNICATIONS SYSTEMS

A. ALL DATA AND COMMUNICATIONS WIRING (INCLUDING CELL MODEMS) SHALL BE COORDINATED WITH THE CITY OF ANN

ARBOR AND INSTALLED BY ELECTRICAL CONTRACTOR OR AS DIRECTED BY NOVA.

4. IDENTIFICATION AND LABELS

A. ALL WIRES SHALL BE LABELED AT EACH END.

B. ALL EQUIPMENT MUST BE LABELED PER NEC ARTICLE 690 AND SHEET E-701.

C. PROVIDE LABEL ON EACH PIECE OF EQUIPMENT, SUCH AS INVERTER, COMBINER BOXES, DISCONNECT SWITCHES,

ETC. THE LABEL SHALL IDENTIFY THE EQUIPMENT BY THE NAME USED ON THE DRAWINGS, SUCH AS INVERTERS,

COMBINER BOXES, DISCONNECT SWITCHES.

5. PV SYSTEM EQUIPMENT

A. PV MODULES:

1) JINKO SOLAR (EAGLE) JKM580N-72HL4-BDV (580W)

a. MAX POWER OUTPUT: Pmax = 580W AT STC

b. VOLTAGE AT MAX POWER: Vmp = 42.59V

c. OPEN CIRCUIT VOLTAGE: Voc = 51.47V

d. CURRENT AT MAX POWER: I mpp = 13.62A

e. SHORT CIRCUIT CURRENT: I sc = 14.37A

2) MODULES PER STRING =  VARIES, SEE ONE LINE DRAWING ON SHEET E601

3) STRINGS PER INVERTER = 2 (INV. #1) / 2 (INV. #2)  / 4 (INV. #3)

4) NUMBER OF STRINGS = 8

5) No. OF MODULES = 167

6) NEG LEAD LENGTH (LANDSCAPE) = 55.12”

7) POS LEAD LENGTH (LANDSCAPE) = 55.12”

B. POWER OPTIMIZER

1) SOLAREDGE S1201 (DUAL OPTIMIZER)

2) INPUT WIRE LENGTH IN FEET

INPUT 1 OUTPUT

5.25'       (+)  17.38'  (-) 0.32'

3) RATED INPUT DC POWER = 1200W

4) USE WITH 2 MODULES CONNECTED IN PARALLEL

5) PHOTOVOLTAIC RAPID SHUTDOWN SYSTEM, COMPLIANT WITH NEC 2014, 2017, 2023

C. TOTAL ARRAY:

1) DC NAMEPLATE RATING: (167 x 580) = 96.86 kW

D. RACKING SYSTEM:

1) UNIRAC'S ECOLIBRIUM SOLAR, ECOFOOT2+ WITH BALLAST

2) MODULES TILTED 10 DEGREES

E. INVERTER

1) SOLAREDGE SE 17.3K US / SE 50K US

2) NUMBER OF INVERTERS = 2 / 1

3) MEETS IEEE-1547, RULE 21, RULE 14 (HI)

4) UL LISTED TO UL-1741, UL-1741 SA, UL-1699B. CSA 2.22

5) NOMINAL INPUT VOLTAGE DC+ TO DC- =  370 TO 600 VDC RANGE (EACH)

6) MAXIMUM  INPUT VOLTAGE DC+ TO DC- = 600 VDC (EACH)

7) MAX INPUT CURRENT: 48.25A (INV-1) / 48.25A (INV-2) / 3 X 46.5A = 139.5A (INV-3)

8) NOMINAL OUTPUT VOLTAGE: 120 / 208 VAC

9) CONTINUOUS CURRENT OUTPUT: 48.25A (INV-1) / 48.25A (INV-2) / 139.5A (INV-2)

10) MAX CONTINUOUS OUTPUT POWER: 17.3kW (INV-1) / 17.3kW (INV-2) / 50kW (INV-3)

5. INSTALLATION

A.

