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September 18, 2017
Ms. Barcy F. McNeal, Secretary
Ohio Power Siting Board
Docketing Division
180 East Broad Street, 11™ Floor
Columbus, OH 43215

Re: Case No. 13-197-EL-BGN, 16-1687-EL-BGA, and 17-1099-EL-BGA
Trishe Wind Ohio, LLC
Supplement to September 1, 2017 Filing Regarding Compliance with
Condition 6 — Drawings for Final Design Plan

Dear Ms. McNeal:

Trishe Wind Ohio, LLC (“Applicant”) is certified to construct a wind-powered electric generation
facility in Paulding County, Ohio (“Project”), in accordance with the December 16, 2013 Opinion, Order,
and Certificate (“Certificate”) issued by the Ohio Power Siting Board.

Condition 6 of the Certificate requires the Applicant, at least 30 days prior to the preconstruction
conference, to submit to staff for review and acceptance, one set of detailed engineering drawings of the final
project design, including the facility, temporary and permanent access roads, and any crane routes,
construction staging areas, and any other associated facilities and access points.

On September 1, 2017, Applicant filed a Notification of Compliance with Condition 6 of the
Certificate. At this time, we are updating the September 1, 2017 filing to include the spread footing
foundation plan and the foundation design computations, which are attached hereto.

We are available, at your convenience, to answer any questions you may have.
Respectfully submitted,

[s/ William V. Vorys

William V. Vorys (0093479)

Christine M.T. Pirik (0029759)

Terrence O’Donnell (0074213)

Dickinson Wright PLLC

150 East Gay Street, Suite 2400

Columbus, Ohio 43215

Phone: (614) 591-5461

Email: wvorys@dickinsonwright.com
cpirik@dickinsonwright.com
todonnell@dickinsonwright.com

Enclosure Attorneys for Trishe Wind Ohio, LLC

ARIZONA FLORIDA KENTUCKY MICHIGAN NEVADA

OHIO TENNESSEE TEXAS TORONTO WASHINGTON DC
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1.0 GENERAL REQUIREMENTS AND SUBMITTALS LEAN CONCRETE FILL BE PLACED AS LEVEL AS PRACTICAL TO FACILITATE PLACEMENT OF DURING PLACEMENT OF CONCRETE. REBAR THAT DEFLECTS BUT RETURNS TO ITS ORIGINAL 5. AFTER PLACEMENT OF CONCRETE PEDESTAL, PREVENT WATER FROM ENTERING THE SLEEVE
A GENERAL THE REINFORCING STEEL AND EMBEDMENT RING. POSITION IS ACCEPTABLE. ANNULUS FROM THE TOP SURFACE PRIOR TO SETTING OF TOWER AND GROUTING OF
1 TTHE REQUIREMENTS SPECIFIED HEREIN APPLY TO THE FOLLOWING DRAWINGS: 8.  BACKFILL AND COMPACTION: PLACE AND COMPACT COMMON FILL MATERIALS TO THE LIMITS, | 3.  REINFORCEMENT SHALL BE FREE OF LOOSE RUST, MILL SCALE, EARTH, ICE, CONCRETE, OR BASEPLATE.
" 4 NORTHWEST OHIO WIND PROJECT. DRAWING S—01. SPREAD FOOTING FOUNDATION DEPTH AND DRY DENSITY INDICATED ON DRAWING S—01. IN ADDITION TO THE DRY DENSITY OTHER MATERIALS WHICH COULD PREVENT BONDING TO NEW CONCRETE. 6.  AFTER SETTING AND GROUTING OF THE LOWER TOWER SECTION(S) AND AFTER THE
: ’ ’ REQUIREMENT, BACKFILL MUST BE COMPACTED TO A MINIMUM OF 95% STANDARD PROCTOR. | 4.  SET FORMWORK PER ACI 347 IN ACCORDANCE WITH SPECIFIED DIMENSIONS AND CONCRETE AND GROUT HAS ACHIEVED THE REQUIRED STRENGTH GIVEN IN SECTION 7.0, USE
B. SUBMITTALS PLACE FILL IN MAXIMUM LOOSE LIFTS OF 12 INCHES OR LESS TO ACHIEVE THE SPECIFIED TOLERANCES. PREVENT FORMWORK FROM DEFLECTING GREATER THAN 1 INCH DURING AN APPROVED TENSIONING PROCEDURE TO APPLY A LOCK—OFF FORCE TO EACH ANCHOR
1. TSUBMITTALS SHALL BE MADE A MINIMUM OF ONE WEEK PRIOR TO INCORPORATION INTO THE DENSITY. ADDITIONAL DRYING OF BACKFILL MATERIAL MAY BE NECESSARY TO ACHIEVE THESE PLACEMENT OF CONCRETE. FORMWORK MUST BE REMOVED AFTER CONCRETE WORK IS BOLT WHICH IS NO GREATER THAN 8 KIPS MORE THAN THE SPECIFIED TENSION FORCE. THE
WORK. THE FOUNDATION ENGINEER (BARR) WILL REVIEW SUBMITTALS, INCLUDING THE SPECIFICATIONS. BACKFILL MAY BE PLACED WHEN THE FOOTING AND PEDESTAL HAVE COMPLETED. LOCK—OFF FORCE SELECTED BY THE CONTRACTOR SHOULD ACCOUNT FOR TENSION LOSSES
TG A INSPECTION. BEGORDS 10 CHCK CONCOBMANGE W THE DRAWINGS. AND REACHED 2,000 PSI. 5. PLACE CONCRETE IN ACCORDANCE WITH ACl 318. PLACE SUCCESSIVE LIFTS OF CONCRETE DUE TO THE TENSIONING PROCEDURE TO ENSURE THE SPECIFIED TENSION TEST VALUE IS
SPECIFICATIONS. . THE REVIEW DOES NOT RELIEVE THE CONTRACTOR FROM RESPONSIBILTY 9. GRADE THE SITE IN ACCORDANCE WITH DRAWING S—01 TO PREVENT WATER FROM PONDING AS QUICKLY AS POSSIBLE TO ENSURE PROPER AMALGAMATION OF CONCRETE BETWEEN ACHIEVED. THE TENSIONING EQUIPMENT FOR THE ANCHOR BOLTS SHOULD BE CALIBRATED IN
FOR ERRORS m CONSTRUCTION OF THE WORK DUE TO ERRORS CONTAINED IN THOSE OVER THE FOUNDATION WHILE MAINTAINING AT LEAST THE MINIMUM DEPTH OF FILL SUCCESSIVE LIFTS. ACCORDANCE WITH THE APPROVED PROCEDURE ON A REGULAR BASIS TO ENSURE REQUIRED
BOCUMENTS SPECIFIED ON THE DRAWINGS. RESTORE THE SITE IN ACCORDANCE WITH OWNER 6.  CONSOLIDATE CONCRETE IN ACCORDANCE WITH ACI 318 PREVENTING THE FORMATION OF TENSIONS ARE ACHIEVED.
- REQUIREMENTS. JOINTS, VOIDS, HONEYCOMBING OR SEGREGATION OF AGGREGATE.
2. SUBMIT ONE ELECTRONIC COPY OF THE SUBMITTALS SPECIFIED TO THE FOUNDATION a 7. ROUGH FINISH TOP OF CONCRETE FOOTING USING A ROLLER SCREED. € G
ENGINEER AT THE FOLLOWING: ~BARR ENGINEERING COMPANY E. IESTING AND INSPECTION 8. PRIOR TO PLACING PEDESTAL CONCRETE, CLEAN CONCRETE SURFACE WITH AR OR WATER 1. SUBMIT 3 LABORATORY TENSION TESTS FOR ANCHOR BOLTS FOR EACH HEAT NUMBER
ATTN: MR. CHUCK BEAUZAY 1. FOR EVERY 2500 CUBIC YARDS OF PLACED COMMON FILL, OBTAIN SAMPLES OF COMMON TO REMOVE DEBRIS AND OTHER LOOSE MATERIAL FROM TOP OF FOOTING. FURNISHED, COMPLETE WITH THREADS, PERFORMED BY AN INDEPENDENT TESTING
3. SUBMIT A LIST OF THE TESTING COMPANIES THAT WILL BE UTILIZED ON THE PROJECT FOR FILL MATERIALS AND PERFORM AND SUBMIT GRAIN SIZE ANALYSIS PER ASTM D422, 9. TROWEL AND BROOM FINISH TOP OF PEDESTAL. LABORATORY. PERFORM TEST IN ACCORDANCE WITH ASTM A370, AND REPORT YIELD STRESS
PERFORMANCE OF TESTS SPECIFIED. MOISTURE CONTENT PER ASTM D2216, AND STANDARD PROCTOR MAXIMUM DRY DENSITY PER | 10. CURE CONCRETE FOOTING AND PEDESTAL IN ACCORDANCE WITH ACI 318 AND 308. IF A AND TENSILE STRESS.
4. SUBMIT NAME AND QUALIFICATIONS OF THE GEOTECHNICAL ENGINEER. ASTM D698. CURING MEMBRANE IS USED, APPLY CURING MEMBRANE AS SOON AS BLEEDING HAS 2. AFTER ALL BOLTS HAVE BEEN TENSIONED, A MINIMUM OF 10% OF THE TOTAL BOLTS
5. SUBMIT INFORMATION (TESTING RESULTS, PRODUCT DATA, CONSTRUCTION DETAILS, ETC.) AS 2. FOR ALL PLACED AND COMPACTED COMMON FILLS AROUND THE FOUNDATION, PERFORM AND STOPPED AND FREE WATER HAS DISAPPEARED FROM THE SURFACE. INSTALLED PER FOUNDATION SHALL BE RANDOMLY TESTED TO VERIFY THAT THE SPECIFIED
LISTED IN THE FOLLOWING SECTIONS: 2.B, 3., 4.B, 5.B, AND 6.B. SUBMIT ONE DENSITY TEST PER LIFT INDICATING TEST LOCATION, DRY DENSITY AND 11.  ALL METAL DEVICES USED TO SUPPORT FORMWORK OR TEMPORARY BRACING THAT ARE TENSION LOAD HAS BEEN ACHIEVED BY USE OF AN APPROVED TENSION TESTING
MOISTURE CONTENT PER ASTM D6938. EMBEDDED IN THE FOOTING OR PEDESTAL SHALL BE REMOVED TO A DEPTH OF ONE INCH PROCEDURE. IF ANY OF THE BOLTS DO NOT MEET THE REQUIRED TENSION TEST VALUE,
3. PROVIDE A SUBGRADE INSPECTION REPORT TO BE COMPLETED BY A GEOTECHNICAL FROM THE SURFACE OF THE CONCRETE AND FILLED WITH GROUT. THEN ALL BOLTS OF THE TOWER MUST BE RETENSIONED AND THE TENSION TEST MUST BE
2.0 EXCAVATION, SUBGRADE PREPARATION, BACKFILL, & ENGINEER FOR EACH FOUNDATION. 12, ALL HOOKS SHOWN ON REBAR SHALL BE STANDARD HOOKS (UNO). REPEATED. REPEAT THE PROCEDURE UNTIL AL THE TENSION TESTS PASS.
COMPACTION 13.  ANY SHRINKAGE CRACKS IN EXCESS OF 0.012 INCHES (0.3mm) IN WIDTH SHALL BE
A GENERA 3.0 CAST—IN—PLACE CONCRETE AND STEEL REINFORCING SEALED WITH AN ENGINEER APPROVED PRODUCT. 5.0 TOWER BASE GROUT
1. COORDINATE THE EXCAVATION, SUBGRADE PREPARATION, BACKFILL, COMPACTION, AND A 14.  JOBSITE ADDITION OF WATER TO AIR ENTRAINED CONCRETE IS PROHIBITED. A
GRADING ACTIVITIES WITH THE REFERENCED GEOTECHNICAL DOCUMENTS ON DRAWING S—01. 1. CONCRETE WORK SHALL BE IN COMPLIANCE WITH THE FOLLOWING CODES AND 5. MONITOR MASS CONCRETE TEMPERATURES IN ACCORDANCE WITH THE MASS CONCRETE 1. COORDINATE GROUTING PROCEDURES WITH THE REQUIREMENTS OF THE TOWER
SPECIFICATIONS: TEMPERATURE CONTROL PLAN. MANUFACTURER.
B. SUBMITTALS a.  ACI 301, STANDARD SPECIFICATIONS FOR STRUCTURAL CONCRETE. . B. SUBMITTALS
1. SUBMIT GROUNDWATER AND SURFACE WATER CONTROL PLAN. b.  ACl 308, STANDARD SPECIFICATION FOR CURING CONCRETE. - JESTING AND INSPECTION 1. SUBMIT MANUFACTURER'S GROUT PRODUCT DATA AND MANUFACTURER'S APPROVED MIXING
2. SUBMIT SUBGRADE STRENGTH AND UNIFORMITY VERIFICATION METHOD. c. ACI 318 (CURRENT EDITION), BUILDING CODE REQUIREMENTS FOR STRUCTURAL 1. FOR EACH FOOTING PLACED, CAST A MINIMUM OF (2) 6—INCH OR (3) 4—INCH DIAMETER PLACING AND CURING INSTRUCTIONS FOR GROUT TO BE PLACED.
3. SUBMIT SUBGRADE INSPECTION REPORT FOR EACH FOUNDATION COMPLETED BY A CONCRETE. CONCRETE CYLINDERS PER ASTM C31 FOR EVERY 150 CUBIC YARDS, OR FRACTION 2 SUBMIT GROUT CUBE STRENGTH TEST RESULTS.
GEOTECHNICAL ENGINEER. d.  ASTM C94, STANDARD SPECIFICATION FOR READY—MIX CONCRETE. THEREOF, OF CONCRETE PLACED FOR LABORATORY STRENGTH TESTING PER ASTM C39. 5. SUBMIT CONTRACTOR'S TOWER BASE SETTING/GROUTING PLAN.
4. SUBMIT GRAIN SIZE ANALYSIS PER ASTM D422, NATURAL MOISTURE CONTENT PER ASTM e.  ASTM C172, STANDARD PRACTICE FOR SAMPLING FRESHLY MIXED CONCRETE. PERFORM ONE "STRENGTH TEST” AT 28 DAYS FOR EVERY 150 CUBIC YARDS, OR FRACTION C. PRODUCTS
Eﬁ@blﬁNaAngégEgRD PROCTOR MAXIMUM DRY DENSITY PER ASTM D698 FOR COMMON 2. CONCRETE SHALL MEET THE REQUIREMENTS OF ACI 318, TABLES 19.3.1.1 AND 19.3.2.1 THEREOF, OF CONCRETE PLACED ("STRENGTH TEST" = AVERAGE OF (2) 6—INCH OR (3) 1 EPOXY NON—SHRINK GROUT: PREPACKAGED EPOXY GROUT WITH A MINIMUM COMPRESSIVE
- FOR EXPOSURE CLASSES ’F2’, 'SO’, 'WO’, AND ‘C1’. 4—INCH CYLINDER BREAKS). FOR EACH FOOTING PLACED, CAST (2) 6—INCH OR (3) STRENGTH AFTER 28 DAYS ACCORDING TO ASTM C579 AS SHOWN ON DRAWING S—01 AND
5. E(l)Jg/'\w'I!ITOI\?OO'\AFPéI%IS’I?ND.II-REYS.II-Z)E’T\IESSI%TSAN?RMC’;I"S:II:U;IEA%%[I)\ITEKFFROIHiLZgLEJgD?IEEN INDICATING 4—INCH ADDITIONAL CONCRETE CYLINDERS PER ASTM C31, AND IF NECESSARY PERFORM A MAXIMUM COEFFICIENT OF THERMAL EXPANSION OF 30 X 10—6 IN/IN/'F IN ACCORDANCE
; ’ B. SUBMITTALS ONE "STRENGTH TEST” PER ASTM C39 AT 56 DAYS. CAST ADDITIONAL CYLINDERS AS WITH ASTM C531.
C. PRODUCTS 1. FOR EACH CONCRETE TYPE USED, SUBMIT FOR APPROVAL A MIX DESIGN CERTIFIED BY A REQUIRED TO DETERMINE CONCRETE STRENGTH AT OTHER TIMES. 2. CEMENTITIOUS NON—SHRINK GROUT: PREPACKAGED GROUT CONFORMING TO ASTM C1107,
1. T LEAN CONCRETE: CONTAINING ASTM C150. TYPE | OR ASTM C1157, TYPE GU CEMENT. PROFESSIONAL ENGINEER (LICENSED IN OHIO) AND MEETING THE MINIMUM SPECIFIED 2. FOR EACH PEDESTAL, CAST A MINIMUM OF (4) 6—INCH OR (6) 4—INCH DIAMETER WITH A MINIMUM COMPRESSIVE STRENGTH AFTER 28 DAYS ACCORDING TO ASTM C109, AS
COMPRESSIVE STRENGTH AND THICKNESS SHALL BE SUFFICIENT TO SUPPORT REINFORCING REQUIREMENTS. CONCRETE MIX SHALL BE PROPORTIONED ACCORDING TO THE REQUIREMENTS CONCRETE CYLINDERS PER ASTM C31 FOR LABORATORY STRENGTH TESTING PER ASTM C39. SHOWN ON DRAWING S—01.
STEEL AND ANCHOR BOLT CAGE DURING CONSTRUCTION. OF ACl 318, CHAPTER 5 ON THE BASIS OF FIELD DATA OR TRIAL MIXTURES. PERFORM ONE "STRENGTH TEST” AT 28 DAYS ("STRENGTH TEST” = AVERAGE OF (2) D. EXECUTION )
2. COMMON FILL: SHALL CONSIST OF SUITABLE UNFROZEN MATERIALS EXCAVATED FROM THE R O A e o O o ROJECT: 6=INCH OR (3) 4~INCH CYLINDER BREAKS) AND IF NECESSARY ONE AT 56 DAYS. CAST 1. MIX, PLACE, AND CURE GROUT IN ACCORDANCE WITH APPROVED MANUFACTURER'S
FOUNDATION SITE OR IMPORTED AS NECESSARY. ADDITIONAL CRUSHING AND SCREENING " REQUIREMENTS OF ASTM C33 ADDITIONAL CYLINDERS AS REQUIRED TO DETERMINE CONCRETE STRENGTH AT OTHER TIMES. INSTRUCTIONS.
MAY BE REQUIRED TO PROCESS THE MATERIAL TO THE SPECIFIED REQUIREMENTS BELOW. 4 SUBMIT REINFORCING FABRIGATION AND PLACEMENT SHOP DRAWINGS 3. PERFORM A MINIMUM OF ONE AR TEST PER ASTM €231 AND A MINIMUM OF ONE SLUMP 2. FOR CEMENT GROUTS, PROVIDE GROUT SHOULDERS IN ACCORDANCE WITH DRAWING DETAILS.
a.  MATERIALS BACKFILLED WITHIN 1 FOOT OF ANY CONCRETE SHALL BE FINE, WELL 5 SUBMIT MILL REPORTS OF REINFORCING STEEL. CONFIRMING THE GRADE AND STRENGTH OF TEST PER ASTM C143 PER SET OF CYLINDERS CAST. RECORD AMBIENT AIR TEMPERATURE DO NOT ALLOW GROUT TO BE PLACED AGAINST THE SIDE OF THE TOWER FLANGE.
GRADED MATERIAL WITH PARTICLE SIZE NO GREATER THAN 3 INCHES. " REINFORGING STEEL PROVIDED ON THE PROJEGT AND CONCRETE TEMPERATURE PER ASTM C1064. 3. FOR EPOXY GROUTS, POUR GROUT ACCORDING TO THE MANUFACTURER'S RECOMMENDATIONS.
b.  MATERIALS BACKFILLED BEYOND 1 FOOT OF ANY CONCRETE MAY CONSIST OF ALL 6. SUBMIT QUALITY CONTROL FIELD TESTS OF AR GONTENT. SLUMP. AR TEMPERATURE. AND 4. PERFORM TESTING AND INSPECTION REQUIRED BY THE MASS CONCRETE TEMPERATURE IF GROUT IS PLACED UP THE SIDE OF THE TOWER FLANGE, PROVIDE A 1/4 INCH
OTHER EXCAVATED MATERIALS PROVIDED THEY MEET THE DENSITY REQUIREMENTS AND  CONCRETE TEMPERATURE i ' g CONTROL PLAN. EXPANSION JOINT BETWEEN THE TOWER FLANGE AND THE GROUT, AND SEAL EXPANSION
CAN BE PLACED USING METHODS THAT WILL PREVENT VOIDS FROM OCCURRING. 7. SUBMIT CONGRETE CYLINDER STRENGTH TEST RESULTS JOINT WITH AN APPROVED SEALANT.
3. ENGINEERED FILL: CONTACT FOUNDATION ENGINEER IF NEEDED BASED ON SUBGRADE 5 SUBMIT A PLAN FOR HOT AND COLD WEATHER PROTEGTION OF CONGRETE IN ACCORDANGE 4.0 ANCHOR BOLTS AND EMBEDMENT RING 4. ONCE GROUT CUBES ARE MOLDED IN THE FIELD THEY SHALL REMAIN UNDISTURBED AND
INSPECTION. W ACI 305-306 A GENER PROTECTED FROM EXTREMES IN TEMPERATURE AND VIBRATION AT THE PROJECT SITE FOR AT
D. EXECUTION 9. SUBMIT A PLAN FOR CONCRETE CURING IN ACCORDANCE WITH ACI 308. 1. PRODUCTS, SUBMITTALS, EXECUTION, AND TESTING ARE SPECIFIED TO PROVIDE DURABLE . Eﬁi 18 HOURS.
1. CONFIRM LOCATION OF TURBINE COORDINATES IN THE REFERENCED GEOTECHNICAL 10.  ASR REQUIREMENTS: IF AGGREGATES CONTAIN POTENTIALLY REACTIVE MATERIALS (AS ANCHOR BOLTS AND EMBEDMENT PLATES. 1. CAST MINIMUM OF 9 GROUT CUBES FOR EACH FOUNDATION.
DOCUMENT ON DRAWING S—01. IF TURBINE COORDINATES ARE OFFSET BY MORE THAN 50 gsg;;ﬁ'#g;BgES?S'EsOTN;EiTﬁgTTxE;‘g%S Nf.:},;ﬁ%ﬂc ”¢ST;'1U é::sAsAPT:ENgg(sJ(CT)s' oF B. SUBMITTALS 2. PERFORM TWO LABORATORY "GROUT STRENGTH TESTS” PER ASTM C109 AT 28 DAYS
FEET, OBTAIN WRITTEN INSTRUCTIONS FROM THE FOUNDATION ENGINEER AS TO THE MEANS ' 1. SUBMIT PRODUCT DATA AND SHOP DRAWING FOR ANCHORS AND HARDWARE. ("GROUT STRENGTH TEST” = AVERAGE OF THREE CUBE BREAKS) AND IF NECESSARY ONE
OF ADDITIONAL INVESTIGATION TO BE UNDERTAKEN. OBTAIN WRITTEN CONFIRMATION FROM TESTING TO ASTM C295, €289, C1293, OR C1260. IF THESE TEST RESULTS INDICATE THE | ° 2 ol (Tom 0 o0 oo UCT SAMPLE OF THE ANGHOR COMPLETE WITH WASHER AND AT A LATER DATE. CAST ADDITIONAL GROUT CUBES AS REQUIRED TO DETERMINE STRENGTH
THE GEOTECHNICAL ENGINEER THAT THE SPECIFIED INVESTIGATION WAS COMPLETED. TAggRgggTPEC;ss S;REMEAEQSEQ/SE, Ws"EJLBw;rlergré IﬁLYMEﬁGTlggRPTLSN,P ng\(/:lgg?mgoxggcgnoru THAT o AT OTHER TIMES.
2. REMOVE TOPSOIL FROM THE PLAN AREA AND STORE IN AN OWNER DESIGNATED AREA. THE .
TOPSOLL SHALL BE USED FOR SITE RESTORATION. EXPANSION. THIS VERIFICATION SHALL GONSIST OF THE RESULTS OF TESTS PERFORMED 3. SUBMIT MILL CERTIFICATES FOR ANCHORS INDICATING YIELD AND TENSILE STRENGTH OF
3. EXCAVATE SOILS OR ROCK TO THE LIMITS INDICATED ON DRAWING S-01 USING TECHNIQUES ACCORDING TO ASTM C1567, AASHTO T303, OR ASTM C1293. ANCHORS. 6.0 MISCELLANEOUS CONCRETE EMBEDMENTS
THAT WILL MINIMIZE DISTURBANCE TO THE SUBGRADE. CONTRACTOR SHALL BE RESPONSIBLE | 11. SUBMIT FOR APPROVAL A MASS CONCRETE PLACEMENT AND TEMPERATURE CONTROL PLAN 4 ?ﬂ?”&mbh cszsgéﬂgﬂzs’g%%mgégszwzm RING INDICATING THAT THE MATERIAL MEETS | A GENERAL
FOR CONTROL OF SURFACE WATER AND/OR GROUNDWATER FLOWS INTO THE EXCAVATION. MEETING THE REQUIREMENTS OF ACl 301 CHAPTER 8 AND ACI 207.1R. Q - 1. COORDINATE THE LOCATION AND PLACEMENT OF GROUNDING GRIDS, CONTROL CONDUIT AND
4. COMPACTION OF IN-SITU SOILS IS NOT REQUIRED WHERE CLAYEY SOILS ARE PRESENT AT O SUBMIT A TORIONNG. CALIBRATION PROCEDURE FOR REViEW, INCLUDING v ELECTRICAL CONDUIT.
" THE EXCAVATION BASE. AT TURBINE SITES WHERE SANDS ARE ENCOUTERED AT THE c. lo 6. SUBMIT A TENSIONING CALIBRATION PROCEDURE FOR REVIEW, INCLUDING VERIFICATION THAT B. SUBMITTALS
FOUNDATION BASE ELEVATION, PERFORM SURFACE COMPACTION WITH A MINIMUM OF ONE 1. REINFORCING BARS: TO ASTM A615, GRADE 60 OR GRADE 75 AS NOTED ON DRAWING N L SOYIDED, AND TENSIONING METHODS USED ARE DELIVERING THE 1. SUBMIT CONDUIT PLACEMENT DETAILS TO THE FOUNDATION ENGINEER FOR APPROVAL
PASS THROUGHOUT THE EXCAVATION BASE. S—01, DEFORMED, UNCOATED. 7. SUBMIT A TENSIONING PROCEDURE FOR REVIEW. SHOWING DISTANCE FROM TOP OF PEDESTAL TO TOP CONDUIT PENETRATION (THROUGH SIDE
5. IF, IN THE COURSE OF EXCAVATING THE FOUNDATION, THE BASE OF THE EXCAVATION 2. CEMENT: TO ASTM C150, TYPE I, OR ASTM C1157, TYPE GU. &  SUBMIT A TENSION TESTING PROCEDURE FOR REVIEW. OF PEDESTAL).
BECOMES RUTTED, DAMAGED OR IS OTHERWISE DETERMINED TO BE OF INADEQUATE 3. FLY ASH: TO ASTM C618, CLASS C OR F (IF SPECIFIED). 9. SUBMIT TENSION TEST DATA FOR ANCHOR BOLTS THAT ARE TESTED INDICATING BOLT C. PRODUCTS
CHARACTER, PERFORM THE FOLLOWING ACTIONS: 4.  MINIMUM CEMENTITIOUS CONTENT: IN ACCORDANCE WITH APPROVED MIX DESIGN. LOCATION AND TENSION VALUE. 1. NO ITEMS.
a.  SILTS OR CLAYS: SUBCUT THE EXCAVATION A MINIMUM OF 6 INCHES BEYOND THE 5. COARSE AND FINE AGGREGATES: TO ASTM C33, GRADATION IN ACCORDANCE WITH 10.  SUBMIT EMBEDMENT RING AND TEMPLATE RING SHOP DRAWINGS. D. EXECUTION
DEPTH OF THE INADEQUATE SOILS AND REPLACE WITH LEAN CONCRETE OR SPECIFICATIONS AND APPROVED MIX DESIGN. NOMINAL MAXIMUM AGGREGATE SIZE SHALL BE 1 VERIFY THE LOCATION OF MISCELLANEOUS CONCRETE EMBEDMENTS AND CONDUIT SO AS
ENGINEERED FILL. CONTACT FOUNDATION ENGINEER FOR ENGINEERED FILL égggﬁrfﬁsgN DRAWING S—01. ALL AGGREGATES MUST BE NON-REACTVE WITH CEMENT TO | o ppopycts NOT TO INTERFERE WITH THE FOUNDATION'S STRUCTURAL REINFORCING STEEL.
REQUIREMENTS. - , 2. ENSURE THAT MISCELLANEOUS EMBEDMENTS ARE PROPERLY SECURED TO PREVENT
b.  GRANULAR SOILS: LEVEL AND SURFACE COMPACT THE EXCAVATION BASE SURFACE 8. AR ADMIXTURE AND CONTENT: TO ASTM C260, 6% FOR PEDESTAL ONLY, NO AIR CONTENT - ¢ﬂg§f§s BgLLS“'w’fJ:A %EDW'STT:ET@TTE‘R'Q; T% 'fSTIM : edlzlﬁmoazéﬁwrg’?gﬁg’*Rgl’._.l.l;:go MOVEMENT DURING CONCRETE PLACEMENT.
COMPACTION OF THIS MATERIAL TO ACHIEVE AT LEAST 98 PERCENT OF THE REQUIREMENT FOR FOOTING. KSI. A MAXIMUM THREAD DIAMETER OF 1.50 INCHES. AND A MINIMUM NET AREA OF 1.56 3. TOP OF CONDUIT MUST BE A MINIMUM OF 24 INCHES BELOW TOP OF PEDESTAL.
LABORATORY MAXIMUM DRY DENSITY MEASURED ACCORDING TO THE STANDARD 7. OTHER ADMIXTURES: CHLORIDE FREE WATER REDUCING ADMIXTURE AND SUPERPLASTICIZER SQL’JARE INCHES. N " .
PROCTOR TEST METHOD. AS REQUIRED. . .
6. PRIOR 10 PLACING PROTECTVE LEAN CONCRETE SURFACE, HAVE A PROFESSIONAL 8 MAXIMUM WATER CEMENT RATIO: 0.45. 2. ANCHOR BOLT SLEEVES: TO ANCHOR BOLT MANUFACTURER'S R;:QUIREMENTS. | Z.OE;SBXER ERECTION AND ANCHOR TENSIONING REQUIREMENTS
GEOTECHNICAL ENGINEER (OR A PERSON UNDER THE GEOTECHNICAL ENGINEER'S DIRECT 9. 28 DAY COMPRESSIVE STRENGTH: 5,000 PSI. 3. EMBEDMENT RING: TO ASTM A36, PLAIN FINISH. NEW MATERIAL (NO REUSED TEMPLATES).
SUPERVISION) INSPECT THE,: SUBGRADE CONDITIONS AND RECORD THE SOIL TYPE 10. SLUMP: IN ACCORDANCE WITH APPROVED MIX DESIGN AT THE POINT OF DEPOSITION WITH 4, HEAVY HEX NUTS: TO ANCHOR BOLT MANUFACTURER’S SPECIFICATIONS. NUTS SHALL BE 1. TOWER SECTIONS MAY BE ERECTED, LEVELED AND GROUTED IN ACCORDANCE WITH
ENCOUNTERED. GROUNDWATER GONDITIONS. OR OTHER SUBSURFACE CONDITIONS. A THE ADDITION OF ADMIXTURES. CAPABLE OF DEVELOPING THE MINIMUM TENSILE STRENGTH OF THE ANCHOR. SUBMITTAL 5.8.3 ABOVE.
S ' ; 11.  CONCRETE UNIT WEIGHT: 145 PCF (MINIMUM) TO ASTM C138. 5.  HARDENED STEEL WASHERS: TO ASTM F436, PLAIN FINISH. 2. ANCHORS MAY BE TENSIONED WHEN:
SUBGRADE INSPECTION REPORT SHALL BE PREPARED AND SUBMITTED FOR EACH a.  THE CONCRETE STRENGTH OF THE FOOTING AND PEDESTAL HAS REACHED 5,000 PSI.
FOUND\?&?;TCI:%L legk#nggsE:\sA;gthoﬁréN ARE CONSISTENT WITH THE OBSERVATIONS D. D. EXECUTION O e TROT STRENGTH o EACHED 5.000 Foh ey
& CONTAINED IN THE REFERENCED GEOTECHNIGAL DOCUMENT ON DRAWING S-01. 1. PLACE CONCRETE AND REINFORCING AS SHOWN AND IN ACCORDANCE WITH THE FOLLOWING | 1.  THE FOLLOWING TOLERANCES SHALL BE ADHERED TO FOR PLACEMENT OF ANCHOR BOLTS: 3. ZHE N{AF?EELESN?;';ELQ?EEN&A; gf_ $§ECIE%T:’:'%E'1ND ) -
b.  VERIFICATION THAT SUBGRADE STRENGTH AND UNIFORMITY ARE ADEQUATE (SUBMIT FOR TOLERANCES: a. ANCHOR BOLT PLAN LOCATION — PLUS OR MINUS 1/16 INCH. " PEDESTAL HAS REACHED THE SPECIFIED 28 DAY
REINFORCING PLAN SPACING: PLUS OR MINUS 2 INCHES
REVIEW THE METHODS TO BE USED TO VERIFY THE SUBGRADE STRENGTH AND Q- : . b. ANCHOR BOLT PLUMBNESS — LESS THAN 1/4 DEGREE.
b.  REINFORCING VERTICAL SPACING: PLUS OR MINUS 1 INCH STRENGTH.
- : g c.  TEMPLATE AND EMBEDMENT RING PLAN DIMENSION — PLUS OR MINUS 1/16 INCH. .
UNIFORMITY). ! b.  THE GROUT STRENGTH HAS REACHED THE SPECIFIED .
c.  FOOTING CLEAR CONCRETE COVER: MINUS O INCHES, PLUS 3 INCHES.
PHOTOS OF PREPARED SUBGRADE. d.  PEDESTAL CLEAR CONCRETE COVER: MINUS O INCHES, PLUS 2 INCHES d- EMBEDMENT RING LEVEL — PLUS OR MINUS 1/4 INCH. 28 DAY STRENGTH. [
IF SOIL CONDITIONS ARE ENCOUNTERED THAT ARE NOT CONSISTENT WITH THE e FOOTING PLAN DIMENSIONS: MINUS O INCHES. PLUS 3 INCHES. . e.  EMBEDMENT RING ELEVATION — PLUS OR MINUS 1/2 INCH. c. UPON COMPLETION OF THE ANCHOR BOLT
REFERENCED GEOTECHNICAL DOCUMENTS (E.G. HALF SOILS AND HALF ROCK) OR IF £ FOOTING THICKNESS: MINUS O INCHES, F'LUS’B INCHES. 2. THE BOTTOM OF THE ANCHOR BOLT SHALL EXTEND BEYOND THE BOTTOM NUT BY A TENSIONING AND TESTING AS FOUND IN SECTION JOHNSON
SUBGRADE UNIFORMITY OR STRENGTH IS INSUFFICIENT, OBTAIN WRITTEN INSTRUCTIONS FROM g PEDESTAL PLAN DIMENSIONS: MINUS O INCHES, PLUS 2 INCHES. MINIMUM OF 1/2 INCH. 4.E.2 VERIFYING THAT THE REQUIRED TENSION
THE FOUNDATION ENGINEER AS TO THE MEANS OF CORRECTION TO BE UNDERTAKEN. OBTAIN h.  PEDESTAL HEIGHT: MINUS 1 INCH, PLUS O INCHES. 3. USE A TEMPLATE RING TO SET ANCHOR BOLT PLUMBNESS AND POSITION. ENSURE THE VALUE HAS BEEN ACHIEVED. . E-74181 :
WRITTEN CONFIRMATION FROM THE GEOTECHNICAL ENGINEER THAT THE SPECIFIED i PEDESTAL CENTERED TO WITHIN 2 INCHES RELATIVE TO FOOTING. TEMPLATE RING IS SET IN ACCORDANCE WITH THE SPECIFIED CONSTRUCTION TOLERANCES. ISSUE FOR CONSTRUCTION -_'?ﬁ 09 ,15/17 i
CORRECTIVE ACTIONS WERE COMPLETED. . CONCRETE AR CONTENT: +/— 1.5% 4. PLACE AND LEVEL THE EMBEDMENT RING IN ACCORDANCE WITH THE SPECIFIED TOLERANCES. 0 &
7. FOR PROTECTION OF THE SUBGRADE AND ESTABLISHMENT OF A WORKING SURFACE, PLACE 2. PROVIDE NECESSARY TIES, CHARS, AND STANDEES TO SECURE AND SUPPORT REBAR AND ENSURE THE EMBEDMENT RING IS PROPERLY ANCHORED TO PREVENT MOVEMENT. IT IS CONFIDENTIAL L5 Lo i
LEAN CONCRETE FILL AS INDICATED ON DRAWING S—01. IT IS RECOMMENDED THAT THE : ACCEPTABLE TO WELD SUPPLEMENTAL STEEL BRACING TO THE EMBEDMENT RING OR THIS DRAWING IS THE PROPERTY OF BARR ENGINEERING COMPANY 8 2 ne,
PREVENT PERMANENT DISPLACEMENT OR MOVEMENT OF THE BARS GREATER THAN 1 INCH (BARR). MO OTHER USE 1S PERITIED WITHOUT THE WRITTEN PERMISSION ¥ S ;0 (A
TEMPLATE RING TO PREVENT MOVEMENT. R T s, VRTTEN PERS INAL &
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Il. Basic Design Data