1) STORE MODULES IN MANUFACTURER'S PACKAGING UNTIL READY TO INSTALL.

2) PREPARE SURFACE AND INSTALL PER MANUFACTURER'S RECOMMENDATIONS.

3) ATTACH MODULE GROUNDING TERMINAL TO GROUNDING SYSTEM PER DRAWINGS.
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JINKO SOLAR JKM580N-72HL4-BDV 580W
ECOFOOT2+ LANDSCAPE ELEVATION/ISO VIEWS
SCALE: NTS UNITS: INCHES
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BOM and AVG PSF Array 1
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 60 5 300

WIND DEFLECTORS K 32 6 192
BALLAST BLOCKS 126 32 4032

PANELS 32 68.34 2186.88000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 6730.08000
ARRAY AREA(sft) 1439.72

AVG PSF 4.67458

BOM and AVG PSF Array 2
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 38 5 190

WIND DEFLECTORS K 19 6 114
BALLAST BLOCKS 87 32 2784

PANELS 19 68.34 1298.46000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 4405.66000
ARRAY AREA(sft) 884.44

AVG PSF 4.98130

BOM and AVG PSF Array 3
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 27 5 135

WIND DEFLECTORS K 13 6 78
BALLAST BLOCKS 71 32 2272

PANELS 13 68.34 888.42000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 3392.62000
ARRAY AREA(sft) 608.78

AVG PSF 5.57282

BOM and AVG PSF Array 4
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 31 5 155

WIND DEFLECTORS K 17 6 102
BALLAST BLOCKS 63 32 2016

PANELS 17 68.34 1161.78000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 3453.98000
ARRAY AREA(sft) 766.29

AVG PSF 4.50741

BOM and AVG PSF Array 5
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 22 5 110

WIND DEFLECTORS K 5 6 30
BALLAST BLOCKS 55 32 1760

PANELS 5 68.34 341.70000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 2260.90000
ARRAY AREA(sft) 246.5

AVG PSF 9.17201

BOM and AVG PSF Array 6
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 51 5 255

WIND DEFLECTORS K 30 6 180
BALLAST BLOCKS 103 32 3296

PANELS 30 68.34 2050.20000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 5800.40000
ARRAY AREA(sft) 1345.24

AVG PSF 4.31180

BOM and AVG PSF Array 7
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 19 5 95

WIND DEFLECTORS K 6 6 36
BALLAST BLOCKS 62 32 1984

PANELS 6 68.34 410.04000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 2544.24000
ARRAY AREA(sft) 289.86

AVG PSF 8.77748

BOM and AVG PSF Array 8
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 6 5 30

WIND DEFLECTORS K 2 6 12
BALLAST BLOCKS 0 32 0

PANELS 2 68.34 136.68000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 197.88000
ARRAY AREA(sft) 108.67

AVG PSF 1.82093

BOM and AVG PSF Array 9
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 67 5 335

WIND DEFLECTORS K 40 6 240
BALLAST BLOCKS 138 32 4416

PANELS 40 68.34 2733.60000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 7743.80000
ARRAY AREA(sft) 1770.36

AVG PSF 4.37414

BOM and AVG PSF Array 10
ITEM QTY UNIT

WEIGHT
TOTAL

WEIGHT
ECOFOOT 2+ 15 5 75

WIND DEFLECTORS K 3 6 18
BALLAST BLOCKS 46 32 1472

PANELS 3 68.34 205.02000
1-MOD ATTACHMENT 2 9.6 19.20000
2-MOD ATTACHMENT 0 18.8 0.00000

TOTAL WEIGHT (lb) 1789.22000
ARRAY AREA(sft) 155.91

AVG PSF 11.47598
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4' FIRE SETBACK

NO. REVISION BY DATE
0 INITIAL RELEASE MN 2024-6-5

A LAYOUT CHANGE MN 2024-8-1

Scale

Date

Sheet

MODULE NOTES

S-1.0CUSTOM

2024-08-01

SITE NOTES

BALLAST NOTES

Drawn By:

-BALLAST BLOCK: 16"x8"x4" @ 32 LBS

ECOFOOT 2+ (BLOCK PER E2+):

PRODUCED FOR:

                FIRE STATION 1

111 N 5TH AVE
ANN ARBOR,  MI  48104

PROJECT NAME:

NOVA CONSULTANTS INC

ARRAY OF GREATEST AVERAGE PSF = 11.47

 BASIC WIND SPEED (MPH) 115

 EXPOSURE CATEGORY B

 GROUND SNOW LOAD (PSF) 20

 OCCUPANCY CATEGORY IV

 SEISMIC (Ss) 0.094

 ROOF HEIGHT (FT) 30

 PARAPET HEIGHT (IN) 12

 SETBACK TYP. (IN) 48

 ROOF SLOPE (DEG) 1.2

 ROOFING TYPE EPDM
MEMBRANE

 ASCE7 VERSION 2010

 BUILDING CODE IBC2015

MN

-PV MODULE SPECS (W): 580

-PV MODULE QUANTITY: 167

-SYSTEM POWER RATING (STC KWDC): 96.86

-ORIENTATION/TILT (DEGREE): LANDSCAPE/8.41°

1411 BROADWAY BOULEVARD NE
ALBUQUERQUE, NEW MEXICO, USA, 87102

WWW.UNIRAC.COM

DRAWING INDICATES PLACEMENT OF EQUIPMENT AND BALLAST. PLEASE REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS. INSTALLER IS RESPONSIBLE FOR VERIFICATION OF SITE AND PROJECT SPECIFICS. DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.

BILL OF MATERIALS
PART NO NAME QTY

ES20207 ECOFOOT2+ 336

ES10466 UNIVERSAL CLAMP KIT 265

ES20311K WIND DEFLECTOR 167

ES10970 ECOFOOT MLPE BRACKET 167

ES10378 38" BONDING JUMPER 56

ES11203 MID-SUPPORT KIT 167

310999 20

ES10843 ROOF TO STRUT 20

ES10844 STRUT TO MODULE 20

ES20501 1 5/8” X 1 5/8” 12 GAUGE STRUT (10') 6

USER
SUPPLIED

32 LBS BALLAST BLOCK
(SOURCED LOCALLY OR SUPPLIED BY
OTHERS)

751

008009P ILSCO LAY IN LUG 10

FLASHLOC RM

= BASE WITH BLOCK COUNT

= SEISMIC ATTACHMENT / 1 MODULE ATTACHMENT

N

AutoCAD SHX Text
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Prepared For: Nova Consultants Inc

Project Name: Fire Station 1

Project Address: 111 N 5th Ave, Ann Arbor, MI 48104

Date:

SOLUTION OVERVIEW VICINTY MAP PROJECT SPECIFICATIONS
EcoFoot2+ Low-Slope Racking

Total System Size (KW) 96.86

Total Module Quantity 167

Module Orientation Landscape

Module Manufacturer JINKO SOLAR

Module Model JKM580N-72HL4-BDV

Module Wattage 580

Module Length (in.) 89.69

Module Width (in.) 44.65

Module Weight (lbs) 68.34

Roof Type EPDM Membrane

Parapet Height (in) 12

Setback (in) 48

Roof Height (ft) 30

Roof Slope (degrees) 1.20

ASCE Version 2010

Basic Windspeed (mph) 115

Wind Exposure Category B

Occupancy Category IV

Ground Snow Load (lb/ft
2
) 20

SYSTEM INFORMATION

EQUIPMENT

BUILDING DATA

DESIGN VALUES

August 1, 2024

SOLAR PROJECT DESIGN

With 500MW installed, EcoFoot Racking is preferred by installers for fast, simple 

installation and streamlined logistics. The enclosed provides the layout and system 

details for a complete solution for your project using this validated and reliable product.