A. Material Properties

1. Concrete Strength
Minimum strength at 28 days, f'c = 5,000 psi

2. Steel Reinforcing Yield Strength
Grade 75: f, = 75,000 psi

Grade 60: f, = 60,000 psi

3. Grout Strength
Minimum strength at 3 days, f'c = 5,000 psi

Minimum strength at 28 days, f'c = 9,500 psi

4. Embedment Plate Yield Strength
fy = 36,000 psi

5. Anchor Bolt
Tensile Strength, f, = 100,000 psi

Yield Strength, f, = 75,000 psi

B. Foundation Loads Imposed by Tower and Turbine

The foundation has been designed according to the loads in Reference 3.

1. Reference 3 Load Accuracy

Barr's analysis and calculations rely on the foundation loading in Reference 3 and are dependent on
the load data being correct. The load data cannot be independently confirmed.

The actual loads experienced by the foundation will likely vary depending on weather conditions and
equipment performance and the actual loads are difficult or impossible to measure in the field, and
can be measured, if at all, only after the construction is complete and under extreme

circumstances. Thus, there is risk that the load data is incorrect or incomplete and Barr cannot
provide assurance of foundation performance under other loads.

2. Design Fatigue Cycles

Twenty years based on fatigue loading provided in Reference 3.

Barr Engineering Co. 3 September 2017
Project No. 35/63 - 1001 Foundation Design Computations
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C. Design Criteria

1. Minimum Factor of Safety Against Overturning

In accordance with generally accepted practices and standards of engineering and Reference 6, the
summation of the moments of forces resisting overturning must be 1.5 times greater than the summation
of the moments of forces causing overturning. This summation is taken at the base of the foundation.

2. Minimum Factor of Safety Against Sliding

In accordance with generally accepted practices and standards of engineering and Reference 6, the
summation of forces resisting sliding must be 1.5 times greater than the summation of forces causing
sliding. The summation is taken at the base of the foundation.

3. ACI 318 Load Factors and Strength Reduction Factors

In accordance with Chapter 9 of the ACI code (Reference 1a), the required strength (U) is computed by
multiplying the service loads by load factors, which depend on the load type (wind, earthquake, live load,
dead load) and the load combination being used. The wind loads are factored in accordance with
Reference 10. The design strength of the element must be equal to or greater than the required strength.
The design strength of the element is the nominal strength of the element times a strength reduction
factor that depends on the type of force (shear, moment, bearing, compression) or combination of forces
that are imparted on the element.

4. Minimum Factor of Safety Against Bearing Capacity Failure

In accordance with generally accepted practices and standards of engineering and Reference 6, for normal
loading the typical factor of safety against a bearing capacity failure is 3.0 and a 133% increase in
allowable bearing capacity is allowed for normal extreme wind loading. Hence, the factor of safety against
a bearing capacity failure due to normal extreme wind loading is 3.0/1.33 or 2.25.

5. Minimum Foundation Stiffness

Foundation stiffness shall be in accordance with Reference 3 and Reference 9.

D. Soil Properties
1. Strength Data

Summary of Geotechnical Recommendations found in Reference 2.

2. Stiffness Properties

Summary of Geotechnical Recommendations found in Reference 2.

3. Design Groundwater Level

Summary of Geotechnical Recommendations found in Reference 2.

Barr Engineering Co. 4 September 2017
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NW Ohio Wind
Project No. 35/63-1001

Foundation Design

GE 2.5-116 90m Hub Height

Barr Engineering Company

Prepared by: LJH

Checked by: CMM3

lll. Foundation, Tower and Design Information

A. Unit Definitions and Foundation Dimensions

k = 1000-1bf meter = m

GroundwaterLocation = "Within the Pedestal"

Foundation width: D = 61.5-ft Pedestal C = 18-ft Average extension . 0.25in) (D-C
. . e = 6in + —_—
diameter: of pedestal above P 4
. . . . ground surface: )
Height of base: hp = 12-in Height of center:  h, := 54-in hpe = 8.72-in
(above base)
Height of soil: hg := 10.5ft — hye Height of hy :=hg—hp = h¢ + hpe
(from foundation . pedestal: .
bottom) hg = 117.28-in h, = 60.00-in
=]
Height of embedment
ring above bottom of  h, := 27-in
footing:
Minimum depth i
of groundwater dgwr = 2ft
below grade: ml &
Minimum depth of (Reference 2) 1
groundwater below dgwTr = 2-ft !
grade (fatigue): =
)
. D h
Top width: B = a]
1 +\/§ 3 / he
| // NN E |
B = 25.47ft <1 : : )
f iy
Side width: a:= b-B
2
a=18.01ft
he
Edge slope: € ;= atan| —
a
€1 = 14.03-deg
2h,
Corner slope: & = atan| —
GroundwaterLocation := |if dgwT < hg
& = 19.46-deg "Within the Base" if dgwT = hg— hy
Bottom cover: CCpot = 3-in if dgwt < hs—hy
"Within the Center" if dgwT = hs—hp — he
Top cover: CCtop = 2-in
"Within the Pedestal" otherwise
"Below the Foundation" otherwise

P:\Mpls\35 OH\63\35631001 starwood nw ohio
\WorkFiles\foundation\2017\10 mathcad
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NW Ohio Wind GE 2.5-116 90m Hub Height
Project No. 35/63-1001 Foundation Design

Barr Engineering Company
Prepared by: LJH
Checked by: CMM3

B. Tower Bottom Flange Dimensions

Flange outside diameter: OD := 4556-mm OD = 14.95ft
Flange inside diameter: ID := 4000-mm ID = 13.121t
Total number of bolts (2 circles): N :=2-70
Inner bolt circle diameter: Dj := 4130-mm D; = 13.55ft
Outer bolt circle diameter: D, = 4426-mm D, = 14.521t
. OD +ID
Average tower diameter: g = % = 14.04ft diower = 14.04 ft
Thickness of tower flange: tflange = 75-mm tflange = 2.95-in
Average bolt circle diameter: Davg = Di; D, Davg = 16843-in
. OD-1ID
Width of flange: Wilange = T Wilange = 10.94-in
C. Stability Safety Factors
Minimum factor of safety: [T = [ (Reference 1)
Minimum factor of safety: FSmin2 :== 1.0 (Reference 1)
D. Stiffness Requirements
510" kN-m
Required dynamic rotational stiffness: Kopreq = —d (Reference 3)
ra
6
Required dynamic translational _ 1x10-kN
stiffness: Kxreq = T (Reference 3)
E. ACI Reinforcing Information (Reference 1a)
"not used" 0.0001 O 0
3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
Ba; nominal éize, diameter (in), area ACI bar table = 7 0.875 0.60 2.044
(in®), and weight (Ibf/ft): 8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.650
18 2.257 4.00 13.600

P:\Mpls\35 OH\63\35631001 starwood nw ohio 6
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NW Ohio Wind
Project No. 35/63-1001

GE 2.5-116 90m Hub Height
Foundation Design

Barr Engineering Company
Prepared by: LJH
Checked by: CMM3

F. Material Properties

Friction factor:

Concrete strength:

Steel yield strength:

Steel verts yield strength:
Steel modulus of elasticity:
Density of concrete:
Density of water:

Design density of soil above GWT for
bottom steel and stability:

Design density of soil below GWT for
bottom steel and stability:

pr = 0.4

fe := 5000-psi
fy := 75000psi
fyy := 60000-psi
E := 29000ksi
Ye := 150pcf
Yw = 62.4pcf

Ysdbot = 110pef

Yssbot = 125pcf

Design density of soil above GWT for top ~sqop := 125pcf

steel:

Design density of soil below GWT for
top steel:

Soil wedge angle from vertical:

Soil wedge angle from vertical
(fatigue):

Ysstop = 125pcf

0= atan(lj
2
0
Ofat == atan(gj

fe
E. := 57000psi- [ —

(Reference 2)

(Reference 2)

0 = 26.6-deg

Ofat = 0.00-deg

Concrete modulus of elasticity: E. = 4031-ksi
psi
Modulus reduction factor: P :=0.8 (Reference 7)
: E
Modular ratio: Nmod = W E, Nped = 9.0
P:\Mpls\35 OH\63\35631001 starwood nw ohio 7 9/13/2017
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NW Ohio Wind
Project No. 35/63-1001

GE 2.5-116 90m Hub Height
Foundation Design

Barr Engineering Company
Prepared by: LJH
Checked by: CMM3

G. Extreme Loading Conditions (Reference 3)

Misalignment Loading (Section 3)

Base moment:  Mjjgp := 1335kN-m

Misalignment angle (relative to wind):

Malign = 985-ft-k £ = it
Design Load Case 1.3: Normal Extreme
Normal extreme load factor:
o =14
Base moment: Base shear:
. 1.
M, = 60753 7kN-rn = 45003-kN'm He = MkN = 512-kN
1.35 1.35
M, = 33192-ft-k He = 115k
Design Load Case 6.2: Abnormal Extreme
Abnormal extreme load factor:
o, = 1.14
Base moment: Base shear:
1262.32 .
M, = —6 62.3 kN-m g = —7607kN
1.10 1.10
M, = 41077 -k-ft H, = 155k
H. Normal Loading Conditions - DLC 1.0
Base moment: Base shear:
My = 35477.7-kN-m Hy := 410.6-kN
My = 26167-ft-k Hy = 92k
. Normal Loading Conditions - DLC 1.3
Base moment: Base shear:

M 1 = 39454.6-kN-m
M | = 29100-ft-k

Hi 1 =462.4-kN
H; 1 =104k

Tower & turbine dead weight:

3643.4
Wie i= =—=-kN = 2699-kN
Wie = 607-k

Tower & turbine dead weight:

2887.1
Wta = kN
1.10

Wi = 590-k

Tower & turbine dead weight:
Wy = 2708.7-kN
Wy = 609-k

Tower & turbine dead weight:
Wi 1 :=2722.6-kN
Wi =612k
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J. Earthquake Loading Conditions

Seismic Design Criteria:

Siteass := "C"

- Building Occupancy Category: II

- Seismic Design Category: B

0.2 Second spectral response:

1.0 Second spectral response:

Table 11.4-1 Site Coefficient, Fa

(Reference 1)

(1600 ft/s shear wave velocity - Reference 2)

(Non-Essential Power Facility, Non Hazardous)

(Determination of Seismic Design Category)

Sg = 0.15

Sy = 0.07

(USGS: Paulding County Ohio)

(USGS: Paulding County Ohio)

Table 11.4-2 Site Coefficient, Fy

Mapped Maximum Considered Earthquake Spectral Mapped Maximum Considered Earthquake Spectral
Response Acceleration parameter at Short Period Response Acceleration parameter at 1-s Period
Site Class | Ss<=0.25 | Ss=0.50 | Ss=0.75 | Ss=1.00 | Ss>=1.25 Site Class | Ss<=0.10 | Ss=0.20 | Ss=0.30 | Ss=0.40 | Ss>=0.50
A 0.8 0.8 0.8 0.8 0.8 A 0.8 0.8 0.8 0.8 0.8
B 1 1 1 1 1 B 1 1 1 1 1
C 1.2 1.2 1.1 1 1 C 1.7 1.6 1.5 1.4 1.3
D 1.6 1.4 1.2 1.1 1 D 2.4 2 1.8 1.6 1.5
E 2.5 1.7 1.2 0.9 0.9 E 3.5 3.2 2.8 2.4 2.4
F See Section 11.4.7 F See Section 11.4.7
F,=1.20 F, = 1.70
Importance factor: I:=1.00
Adjusted 0.2s response: Swms = Fa-Sg Sms = 0.18
Adjusted 1.0s response: Smi = Fy- St Smi = 0.12
. 2
Design response: Sps = E-SMS Sps = 0.12
2
SD] = §~SM1 SD] = 0.08

Vertical seismic load effect:

E, := if (Sps < 0.125,0,0.2:Sps) E, = 0.00
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Seismic Design Requirements for Nonbuilding/Building Structures:

Response modification coefficient: R:=15
Long period transition period: Ty =12
Period coefficients: C¢ = 0.02
xgQ = 0.75
Height of structure: hy = 90-m

XEQ
Approximate fundamental period of hy
T, = Cy .S

structure: f Tar = 1425
Value Of Cll iS Calculated based on Table 12.8-1 COEFFICIENT FOR UPPER LIMIT ON
CALCULATED PERIOD
ASCE 7-05 Table 12.8-1 Design Spectral Response Acceleration Coefficient
Parameter at 1 s, SD1 Cu
C, =170 >=04 1.4
0.3 1.4
0.2 1.5
0.15 1.6
<= 0.1 1.7
Maximum approximate period: Tap = Cy-Tap Taz =2.42s
Design period: T:= min(Tal,Taz) T=142s
. . Sps
Seismic response coefficients: Cqp = R Cs1 = 0.08
T
T Spi Spi-TL
Cyp =1f| — < T, , = 0.037
sec T\ (R TV (R
sec 1 (_) (_)
sec 1
Non-Building structure: Cg3 :=0.03
0.8-S4

Ce = if[ S; > 0.6,

,0 Cg4 = 0.00

I

C = max(min(Cq1,Cy2) ,Cs3,Csq) Cs = 0.037

Minimum base shear: V i=Ce¢Wi V = 23-kip
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Structure Weights and Centers of Gravity:

Total weight of structure:

Tower bottom section::

Tower lower mid section:

Tower upper mid section:

Tower top section:

Wind turbine nacelle and rotor:

Total tower weight:

Wi = 612:-kip

Weight of Component
W1 = 43954kgf

Wy := 55091kgf

W3 = 62954kgf

W4 = Okgf

Wiwr = W1 + W2 + W3 + Wy

(Reference 14)

Approximate Center of Gravity

32463

hy : m = 16231.50-mm

hp = 32.463m + Om = 48263.00-(mm)

23.342m

h3 := 32.463m + 31.600m + = 75734.00-(mm)

hg =0
h5 := 90-m

Wowr = 357-kip

Wind turbine nacelle and rotor: W5 = Wi = Wiwr Ws = 255-kip
0 0.0
97 16.2
121 48.3
Summary: W = -kip h = ‘m
139 75.7
0 0.0
255 90.0
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Determine Design Base Shear:

Exponent related to
period of structure:

Number of tower components:

Vertical Distribution Factor:

Total lateral seismic force:

Earthquake overturning moment:

Base moment:

T T
ko :==if| — < 0.5,1,if| — > 2.5,2,2 —

S€C S€C

ntc:=1..5

Lateral Seismic Force at Each Level:

Fntc = CV 'V
ntc
Fnte =
0.4| -kip
2.6
5.8
0.0
13.8
5
Hgg = (Fl)
i=1
5

/ 2 2
Mog = Mi.1 +Mgg

/ 2 2
Hog =4 Hi.1 +Hgg

T
25-—
S€C
ko = 1.46
Hgq = 23-kip

Mgq = 5970-ft-kip

Mog = 29706-ft-k

Base shear: Hog = 106-k

Tower & turbine dead weight: WoE == Wi 1 WoE = 612k
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K. Fatigue Loading Conditions (Reference 3)
Mean shear: Hean = 344.1kN Hmean = 77-kip
Mean overturning moment: Mean := 30130kN-m Minean = 22223-kip-ft
Turbine & tower mean weight: Winean := 2689(kN) Winean = 605-kip

Fatigue Loading (Markov Matrix):

Overturning Moment (kN-m)

Number of Cycles Min Max # Data Rows

120 10812

100
100
4936
1000
40
40
1414
4936
15500
2828
2828
1414
1530
3919000
136400
6366
4780
11390
2536
193
8835
1630
16070
6845
9620
6076

oOj|o|jo|o|0|o|Oo|o|o|[o|o|o|o|o|o|o|o|o|o|o|o[o|o|o o

oO|o|ofo|0|oo|o|o|o|o|o|o|oc|oo|o|o|o|o|o|o|o|o o |o

100
300

g
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Bin counters:
qt :== NRows — 1 = 10811
qr:=0,1..qt
Yearspesign = 20 Yearsyfatrix := 20
Nfat = Npat_-Yearspesign + YearsMatrix
qr qr
Minimum Moment (for Miner's Rule):

Mfatminnorthqr = MinBingr-kN-m

Matminnorth
“Hinean, 0.01kN

Hminnorth . ‘= max
q mean

Mminnorth = Mfatminnorth  + Hminnorth ‘(hp +he + hb)
qr qr qr

Maximum Moments:

Mmaxfatigue ‘= max( Mmaxnorth)

Mminfatigue = maX(Mminnorth)

Doubleqr := 0,1..2-qt+ 1

Maximum Moment (for Miner's Rule):

leatmaxnorthqr = MaxB inqr' kN-m

Mfatmaxnorth "
I Hpmean, 0.01kN

Hmaxnorth . ‘= max
q mean

Mmaxnorth = Mfatmaxnorth _+ Hmaxnorth '(hp +he + hb)
qr qr qr

Minaxfatigue = 44364-kN-m

Mminfatigue = 41980-kN-m

Fatigue moments are plotted below:

\WorkFiles\foundation\2017\10 mathcad
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300001
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L. Stack Min and Max Fatigue Matrices and Sort

Stack min and max Mporth =
. . Doubleqr
fatgiue matrices and

sort in ascending Maxnorth if Doubleqr > qt
order: Doubleqr—qt—1

if Doubleqr < qt

M...:
mmnonhDoubleqr

Sortyorth = SOrt(l\/[north)

4000073:2°.,., N T
s e 'l :

‘ , l lljlll

300001

M,
northDoubleqr

kN-m

Sortporth,

Doubleqr
2000
kN m 0“

100001

17360 21700
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M. Develop Unigue Fatiqgue Matrix and Parse Zero Values

Develop matrix Uniqueporth = | Sortyorn.  if Doubleqr = 0
s Doubleqr 0
containing only the
unique fatigue values: Sort if Doubleqr # 0 A Sort # Sort
d & 1mrthDoubleqr 4 rlorthDoubleqr northDoubleqrf 1
0 if Doubleqr # 0 A Sort = Sort

4 nOrthDoubleqr nOrthDoubleqr— 1

Remove all "zero" MUniquenorth = trim(UniquenOnh,match(O,Uniquenonh)) if min(Uniquenmh) =0

entires leaving only
"non-zero" entries in
the MUnique matrix:

Uniqueportn if min(Uniquenorth) >0

Determine the Qtoorth = length(MUniquenonh) -1=410
quantity of

"non-zero" entries in  qro = 0,1 .. qtporth

the MUnique matrix

to use as counters:

40000F
UI1lquenmﬂlDoubleqr
KN-m 200001
MUniqueporth
qrnorth
kN-m
0 4340 8680 13020 17360 21700
Doubleqr, qrporth
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IV. Stability Analysis and Bearing Length Evaluation
A. Foundation Volume and Weight Calculations

> _(D-BY 2
Foundation plan area: A=D - ZKTJ A =3133-ft
2
Volume of pedestal: Vp = %-hp Vp = 47-yd3
Weight of pedestal: Wy = vp e W, = 191-k
. 2 11 2 1 3
Volume of footing: ve = A-hy + B -he + 4- 5~§-hc~a + E-B-hc~a vg = 413-yd
Weight of footing: W = vy W = 1674k
Total volume of 3
concrete: Ve = Vet Vp Ve = 460-yd
7'r-C2 3
Total volume of soil: Vg = A-hg — vg — T-(hs —hy—he) ... vs = 826-yd
8-B-tan(0) 2
S EBO) 4 )
2
. . 7-C 3
Total volume of soil (fatigue) Vefat = A-hg — v — T-(hs —hy—he) ... Vetat = 681-yd
8-B-tan( Oyt 2
4 #'(hs - hb)
2
Equivalent buoyant force: Fp := vw |if dgwT < hg
A-(h—dowr) if dewr = hy—hy
8-B-tan(0
A-(hg = dgwr) + %().(hS —hp — dGWT)2 otherwise
0 otherwise
Fp, = 1666-kip
Equivalent buoyant force Fofat = Yw | 1if dgwTF < hg
(fatigue): .
A-(hg—dgwrr) if dowrr > hs—hy
8-B-tan( 0y,
A~(hs - dGWTF) + J(hs —hy — dGWTF)z otherwise
0 otherwise
Fpfat = 1520-kip
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Total weight of soil:
Wy = |if dgwT < hg—hy
2 2
7-C 7-C .
Vsdbot dGwT:| A = j + Yssbot-(hs = hp = he - dGWT)'( - Tj if dgwt < hy—hy —he
+'Yssbot'|:A'(hb + hc) - Vf]
8-B-tan(0) 2 2 2
+ T'lr’\fssbot(hs —hy — dgwr)” + ’stbotlr (hs—hp)” = (hs = hy — dGwr) ﬂ
2
-C
“{sdbot'(hs —hp - hc)'[A - ﬂTj otherwise
dgwt
a 2 a 7
+ Ysdbot" 4~B~|:a— (h—}(y—hp +hpe):| +2]a —|:(h—j-(y—hp +hpe) dy ...
C C
hg—hp—he N
hg—hyp, , 7
a a
+~ssbot- 4Bla—|—|(y—hp+hpe) | +2]a || = |-(y—hy+hpe) | |dy]|..
he he
dowr
8-B-tan(0) 2 2 2
+ T'[“rssbot(hs —hy - dgwr)” + “rsdboc[(hs —hp)” = (hs—hy — dgwr) ﬂ
Vs Vsdbot Otherwise
W, = 2677-k
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Total weight of soil (fatigue):

if dgwtr < hg—hp —he

Wiat == |if dgwTF < hs —hp
LN ’ 1T~C2
Ysdbot' dGWTF| A — 4 + 'Yssbot'(hs —hp —h,— dGWTF)' A — T
+ 'Yssbot'[A'(hb + hc) — Vel .
8-B-tan( Oy ’ 5 5
+— ( )..|:"{ssbot(hs —hy - dGWTF) + 'ysdbot[(hs - hb) - (hS —hy - dGWTF) ﬂ

2

dGWTF

+ Ysdbot’
hg—hp—h
hg—hy,

+Yssbot*

dGwWTF
8-B-tan(9fat)

2

+

Vsfat-Vsdbot Otherwise

Total dead weight seismic load:

Total dead weight fatigue load:

2
'\{sdbot'(hs —hp - hc)'[A - i}

4

Wgq = Wp + Wg+ Wog + Wy — Fy

Wiat == Wp + Wg + Winean + Wsgat — Fofat

otherwise

4-B~{a - (hicj(y —hp+ hpe)} + 2{312 - :(hicj(y —hy+ hpe)ﬂ dy ..
4-B-|:a - (hicj(y ~hy+ hpe)} + 2-[a2 - { hicj(y ~hy+ hpe)T} dy| ..

'[“rssbot(hs —hp — dGWTF)2 + 'stbot|:(hs - hb)2 — (hg—hp - dGWTF)Zﬂ

Wagat = 2211k

WEgqg = 3488-k

Wiy = 3160-k
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B. Stability Calculations - Extreme Loading

Determine controlling extreme
load case:

Extreme Tower Base Moment:
Extreme Tower Base Shear:
Extreme Tower Weight:

Total dead weight wind load:
Overturning wind moment:

Wind load friction resistance
at base:

Factor of safety against
sliding:

Seismic load friction
resistance at base:

Factor of safety against
sliding:

Determine controlling load case:

Resisting moment:

Factor of safety against
overturning:

Overturning seismic moment:

Resisting moment:

Factor of safety against
overturning:

Minimum factor of safety:

Determine controlling load case:

|if (Me > M,,"Normal Controls" ,"Abnormal Controls") = "Abnormal Controls"

M := / (if (Me > Ma,Mc,M,) + Mahgn-cos(A))z + (Mahgn-sin(A))z = 42062-k-ft

H = if (Mc > My, He, Hy)
Wt = lf(Me > MasWtesWta)
Wy = Wy + Wr + W+ W - Fy,

Mow =M+ (hb + he + hp)-H

Hew = Mf~(WW)

FS = min(FSqw . FS kq)

|if(FSS > FSpin,"OK" ,"No Good" ) = "OK"

MrW
MOW

FSow =

H =155k
W, = 590-k
Wy = 3466-k

Mow = 43694-k-ft

Hiw = 1386k

FSqw = 8.92

Hepg = 1395k

FSggq = 13.11

FS, = 8.92

Myw = 106584-ft-k

FSow = 2.44

2 , 2
MoEq = / (Mo + Malignc0s(A))” + (Malign'sin(A))~ + (hy + he + hy)-Hog = 31808-k-ft

Mg = (1~ Ev)'WEQ'miHL% ; 2 aj

V2

Migq
FSogq =

MOEQ
FSpin = 1.50

FS, = min(FSow . FSogq)

|if(FSo > FSpin,"OK" ,"No Good" ) = "OK"

M;gq = 107261-ft-k

FSogq = 3.37

FS, = 2.44

OUtPUtOverturning = FSOI
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Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Overturning seismic moment (reduced):

Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Minimum factor of safety:

Determine controlling load case:

. (D D-a
Miw red := 0.6Wyw-min| —,
— 2 ‘\/E

MrWﬁred
FS oW alt =
oW

MoEQ alt := 0.7-MogQ

. (D D
MIEQ red = 0.6(1 - Ev)~WEQ-mm(5 R

MrEQ red

FSoEQ alt = ————

- MoEQ alt
FSpin2 = 1.00

FSo2 = min(FSowialt > FSoEQialt)

|if(F802 > FSmin2,"OK" ,"No Good") = "OK"

C. Soil Pressure Calculations - Extreme Loading

Side length of square inscribed inside
of foundation octagon:

"Major" width of octagon along
widest section:

Distance from widest section of
octagon to edge of square:

Moment of inertia for octagon about any
axis through centroid:

Section modulus of foundation for
normal orientation:

Section modulus of foundation for
orientation rotated by 22.5 degrees:

Sp =+ 2a2 +2-aB+ B2
He ==+ B2 + D2

Hf—S¢
e = )
I 85" ff 27\ 300t 2T 2+1
= -cot| — || 3cot| —
fan = "9 16 16
2lfdn
normal = D
_ 2dn
rotated - Hy

Muw red = 63951-ft-k

FSow ait = 1.46

MoEQ ali = 22266-k-ft

MEQ red = 64357 ft-k

FSoEQ ait = 2.89

OUtPUtOverturningZ = FSp

FSop = 1.46
Sp = 47.11t
Hy = 66.6ft
W, = 9.75 1t

Togy = 783048t
3
Snormal = 25465-ft

Srotated = 23527ft3

|if (Snormal > Siotated » "Rotated Controls" , "Normal Controls") = "Rotated Controls"
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1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (L,) greater than W,, but less than or equal to half the major octagon width
(He/2).
Set F=Wy and M=M,, and solve for L, and fip5«

B2 + D2
F = Wy F = 3466-k Mioe = FT - Mow Mioe = 71672-ft-k
2W, + H¢
Guess: L= T finax = 3172-psf
Given
We L
2 We(y - We)
y y y e e
F = fnax:| 1 == || =S¢ ||dy + foax:| 1 == || Sg+ 2| ————=||d
|: max ( Lj (We fjj| Yy max ( Lj |: f |: S Yy
0 We
We L
2 We(y - We)
y y y e e
Mioe = fnax| 1 == || =S dy + fnax| 1 == || Sg+2| ————= | |-yd
toe |: max ( Lj (We fj:|y Y max ( Lj |: f |: S ydy
0 We
Ly
o |= Find(L, finax) Ly = 48.51t f4 = 3172-psf
4
If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set
to zero.
. , Hg
Soil Bearing Length: Lpg:=if| Ly > WALy < 7 ,L4,0-ft Lps = 0.0-ft
. : . Hy
Maximum Soil Bearing Pressure: fnaxa = if| Ly > We ALy < 7 ,T4,0-psf fmaxa = 0-psf
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2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L,) greater than half the major octagon width (H¢/2) but less than or
equal to difference between the full octagon width (Hy) and W,..

Set F=Wy and M=M,, and solve for L, and fip5«

B2 + D2
F = Wy F = 3466-k Mioe = FT - Mow Mioe = 71672-ft-k
3H¢ - 2W,
Guess: L= T finax = 3138-psf
Given
Hy
We 2
2:-We-(y— W
F= fmax-(l - yj Xse || dy + fmax-(l —X) Sp+2- oy - We) dy
e S¢
0 We
L
f
+ fmax-(l j S¢+ 2| We — dy
Sg
Hy
2
Hg
W 2
M Tl 1= s ay s | (1= 2 s o] 2Nl =W
toe max L W, fydy max f S ydy ...
0 We
L
Hy
2Wely =
y
+ fmax:| 1 == || Sg+ 2| We — yd
max( Lj f e S ydy
Hy
2
Ls
o= Find(L, finax) Ls = 49.6ft f5 = 3138-psf
5
If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set
to zero.
. : Hy
Soil bearing length: Lps :=if| Ls < Hf — We A Ls > 7,L5,0~ft Lys = 49.6-ft
. . . Hg
Maximum soil bearing pressure: fmaxs = if| Ls < Hf — Wo A L5 > 7 ,f5,0-psf fmaxs = 3138-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (L},) greater than the difference between the full octagon width (Hy) and
W, but less than the full octagon width (Hy).