EcoFoot2+ delivers key advantages for a successful, efficient installation.

Faster Installation: Installers complete projects in less time with self-aligning Bases, 

simple pre-assembled components, five-minute learning curve, and one-tool 

installation. Install speed is rated at 13.5 modules/installer-hour by DNV-GL. 

Low Part Count & Streamlined Logistics: EcoFoot2+ consists of three core 

components: roof friendly, durable Base with integrated north/south Wire Clips, 

pre-assembled Clamps, and Wind Deflector to reduce ballast and provide east/west 

bonding. Stackable Bases fit up to 50kW per pallet, meaning fewer crane lifts and less 

space used on the job site. 

Dedicated Support: Experienced project managers and field technicians support your 

project from bid to inspection. Project managers ensure you have needed details to 

obtain a permit and pass inspection. Our field team offers a dedicated phone line and 

email. On-site training is available.

DESIGN IS FINALIZED WHEN ACCOMPANIED BY STAMPED ENGINEERING REPORT.
CONTRACTOR IS RESPONSIBLE FOR VERIFYING ROOF CAPACITY.  

CONTRACTOR IS RESPONSIBLE FOR CONFIRMING ALL DESIGN CRITERIA ARE CORRECT AND APPROPRIATE FOR THE PROJECT SITE. 

CONTRACTOR MUST CONFIRM DESIGN MEETS ALL UTILITY AND AHJ REQUIREMENTS.

CONTRACTOR IS RESPONSIBLE FOR VERIFYING THAT BUILDING STRUCTURE AND RELATED CONNECTIONS CAN SUPPORT ALL LOADS IMPOSED BY PV 

SYSTEM.  

REFER TO INSTALLATION MANUAL FOR FULL PRODUCT DETAILS AND ADDITIONAL INFORMATION.
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Explanation of EcoFoot System Calculations and Design Procedure
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

*req's slip sheets

Occupancy Category

48

30
1.20

Wind Exposure

3 Sec. Gust (mph)

B

Parapet Height (in.)

Roof Slope (deg)
Roof Height (ft.)

12

IV

Below, Table 1 and Table 2 list the design criteria and project details for a proposed system in Ann Arbor, MI. These values 

will be used throughout the remainder of this explanation.

2010ASCE7 Version

Table 1: System Design Criteria

Soil Site Class

Snow Load (psf)

0.49Coeff. Of Friction (fn)*

N/AGround Elevation (ft)

Landscape

D-Stiff Soil

20.0
Seismic Data (SS)

89.69
44.65
68.34

EPDM MembraneRoof Type

Table 2: PV Module Specifics

115

Min Edge Setback (in)
Module Orientation

0.0940

Module Manufacturer

Module Model JKM580N-72HL4-BDV
JINKO SOLAR

Introduction, Site Specifics and Variable Definition

In order to efficiently design EcoFoot2+ and EcoFoot5D ballasted photovoltaic systems, Unirac makes use of a proprietary 

solar array design aid called “EcoCalcs”. Starting with a set of design criteria, shown here in Table 1 below, EcoCalcs 

utilizes methodologies laid out in the ASCE7 and SEAOC PV1/PV2 documents, and derivative building codes. Actual 

calculations for this project are included herein, and are accompanied by a step-by-step explanation of Unirac's design 

process.

The output of EcoCalcs is a comprehensive set of ballast prescriptions, including Image 3 found on Page 6. Ballast 

prescriptions are applied to a proposed system layout by the Unirac engineering team. Engineering Alliance, Unirac's 

professional engineering partner, has reviewed and verified EcoCalcs and reviews system designs to ensure that 

calculations and ballast prescriptions were correctly applied. Upon successful review, Engineering Alliance provides a 

stamped design review including relevant supporting documentation (this explanation included) and a stamped, approved 

ballast plan.

Please note: Unirac and Engineering Alliance are not conducting a structural review of the proposed site.

580Module Power (w)

Module Weight (lbs.)

Module Length (in)
Module Width (in)

Utilizing the inputs from Tables 1 and 2, the factors in Table 3 are generated for the site. This list of factors is used in 

various ways to fully define a proposed system according to calculations laid out in the SEAOC and ASCE documents. In the 

scope of this explanation, factors are used to calculate velocity pressure, qh as defined in ASCE7-05, Section 6.5.10; ASCE7-

10, Section 30.3.2; or ASCE7-16 and ASCE7-22, Section 26.10.2, and ultimately the amount of ballast required to offset 

uplift and drag forces.

Product Line EcoFoot 2+

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

Racking Component Weight per Module lbs.

lbs.

ft2

ft
2

lbs.

in.

ft.

ft.

ft.

psf

psf

psf

psf

Table 3: Calculation Inputs, Constants, and Variables

1Ke= Ground Elevation Factor

0.70

 

32

0.6

1200

Ballast Block Weight

Asymmetric lift load Ratio (North Row)

Asymmetric lift load Ratio (South Row)

Ala= Effective Lift Area of PV Module

Ada= Effective Drag Area of PV Module

dLF1= Dead Load of Module and Attributed Racking

zg (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

Load Combination Factor for Wind

Roof Setback Minimum

α (from ASCE7 Table 6-2 or 26.9.1 or 26.11-1)=

Load Combination Factor for Seismic

30

30

27.511

48

 

83.528

4.07

1.4

1.6

15.19

0.7

7

Kd= Directionality Factor

qh_wind= Velocity Pressure (0.00256*Kz*Kzt*Ke*Kd*V^2*I)
Dead Load design load factor

 

20.16

0.00
 20.16

zmin (from ASCE7 Table 6-2 or 26.9.1 or 26.11.1)=

z selected (from zmin & inputs)=

Kz= Velocity pressure exposure coefficient at height 

Wind design load factor 0.6

Kzt= Topographic Factor 1

0.85

 

Wind Tunnel Testing, Uplift and Drag Force Calculations

0.6

20.16

Wind tunnel testing of the EcoFoot product line to determine GCn values has been conducted by Rowan Williams Davies & Irwin Inc. (RWDI), a 

nationally recognized boundary-layer wind tunnel test firm. Testing was conducted in accordance with ASCE7-05, section 6.6; and ASCE7-10/16/22, 

section 31.2. Module-specific GCn data allows for precise application of ballast to prevent uplift. Deviation from prescriptive wind GCn values has been 

addressed according to SEAOC PV2 via a peer review of the wind tunnel testing and results by Maffei Structural Engineering. 

GCn and qh are used to calculate the pressure exerted on each module via the design wind pressure equations (ASCE7-05 – section 6.5.12.4, ASCE7-10 

– section 30.4.2, ASCE7-16-30.5.2  and ASCE7-22 – section 30.3.2). Ballast required to offset uplift and drag forces (BWUz) is calculated in accordance 

with RWDI recoemndations. Detailed calculations for this project are found in Table 4. Resulting required ballast BWUz is displayed graphically in 

Image 3.

An explanation of variables:

Asymmetric Lift Load Ratio: This is a ratio describing the leverage created by EcoFoot base dimensions, module 
attachment location and location of center of ballast mass. Assessed as a multiplier on top of ballast 
distribution scheme in Image 4.

dLF1= Dead Load of Module and Attributed Racking: the weight of one module and hardware attributed to 
that module, not including ballast.

Ala= Effective Lift Area of PV Module: The surface area of a module projected onto the horizontal plane for lift 
calculations.

Ada= Effective Drag Area of PV Module: The surface area of a module projected onto the horizontal plane for 
drag calculations.

qh= Velocity Pressure at height "h": Calculation prescribed by ASCE7-05, eq. 6-15, and ASCE7-10, eq. 30.3-1, or 
ASCE7-16 and ASCE 7-22, eq. 26.10-1 (subscript "h" used here for clarity, ASCE7 utilizes subscript "z").