Set F=Wy and M=M,, and solve for L, and fip5«

B2 + D2
F = Wy F = 3466-k Mige = F-—— - Myw Mioe = 71672-ft-k
2H¢ — W,
Guess: L= T fiax = 3166-psf
Given
Hy
We B3 _
2 We(y - We)
y y y e e
F = fnax:| 1 == || =S¢ ||dy + fnax:| 1 == || Sg+2:| ————= | |dy ...
J’ |: max ( Lj (We fjj| Yy max ( Lj f |: S Yy
0 We B
We+St
Hy
2Wely-— L
+ foax| 1= | Sp+ 2 W e(y2d+ a1 =2 )| 2 22 YZSZ Wel
max f e S Y max L 5 5 W, Y
He We+St
2
Hg
W B3 _
vieom [ e (o (s Woars | 12 sy o] 2Welr=W) T
toe max L W, fydy max L f S ydy ...
0 We -
We+St _
Hg
Wl v — — L
+ fax| 1= 2 || S¢+ 2| W zwe(y 2] dy + a1 -2 )| 2 22 YZSmWe)
max L f e S yay max L 5 5 W, ydy
He - WetSr
2
Le
o= Minerr(L, finax) L = 49.0ft fs = 3166-psf
6
If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set
to zero.
Soil bearing length: Ly := if(L6 < HfALg> He— We,L6,O-ft) Lys = 0.0-ft
Maximum soil bearing pressure: fnaxe = if (L6 < Hf A Lg > He — We, fg, 0-psf ) fmaxe = 0-psf
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4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L},) equal to the the full octagon width (Hy).

Set F=Wy and M=My,, and solve for f;,5x and the difference in maximum and minimum bearing pressures (df).

Fy/ B2 + D2
F = Wy F = 3466-k Mige = ——— — Myw Mioe = 71672-ft-k
G :
Hess fax == 2963-psf df = 3714-psf
Given
Hg
We 2
df-y y df-y 2'We'(y - We)
F = fnax— —— || =S¢ ||dy + fnax——— || Sg+ 2| ————= | |dy ...
J’ |:£ max Hy j (We fj:| Y (max Hy f S Yy
0 We
We+St
Hy
2Wely—— Hy
df-y ( 2] df-y St Sf y—S¢-We
+ fnax——— || Sg+2:| We —| ————= || |dy + foax—— || 2| —————— | |d
( max Hy j f e S Yy max Hy 5 5 W, Y
He We+St
2
Hy
We 2
df-y y df-y Z'We'(y - We)
Mioe = fnax—— || =S dy + fnax——— || Sg+2:| ————= | |-y dy ...
toe J |:( max Hy j (We fjj|y Yy (max Hy f S ydy
0 We
We+St
Hy
2Wely-— Hy
df-y ( 2) df-y St Sf y—S¢-We
+ fnax——— || Sg+ 2| We —| —————= || |'ydy + foax—— || 2| —————— | |-yd
(max Hfj f e S ydy max Hy 5 5 W, ydy
Hf We+St
2
df
= Find(df , finax) frnax = 2963-psf df = 3714-psf
fmax
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax —df < 0-psf,0-psf ,fmax) fmax7 = 0-psf
Minimum soil bearing pressure: finin7 = if (fmax7 > 0, finax7 — df, 0-psf ) fmin7 = 0-psf
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D. Bearing Length Check - Extreme Loading

Select Bearing Length and Pressure Distribution

Bearing length: Low := if (fmax7 > 0.Hp, L + Lbs + Lig) Lyw = 49.6-t
. , . Hg
Maximum soil bearing pressure: fnaxw = if| Lyw < 7 , Tnaxa , 1f (wa < Hf — We, finaxs, if (wa < Hf,fmaxé,fmax7))

fnaxw = 3138-psf

Minimum soil bearing pressure: finw = if (wa < Hg,0-psf sfmin7) fminw = 0-psf
Determine controlling load case: Ly := Lpw Ly = 49.61t
Maximum soil bearing pressure: fnax = fmaxw fax = 3138-psf
Minimum soil bearing pressure: frin == fminw fimin = 0-psf

Percent of base by length in compression E

under extreme loading: Hy =074
Lo
if| -~ > 0.5,"0K","No Good" | = "OK" (Reference 10)
f
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E. Foundation Volume and Weight Calculations - Normal Loading

Total dead weight: Wion i= Wp + Wi + W+ Wy = Fp Wionn = 3485k

Overturning moment: MoN = \/(MN + Malign~cos(A))2 + (Malign~sin(A))2 + (hb +he + hp)-HN = 28121 -k-ft

F. Soil Pressure Calculations - Normal Loading

1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (L,) greater than W,, but less than or equal to half the major octagon width
(He/2).
Set F=W,iy and M=My,, and solve for L, and fiax

B2 + D2
F = Wign F = 3485k Mie 1= F3=——— = Mox Mioe = 87874 ft-k
2W, + H¢
Guess: L= T fiax = 2366-psf
Given
We L
2 We(y - We)
y Yy y © ©
F = fnax'| 1 == || =S¢ ||dy + fnax'| 1 == || Sg+ 2| ——————=||d
J’ |:max( Lj (We fjj| Yy max( Lj |: f |: S Yy
0 W
We L
2 We(y - We)
y y y e e
Mioe = fnax:| 1 == || =—-S dy + fnax| 1 == || Sg+ 2| —————= | |-'yd
toe J |: max ( Lj (We fj:|y Yy max ( Lj |: f |: S ydy
0 We
Ly
o |= Find(L, finax) L4 = 59.6 1t f4 = 2366-psf
4

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set

to zero.
. : Hy
Soil bearing length: Lpg:=if| Ly > WALy < 7 ,L4,0-ft Lps = 0.0-ft
. , . Hy
Maximum soil bearing pressure: fnaxa = if| Ly > We ALy < 7 ,T4,0-psf fmaxa = 0-psf
P:\Mpls\35 OH\63\35631001 starwood nw ohio 27 9/13/2017

\WorkFiles\foundation\2017\10 mathcad Version 4.7




NW Ohio Wind GE 2.5-116 90m Hub Height Barr Engineering Company

Project No. 35/63-1001 Foundation Design Prepared by: LJH
Checked by: CMM3

2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L,) greater than half the major octagon width (H¢/2) but less than or
equal to difference between the full octagon width (Hy) and W,..

Set F=Wiy and M=My,, and solve for L, and fiax

B2 + D2
F := Wioin F = 3485k Mioe = FT — MoN Mioe = 87874-ft-k
3H¢ - 2W,
Guess: L= T finax = 2315-psf
Given
Hy
We 2
2:-We-(y— W
F= fmax-(l - yj Xse || dy + fmax-(l —X) Sp+2- oy - We) dy
e S¢
0 We
L
f
+ fmax-(l j S¢+ 2| We — dy
St
Hg
2
He
W 2
M Tl 1= s ay s | (1= 2 s o] 2Nl =W
toe max L W, fydy max f S ydy ...
0 We
L
Hy
2Wely =
y
+ fmax:| 1 == || Sg+ 2| We — yd
max( Lj f e S ydy
Hy
2
Ls
o= Find(L, finax) Ls = 63.91t f5 = 2315-psf
5
If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set
to zero.
. : Hy
Soil bearing length: Lps :=if| Ls < Hf — We A Ls > 7 ,Ls,0-ft Lys = 0.0-ft
. . . Hg
Maximum soil bearing pressure: fmaxs = if| Ls < Hf — Wo A L5 > 7 ,f5,0-psf fmaxs = 0-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (L},) greater than the difference between the full octagon width (Hy) and
W, but less than the full octagon width (Hy).

Set F=Wiy and M=My,, and solve for L, and fiax

B2+D2
F := Wiomn F = 3485k Mige = FY—=———— — My Moo = 87874-ft-k
2H¢ — W,
Guess: L= T fiax = 2308-psf
Given
Hr
We 2 -
2 We(y - We)
Yy y Yy € €
F= foax| 1 —= || =S¢ ||dy + f, 1—=1S¢+2 dy ...
J’ |:max( j(we fjj| y max( Lj f |: S y
0 We -
We+St
Hy
2Wely-— L
+ £l 1=2 | sp+2]wW e(y2d+ g (1Y) o2 Sy oSz Wet,
max L f e S Yy max L 5 5 W, Yy
Hy We+St
2
Hr
W, BN _
Moo = ef =X sl lydy+ | B 1=2 [ sp+2 2 We(y - We) d
toe max L W, fllyay max L f S yday ...
0 We -
We+St _
He
2Woil y = — L
+ £l =2 se+2|w e(yJ dy + g (1Y) o2 B yzSemWel)
max L f e S yay max L 5 5 W, yday
He - WetSr
2
L
o= Minerr(L, finax) L¢ = 64.21t fs = 2308-psf
6

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure is set to zero.

Soil bearing length: Ly := if(L6 < HfALg> He— We,L6,O-ft) Lyg = 64.2-1t

Maximum soil bearing pressure: finax6 == if(L6 < HfAaLg> He— We,f6,0-psf) fmaxe = 2308-psf
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4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L},) equal to the the full octagon width (Hy).

Set F=Wiv and M=My,, and solve for fi, and the difference in maximum and minimum bearing pressures (df).

Fy/ B2 + D2
F := Wioin F = 3485k Mioe = f — MoN Mioe = 87874-ft-k
G :
Hess fax == 2308-psf df = 2391-psf
Given
Hg
We 2
df-y y df- dt-y 2'We'(y - We)
F = fi — -S¢ || dy + fi | Sp+2| ———=||dy ...
J’ |:£ max — j (We j:| Y ( max — Hy f S Yy
0 We
We+St
H
2We ( N f] i S S Sf—W,
df-y 2 df-y f £y =of— We
+ finax — Se+2:| We—| ———= || |dy + foax—— || 2| —————— | |d
(max Hy j f S Yy (max Hy j |: [2 5 W, jj| Y
He We+St
2
Hr
We 2
df-y y df- df-y Z'We'(y - We)
Mioe = fnax — ——— -S dy + fi | S+ 2| ————||-ydy ...
toe J |:( max Hy j (We fjj|y Yy (max Hy f S ydy
0 We
We+St
H
2 We ( - fj i Sf S Sf— W,
df-y 2 df-y f £y =oSf— We
+ finax — S¢+2- —=|||ydy + fi 2| ————||yd
(max Hfj f S ydy (max Hfj{ [2 5 W, j}yy
Hf We+St
2
df
= Find(df , finax) finax = 2308-psf df = 2391-psf
fmax
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax —df < 0-psf,0-psf ,fmax) fmax7 = 0-psf
Minimum soil bearing pressure: finin7 = if (fmax7 > 0, finax7 — df, 0-psf ) fmin7 = 0-psf
P:\Mpls\35 OH\63\35631001 starwood nw ohio 30 9/13/2017

\WorkFiles\foundation\2017\10 mathcad Version 4.7




NW Ohio Wind
Project No. 35/63-1001

GE 2.5-116 90m Hub Height
Foundation Design

Barr Engineering Company
Prepared by: LJH

Checked by: CMM3

G. Bearing Length Check - Normal Loading

Select Bearing Length and Pressure Distribution

Bearing length:

Maximum soil bearing pressure:

Minimum soil bearing pressure:

Area of base in compression under
normal loading:

Percent of base by area in compression ﬂ
under normal loading: A

LoN = if (finax7 > 0,Hr,Lia + Lbs + Loe)

finin = if (Lon < He,0-psf . finin7)

2 3
AN =S¢ +5~Sf~We+ (LbN_ Sf—We)|:Sf—

Lpn = 64.2-ft

. Hy . .
finax = lf(LbN < 7 » Tmax4 alf(LbN < Hf — We, finaxs :1f(LbN < Hf,Tmax6 afmax7))j

frax = 2308-psf

finin = 0-psf

St-(Lpn — S — We)
2-W,

Ax = 31201

(Reference 10)

P:\Mpls\35 OH\63\35631001 starwood nw ohio
\WorkFiles\foundation\2017\10 mathcad

31

9/13/2017
Version 4.7




NW Ohio Wind
Project No. 35/63-1001

GE 2.5-116 90m Hub Height
Foundation Design

Barr Engineering Company
Prepared by: LJH
Checked by: CMM3

V. Bearing Capacity Evaluation (Reference 8)
A. Design Soil Bearing Pressure - Normal Loading
Design overturning moment: MyN = MoN Mgn = 28121-ft-k
Design vertical load: VaN = WiotN Van = 3485k
. - Man
Design load eccentricity: edN == —— eqn = 8.071ft
Van
. . D
Circular radius of octagon: R := E R =30.751t
. . . . 2 CdN 2 2 2
Effective soil area in bearing: AeN = 2- (R )~acos ? —edn+/ R —egn Aeren = 19901t
Ellipse soil width in bearing: = — edN ben = 45.41t
Ellipse soil length in bearing: Iy = 2-R- f e = 59.3 ft
Effective soil length in bearing: lefrN = | AN b_N legen = 51.01t
eN
L : lefin
Effective soil width in bearing: befiN == | -beN beerny = 39.01t
eN
. . VaN
Design bearing pressure: fyn = fan = 1752-psf
AcfN
B. Bearing Capacity Check - Normal Loading
Allowable bearing pressure: fain N = 3300psf (Reference 2)
Ratio of design bearing pressure to fan
. ] =0.53
allowable bearing pressure: £ N
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C. Design Soil Bearing Pressure - Extreme Normal Loading
2 . 2
Mgaw / M + Mylign'c0s(A))” + (Myign'sin(A))” + (hy + he + hy)-He = 35386-k-ft
Vaw = 3483k

Design overturning moment:
Vaw = Wy + Wi + Wie + Wy = Fy

Design vertical load:
. - Maw
Design load eccentricity: eqw = —— eqw = 10.16ft
Vaw
R = 30.75ft

Circular radius of octagon:

Caw
—j - edwa R2 - edW2:| Aefrw = 1744 ft2

Acfrw = Z{(Rz)-acos( R

Effective soil area in bearing:
Ellipse soil width in bearing: bew = 2 - edw bew = 41.21t
Ellipse soil length in bearing: L 1= 2-R. / lew = 58.01t
. . . . lew
Effective soil length in bearing: lefrw = | Acfrw: " lerw = 49.61t
eW
L : lesrw
Effective soil width in bearing: beftw == | -bew befrwy = 35.21t
eW
Vaw
faw = fgw = 1997-psf
Acttw

Design bearing pressure:

D. Bearing Capacity Check - Extreme Normal Loading

fannw = 4200(pst) (Reference 2)

Allowable bearing pressure:

faw
=048
fanw

Ratio of design bearing pressure to
allowable bearing pressure:

9/13/2017
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E. Design Soil Bearing Pressure - Extreme Abnormal Loading

Design overturning moment:

Design vertical load:

Design load eccentricity:

Circular radius of octagon:

Effective soil area in bearing:

Ellipse soil width in bearing:

Ellipse soil length in bearing:

Effective soil length in bearing:

Effective soil width in bearing:

Design bearing pressure:

My = / (Ma + Mahgn-cos(A))z + (Mahgn-sin(A))z + (hp + he + hy)-Hy = 43694-k-ft

Vaa == Wy + Wi + Wi + Wy = Fy

Maga
CdA = ——
Vda
R =30.75ft

CdA
Acfra = 2{(R2)~acos(?j - edA-J R2 - edAz}

= ~cqa)

eA—ZR’

lea
lefta == | Aetta T
beA
lefra
beffA 'beA
1eA
Vaa
faa =
Aeffa

F. Bearing Capacity Check - Extreme Abnormal Loading

Allowable bearing pressure:

Ratio of design bearing pressure to
allowable bearing pressure:

114 = 4200(psf)

(Reference 2)

Vya = 3466-k

eqa = 12611t

Aefra = 1465 ft2

bep = 36.3 ft

lea = 56.11t

lesrn = 47.6 1t

befra = 30.8ft

faa = 2367 -psf
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G. Design Soil Bearing Pressure - Earthqguake Loading

Design overturning moment: MggqQ = MoEQ

Design vertical load: VigQ = (1 + EV)'WEQ

M
Design load eccentricity: €dEQ = dEQ

VdEQ
Circular radius of octagon: R =30.75ft

Effective soil area in bearing:

AeffEQ = 2-[(R2)~acos(

Ellipse soil width in bearing: begq = 2~(R - CdEQ)

Elli il length in bearing: bek
ipse soil length in bearing L = 2.R- 1_(1 B 2e§
. . . . leEQ
Effective soil length in bearing: letfEQ = | AcffEQ® 5
eEQ
1
Effective soil width in bearing: beffrQ = ;ﬁEQ. ¢EQ
eEQ
\Y
Design bearing pressure: fapq = " dEQ
effEQ

H. Bearing Capacity Check - Earthquake Loading

Allowable bearing pressure: faigqQ = 4200(psf)

fapQ

Ratio of design beari Lt
atio of design bearing pressure to 045

allowable bearing pressure:

faEQ

Mggq = 31808 ft-k

Vg = 3488k

edeQ = 9.121t

CdE

RQJ — €dEQ™y/ R2 - edEQ2:| AeteQ = 1866 ft2

beEQ =433ft

legg = 58.71t

lefrrq = 50.3 1t

befrrg = 37.11t

fggq = 1870-psf

(Reference 2)
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VI. Foundation Stiffness Evaluation - Single Layer Native Soil Sites

Depth of embedment b 1 ho+h
(half of foundation embedment): THc + o
Area of the footing: A =3133 ft2
Foundation width: D = 61.50ft
Equivalent circular Rure e A
radius of footing: R
1b
Subsoil density: p= 136'_3,
ft
W= p-g
Design shear wave velocity . ft
for interval from 8 to 50 feet: Vs = 1636';
Poisson ratio: v = 0.48
. 2
Initial shear modulus: Gy = p-Vy

Eo == 2-(1 +v)-G,

Initial elastic modulus:

0.3
f;
Shear modulus ratio: ~N =1-(1.0) W =0.42
3fanw
Shear modulus: G =Gy
Elastic modulus: E:=2(1+v)G

h = 39.00-in

Rgifr = 31.6-ft

(Reference 2)

w = 136-pcf

(Reference 2)

(Reference 2)

Go = 11314-ksf

E, = 33488-ksf

(Reference 9)
G = 4803-ksf
E = 14218-ksf
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Rotational embedment a h B (Reference 5)
Coefficient: Ny = 1+1.2:(1 -v): i +0.2:(2 _U)'(R Ny = 1.06
Embedment coefficient: MNx = 1+0.55(2 - v)- R nx = 1.09 (Reference 5)
stff
8-G-Rygr GN-m (Ref 5)
‘G- Rtfr -m (Reference
Rotational stiffness of soil: K = — K =1120-——
bdyn = Ty bdyn rad
. . . . GN-m
Required dynamic rotational stiffness: Kopreq = 50- p (Reference 3)
ra
Ko
. VN _ 2240
Design check: Kapreq
32-(1 -v)-G-R
Translational stiffness of Kxdyn = ( ) Stff—nx Kxdyn = 12660~ﬁ (Reference 8)
foundation: 7 -8 mm
. . . . kN
Required dynamic translational stiffness:  Kyeq = 1000-—— (Reference 3)
mm
K
Design check: —xdym 12.66
Xreq
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VIl. Anchor Bolt Design

A. Strength Reduction and Load Factors (Reference 1a and Reference 3)
Normal extreme load factor: 0e = 1.40
Abnormal extreme load factor: oy = 1.14
Determine controlling e
extreme load case: Otw = 1f(oae~Me > aa'Ma’ae’OLa)
M := if (0" Me > 0" Ma,Me,My) M = 41077-k-ft
H = if (0e-Me > 0tq- Mg, He, Hy) H = 155k
Wi = if (0 Me > Q- Ma, Wie, Wia) W, = 590-k
Beneficial dead load factor: oq1 =09 Bearing Factor: ¢y, = 0.65
Anchor tension load factor: opt = 1.2 Fastener Factor:  ¢¢ := 0.75 (Reference 1c)
Non-Beneficial dead load factor: aqy =12 Shear Factor: by =0.75
Earthquake load factor: agq = 1.0 Flexure Factor: ¢y, = 0.90
Alignment load factor: og3 = 1.2
Beneficial EQ dead load factor: adigg = 0.9 - Ey adigg = 0.90 (Reference 1)
Non-Beneficial EQ dead load factor: agEeQ = 1.2+ Ey Qgeg = 1.20 (Reference 1)
Sagging side load case: oy Wind + og Dead where Dead is dead load of soil, concrete, turbine, and tower
Hogging side load case: oy Dead where Dead is dead load of soil and concrete and uplift edge resistance of soil
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B. Embedment Ring Dimensions

Flange width: Wilange = 10.94-in Wilange = 278-mm
Embedment plate hole diameter: dp == l-in+ (g)(in) dp) = 41.3mm
Embedment ring width: W = Wilange w = 10.94-in
Embedment ring thickness: t:= l-in

C. Anchor Bolt Dimensions and Data

Nominal anchor bolt diameter: dp := 1.375-in
Bolt area through minimum . .2
diameter of threads: 5 2 S
Washer diameter.: dy == 3-in
Outside diamter of PVC bolt sleeve: dspr = 1.9in
Yield strength: Fyp = 75-ksi
Tensile strength: F¢ := 100-ksi
D. Material Properties
Concrete strength of pedestal: fep = 5000-psi
Steel yield strength: Fy :=36000-psi
Steel tensile strength: Fy = 58000-psi
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E. Anchor Bolt Design

Design loss:

Maximum unfactored moment on bolts:

Maximum factored moment on bolts:

Maximum factored seismic moment on
bolts:

Minimum pre-tension for
fatigue loading:

B = 20-%

Mpolt == / (max(Me,Ma) + Mahgn-cos(A))z + (Mahgn-sin(A))z = 42062-k-ft

2 , 2
Muybolt = / (0w M + g3 Malign-cos(A))~ + (OLd3-Malign~sm(A)) = 48009-k-ft

2 , 2
Musbolt = / (B MoOE + 03 Maign'c0s(A))  + (3 Myign'sin(A))© = 30888-k-ft

TpreraT = 74.8:k

4'maX(Mmaxnotth) Wmean ( 1+ )
N-D avg N "

TpreFAT = (

Setto Tppe: Tpre := 75-k = 334-(kN)
. Tore .
Yyield := Yyield = 64-%
Fyp Ay
. Tore .
Y%ultimate := Yultimate = 48-%
F tAb

Wind load maximum factored 4-Mubolt 01 Wt

. . . Taw = - Tuw = 94k
tension load in anchor: N-Dayg N
Seismic load maximum factored 4-Mysbolt  d1EQ WOE

. . . Tugg = - Tugq = 59-k
tension load in anchor: N-Dayg N
Fatigue load maximum tension load in 4'maX(Mmaxnorth) Winean
anchor: TupaT = - Tupat = 62:k

: N-D N
avg

Determine controlling load case: Ty = max(TuW,TuEQ,TuFAT) Ty = 94-kip
Design tension strength: &T, = min(d)f-Ft-Ab,d)b-FybAb) ¢T, = 105k (Reference 1c)

. Ty : : . : :
Design check: oT = 0.89 | Shear stress in bolt is negligible and, therefore, is not included.

n
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VIIL

Bottom Flange Bearing, Grout, and Embedment Plate Connection Design

A. Material Properties

3-day grout strength:

28-day grout strength:

Grout thickness:

Bearing area of base
flange:

fe3 := 5000 psi
feog = 9500-psi

tor == 2in

Uy dh12

Apel = E-(ODz - ID2> _N.