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6

pUz=Uplift design wind pressure =qh*GCnUz

WLFUz=Uplift wind force =pUz*Ala

DLFUz=Net ASD uplift = dLF1*0.6 + WLFUz*0.6

BWuz=ballast required = -DLFUz/0.6
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Table 4: Ballast to Resist Uplift Calculations for Project Proposed in Ann Arbor, MI 48104
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64.2
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Image 1: Aerodynamic Zones from RWDI Report

The aerodynamic differences among different sub-sections of a large array are handled by various calculation sections 

(North Corner, North Edge, E/W Edge...) and apply according to the excerpt from the RWDI report shown below in Image 

1. The highlighted sections of Table 4 correspond to specific module locations, also shown in Image 4: blue - the north 

corners, orange - the east or west edge, yellow - the deep interior. See Page 7 for expanded calculations pertaining to the 

highlighted sections.
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

aw = Wind Load Combination Factor = 

Total Required Ballast Weight (Per Image 2)= 
Wballastblock = 
Total Required Ballast Blocks: 49

20.16

16

32

ad = Dead Load Combination Factor = 
qz (qh in Table 3)
M = dLF1 from Table 3 = 
fn (also see Table 1)  = 
Auplift = Ala in Table 3 = 

0.6

GCp-drag

GCp-uplift

83.53

4.07

1.42

27.51

0.6

Table 5: Ballast to Resist Sliding Calculation
Sub-Array Module Count Total:

For easier interpretation, the results calculated in Table 4 are laid out in graphical representations of a solar array, shown in 

Image 4. Unirac engineers and drafters make use of this graphical layout when applying ballast to a given system design.

As shown in Image 3, the ballast required to resist lift - BWUz from Table 4 - is listed for each module location in Image 4. A 

portion of each BWUz value is distributed to each of the connected EcoFoot Bases, also detailed in Image 3 and included in 

Image 4. The total ballast required at each EcoFoot location is then calculated and rounded up to the next ballast block 

increment.

Ballast Application to Sheet S-1.0

To check the amount of drag a given sub-array will experience, the equation in Image 2 is utilized - an excerpt from RWDI's 

test report. Each sub-array is checked for sliding, proceeding from the smallest to largest or until drag no longer governs total 

required ballast. 

Table 5 lists the calculations used to identify the total required ballast to counteract drag forces and prevent sliding. Friction 

values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for Measuring and 

Reporting Friction Coefficients. Unless detailed information is available pertaining to the location of the sub-array, the roof's 

worst case uplift GCp are utilized in calculating drag and required ballast.

1546.31

0.19

0.44

0.31

-0.62

Image 2: Ballast to Resist Sliding Equation

0.49

(GCp)*
drag = 

Adrag = Ada in Table 3 = 

|GCp|*
uplift = 

Area Reduction Factor = 

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

EcoFoot 2+ Ballast Layout EcoFoot 5D Ballast Layout
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Image 3: Example of Module and Ballast Graphical Representation
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The ballast prescription array shown in Image 4 is one of many similar arrays created automatically through EcoCalcs in order 

to address all possible array configurations. The data calculated in Table 4 was ultimately used to assign ballast to the system 

design in Sheet S-1.0 by Unirac. EcoCalcs and the resulting ballast plan S-1.0 are reviewed by CBC Engineers for correctness 

and completeness. Once approved, an engineering report including Sheet S-1.0 and any supporting material (this explanation 

included) are stamped and sealed by a professional engineer registered in the state where the project is proposed.

Image 4: Ballast Prescriptions Produced by Table 4
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NOTE: The colored module locations in Image 4 correspond to the same colored areas in Table 4: blue - the north corners, 

orange - the east or west edge, yellow - the deep interior. See Page 7 for more detailed calculations.
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sqft
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lbf

Load Combinations

Detailed Calculations From Table 4

North Corner Module
GCn Value from RWDI report:
qh value from Table 3:
pUz = Uplift design wind pressure in Z direction = qh*GCn:
Am = Surface Area of Module: 
Θm = Module Incline:
Ala = PV Module Lift Area = Am * Cos (Θm):

East/West Edge Module
GCn Value from RWDI report: -0.25

qh value from Table 3: 20.16

pUz = Uplift design wind pressure in Z direction = qh*GCn: -4.96

Am = Surface Area of Module: 27.81

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6

-0.34
20.16
-6.81
27.81
8.41

27.51
-187.45
83.53
-62.35
103.92

WLFUz=Uplift wind load force in Z direction=pUz*Ala
dLF1 = Dead load of one module and attributed hardware:
DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

Am = Surface Area of Module: 27.81

Θm = Module Incline: 8.41

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -113.60

dLF1 = Dead load of one module and attributed hardware: 83.53

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 52.80

Interior Module
GCn Value from RWDI report: -0.20

qh value from Table 3: 20.16

pUz = Uplift design wind pressure in Z direction = qh*GCn: -4.13

-18.05

BWuz=ballast weight required to resist wind uplift= -DLFUz/0.6 30.08

Ala = PV Module Lift Area = Am * Cos (Θm): 27.51

WLFUz=Uplift wind load force in Z direction=pUz*Ala -136.33

dLF1 = Dead load of one module and attributed hardware: 83.53

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6 -31.68

 145.36 lbs

of module area

Θm = Module Incline:

DLFUz=Uplift design load using ASD combo #7 = dLF1*0.6 + WLFUz*0.6

8.41

DL+0.75SL+0.45WL  472.20 lbs

DL+ SL

DL+0.6WL

 475.49 lbs
 251.01 lbs

Max downpoint load calculations

No of Mid supports

Tributary Area to support/bays/base

Wind force down (WL)

Snow load Down (SL)

Total Dead load per Bay (DL)

1
0.5

 176 lbs
 330.13 lbs
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

SEAOC PV1 specifies that “PV support systems that are attached to the roof structure shall be designed to resist the 

lateral seismic force Fp specified in ASCE 7-16/22 Chapter 13.” Although SEAOC PV1 was released prior to ASCE 7-16/22, 

Fp  is defined the same way in Chapter 13 of both ASCE verions 7-10, 7-16 and 7-22.  Therefore the lateral seismic force 

analysis applied is valid for both ASCE 7-10, 16 and 22.  In utilizing the Fp calculations for nominal, minimum, and 

maximum values laid out in Section 13.3.1, the values in Table 7 are found.

The following is excerpted from SEAOC PV1-2012, Section 4 – Attached Arrays:

“For attached roof-bearing systems, friction is permitted to contribute in combination with the design lateral strength of 

attachments to resist the lateral force Fp when all of the following conditions are met:

     •      “The maximum roof slope at the location of the array is less than or equal to 7 degrees (12.3 percent);

     •      “The height above the roof surface to the center of mass of the solar array is less than the smaller of 

               36 inches and half the least plan dimension of the supporting base of the array

     •      “Rp shall not exceed 1.5 unless it is shown that the lateral displacement behavior of attachments is 

               compatible with the simultaneous development of frictional resistance.”