Apyp = 5501-in”

\WorkFiles\foundation\2017\10 mathcad

s; = —(op*-m?
32-0D ~ -
Section modulus of N
base flange: 2 4 2
+——~N—d +—d . —cos—2>\—1
Dy | 64 " 2 ’ Z [ ( )}
_ Do (2 x-1) 2
+| —-cos| == (2:X—
.3
S; = 218102-in
Area at bottom of grout: A = Wflange A1 = 10.9-in
Area of limiting bearing within Ay = Wilange + 2+tgr Ap = 14.9:in
grout:
A min| |22
S AL A=117
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B. Check 3 Day Grout Strength

Design bearing strength:

Ultimate self weight
bearing stress:

Ultimate seismic bearing
stress:

Determine controlling load case

dbpz == Ppr0.85-f3-A (Reference 1a)

b oy W +Q Tore'N
u3D = 2° pt
Abrl Abrl
bu3EQ = | A2EQY Wor + Oy Lo
u. L P
Abrl Abrl

dbyz = 3.2-ksi

bu3D = 2.4-ksi

bu3EQ = 2.4-ksi

— — 2 4.ksi b
and check capacity: bu3 = max(bu3D’bu3EQ) bu3 = 2.4-ksi W 0.75
q)bn_"a
C. Check 28 Day Grout Strength
Design bearing strength: dbpg == dpr0.85-fog:A (Reference 1a) dbpg = 6.1-ksi
W, M Tpre'N
Ultimate wind bearing stress: buogw = Qqp- : + ubol + Ot e buagw = 5.06-ksi
Apr1 S Apr
W M Tpre'N
Ultimate seismic bearing stress: burgEQ = Qd2EQ oF + QEQ usbolt + Ot e byogeq = 4.1-ksi
Aprl Si Apr
Determine controlling load case ] . b
and check capacity: buzg = max(buggw,bungQ) buzg = 5.1-ksi s 0.83
$bnog
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D. Check Bottom Flange Bearing on Concrete

Determine controlling load case:

Bearing area at bottom of grout:

Section modulus at bottom of grout:

Grout thickness: ty == 2-in
4Mybol W
Pullout force due to wind: Puw =2 Lo OLdl~—t
N-Dayg N
4-Mysbol WoE
Pullout force due to seismic: PugQ =2| —— ot oadlEQ—o
N-Dayg N

= max( aW s PuEQ)

Appp =

&3

s

[(OD +2- tg)z - (D - 2-tg)2] -N-:

T dh12

N

Sy = m[(@ + 2~tg)4 - (D - 2-tg)4]

~ - N —
5 4 D 5 2
™ 4 T 2 i -0
+— | N-—-dp +—-dy - —-cos| — (22— 1
(OD+24) | 64 " " 27M 2 [ 2 [ N )ﬂ
A=1 2
Do 2
+ =2 cos| 22— 1)
.3
Sy =296991-in
M W TpreN
Ultimate wind stress: byw = ubolt + oo : + Qpt = buw = 3.7-ksi
S2 Apr2 Apr2
M W TpreN
Ultimate seismic stress: bygg = usbolt + Q@2EQ° oF + Ot = bygg = 3.0-ksi
Apr2 Apr2
Determine controlling load case: by = max(buw,buEQ) by = 3.7-ksi
Check Bearing Plate Stresses on Concrete Due to Pre-tension and Extreme Wind Force:
Compute Areas being loaded: (Reference 1a)
Area at bottom of grout: Al = Wilange + 2'1g A1 = 14.9in
Area of limiting bearing within Ay = A +[C—(OD+2,)] A, = 47.6:in
concrete:
A min| |22
S A A=178
Design bearing strength: by == dpr0.85-fep A (Reference 1a) dby = 4.9-ksi c])‘tl)l =0.75
n

Puw = 188k
Pugg = 118k
Py, = 188k

Appy = 7617-in”
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E. Check Pullout Strength of Embedment Ring/Anchor Bolt Connection

1) Input Parameters - Verts

Size:
Spacing between vertical legs:
Reinforcement bar diameter:

Area of reinforcement:

2) Input Parameters - H-bars

Reinforcement bar size:
Spacing between vertical legs:

Reinforcement bar diameter:

Area of reinforcement:

Number of reinforcement bars:

Development length provided:

Sizeyert := 8
Sy := 18-in

d = vlookup( Sizeyer, ACI_bar_table, 1)o-in

A = vlookup( Sizeyert, ACI_bar_table,2)o: in”

Sizey =9
St = 24-in

diyg = vlookup(SizeH,ACI_bar_table s 1)0~in

Ayt = viookup(Sizey, ACI bar_table, 2)0~in2

n, =N

lghprovided := he — €Chot — 2-1.27-in — 0.5-d; + t

d; = 1.000-in

A, = 0.79-in

dy = 1.128-in
Ay = 1.00-in>

n, = 140

Determine location of neutral axis using vertical force equilibrium and then determine moment capacity.

Guess location of neutral axis:

XNA = 46.826-in

ldhprovided = 22.0-in

Force equilibrium: Given FC(XNA) = d)b-Ttot(XNA)
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3) Reinforcement

Verts hook length: Ih = 12-de +if (dp < 1.0-in,4-dy,if (d; > 1.693-in,6-dy,5-dy))
I = 16.0-in
Iy
Specified distance between verts: Iy = round(.— ,O}in I = 16.0:in
in
Outside diameter of reinforcement: Dor == Dayg + 8¢ Dor = 15541t Dy = 186.4-in
Inside diameter of reinforcement: Di; := Dor — 2-s¢ Di = 12.54 1t Dj; = 150.4-in
. . fyy .
Development length required for bar with lgpreq := 0.02- -dy ldhreq = 17.0-in  (Reference 1a)
standard hook: \ ferpsi
H-bar hook length: it = 12-depg + if (degg < 1.0-in, 4oy, if (dpg = 1.693-in, 6o, 5-dpri))
lhg = 19.2-in
o e ) :
Specified distance between H-bars: lpg = round| —,0 |-in lhg = 19.0-in
in
Outside diameter of reinforcement: DorH = Davg + 8t Doy = 16.04ft Doy = 192.4-in
Inside diameter of reinforcement: Dirx := Dor — 2-SrH Dijy = 12.04ft  Djpy = 144.4in
. . fyy .
Development length required for bar with lgpreqy = 0.02- -dig ldhreqgn = 19.1+in (Reference 1a)
standard hook: fe-psi
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Compressive strain in concrete:

Yield strain of reinforcement:

Beta factor:

Counter for inner and outer bars (consider
one half of the section):

Angle to individual bar pairs:

Distance from extreme compression edge
to bars in inner bar diameter:

Distance from extreme compression edge
to bars in outer bar diameter:

Strain for inner bars
(neglected if in
compression):

Strain for outer bars

(neglected if in

compression):

Distance from centerline to bars in inner
bar diameter:

Distance from centerline to bars in outer
bar diameter:

€c :== 0.003
f,
Ey = Al
Eg
B1p = if| fep > 4000psi, max| 0.85 - 0.05-
n
L= 1,2..—Z
4
4. 1
= —:|L=-—
o 2]
op D
in, =T cos(By)
OD Do
= —— ———-C0s
out > 7 (BL)

€in(XNA,L) = max{o,sd[

doutb
€out(XNA,L) = max| 0,& " -1
NA

oD
2

oD
dboyt = dout —
L L

dbin :=djn —
L L

(Reference 1a)

e, = 0.0021
f
=2 _ 4000
A 1065[,085
1000
Bip = 0.80
OD Dim
dinn 1= B cos(By)
OD Do
doutn = 5 cos( )

dinH
L

€inH(XNA,L) = max{o,sd[ .

doutHL
EOHtH(XNAaL) = max| 0,€& N -1
NA

OD
d'binHL = dinHL -

OD
dboutHL = doutHL - T
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Total tensile force on inner and outer
bars:

Sum of moments caused by bars about
centerline of pedestal:

Nz
Ttot(xNA) =2 Apmin| 1,
1dhreq
bb=1
Nz
4
+2- Apmin| 1,
Z [ ( 1dhreq
cc=1
Nz
+2- Apg-min| 1,
Z [ ( 1dhreqH
dd=1
Nz
4
lahprovided
+2- Z Ap-min l,ﬂ -min
| 1dhreqH
ee=

Tior(xna) = 9101-kip

nz
4 ldhprovided
MT(XNA) =2 z {Ar-min(l,ﬁj-min(fyv
dh
ff = 1 red
ny
4 -
+2- Z Apmin| 1,
1dhreq
gg=1 "~
n
4 lahprovided
+2- Z Ay min l,ﬂ -min
1dhr‘:qH
hh=1 *-

1dhreqH

{ArH-min(l R

Mr(xna) = 31880-kip-ft

1dhprovidedj .
T -mln(

Mj.min(fyv,Es~ein(XNA’bb))j
Mj.min(fyv s Es'€out(xNA > CC)))

Mj-min(fysts'einH(XNA ’dd))j

(fyv s Es'eoutH(XNA > ee) )]

,Es~ein(xNA,ff)).(dbmff)}

_

(fyv,Es-EinH(XNA , hh))'(dbinhhﬂ

fyv ,Eg €outH(XNA > ii)) : ( dboutHii>

|
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4) Concrete

Depth of compression ac(xNA) = B1pXNa ac(xNA) = 37.5in
block:
Area of compression rc(xNa) 5
block: Acomp(XNA) = (2\/ y-OD -y )dy if ac(XNA) < Wflange
J
0
OD-ID
2
(2-\/ y-OD — y2) dy ... otherwise
J
0
aC(XNA)
2
OD-1D OD - 1D
' [”Y'OD‘YZ‘2'/[Y‘(TH'ID‘[Y‘(TH}dy
OD-ID
2
.2
Acomp(XNA) = 1662-in
Bearing capacity of FC(xNA) = max(bu,¢bn)-Acomp(xNA) FC(xNA) = 8191k
concrete:
Centroid of concrete A (XN A)
in compression from _ 1 ( / 2) .
top of section: xe(xna) = Acomp(*NA) .uo 2+ y-OD =y )y dy if ac(xna) < Wiiange
OD-ID
2
1
_ (2~w/ y-OD — yz)-y dy ... otherwise
Acomp(XNA) Y0
ac(XNA)
1
+— 24/ y-OD—y2 -y dy
Acomp(xNA) 2
‘o OD - 1D D OD-1D
Y 2 Y 2
OD-ID
2
xe(xNA) = 16.3:in
Sum of moments by
compression about ) oD .
centerline of pedestal: MC(XNA) = FC(XNA)' P XC(XNA) MC(XNA) = 50098-kip-ft
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5) Equillibrium and Flexural Checks

Must equal zero for force equilibrium:

Solve for location of neutral axis:
Total moment capacity of pedestal:

Controlling pullout moment:

Equilibrium := |dp: Tiot(xnA) — Fe(xNa)|
XNA = Find(XNA)
GMaped(xna) = Mr(xna) +Mc(xna)

M, = maX(Mubolt,Musbolt)

Equilibrium = 0-kip
XNA = 46.826-in
d)aned(XNA) = 81978-k-ft

M, = 48009-k-ft

Ratio of factored moment to My _ 059
flexural capacity: dMppe d(XN A) e
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F. Check Bending Strength of Embedment Plate

. L 2:-Dym
Nut to nut circumferential distance: d; = N dy d; = 4.82:in
C g Dy —D;
Nut to nut radial distance: dy = 3 —dy dy = 2.83:in
) OD -D, dy
Edge distance: d3 =|——|—-— d; = 1.06:in
2 2
. . Mubolt Wt X
Ultimate wind stress: byplatew = - Qg1 byplatew = 2.5-ksi
Si Apri
: - Muygbol Wok
Ultimate seismic stress: byplateEQ = ushot _ Qd1EQ* byplateeQ = 1.6-ksi
Si Apri
. . Tpre'N
Determine controlling load case: byplate := Max| byplatew > buplateEQ » Xpt N byplate = 2.5-ksi
brl
‘[2 in3
Plastic section modulus per inch: Zy = Z Zy=025—
in
t2 in3
Section modulus per inch: Sy = E Sy =0.17—
in
Check circumferential nut to nut bending
di in-k in-k My_el
M, =b — =493 — M, = ¢p-min(Fy-Z,,1.6-F,-Sy) = 8.10-—— Reference 1¢ = 0.61
u.el uplate 12 in oMy bp ( y Ly y y) in ( ) M,
Check circumferential nut to nut bending at splice
2
di in-k My.e2
Mye2 :=b — =739— Reference 1c = 0.91
u.e2 uplate g . ( ) M,
Check radial nut to nut bending
d 2 in-k
2 n- u.e3
Mye3 :=b — = 1.69-— Reference 1c =0.21
u.e3 uplate 12 . ( ) M,
Check nut to edge bending
b in- M
Myes = uPlate-dgz = 1.43~H,1—k (Reference 1c) et _ 0.18
in OM,
Check shear rupture of washer through plate
Py Vuj
Vyj = max apt-Tpre,? = 93.94-k dVy = dymedyt-0.6-Fy = 245.99-k (Reference 1c¢) oV = 0.38
n
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IX-a. Concrete Design - Extreme Loads
A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.
ConcreteVolume(y) := | hy- (B +2-y) + f-hd(B +y) ify<a
hy-(D) + he(B +a) otherwise
Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.

B-tan(0
StaticSoil WedgeWeight(~sq.,Vss) = qsd-%()(hs—hb)z

if dgwT = hg—hy

B-tan(0)

5 'I:'Yss(hs —hy - dGWT)2 + “{sdI:(hs - hb)2 - (hs —hy — dGWT)Z]] otherwise

VariableSoilWedgeWeight(y,'\(Sd,'\(SS) = |0 if dgwt = hg—hy,

otherwise
VZtan(0) | s (s — 1y — diwr)? + ] (s — 1) = (s — by — dwr) || if y < a

tan(O)-['\{SS(hs —hp — dGWT)Z + wsd[(hs - hb)2 —(hg—hy - dGWT)Zﬂ otherwise
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Function describing the volume of dry soil over each slice of the moment/shear calculations.
DrySoilVolume(hj,y) := |if dgwT = hg—hp

2
y -he

{(hs—hb) —Z~hc}(B +2y)+ #y2-an(0)-(hy—hy)” if y<a
a

D-[ (hs—hy) = he | + he-a + tan(6)-(hg - hb)2 otherwise
if dgwr < hg— hj

dogwr-(B+2-y) if y<a

D-dgwt otherwise

otherwise

2
y -he

[(hs ~hp) ~ fhc}(B +29) + - hic'(hs —hp—dgwr)| ify<a

h

{D(hs —hy —he) + [hc-a - i-(hS —hp — dGWT)Zﬂ otherwise

o

Function describing the volume of saturated soil over each slice of the moment/ shear calculations.
SaturatedSoilVolume(hj,y) := |0 if dgwt = hg—hy

if dgwt < hg—hj

2.

y
(B + 2~y)-(hs —hy—2h, - dGWTj + 2" ify<a
a

(hs—hy —he — dgwr)-D + he'a otherwise

hi.(hs —hy - dGWT)Z otherwise
C

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.

BuoyancyWeight(y) := |0 if dgwt = hg
if dgwt < hg
(B+2-y)-(hs—dgwr) if y<a
(hS - dGWT) -D otherwise
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B. Design Soil Bearing Pressure Wind Loading (Reference 8)

Design overturning moment: Mgw = \/(OLW~M + ad3-Malign~cos(A))2 + (OLd3-Malign~SiIl(A))2 + OLW'(hb +he + hp)-H

Maw = 49870-k-ft

Fp
Design vertical load: Vaw = adl-(Wp +We+ Wg——+ Wtj Vaw = 2953-k
Qqi
. - Maw
Design load eccentricity: eqw = —— eqw = 16.91t
Vaw
. . D
Circular radius of octagon: R := E R = 30.8ft
. . . o ( 2 edw 2 2 2
Effective soil area in bearing: Aerrw = 2| \R"7)-acos T —eqw+/ R —egqw Aefrw = 1003-ft
Ellipse soil width in bearing: bew = 2:(R — eqw) bew = 27.7ft
2
Ellipse soil length in bearing: lw = 2R | 1-[1- bew lw = 5141t
2-R
. . . . lew
Effective soil length in bearing: lefrw = | Acfrw: " legrw = 43.11t
eW
. . Vaw
Design bearing pressure: faw = faw = 2944-psf
effW
L : lesrw
Effective soil width in bearing: beftw == | -bew befrwy = 23.31t
eW
D befrw
XstartW = - — €dw — Xstartw = 2.23 1t
2 2
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C. Design Soil Bearing Pressure Seismic Loading (Reference 8)

Design overturning moment: Mygq = \/ (OLEQ-MOE + ad3-Malign~cos(A))2 + (OLd3-Malign~SiIl(A))2 + OLEQ'(hb +he + hp)-H

Mggq = 32520 ft-k

Design vertical load: VdgQ = adlEQ-(Wp + Wpr+ Wy — + WOEJ Vagq = 2973-kip
QdI1EQ
. - Mgkq
Design load eccentricity: €dEQ = v edeQ = 10.91t
dEQ
. . o 2 €dEQ 2 2 2
Effective soil area in bearing: AetreQ = 2+ \R")-acos ' edEQy R —edrQ | AcftrQ = 1654-1t
Ellipse soil width in bearing: begq = 2~(R — CdEQ) bepg = 39.61t
Elli il length in beari beeq )
t : E
ipse soil length in bearing lepg = 2R | 1 (1 3 2e§] lepq = 5751t
o . : leEQ
Effective soil length in bearing: leffEQ = | AcfEQ" " lefrrq = 49.01t
eEQ
. . VdEQ
Design bearing pressure: faEQ = N fggq = 1797-psft
effEQ
) L . lefreQ
Effective soil width in bearing: befEQ = | ‘beEQ befrrg = 33.81t
eEQ
D beffEQ
XstartEQ =~ CdBQ ~ XstartEQ = 2.93 1t
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D. Structural Calculations

Area of pedestal:

Equivalent square dimension:

Distance to critical section:

Number of section slices to be taken:

Sloped portion of footing:
From a to the critical section (Xg,ce):

Array counter for all slices:

Plan location of section:

Height of section:

Depth, d, as a function of distance
along the sloped portion of the
foundation is:

C2 2
Aped = ‘lT-T Aped = 254-1t
Sped = Aped Sped = 16.0ft

D-S
ped

Xface = T Xface = 22.81t

a
n:= trunc(—-Zj n =36

ft

i=1,2.n
j=n+1,n+2.n+5
q=1,2.n+5

j—n

5

-ft Xj = a+(Xface—a)~

N | =

Xj ==
Xj

hj :=hy +—-he hj:=hy+h
a

Xi
dj := hy + —-h. — 3.75-in
a

dj :=hy + he = 3.75-in
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The exact solution for the factored shear force under wind loading due to soil bearing pressure along the
sloped portion of the foundation is:

Design Shear from edge of footing to just before begry

rXi
Vuw. = |0 if Xj < Xgtartw + —01-[ ConcreteVolume(y) v .. dy ...
1 .
min(xi  XetartW +beffw) + DrySoﬂVolgme(hl ,y) Ysdbot -+
Fronl dv otherwi + SaturatedSleolume(hi,y)~'\{ssbot
. otherwise
< AW effW €Y +VariableSoilWedgeWeight(y,'ysdbot,'\{ssbot)
startW —VariableSoilWedgeWeight(y ,0pcf, '\(W)
+
Qqd]
—BuoyancyWeight(y)
" yancy Weight(y) -
Qqd]
Y0
+ —adl~StaticSoilWedgeWeight('\(Sdbot,'\(SSbot) + StaticSoilWedgeWeight(Opcf ,'\(W)
Design Shear from a to Xg,ce
min(Xj sxstartW+befﬂN) ~a
Vuw. = J faw-legrw dy + —0q1-( ConcreteVolume(y) -~ .. dy ...
XstartW + DrySoilVolume(hj ,y) Ysdbot -+
+ SaturatedSoilVolume(hj s y) “Yssbot -
+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)
+
Qqi
—BuoyancyWeight(y)
+ yancy Weight(y) "
Qqi
Y0
/'Xj
+ —0q1-[ ConcreteVolume(y)-ve .. dy + —(xdl-StaticSoilWedgeWeight(ﬁ{sdbot,“{ssbot)
+ DrySoilVolume(hj ,y) ~Nsdbot -+ + StaticSoilWedgeWeight(Opcf ,’\{W)
+ SaturatedSoilVolume( hj ,y) “Yssbot -+
+ VariableSoilWedgeWeight(y ,Vsdbot s “{ssbot)
—VariableSoilWedgeWeight(y ,0pcf, ’\{W)
+
Qqd]
—BuoyancyWeight(y)
+ Nw
Qqd]
va
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The exact solution for the factored shear force under seismic loading due to soil bearing pressure along the sloped portion of the foundation is:

Design Shear from edge of footing to just before begrg

rXi
VugQ. == [0 if Xj £ XgartEQ + —a41gQ | ConcreteVolume(y)-~ ... dy ...
1 .
min(xi  XstartEQ +beffEQ) + DrySoﬂVolgme(hl ,y) Ysdbot -+
el dv otherwi + SaturatedSleolume(hi,y)~'\{ssbot
. otherwise
< dEQTefEQ €Y +VariableSoilWedgeWeight(y,'ysdbot,'\{ssbot)
startEQ —VariableSoilWedgeWeight(y ,0pcf, '\(W)
+
Od1EQ
—BuoyancyWeight
N yancy Weight(y) -
Od1EQ
“0
+ —OLdlEQStaticSoilWedgeWeight('\(Sdbot,'\(SSbot) + StaticSoilWedgeWeight(Opcf ,'\(W)
Design Shear from a to Xg,ce
min(xj ) Xstar’cEQ“‘beffEQ) ra
VugQ. = faeQ letreQ dy + —ad1gQ- [ ConcreteVolume(y)-~c ... dy ...
XstartEQ + DrySoilVolume(hj , y) Ysdbot -+
+ SaturatedSoilVolume(hj s y) “Yssbot -
+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)
+
QdIEQ
—BuoyancyWeight(y)
+ Yw
QdIEQ
“0
rXj
+ —ad1gq( ConcreteVolume(y) e ... dy + —OLdlEQStaticSoilWedgeWeight(’\(Sdbot,ﬁ(ssbot)
+ DrySoilVolume(hj ,y) ~Nsdbot -+
+ SaturatedSoilVolume( hj ,y) “Yssbot -+
+ VariableSoil WedgeWeight(y, Ysdvots Yssbot) --
—VariableSoilWedgeWeight(y ,0pcf, ’\{W)
+
QdIEQ
—BuoyancyWeight
N yancy Weight(y) -
QdIEQ
“a
+ StaticSoilWedgeWeight( Opcf, ﬂ{W)
[+
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D2. Summary: Stability, Soil Bearing, Soil Stiffness, and Tower Bottom Flange Anchorage

Factor of Safety Against Overturning: |Output0vertuming =244 | >1.5
Factor of Safety Against Overturning: |Output0vertuming2 = 1.46 | >1.0
Factor of Safety Against Sliding: |Outputsliding = 8.92 | >1.5
Extreme Load Bearing Length Ratio: |OutputExtremeBearing =0.74 | >0.5
Normal Load Bearing Area Ratio: |Ou'fplltNonna1Bearing = 0.996 | >0.994
Bearing Ratio - Normal: |Output30ﬂBearingN = 0.53 | <1.0
Bearing Ratio - Normal Extreme: |Output50ﬂBearingEN =048 | <1.0
Bearing Ratio - Abnormal Extreme: |Output30ﬂBearingEA = 0.56 | <1.0
Bearing Ratio - Earthquake: |Output30ﬂBearingEQ = 0.45 | <1.0

. . O t ; ; =224
Rotational and Translational | UtpUtRotationalStiffiess2 |

Stiffness Checks (> 1.0): [Outputreangiationalstifiness2 = 12.7 |
Anchor Bolt Load Ratio: |OutputAnCh0rBoh = 0.89 | <1.0
3-Day Grout Bearing Ratio: |OutputGr0ut3Day =0.75 | <1.0
28-Day Grout Bearing Ratio: |OutputGr0utngay = 0.83 | <1.0
Concrete Bearing Ratio: |OutputC0ncreteBearing =0.75 | <1.0
Concrete Pullout Ratio: |Outputc(,ncretepuuout2 = 0.59 | <1.0
|OUtpUtC0ncretePullout2equil = 1.00 | =1.0
Steel Embedment Plate Ratio (max): |Outputem]miplate = 0.91 | <1.0
Soil Bearing Pressure - Normal: |OutputBearingpressureN = 1752-pst1
Soil Bearing Pressure - Ex. Normal: |Ou'fplltBearingPressureEN = 1997-pst1

Soil Bearing Pressure - Ex. Abnormal: |OutputBearingpressureEA = 2367-pst1

Soil Bearing Pressure - Earthquake: |OutputBearingpressureEQ = 1870-pst1
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Bottom Reinforcing Design Moments
Solution for the design bending moment due to soil bearing pressure under wind loading is:

Iv[ubothi =10 if Xj < Xstartw

+

rXi

Y XstartW
+ StaticSoilWedgeWeight(Opcf ,’\{W) Xj e

_adl.