33.15
'Seismic Calcs (Attached)'!A9 1.00
Fa (Site Class E) 2.5
Sms = Fa x Ss 0.15
Sds = (2/3) x Sms

Rp 1.50 Fp

0.10

Wp=Weight per unit 275.53 h=structure height compared to base (in.) 1.00

Fp=0.3*Sds*Ip*Wp 12.43
Seismic Design Category A Fp=1.6*Sds*Ip*Wp 66.30

Fp (ASD) 23.21

Site Class D-Stiff Soil Fp=0.4*ap*Sds*Wp*(1+2*z/h)/(Rp/Ip) 33.15

Number of blocks per Ecofoot 6.00 z=height of point of attachment (in.) 1.00

Ip 1.50

Table 6: Seismic Design Inputs Table 7: ASCE7 Inputs

Unirac utilizes the unattached design approach to account for seismic force as provided for by Section 16 of the 2016 

California Building Code, the Structural Engineering Association of California PV1 Requirements (SEAOC PV1-2012) and ASCE 

7.  Section 1613.5 defines “Ballasted Photovoltaic System” which also defines "partially attached" systems, and provides 

guidance for designing arrays that utilize physical anchors and friction to resist seismic forces.  SEAOC PV1 or ASCE 7 Chapter 

13 defines the calculations required design attached photovoltaic systems, including friction to partially offset seismic forces.

The following explanation walks through calculations outlined in Section 4 - Attached Arrays. The attached approach begins 

with the project specific design criteria outlined in Table 6.  These values reflect site inputs as well as assumptions permitted 

in the SEAOC PV1-2012 document Section 4 and ASCE 7 chapter 13 .

SEAOC PV1 - 2012 - Section 4: attached Arrays

unirac.com
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Uplift, Sliding, & Seismic Calculations for the Proposed Project in Ann Arbor, MI 48104

ASD design load

Image 5: Example of ballast layout with seismic attachment callouts

This final number of panels per attachment represents the maximum number of modules that any given attachment point 

may account for in terms of offsetting seismic force Fp. Physical attachments shall be installed per the manufacturer’s 

instructions, and attached to the EcoFoot 2+ or EcoFoot 5D system per the installation instructions provided by Unirac. 

On Sheet S-1.0 physical attachments are called out as shown below in Image 5:

(if negative, no fasteners are needed)

634.91
Number of panels per attachment -19.74
Attachment system rating (allowable)

Table 8: Calculation of Physical Attachment Requirements

Friction Coefficient 0.49 ASTM G115 Tested

The EcoFoot 2+ and EcoFoot 5D systems have been demonstrated to be in conformance with the above stated stipulations. 

As such, and in accordance with the remainder of Section 4 – Attached Arrays from SEAOC PV1-2012, the force required to 

resist movement due to seismic shifting is calculated. Based on the minimum ultimate shear strength of the roof mounting 

method prescribed for this job, the total lateral load that one attachment may offset is calculated, and by extension the 

number of modules allowed per attachment point. These values can be found in Table 8.

All friction values have been identified by Testing Engineers (IAS accredited) according to ASTM G115 - Standard Guide for 

Measuring and Reporting Friction Coefficients, methodology that is in agreement with SEAOC PV2 and Los Angeles, CA 

stipulations.

SEAOC section 4 (ASD), Friction Force 

Force to be offset by physical attachments-32.17
Ff (max friction) = (0.6-0.14*Sds)*(0.7*u)*Wp 55.38
Excess force per unit

unirac.com
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SHEET GENERAL NOTES

LEGEND

1. ALL WORK SHALL BE IN ACCORDANCE WITH THE CURRENT

MICHIGAN ELECTRICAL CODE, 2023 NATIONAL ELECTRICAL CODE

(NEC), 2015 MICHIGAN BUILDING CODE, CURRENT INTERNATIONAL

FIRE CODE, AND ALL APPLICABLE LOCAL CODES AND STANDARDS.

2. REFER TO SHEET E601 FOR ONE-LINE DIAGRAM FOR

INTERCONNECTION BETWEEN EQUIPMENT.

3. CONDUIT FILL TO BE LESS THAN 40%.
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SOL-ARK, L3 HVR-60kWh-30k (OUTDOOR)

(2) BANKS X (3) BATTERIES = 6 BATTERIES

360 kWh (6 X 60 kWh = 360 kWh )

L3-HVR-60KWH

MANUFACTURER:

BATTERY ENERGY CAPACITY:
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