~Min(X;, XstartW+befrw)

de'leffW'(Xi - y) dy otherwise

ConcreteVolume(y) Y ...
+ DrySoilVolume(hi , y) Ysdbot -+
+ SaturatedSoilVolume(hi , y) “Yssbot -+

+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)

+
Q1

-B Weight
N uoyancy Weig (y)_ﬁ{

w
Qqi

+ —Qr- StaticSoilWedgeWeight('ysdbot s ’Yssbot) “Xj ..

(xi—y)dy

min(xj aXstartW+befﬂV) ra
Mubotiw. = J de'leﬁW'(Xj - y) dy + | —oqq-( ConcreteVolume(y) Y ... ~(Xj — y) dy ...
XstartW + DrySoilVolume(hj ,y) “~Ysdbot -
+ SaturatedSoilVolume(hj s y) “Yssbot -
+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)
+
Qqi
—BuoyancyWeight(y)
+ yancy Weight(y) "
Qqi
Y0
+ —OLdl~StaticSoilWedgeWeight('\(Sdbot,'\(SSbot)~xJ' + StaticSoilWedgeWeight(Opcf ,’\{W)'Xj
rXj
+ —0q1-( ConcreteVolume(y)-~e ... ~(Xj - y) dy
+ DrySoilVolume(hj ,y) “~sdbot -+
+ SaturatedSoilVolume(hj ,y) “Yssbot -
+ VariableSoil WedgeWeight(y, Ysdvots Yssbot) --
—VariableSoilWedgeWeight(y ,0pcf, A{W)
+
Qqdi
—BuoyancyWeight(y)
+ Nw
Qqdi
“a
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Solution for the design bending moment due to soil bearing pressure under seismic loading is:
MubotlEQi =10 if Xj < XstartRQ

XstartEQ
rXi

+ —QdIEQ

70

~min(Xj, XstartEQ+beffEQ)

deQ'leffEQ'(Xi - y) dy otherwise

ConcreteVolume(y) Y ...
+ DrySoilVolume(hi , y) Ysdbot -+
+ SaturatedSoilVolume(hi , y) “Yssbot -+

+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)

+
QdIEQ

-B Weight
N uoyancy Weig (y)_ﬁ{

W
Qd1EQ

+—01EQ* StaticSoilWedgeWeight('ysdbot , ’Yssbot) Xj .
+ StaticSoilWedgeWeight( Opcf, '\{W) “Xi

~(xi - y) dy ...
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min(X; , XstartEQ+beffEQ)
MubotlEQj = J deQ'leffEQ'(Xj ~y)dy ..
XstartEQ
ra

+ DrySoilVolume(hj ,y) “~sdbot -

+ SaturatedSoilVolume(hj ,y) “Yssbot -

+ VariableSoilWedgeWeight(y ,Vsdbots ’Yssbot)
—VariableSoilWedgeWeight(y ,0pcf, A{W)

+
Qd1EQ

-B Weight
. uoyancyWeig (y)m{

w

QJ1EQ

Y0
+—Od1EQ* StaticSoilWedgeWeight('\(Sdbot , '\{SSbot) Xj e
+ StaticSoilWedgeWeight(Opcf ,’\{W) Xj
rXj
+— ag1gQ [ ConcreteVolume(y)-~c ... '(Xj — y) dy
+ DrySoilVolume(hj ,Y)"‘{sdbot
+ SaturatedSoilVolume(hj s y) “Yssbot -
+ VariableSoilWedgeWeight(y ,Vsdbots "{ssbot)
—VariableSoilWedgeWeight(y ,Opcf, '\{W)

+
QdIEQ

-B Weight
N uoyancy Weig (y)_ﬁ{

w

Qd1EQ

Determine controlling load case for Mubotl = maX(Mub oW > Mubot1EQ )
bottom moments: q qa q

+ | —0qiEQ( ConcreteVolume(y)-~ ... ~(Xj - y) dy ...
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Top Reinforcing Design Moments
The solution for the design bending moment due to the weight of concrete and soil above the footing and soil resistance along edge
of footing is:
Xj

max(adz,adzEQ)- ConcreteVolume(y)-~c ... -(xi - y) dy ...

+ DrySoilVolume(hi R y) “Ysdtop -

+ SaturatedSoilVolume( hj, y) “Vsstop -

+ VariableSoilWedgeWeight( ¥ Vsdtop '\{SSmp)

Mutopli =

0
+ max((xdz , OLdZEQ) . StaticSoilWedgeWeight(’\{Sdtop , ’Ysstop) -Xj

2
OD
. » . D-/|m——
Alternate distance to critical section 4

based on edge of embedment ring: Xface alt = 24.11t

Xface alt ‘= 5

j—n

5

Xaltj =a+t (xfaceialt - a)'

a
Mutoplj = max(adz,adzEQ)- ConcreteVolume(y)-~c ... -(xalt_ - y) dy ...
+ DrySoilVolume(hj s y) Ysdtop -+ !
+ SaturatedSoilVolume( hj ,y) “sstop -
+ VariableSoilWedgeWeight( ¥ sdtop s '\{SSmp)
0
Xaltj
+ max(adz,adZEQ)~ ConcreteVolume(y)-~yc ... ~(xah, - y) dy ...
+ DrySoilVolume(hj ,y) Ysdtop - !
+ SaturatedSoilVolume(hj ,y) “Ysstop -
+ VariableSoilWedgeWeight(y »Vsdtop » ’Ysstop)

a
+ max(adz ,OtdzEQ) . StaticSoilWedgeWeight('ysdtop s '\{SSmp) . Xaltj
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E. Top and Bottom Reinforcing Selection

Top middle bars: Sizeymp = 10 Stopm = 7-in

Top outside bars: Sizeop = 6 Stopo = 6-in

Bottom middle bars: Sizepmp = 10 Sbotm = 7.5-in

Bottom outside bars: Sizepoh = 6 Sboto := 10-in

Distance from centerline that defines C

middle/outside boundary: Wi = 5t 1'5'(hb * hc) Wi = 17.251t

F. Bar Cutoff Locations

Distance of top bar cutoff from edge cdgop = 12-1t

of footing:

Distance of bottom bar cutoff from cdpot == 11-ft

edge of footing:
=]
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Assign properties using lookup function, depending on bar size.

ditopm := vlookup(Sizeimp, ACI_bar_table, 1)g-in
ditopo := Vlookup(Sizeton, ACI_bar_table, 1)o-in

dibotm := viookup(Sizebmp, ACI_bar_table, 1)g-in
diboto 1= Vlookup(Sizepob . ACI_bar_table, 1)g-in
Atopm := Viookup(Sizeimp, ACI_bar_table,2) 0~in2
Aopo 1= Vlookup(Sizeion, ACI_bar_table, 2)o:- in”
Abotm = Viookup(Sizepmp, ACI_bar_table,2)o: in”
Aboto = Vlookup(Sizepop , ACI_bar_table,2) 0~in2
Wiopm = vlookup( Sizeimb, ACI_bar_table,3)o-Ibf + ft
Wiopo := Vlookup(Sizeiep, ACI_bar_table,3):Ibf + ft
Whotm = vlookup( Sizepmp, ACI_bar_table, 3)-Ibf + ft

Whato := Vlookup( Sizepap, , ACI_bar_table,3)o-Ibf + ft

diggpm = 1.270-in
digopo = 0.750-in
dipotm = 1.270-in
dipoto = 0.750-in
.2
Atopm = 1.27-in
.2
Atopo = 0.44-in
.2
Apotm = 1.27-in

Aporo = 0.44-in>

Wiopm = 4.303~%
Wiopo = 1.502~%
Whotm = 4.303~%
Whoto = 1.502~%
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G. Bottom Reinforcing Development Length Past Critical Section

1) Middle Bars
Rebar yield strength:

28 day concrete strength:

Bottom middle layer bar spacing:
Bottom middle layer bar diameter:

Reinforcement location factor:
Coating factor:

Reinforcement size factor:

Lightweight concrete factor:

Spacing factor:

Tension development length past critical
section:

2) Qutside Bars

Bottom outside layer bar spacing:
Bottom outside layer bar diameter:

Reinforcement size factor:

fy = 75000-psi
fo = 5000-psi

Shotm = 7.50-in

dipotm = 1.270-in

a:=1.0 <12 inches of concrete cast below
B:=1.0 uncoated
~ = if (dipoym < 0.875-in,0.8,1.0) ~ = 1.0
A:=1.0 normal weight concrete
. [ Sbotm N dibotm
min ,cC
. 5 bot 5
¢ := min - ,2.5
dipotm
ldgbotm =

40xcTopsi

Shoto = 10.00-in
dipoto = 0.750-in

~ = if (dipoto < 0.875-in,0.8,1.0) ~ = 0.8

. | Sboto N dipoto
min| — ,cc
5 bot 5
2.5

ldbotm = 40-in

(Reference 1a)

(Reference 1a)

Spacing factor: ¢ := min - ,2. c=25
dipoto
Tension development length past critical  1gpoto ;= ———————"dipoto ldboto = 19-in (Reference 1a)
section: 40-\-c,/ f.-psi
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H. Top Reinforcing Development Length Past Critical Section

1) Middle Bars
Top middle layer bar spacing:

Top middle layer bar size:

Reinforcement location factor:
Coating factor:

Reinforcement size factor:

Lightweight concrete factor:

Spacing factor:

Tension development length past
critical section:

2) Qutside Bars

Top outside layer bar spacing:
Top outside layer bar size:

Reinforcement size factor:

Spacing factor:

Tension development length past
critical section:

Stopm = 7-00-in
diggpm = 1.270-in

>12 inches of concrete cast below

uncoated

~ = if (dijopm < 0.875:in,0.8,1.0) ~ = 1.0

A:=1.0 normal weight concrete

. | Stopm ditopm
min| —— , CCop + ———
2 2

ditopm

ldt = dlt
PR doneTopst

¢ := min ,2.5 c=21

ldtopm = 63-in

Stopo = 6.00-in
digopo = 0.750-in
~ = if (digopo < 0.875-in,0.8,1.0) ~ = 0.8

. [ Stopo dltopo
min| ——,CCop + ———
2 2
2.5

¢ := min - ,2.
dltopo

litono = ————di,
PO doneTopsi

ldtopo = 25-in

(Reference 1a)

(Reference 1a)
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l. Calculate Actual Bottom Moment Capacity

Width of footing at section:

Number of bars within
middle section:

Spacing of first bar beyond the
middle/outside boundary line:

Number of bars across bottom of
footing at section:

Bar counter:

Distance of bars from centerline
across bottom of footing:

Depth of footing for bottom middle
steel at point:

Depth of footing for bottom outside
steel at point:

Depth of each bar at
section:

Area of steel provided across section at

middle section:

Area of steel provided across section at

outside section:

Wbotq = if(q <n,B +2-xq,D)

Whot
-4/ 2:-cc
. Wbotq Wi, top
Npotm = 1f | W < ,trunc ,trunc
q Sbotm Sbotm
Whot
Sblbarq =if| W < > Sbotm'nbotmq + Sboto — Wm,0.0in
0.5 Wbth - 2Wm) - Sblbarq — CCtop Whot
Npot = [Npotm +| trunc + 1| if Wy <
q q Sboto

nbotmq otherwise

ib = 1,2.. npot
n+5

b

Zpot,, = if| ib < npoem ,1b"Shotm » Shotm Nbotm + Sboto'(ib — Dpotm )
1 n+5 n+5 n+5

Xi .
dbotmi = hp + Z'hc — CCpot — dipotm

dbotmj = hp + he — cCpot — dibotm

Xi .
dbotoi = hp + Z'hc — CCpot — dipoto

dbotoj = hp + h¢ — cCpot — diboto

dbarbq = | if ib-spotm > —

B
dbotoq - (Zbotib - 5)

otherwise

dbotm
q

d Bl
botmq Zbotib > )

h . .
-— if ib £ npotm
q

h

c .
-— otherwise

a

. 1
Asbotmq = lf(xq 2 Cdbotanbotmq'ZAbotmaz'nbotmq'ZAbotmj + Abotm

. 1
Asboto = if Xq 2 CdbOts(nbOt ~ Nbotm )'Z'Abotm_'(nbot ~ Npotm )'Z'Aboto
q q q 2 q q

05
3psi~\/fe 200-psi

Applying ACI minimum L o
reinforcing requirements: Pmin ‘= Max ¢ T Pmin = 0.00283
y y
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Minimum area of steel Wpot —B (Reference 1a)
required at section: Asmian = Pmin’ B'dbotmq + 'I:dbotmq + (hb — CChot — diboto)]
Factored moment considering 4
minimum reinforcing requirements at Mubot = if| Asbotm + Asboto < Asminb »Max| —-Mypot1 0 smaX(Mubotl 5 O)
section: d d d d 3 4 4
Footing is separated into strips containing A £
. botm"ly
one bar each. depth of compression Apotm = ———————
block for each strip: 0.85-fc-Shotm
Depth of compression block for each ) Abpoto fy
outside strip: 8boto =
p- 0.85-f.Shoto
Distance from section to end of bar for | if B B \/—2 0 0
continuous bars: botl, b | Zboty, > ) »Max| Xq = | Zbot, — S “CCtop » ,max(xq ~ CCtop> )

Distance from section to end of bar for

cutoff bars: lb"tzq,ib = max(xq — Cdbot O)
Selection of appropriate bar end o B ib ib
distance for bar in question: lb‘“q,ib = 1f| ib-Spotm — Ky < cdpot A 5 7 trunc 5 ’lbOtzq,ib’lbOth,lb
Factored moment capacity at section:
[ Iy I'1botmq N 1
ot ot
. ,1 Abotm . ,kk apotm
OGMppot = dp- Abotm'fy'rnln 1 )1 '(dbotm - +2 Abotm'fy'mln 4 )1 '(dbarb Kk ]
a ldbotm ! 2 ldbotm a4 2
kk=1
I'1b0tq Iy
ot .. Apoto
+2. Abotorfy-min| — =8 1 1] d -
' z botoy ldboto barbq i 2
ii = (nboum_ )1
L q _
Check of factored moment vs. moment MUbth
: L checkyot = —
capacity at each section: q" GMppor
q
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J. Calculate Actual Top Moment Capacity

Width of footing at section:

Number of bars within middle
section:

Spacing of first bar beyond the
middle/outside boundary line:

Number of bars across top of footing at
section:

Bar counter:

Distance of bars from centerline
across top of footing:

Depth of footing for top middle steel
at point:

Depth of footing for top outside steel
at point:

Depth of each bar at
section:

Area of steel provided across section at
middle section:

Area of steel provided across section at
outside section:

Minimum area of steel
required at section:

Factored moment considering
minimum reinforcing requirements at

Wtopq = if(q <n,B +2-xq,D)

q Win
,trunc ,trunc
Stopm

q .
5 Stopm'ntopmq + Stopo — Wi 0.0lnj

Wtop

Wiop = 2-ceiop

Ngopm = if| Wi <
! Stopm

Stlbarq = if(Wm <

0~5(Wtopq - 2Wm) - Stlbarq — CCtop q
Niopm_ +| trunc +1| if Wy <
q StOpO 2

ntopq =

ntopmq otherwise

it ;= 1,2..nt0anrS

Ztopit = if|:it < ntopmm_5 > it'Stopm > Stopm'ntopmn_*_5 + Stopo'(it - ntopmn+5)j|

Xi .
dtopmi = hy + Z'hc — CCtop — dltopm

dtopmj = hy +he - CCtop — ditopm

Xi .
dtopoi = hy + Z'hc — CCtop — dltopo

dtopoj = hy +he - CCtop — ditopo

dpart . =

if it > —
I 1t-s
it topm 7

B) he
d —| Ztop. —— |-— if it < n,
topmq topit 2 a topmq

B) he
d -1z — — |-— otherwise
topoq ( topit 2) a

otherwise

dy
opm,
. 1
Astopmq =if Xq 2 Cdtop antopmq'ZAtopmaE'ntopmq'ZAtopm + Atopm

1
Astopo = if| xq > cd ,(n ~n )~2-A ,—-(n —n )-2~A
stopoq |: q top topq topmq topo 2 topq topmq topo

Wiop —B

Asmintq = pmin'|:B'dt0pmq + '|:dtopm q + (hb — CChot — ditopo)i|:| (Reference 1a)

4
Myop = if| A + Astopo < Asmint_»Max| = Mygop1 0 ,max(M ,0)
utopq ( stopmq stopoq smlntq ( 3 utoplq j utoplq )

section:
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Distance from section to end of bar for
continuous bars:

Distance from section to end of bar of

bar for cut off bars:

Selection of appropriate bar end
distance for bar in question:

Force developed in each middle bar
including development length of
individual bars:

Force developed in each outside bar
including development length of
individual bars:

Beta factor:

Depth of neutral
axis at section:

Factored moment capacity at section:

d)Mntopq = Qp Atopm'fy'min[

kk=1

Xq - CCtop

dtopm

. B B
lmplq,it = if |:Zt0pit > B ,max[xq - (Ztopit - 5] - \/E.cctop ,O:| ,max(xq — CCop ,O)}

= max|(xq — cdiop, 0
toqu’it ( q top )

B it it
1 = if| it-s — — < c¢digp A — # trunc| — |,1 L
topq it ( topm 5 top 2 (2 j top2q it toplq ) itj

liop it
fan . = if| it < Dyop , Agopm-fy-min| —2= 11,0
q’lt q 1dt0pm

lmp q,it
fso . = if| it < nyop , Agopor fy min —.,11/,0
q1t a 1dtopo

fe
— 4000
B := if| f. > 4000psi, max| 0.85 — 0.05. 22— 0.65|,0.85
1000
ntopmq ntopq
Augony fy-min| 0P |5 £ +2
. -mln —’ . .
topm™ty ldtopm kaI qu, Kk Z

B = 0.80

foo
a.ii

i= (ntopmq)+1

X0 =
Pq Wiop, Br-85-L

X0pq- B1 i
, lj.(dbmq,l - xopq) + Wtopq-0.85~Bl~fc~xopq{xopq - (Tﬂ

Dtop

=3 Fsmq,kk'(dba“q,kk —XoP qﬂ v Zq (fs"q,jj'(dba“q,jj B x°pqﬂ

i= (ntopmq)+1

Check of factored moment vs. Mutop
moment capacity at each section: checkypp = ———
a c')Nlntop
q
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Factored moment capacity in middle section at critical section:

Npotm
n

lpot
. +5),1 dbotm
(131\/[nbotmn_*_5 = dp Abotm'fy'mm|: (0+3) )1 '(dbotmm_5 - 5 j +2- E

1dbotm

+5 lb"t(n+5) Kk abotm
Apotm- fy-min| ————— 1 |- d -
botm'ly labotmn barb (n+5), Kk >

kk=1

SMupotm . = 22989-kip-ft
n+5

Factored moment capacity in middle section at critical section:

.| Xn+5 — CCtop xopn+5-B1 ]
d)MntopmrH_ = dp Atopm'fy'mm(— ) lj'(dbanm_5 . XOPn+5) + Wm'0~85'Bl'fc'XOPn+5'|:X0pn+5 - (—j:|

3 1dtopm 2
ntopmn+5
+2 Z I_fsmn+5,kk.(dbann+5,kk_ XOpn+5)—‘
L kk=1 i
¢Mnt0pmn+5 = 24739-kip-ft
Unbalanced wind moment on joint: Munbalancedw = Mdw Munbalancedw = 49870-kip-ft
GMhbotm + d)Mntopm
. . n+5 n+5
Fraction of wind moment Nfw = ~ew = 0.96
carried by flexure: Munbalancedw
Unbalanced seismic moment on joint: MunbalancedEQ = MdEQ MunbalancedeQ = 32520-kip-ft
Fraction of seismic moment _ ¢Mnb°tmn+5 i ¢Mnt°pmn+5 _ 147
carried by flexure: MEQ - MunbalancedEQ VEQ = -
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K. Bottom Moment Capacity Results

W Agboto + Asbotm = Asminb
bot q q q

_ _ = Muypot = OMppot = checkpor =
4- q - 2 2 1 a a
1 0.5|ft 26.5|ft 26.7| -mn 83| -in 0| -k-ft 119 -k-ft 0.00
2 1.0 27.5 27.9 9.9 0 326 0.00
3 1.5 28.5 29.2 11.6 0 622 0.00
4 2.0 29.5 30.5 13.4 0 981 0.00
5 2.5 30.5 31.7 15.2 0 1416 0.00
6 3.0 31.5 31.7 17.0 0 1954 0.00
7 3.5 32.5 33.0 18.9 0 2539 0.00
8 4.0 33.5 34.3 20.8 0 2870 0.00
9 4.5 34.5 35.6 22.8 0 3188 0.00
10 5.0 35.5 36.0 24.9 45 3502 0.01
11 5.5 36.5 36.0 27.0 159 3830 0.04
12 6.0 37.5 36.4 29.2 298 4171 0.07
13 6.5 38.5 36.4 31.4 462 4497 0.10
14 7.0 39.5 36.9 33.6 651 4829 0.13
15 7.5 40.5 36.9 35.9 864 5140 0.17
16 8.0 41.5 37.3 38.3 1468 5448 0.27
17 8.5 42.5 37.8 40.7 1817 5758 0.32
18 9.0 43.5 37.8 43.1 2197 6066 0.36
19 9.5 44.5 38.2 45.6 2609 6379 0.41
20 10.0 45.5 38.2 48.2 3053 6697 0.46
21 10.5 46.5 38.6 50.8 3527 7011 0.50
22 11.0 47.5 76.9 53.5 3025 7330 0.41
23 11.5 48.5 76.9 56.2 3427 8957 0.38
24 12.0 49.5 77.8 58.9 3852 10694 0.36
25 12.5 50.5 77.8 61.8 4299 12544 0.34
26 13.0 51.5 78.7 64.6 4769 14445 0.33
27 13.5 52.5 79.5 67.5 5261 16378 0.32
28 14.0 53.5 79.5 70.5 5775 18401 0.31
29 14.5 54.5 80.4 73.5 6311 20135 0.31
30 15.0 55.5 80.4 76.6 6869 20840 0.33
31 15.5 56.5 81.3 79.7 7448 21546 0.35
32 16.0 57.5 82.2 82.9 10732 22259 0.48
33 16.5 58.5 82.2 86.1 11561 22975 0.50
34 17.0 59.5 83.0 89.4 12417 23695 0.52
35 17.5 60.5 83.0 92.7 13301 24422 0.54
36 18.0 61.5 83.9 96.1 14213 25150 0.57
37 19.0 61.5 83.9 96.2 16050 25214 0.64
38 19.9 61.5 83.9 96.2 17962 25224 0.71
39 20.9 61.5 83.9 96.2 19974 25224 0.79
40 21.8 61.5 83.9 96.2 22086 25224 0.88
41 22.8 61.5 83.9 96.2 24297 25224 0.96

checkpot = 0.96
n+5
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L. Top Moment Capacity Results

ﬁ _ Xaltq _ E _ Astopo +Astopm = Asmint Mutopq _ d)Mntopq _ check —

q= ft o o a , a , ft ft g =
1 0.50 0.0 26.47 29.2| -in 9.2| -in 43 105 0.41
2 1.00 0.0 27.47 30.5 10.8 97 296 0.33
3 1.50 0.0 28.47 31.7 12.5 164 535 0.31
4 2.00 0.0 29.47 31.7 14.3 244 845 0.29
5 2.50 0.0 30.47 33.0 16.1 337 1180 0.29
6 3.00 0.0 31.47 34.3 18.0 443 1592 0.28
7 3.50 0.0 32.47 35.6 19.9 564 2046 0.28
8 4.00 0.0 33.47 36.8 21.8 698 2568 0.27
9 4.50 0.0 34.47 38.1 23.9 848 3146 0.27
10 5.00 0.0 35.47 38.5 25.9 1013 3787 0.27
11 5.50 0.0 36.47 39.0 28.1 1193 4456 0.27
12 6.00 0.0 37.47 39.4 30.2 1390 4839 0.29
13 6.50 0.0 38.47 39.9 32.4 1602 5242 0.31
14 7.00 0.0 39.47 40.3 34.7 1832 5650 0.32
15 7.50 0.0 40.47 40.7 37.0 2079 6048 0.34
16 8.00 0.0 41.47 41.2 39.4 2343 6458 0.36
17 8.50 0.0 42.47 41.6 41.8 3501 6845 0.51
18 9.00 0.0 43.47 42.1 44.3 3902 7245 0.54
19 9.50 0.0 44.47 42.5 46.8 4329 7620 0.57
20 10.00 0.0 45.47 42.9 49.4 4781 7997 0.60
21 10.50 0.0 46.47 43.4 52.0 5260 8374 0.63
22 11.00 0.0 47.47 43.8 54.7 5765 8758 0.66
23 11.50 0.0 48.47 44.3 57.4 6298 9143 0.69
24 12.00 0.0 49.47 88.1 60.2 5144 9548 0.54
25 12.50 0.0 50.47 89.0 63.1 5586 10990 0.51
26 13.00 0.0 51.47 89.9 65.9 6049 12533 0.48
27 13.50 0.0 52.47 90.8 68.9 6535 14162 0.46
28 14.00 0.0 53.47 91.6 71.8 7044 15878 0.44
29 14.50 0.0 54.47 92.5 74.9 7576 17508 0.43
30 15.00 0.0 55.47 93.4 78.0 8131 19180 0.42
31 15.50 0.0 56.47 94.3 81.1 8710 20918 0.42
32 16.00 0.0 57.47 95.2 84.3 9313 22723 0.41
33 16.50 0.0 58.47 96.0 87.5 9942 24595 0.40
34 17.00 0.0 59.47 96.9 90.8 10595 26534 0.40
35 17.50 0.0 60.47 97.8 94.2 11274 28020 0.40
36 18.00 0.0 61.47 98.7 97.5 11979 28894 0.41
37 18.97 19.2 61.50 98.7 97.6 13834 28995 0.48
38 19.92 20.5 61.50 98.7 97.6 15824 29025 0.55
39 20.87 21.7 61.50 98.7 97.6 17970 29026 0.62
40 21.82 22.9 61.50 98.7 97.6 20271 29026 0.70
41 22.77 24.1 61.50 98.7 97.6 22727 29026 0.78

checkt(,pn+5 =0.78
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Factored Moment vs.
Moment Capacity -
Bottom Reinforcing

For plotting:
Xtop.mati =X

Xtop.mat. -= Xalt,
J ]

Factored Moment vs.

Moment Capacity -
Top Reinforcing

Mubot
ft-k

GMppot

Mutop
k-ft

¢Mnt0p

260007

234001

208001

182001

156001

130001

78001

52001

26001

300007

270001

240001

210001

180001

150001

9000

6000

3000

1 2 3 4

5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ft

0123

4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20
Xtop.mat

ft

21 22 23 24 25
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M. Check Cutoff Locations (Reference 1a)
Distance to top bar cutoff location from edge of footing: cdiop = 12.0-1t
. . cdtop
Counter corresponding to cutoff location: b=
X1
Distance to cutoff location from edge of footing: xp = 12.01t
Factored moment capacity at cutoff location: ¢Mntopb = 9548-k-ft
Footing effective depth at cutoff location: dtopmb =3.7ft
Distance equal to effective depth from cutoff location: cdgop + max( dtopmb , 12-ditopm) = 1571t

Counter corresponding to bin below distance equal to effectiv
depth from cutoff location:

cdiop + max(dtopmb , 12-dit0pm) ) 3
=31
i under

bunder == trunc(Z-

Xbunder — 15.51t

Moment at distance equal to effective Mutopeutd = Mutopb

depth from cut: under

M -M
|:|: uwp(bunder*'l) ut0pbunderi|

+ (cdmp + maX(dtopmb , 12'ditopm) - Xbunder>' 0.5ft

Mutopeutd = 8982-k-ft

Check factored moment at distance equal to effective depth | Mutopeutd _ 0.94
from cutoff location: oM o
ntopb
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Distance to bottom bar cutoff location from edge of footing: cdp; = 11.0-ft

. . cdpot
Counter corresponding to cutoff location: b=
X1
Distance to cutoff location from edge of footing: xp = 11.0ft
Factored moment capacity at cutoff location: ¢Mnbotb = 7330-k-ft
Footing effective depth at cutoff location: dbotmb = 3.4ft
Distance equal to effective depth from cutoff location: cdpot + max( dbotmb , dibotm) = 14.41t

Counter corresponding to bin below distance equal to effectiv

cdpot + rnax(dbotmb > dibotm)

depth from cutoff location:

bunder2 = trunc| 2-
ft

Xp = 14.0ft
under2

Moment at distance equal to Muboteutd = Mub oty
effective depth from cut: under2

+( cdpor + max( dpogm ,di )—x :
( bot ( botmb botm bunder2

Mubotcutd = 6196-k-ft

Check factored moment at distance equal to effective depth  |Mubotcutd

] bunder2 = 28

|:Mub0t(bunder2 +1) = Myp

Otbunder2i|

0.51t

from cutoff location: (anbotb = 0.85
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IX-b. Moment Capacity of Bottom Reinforcement at 45 degree angle

Distance to critical section from
centerline of foundation:

Slant distance on critical section from
foundation edge to slope transition
point:

Geometric distance to transition point:

Height of transition point:

Number of bars between centerline and
critical section:

Spacing to first bar on critical section:

Number of middle section bars:

Distance to last middle bar:

Number of outside section bars:

Number of bars crossing the
critical section in diagonal direction
1:

Bar counter for diagonal bars in
diagonal direction 1:

Distance from centerline of bars in
diagonal direction 1:

-C
Xo = \/_L Xo = 95.7-in
4
1 D-B 2 .
ap = E -2 T - Xo ap = 57.1:in
Cy =423 C; = 80.8-in
he
h:=hy+|—|-Cy h =32.2-in
a
Xo
Nbparsdown := trunc| ———— Nparsdown = 9
2-Shotm
X1 = \/E'Sbotm - (Xo _\/E'Sbotm'Nbarsdown) x] = 10.35-in
Nbarbm = Nbotm — Nparsdown Nparbm = 18
n+5
dip = /2-(Nbarbm — 1)-Sbotm + X1 dp = 191-in

— — CCtop — dt
2 P p

\/E' Shoto

Nbars1 ‘= Nparbm + Nbarbo Npars1 = 30

Nbparbo := trunc Nbparbo = 12

by :=1,2.. Nparsi

Xb] = iflrbl > Nbarbm’XNbarbm + 2'Sboto'(bl - Nbarbm) » X1 +\/E'Sb0tm'(bl - 1)—‘

. D
Development lengths provided for Linb = min[lOOdn,ﬁ-(— — CCop ~ X}, lj Loutb = 100-in
individual bars: ! 2 !
s . . . D
Depth of individual bars in db = | hp + he — ccpot — dipotm  1f Xp, S = - (ap + 2~x0)
diagonal direction 1: ! b2
h, —h D : . D
. '[Xbl - (3 - ap)} +h- (chot + dlbotm> if Xp, > E —ap
h—(hy+h D
%-[Xbl - |:E - (ap + 2-xo)ﬂ +he +hy - (CCbot + dibotm) otherwise
‘Ao
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Number of bars crossing the
critical section in diagonal
direction 2:

Average width of tributary.
area for individual bars:

Developed stress for individual bars
for diagonal direction 1:

Depth of compression block for bars
in diagonal direction 1:

Bar counter for bars in diagonal
direction 2:

Distance from centerline for bars in
diagonal direction 2:

Bar number crossing critical section
corresponding to the center line bar:

Type of bar that center bar is:
Types of bars that other bars are:

Type of bars that all diagonal direction 2
bars are:

Development lengths provided for
individual bars:

Lou2, =

if Cpar, = "noncutoff"
b b

. . D .. D
mm{lOO-m,\/_Z(E — CCop — )xbzﬂ if E - >‘b2 <
2 2|D 2
min|:10()-in,\/_2~{€~(D -B) - xo} — CCop + g|:3 Ny, {%{D -B) - xo}ﬂ otherwise

max[Oin,min{lOOdn,ﬁ{g-(D -B) - xo} — CCop + g{g Ny~ {g-(D -B) - xoﬂ - (Cdbot - cctop)ﬂ otherwise

(g - Cctopj - (\/_2'Sbotm - Xl)

Nbpars2 = trunc + 1| Npars2 = 35
\/Esbotm
D
2
bi=——"— b = 5.68-in
Nbars1 + Npars2
min[{L;, ,L
\/_2'fy-Aboto . ( mb] Outbl) )
O'lb = -min L1 if by > Nparbm
! 2 laboto
min[L;, ,L
\/E'fy'Abotm . ( My Outbl) )
-min ,1| otherwise
2 ldbotm
clbl
aly = ———
I 0.85f.b
by :=1,2.. Npars2
>‘b2 =X] + 2~sb0tm~(b2) - 2:X1
Centerbar := Nparsdown + | Centerbar = 10
Centerb Centerb
CLoge = ["cutofr i SEmErb2" (Tj
"noncutoff" otherwise
Otherpayg := | "cutoff” if CLpy = "noncutoff” Otherpaps = "cutoff”

"noncutoff" otherwise

) by
Cbarb2 := | Otherpyys if ? > trunc ?
CLp,r otherwise

Linzb := 100in
2

73

2
T'(D -B) —x,

2
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Developed stress for individual bars in
diagonal direction 2:

Depth of compression block for bars in
diagonal direction 2:

Factored moment capacity at section:

Ultimate moment in bottom reinforcement
at critical section:

Check of factored moment against momen
capacity at critical section:

d2y, = [y + he = cenor — dibom if Xy
hy —h D
ap 2 2
h— (hy +he)
2-X,

Depth of individual bars in diagonal direction 2:

< % - (ap + 2-x0)

. . D
(CCbot + dlbotm) if >‘b2 > E —ap

D
-[sz - [E - (ap + 2~x0)ﬂ +he + hp — (CCbot + dibotm) otherwise

V26 Aot | mln(Linzbz,Loutzbz)
= 5 -min

o 1
b2 1dbotm

c2b2

a =
b2 0.85-f.-b

Nbars1

22
kk=1
Nbars2

+2. Z
| kk=1

Mypot = 24297 k- ft
n+5

OMppot = Db

Joufo2]
oo

Myp

checkpot =
Mot

0tn+ 5

21

]

oo &Mppot = 25561 -k-ft

checkypot = 0.95
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IX-c. Moment Capacity of Top Reinforcement at 45 degree angle

CCtop + ditopm

Vertical distance to the centerline of K, = K; =3.51n
top bars in outer section: cos(tan[h — hb}}
ap
CCtop + di
Vertical distance to the centerline oftop K, := op fopm Ky =3.32:in
bars in middle section: cos| tan hy +he —h
Xo
Number of bars between centerline and N a Xo N _9
critical section: barsdown := trunc 35, barsdown =
opm
Spacing to first bar on critical section: X] = \/E-smpm — (xo - \/E-smpm-Nbarsdown) x] = 3.28:in
Number of middle section bars: Nbartm = Ngopm s Nbarsdown Npartm = 20
n
Distance to last middle bar: dy = \/E'(Nbartm — 1)-stopm +x1 dg = 191-in
D
E - Cctop - dtp
Number of outside section bars: Nparto := trunc \/_— Nbarbo = 12
2-s
Number of bars crossing the opo
critical section in diagonal direction
1: Nbars1 = Nbartm + Nbarto Npars1 = 40
Bar counter for diagonal bars in by :=1,2.. Nparsi
diagonal direction 1:
Distance frpm F:ente.rline of bars in Xp, = if ’7b1 > Nbanm,XNba rtm + 2'Stopo'(bl - Nbartm) X1+ 2'Stopm'(bl - 1)—‘
diagonal direction 1:
. . . D .
Development lengths provided for Lin, = min| 100~1n,\/§- — — CCtop ~ Xy Lout, = 100-in
o . by 2 1 b1
individual bars:
Depth of individual bars in diagonal dy. = |h +he — ccrop — ditopm if X < — - (ap + 2~x0)
L i 1 2

direction 1:

h, —h D D

1%, —|——a,||+h-K; if x, >——a
h— (hy +he) D
—= X, —|——(ay+2:x + he + hy, — Ky otherwise
2%, b1 2 ( p o) c b 2
D
Number of bars crossing the (5 - Cctopj - (\/_Z'Stopm - Xl)
critical section in diagonal Npars2 = trunc + 1| Nparg2 = 37
direction 2: \/E Stopm
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min[{L;, ,L
Developed stress for individual bars \/_2'fy'Atopo . ( ) Outbl) .
. . . ol, = -min L1 if by > Npartm
for diagonal direction 1: bj ) 1
dtopo
min{L;, ,L
V2t Agpm ( iny, outbl) |
-min ,1| otherwise
2 ldtopm
Bar counter for bars in diagonal
direction 2: b2 := 1.2 Noars2
Distance from centerline for bars in >‘b =X+ 2~stopm~(b2) - 2-X1
diagonal direction 2: 2
Bar number crossing critical section Centerbar := Nparsdown + | Centerbar = 10
corresponding to the center line bar:
" , .. Centerbar Centerbar
Type of bar that center bar is: Clpar = | "cutoff" if nc( 2 j
"noncutoff’ otherwise
Types of bars that other bars are: Otherpays := | "cutoff” if CLpy = "noncutoff’ Otherpaps = "cutoff’
"noncutoff" otherwise

b

Type of bars that all diagonal direction 2
bars are:

CLp,r otherwise

Development lengths provided for
individual bars:

Linzb := 100in
2

Lout2 if Cbarb2 = "noncutoff"

by -
. . D . D
mm{lOO-m,w/ 2(; — CCtop — )\bzﬂ if B >‘b2 <
V2 V2
min{loo'in,\/ 2'{T~(D -B) - X0:| — CCtop + 7[

) by
Cbarb2 := | Otherpyys if ? > trunc ?

73

2

2
T'(D -B) —x,

D_ >‘b2 - {g{D -B) - xo:m otherwise

2 2|D 2
max[Oin,min{lOOdn,ﬁ{%-(D -B) - xo} — CCop + %{E - >‘b2 - {%-(D -B) - xoﬂ - (cdtop - cctop)ﬂ otherwise

s L D
Depth of individual bars in diagonal d2 = |hp +he — ceop — diggpm if N < —— (ap + 2-x0)
directi i 2 22
irection 2:
h, —h D D
AN —|——a,||+h=-K; if N\, >—-a
ap [ b2 (2 pﬂ 1 b27 o P
h— (hy +he) D
—— N | — —(a, + 2% + he + hy — K, otherwise
2%, |: by |: 2 ( p 0) c b 2
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Developed stress for individual bars in

diagonal direction 2: 9%, 2

Footing is separated into strips containing

min| L; ,L
3 ﬁ.fy.Atopm.min ( in2y) out2b2)

one bar each. Depth of compression
block for each strip:

Factored moment capacity at critical section:

i Nbars1 a
d)Mntop = dp| 2- z |:|:0'1kk'(dkk_ ;p]:|:|

kk=1 |
Nbars2 a b
top
+2- 2kk:| A2k —
3, ooz
L kk=1 B

Mugp_ = 22727 kft

Ultimate moment in top

reinforcement:
H Mutop
Check of factored moment against n+5
moment capacity at critical section: checkiop =
’ Mntop

,1
1dtopm

agp = 2.27-in

GMpgop = 27898kt

checkgop = 0.81
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IX-d. One-Way Shear Capacity Check

Plan location of section:

Depth, d, as a function of distance
along the sloped portion of the
foundation is:

Determine controlling load case:

Location of critical section from edge
of footing:

Array counter for all slices up to the
critical section:

Shear capacity between edge and a:

Xj = —l-ft
2

Xi

dj := hy + —-h.— 3.75-in
a

dj :=hy + he = 3.75-in

Vi, = if( |Vqu| >

Xcritical ©= Xface — dn+5

qcs = 1,2..trunc(
Sft

1

.2
OV, = oy 2psi” [ fe

Xj=a+ (Xface - a)~

5

J

Xcritical = 17.61t

Xcritical
— | +1
0.5 j

B-di+2-xi~(di— X

n

2-a

\% ,V ,V
uEQq| qu uEQq)

he

|

1

he
B-dj +2-a/| dj - Y

.2
Vi, = by 2psi” [T

Shear capacity between a and Xgce:

— o 1.38-0.9-d
dy := 0.75-in Aggregate size factor: s, = —.q
4 dy+0.63-in
Mubot1
Overall tension in reinforcing steel: Tensiong := a4 Vu
0.9-dq q
o ) Tensiong
Longitudinal strain at Ex =
middepth of member: q (ASbOth + ASbOtmq) -2-Eq
sy =12
q
Aggregate size factor: sx = if|dy > 1.0in,— , -
q in 0.65in + d,
Capacity between edge and a oV byl 2 o s 2:25 20
: :: . —_— Sl. .
m2 T P st P T 4 15006, 38+ sy,
1 1

Capacity between a and

2.25 50

Xface alt.

fe
V = . 2 _ Si' .
PVip, = by Josi DT+ 15006, 38+ sy,
] ]

| B-dj + 2-xi~(di - Xj

(Reference 1a)

(Reference 1a)

(Reference 1a)

(Reference le)

he
B-dj+2-a|dj - 5

=)

|
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Shear Design Results Vu Vu
qes qes
qcs = Xqes = dges = quCS - d)anCS - ¢Vn2qCS - q)ancs d)VnquS
1 0.5|ft 9.7| -in -44| -k 328| ‘k 847| 'k -0.13 -0.05
2 1.0 11.2 -54 390 1012 -0.14 -0.05
3 1.5 12.7 -65 453 1182 -0.14 -0.05
4 2.0 14.2 -76 519 1356 -0.15 -0.06
5 2.5 15.7 -87 587 1529 -0.15 -0.06
6 3.0 17.2 -92 656 1676 -0.14 -0.05
7 3.5 18.7 -60 728 1716 -0.08 -0.03
8 4.0 20.2 102 801 1571 0.13 0.06
9 4.5 21.7 153 877 1574 0.17 0.10
10 5.0 23.2 203 954 1568 0.21 0.13
11 5.5 24.7 253 1033 1555 0.25 0.16
12 6.0 26.2 303 1114 1542 0.27 0.20
13 6.5 27.7 353 1197 1524 0.29 0.23
14 7.0 29.2 402 1282 1510 0.31 0.27
15 7.5 30.7 450 1369 1490 0.33 0.30
16 8.0 32.2 499 1457 1478 0.34 0.34
17 8.5 33.7 547 1548 1466 0.35 0.37
18 9.0 35.2 594 1640 1448 0.36 0.41
19 9.5 36.7 642 1735 1439 0.37 0.45
20 10.0 38.2 689 1831 1423 0.38 0.48
21 10.5 39.7 735 1929 1416 0.38 0.52
22 11.0 41.2 781 2029 1917 0.38 0.41
23 11.5 42.7 827 2131 1923 0.39 0.43
24 12.0 44.2 872 2235 1936 0.39 0.45
25 12.5 45.7 917 2341 1940 0.39 0.47
26 13.0 47.2 962 2449 1954 0.39 0.49
27 13.5 48.7 1006 2559 1967 0.39 0.51
28 14.0 50.2 1050 2670 1971 0.39 0.53
29 14.5 51.7 1094 2784 1984 0.39 0.55
30 15.0 53.2 1137 2899 1987 0.39 0.57
31 15.5 54.7 1180 3016 2001 0.39 0.59
32 16.0 56.2 1222 3136 2014 0.39 0.61
33 16.5 57.7 1264 3257 2018 0.39 0.63
34 17.0 59.2 1306 3380 2032 0.39 0.64
35 17.5 60.7 1347 3505 2034 0.38 0.66
36 18.0 62.2 1388 3631 2049 0.38 0.68
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4000
3550
3100

Vu 2650

Factored Shear vs. k 2200
Shear Capacity - OVy

K 1750
Xcritical = 17.6 1t

\Y
GVn2 qes 1300

— - 850

400

=50

—-500

3 4 5 6 7 8 9
Xqcs

ft
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IX-e. Pedestal Two-Way Shear Capacity Check

Effective depth at face of pedestal dmid := hp + he — cCpot — dipotm dmig = 61.7-in
D (g . dmidj
Effective depth at face of pedestal lC dmia B 2 2 2 .
P P dface = if 5 + T < ; ,dmid, hp + f'hc — CChot — dipotm
dfgee = 61.7-in
.. . C + dface 2
Area of critical section: A¢ = 27 dace T A¢ = 53860-in
3 3
Polar moment of inertia of C + dface dface C + dface 8. 4
" . Jo = -dfgcer + J.=530x10 -in
critical section: 2 3 2
. .. . C + dface
Perimeter of critical section: bg = 27 T bg = 873-in
.. . . C + dface . . .
Half critical section width: c:= T (interior column) ¢ = 139-in
Weight of pedestal: W, = 191-kip
Unf: d vertical wind load C+dpee )
nfactored vertical wind loa face
on critical section: Pw = Wit Wy + (hc i hb). b 2 j e
2 2
C + dfgee C
+ ﬁfsdtop'[hs - (hc + hb):|' F(T -7 E
Pw = 1217k
Unfactored vertical seismic C + dface
load on critical section: PeQ = Wor + Wp + (hc " hb).[ﬁ.( 2 ) }A{C
2 2
C + dfaee C
+ '\{sdtop'[hs - (hc + hb)]'|:ﬂ'(T - T 5
Pgq = 1239-k
Unbalanced wind moment on joint: Munbalancedw = 49870-kip-ft
Fraction of wind moment that can be ~ew = 0.96
carried by flexure:
Fraction of wind moment carried by VW = max(0.4, 1- '\{fw) = 0.40
shear:
Factored shear stress due to _ a2’Pw  Yyw-Munbalancedw-¢ o
wind load at critical section: Vuw = Ac + J. Vuw = ZUrpst
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Unbalanced seismic moment on joint:

Fraction of seismic moment that can be
carried by flexure:

Fraction of seismic moment carried by
shear:

Factored shear stress due to

MunbalancedeQ = 32520-kip- ft

YeQ = 1.47

YWEQ = max(0.4,1 = '\{fEQ) = 0.40

Qd2EQ PEQ N YVEQ® MunbalancedEQ' c

seismic load at critical section: VUEQ = A ] VuEQ = 68-psi
C C
Determine controlling load case: vy = max(vuw,quQ) vu = 90psi
Be =1
o5 =40
by = 0.75
Shear stress capacity: = in| | 2 i % fsce 21,4 |/ fepsi
pacity: Ve i= Gymini | 2+ B.)' L by TPt epst bve = 212-psi (Reference 1a)
Check of factored shear stress vs. Vu
. =042
shear stress capacity: Ve
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X. Concrete Design - Fatique Loads
A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.
ConcreteVolumeFat(y) := [hy (B +2-y) + fhc-(B +y) ify<a
hp-(D) + he-(B +a) otherwise
Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.
StaticSoilWedgeWeightFat(~sa,Yss) = qsd-m%(efat)-(hs - hb)2 if dgwTr = hg— hy

B~tan( efat)

VariableSoilWedgeWeightFat(y, s, ss) == |0 if dowrr > hs—hy

otherwise

L s = o — dawre)> + ved] (s~ ) = (g~ By — dwrr) || otherwise

V2 tan(Oga)| s (s~ o — dwrr)® + Ve (s — ) = (s — by — drwre) || i y < a

tan(O5)-| ss (s~ by~ dwre)” + ol (B~ o)~ (s~ by~ dwre) || otherwise
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Function describing the volume of dry soil over each slice of the moment/shear calculations.
DrySoilVolumeFat(hj,y) := |if dgwTr = hg—hy

2
y -he

[(hs ~hy) - %-hc}(B L 2y) +

D~|:(hS - hb) - hc] +hera+ tan(efat)-(hs - hb)2 otherwise
if dgwTtr < hg—hj

dgwtr(B+2y) if y<a

D-dgwtr otherwise

otherwise

2
y -he

{(hs ~hp) ~ X—hc}(B +29)+
a

{D-(hs —hy —he) + |:hc~a - hi-(hs —hy - dGwrr) zﬂ otherwise
C
Function describing the volume of saturated soil over each slice of the moemnt / shear calculations.
SaturatedSoilVolumeFat(hj,y) := |0 if dgwTr = hs—hyp
if dgwTr < hs—hj
2

y y he
(B+2-y)-| hy—hy —=-he —dgwTF | + ify<a
a

(hs—hp —he — dgwre)-D + he-a otherwise

hi-(hS —hp — dGWTF)Z otherwise
C

BuoyancyWeightFat(y) := |0 if dgwTr = hs
if dGWTF < hs
(B +2-y)-(hs— dgwrr) if y<a

(hs - dGWTF)'D otherwise

+y2-tan(0g)-(ng— ) if y<a

a 210 .
_h_'(hs_hb_dGWTF) ify<a
c

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.
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B. Bottom Reinforcement (Reference 7)
Depth to reinforcement at critical section . . .
for flat portion of footing: dfacen = hp + he — cepot — 1.5dipotm — 1in dfacer = 60.1-in
Width of C te Resisting Fatigue: = :
idth of Concrete Resisting Fatigue wr :=0D+3 (hc+hb) wp = 3141t
Cap width to be within "middle" strip: we = min(Wf,2~Wm) wr = 31.4ft
.. . wf .2
Area of steel across critical section: Ag = -Apotm Ag = 63.9-in
Sbotm
. . wr—B he
Footing Depth at Edge of Section: dedge = dface2 — -— = 51.14:in
a
- wr — B ( dedge + dface2
Concrete Area Resisting Shear: Aface = B-dfacen +2- 3 ( - 5 = ] Aface = 22357~in2
C. Fatigue Soil Bearing Pressure
MUniqueporth
T
Service load eccentricity: €fNorth = horth
drnorth Weat
. . D
Circular radius of octagon: R := E R =30.75ft

Effective soil area in bearing:

CfNorth
T
=2 (R%-acos[%}

AcffNorth :
Arnorth
2 2
+—€fNorth : j R - (efNorth )
qrnorth qnorth
Ellipse soil width in bearing: beNorthqrnonh = 2.(R B efNOrthqrnmh)
2
beNorthqr th
no
Ellipse soil length in bearing: leNorthqrnonh = 2R == 2.R
LeNorth
1 — A ) Anorth
Effective soil length in bearing: effNorth effNorth - orth b eNorth
Arnorth
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leftNorth
b ._ qnorth
Effective soil width in bearing: effNorth & lenorth eNorth
drnorth
Wiat
Maximum fatigue beari : fiNorth =
gue bearing pressure: Gtnorth  Aefierth
rnorth
beffNorth
. D or ITnorth
XstartNorth = — — €fNorth -
qrnorth 2 qrnorth 2

Foundation plan
area:

Section modulus of foundation for
normal orientation:

2
> (D-B
Apase = D™ — Z(Tj

Shormal =

Apase = 3133

2lgdn
D

Spormal = 25465-ft°

Wiy = 3160-kip

Wy,
o 1009-psf
Apase
. . . Wiat
Moment at which the foundation lifts: Mpaxlift = A_'Snormal = 25682 -k-ft
base
Maxi il t point Wt Mmaxiif
aximum soil pressure at poin S at . maxlift 2017-psf

when the foundation lifts:

Abpase Shormal
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Min and Max soil bearing pressure for each fatigue range:

Maximum soil pressure at point when the foundation lifts defined for each individual fatigue load:

MUni
Wiat mquenorthqrnorth
Onorth_max_soiltraj =
o Parnorth Apase Shormal
MUniqu MUnique
Wiat Aot orth ¢ Wi Anorth ot -
Onorth_min_soil = - 1 -
~ ~ Qmorth Abase Shormal Apase Shormal
"LIFT" otherwise
Guess for solver of soil bearing length: Ly := 52.98ft
Guess for solver of max soil pressure: finax = 2633psf
The following functions solve for the FvaLs = Wiyt
soil pressure assuming the pressure fnorth
distribution is triangular and lift-off D )
has occurred on the minimum MTOEVALSqrno i Wfﬁt'; - MUmquenOnhqrnO .
pressure side of the foundation:
Given
a
= y
F= (B +2-y)| fnax — fmax’| = | | dy
Lp
ra+B
y
+ D-| finax — fmax:| =— | | dy -
Lp
va
r-Lb
+ [D-2(a+B- Y)]'|:fmax - fmax'(LLj:| dy
b
va+B
a
Mioe = (B+ 2'}')'|:fmax = fmax Lljj|y dy ...
Ly
ra+B
+ D-[f . (lﬂ d
max ~ Imax ydy ...
Ly
Ya
~Lb
+|  [D-2a+B- y)]{fmax - fmax(%ﬂy dy
b
Ya+B
Ly f
FUNCTION(F, M) := Find| — ,——
ft psf
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Solve the loop for the "LIFT" condition:

MapLy, = | FUNCTION(FyaLs s MTOEVALS 0-ft if Onorth min_soil = "LIFT"
qrnorth qrnorth qrnorth -~ Tnorth
0 if Onorth_min_soil # "LIFT"
~— T dforth
Onorth_max_soiltri = | FUNCTION|( FyaLs sMTOEVALS 1-pst if Onorth_min_soil = "LIFT"
north qrnorth qrnorth qrnorth

0 if Gnorth min_soil # "LIFT"
~— T~ Afnorth

Select the actual pressure depending on if the soil pressure at each fatigue load depending on if "lift" has occurred
(triangular soil pressure distribution) or not:

. . . —al " . . .
Onorth_max_soil Onorth_min_soil = "LIFT" , Onorth_max_soiltri >Onorth_max_soiltrap
- ~ 7 rnorth - qrnorth -

=if = ..
qrnorth qrnorth

Soil pressure output for each fatigue load (shown in partial tabular form and graphically):

Qnorth = MUniqueporth = Onorth_min_soil = Onorth_max_soiltrap =  Onorth_max_soiltri = Onorth_max_soil =
0 0| kit 1009| -psf 1009| -psf 0| psf 1009| -psf
1 76 1006 1012 0 1012
2 153 1003 1015 0 1015
3 229 1000 1018 0 1018
4 306 997 1021 0 1021
5 382 994 1024 0 1024
6 459 991 1027 0 1027
7 535 988 1030 0 1030
8 612 985 1033 0 1033
9 688 982 1036 0 1036
10 765 979 1039 0 1039
11 841 976 1042 0 1042
12 917 973 1045 0 1045
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Onorth_max_soil
_max_soil ..

north
psf
Onorth_min_soil
~ 7 Qrnorth
psf
O maxlift

psf

3000

20007

10007

100 200 500
— 1000
AqTnorth
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D. Map Unique Matrix Loop Results back to full Minimum Markov or Rain Flow Matrix

Qtnorth

Lomin = Z MapLy, if Mminnorth = MUniquenorth

qr Arnorth qr Arnorth

Qrnorth = 0 . .
0 if Mminnorth  # MUniquengrth
qr Arnorth
qtnorth
Ominnorth_max_soil ‘= Z Onorth_max_soil if Mminnorth = MUniquenorth
qr Arnorth qr qrnorth
Qrnorth = 0 . .
0 if Mminnorth  # MUniquenorth
qr qrnorth
Qtnorth
MapTminnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"
qr qrnorth
Qrnorth = 0 )
otherwise
Onorth_min_soil if Mminnorth = MUniquenorth
Arnorth qr qrnorth
0 if Mminnorth  # MUniquengrth
qr Arnorth
o-minnorthiminisoilqr = |"LIFT" if MapGminnorth_min_soil . =0
NIapC“minnorth_min_soi1qr if N[apO'minnorth_min_soilqr # 0
30001

|
20007 [ H

0'minnorthimaxisoilqr

psf

=
— |
—|
— |
—
|
—
\—-‘
|

|

|

|

|

|

|

|

|

|

|

|

|

ity
I

O'minnorth_min_soilqr i i 0l : H gé ! i oo
i Soseetiodoecis
e el A e e
O maxlift ‘ \\\\\“ \\\“\“‘m ‘
f it
- l \ \ \ \ ‘ k l t l h: ﬁ!.ﬁ‘nﬁﬁﬁ%ﬂ
0 2;80 4;60 6=540 8;20 10=900
—1000~
qr
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E. Map Unique Matrix Loop Results back to full Maximum Markov or Rain Flow Matrix

Qtnorth
Ly = Z MapLy, if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth  # MUniquenorth
qr qrnorth
qtnorth
Omaxnorth_max_soil = Z Onorth_max_soil if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth  # MUniquenorth
qr Arnorth
Qtnorth
MapOmaxnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"
qr Arnorth
Qrnorth = 0 )
otherwise
Onorth_min_soil if Mmaxnorth = MUniquenorth
Qrnorth qr Arnorth
0 if Mmaxnorth  # MUniquenorth
qr Qrnorth
o-maxnorthiminisoilqr = |"LIFT" if NIapo'maxnorthiminisoilqr =0

NIapC"maxnorth_min_soilqr if NlapUmaxnorth_min_soilqr # 0

30001
ZOOOJ liilill U P1Eiin b bonnnnin ulnlllullmull"ﬂ"!"!"i'l:ﬁ'hm
Omaxnorth_max_soil [ H r’ ” H r’
e o o pSf qr
Omaxnorth_min_soil . 000l { I ! 1 1 l ! 1 ! ‘ ! ! e
oot HER I SIS
LY
e
L
0 2180
- 1000+
qr
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F. Fatique Load Bottom Moments and Top Moments at Critical Section

a
MéminbotNorth = |:0'minn0rthmaxsoil - —'(O'minnorthimaxisoil )j|(B + 2'}')'(Xface - Y) dy ... if Ominnorth_min_soil = "LIFT"
ar ar Lbmin ar ar
qr
0
Xface
Yy
+ Ominnorth max_soil _ — '(o-minnorthimaxisoil ) 'D'(Xface - Y) dy ...
4 Lbmin o
qr
a
rXface
+— ConcreteVolumeFat(y) -~y ... '(Xface — y) dy ...
+ DrySoilVolumeFat(hb +he, y) ~Nsdbot -+
+ SaturatedSoilVolumeFat(hb + he ,Y)"‘{ssbot
+ VariableSoilWedgeWeightFat[y ,Ysdbot » (’\{ ssbot — ’*{W)]
+ —BuoyancyWeightFat(y)-Yw
J
0

0

a

rXface

70

O |«

Xface
+ J' |:O'minnorth_max_soilqr -

+ —StaticSoilWedgeWeightFatfﬂ{ sdbot s (’Yssbot - ’\(W)—| “Xface

a
Jr |:0'minn0rthmaxsoilqr_

'(O'minn<)rth7ma)(7soilqr - O'minnorthminsoilqr)j|'(B + 2'}')'(Xface - Y) dy ... otherwise

I |«

'(O'minnorth_max_soil ~ Ominnorth_min_soil )}D'(Xface - Y) dy ...
qr qr

+— ConcreteVolumeFat(y) -~y ... '(Xface — y) dy ...
+ DrySoilVolumeFat(hb + he, y) ~Nsdbot -+

+ SaturatedSoilVolumeFat(hb + h, ,Y)"‘{ssbot

+ VariableSoilWedgeWeightFat[y ,Vsdbots (’Yssbot - '\{W)]

+ —BuoyancyWeightFat(y)-~w

+ —StaticSoilWedgeWeightFatfﬂ{ sdbot s (’Yssbot - ’\(W)—| “Xface
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a
y M — 1
MfmaxbotNorth = |:0-maxn0rthmaxsoil - _'(o-maxnorthimaxisoil ):|(B + Z'Y)'(Xface - Y) dy ... if Omaxnorth_min_soil = "LIFT
qr qr qr qr
qr
0
Xface
y
+ Omaxnorth_max_soil — _'(O'maxnorthimaxisoil ) 'D'(Xface - Y) dy ...
qr qr
qr
a
rXface
+- ConcreteVolumeFat(y) v ... '(Xface - y) dy ...
+ DrySoilVolumeFat(hb + h, ,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + he ,y)"\{ssbot
+ VariableSoilWedgeWeightFat[y ,Vsdbot s ("{ssbot - '\(W)]
+ —BuoyancyWeightFat(y)-~w
Y0

+ —StaticSoilWedgeWeightF atl_'\( sdbot» (“{ssbot - “{w)—l Xface

a
Omaxnorth_max_soil — l'(o-maxnorthimaxisoil ~ Omaxnorth_min_soil ) ‘(B + Z'Y)'(Xface - Y) dy ... otherwise
a D qr qr,
0
X face
Yy
+J {O'maxnorth_max_soil - _'(O'maxnorth_max_soil ~ Omaxnorth_min_soil ):|D '(Xface - Y) dy ...
a D qr qr
a
rXface
+- ConcreteVolumeFat(y) v ... '(Xface - y) dy ...
+ DrySoilVolumeFat(hb + h, ,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + he ,y)"\{ssbot
+ VariableSoilWedgeWeightFat[y ,Vsdbot s ("{ssbot - '\(W)]
+ —BuoyancyWeightFat(y) ~w
v 0
+ —StaticSoilWedgeWeightF atl_'\( sdbot» (“{ssbot - "{W)—I'Xface
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i D_Xfaceialt
y
MfmintopNorth = | max| Ok-ft,— |:0-minnorthmaxsoil - '(O'minnorthimaxisoil )j|'D'(D -
qr 4 Lbmin 4
qr
a
a
y
+ Ominnorth max_soil '(O'minnorthimaxisoil ) ‘(B+ 2'Y)'(D -
bmin o
qr
0
nD_xfaceialt
+— ConcreteVolumeFat(y) v ...
+ DrySoilVolumeFat(hb +h ,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + he ,y)"\{ssbot
+ VariableSoilWedgeWeightFat[y ,Ysdbot » ("{ssbot - "{w)]
+ —BuoyancyWeightFat (y)-~w
Y0
+ —StaticSoilWedgeWeightFatf“{Sdbot, (’Yssbot - ’\{W)—|-(D - Xface—alt)
Sped
pe
+ —Wmean-—2
+~(6) (pe) | =7 Sped
e ) hpe 2 ,
™ 2 Sped
(=) ) {2
+ ~Mminnorth
L L ar
i [ ra
y
max| Ok-ft,— Ominnorth_max_soil  —
a D
0

I <

{O'minnorth max_soil
_max_soil .

D—Xface_alt
+ J'

a
~D —Xface alt

) ) (72

S
+ _(A{C - “fsdbot)(hp - hpe)-(g.cz) I;Gd

+ —Mminnorth
qr

Xface alt — Y) dy ... if oy

Xface alt — Y) dy ...

'(D — Xface alt — Y) dy ..,

~(0‘ minnorthimaxisoilqr - O'minnorthminsoilqr)j|'(B + 2'}')'(D — Xface alt — Y) dy ...

~(O‘minnorth_max_soilqr - O'minnorth_min_soilqr):|'D '(D — Xface alt — Y) dy .

'(D — Xface alt — Y) dy ...

+— ConcreteVolumeFat(y) v ...
+ DrySoilVolumeFat(hb + h, ,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + he ,y)"\{ssbot
+ VariableSoilWedgeWeightFat[y ,Vsdbot s ("{ssbot - '\(W)]
+ —BuoyancyWeightFat(y)-~w

70
+ —StaticSoilWedgeWeightFatf“{Sdbot, (’Yssbot - ’\{W)—|-(D - Xface—alt)
+ —Wmean-?
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a
M = q - i ) -B+2:y)(D d if i
fmaxtopNorthqr =1 o-maxnorthimaxisoﬂqr_ L 'o-maxnorthimaxisoﬂqr ‘(B+ Y)( _Xfaceialt_}') y .. I Omaxnorth_min_t
bqr
0
D_Xfaceialt
q - i) |-D(D d
+ o-maxnorthimaxisoﬂqr_ 'o-maxnorthimaxisoﬂqr : ( - Xfaceﬁalt_Y) y ...
qr
a

r-D_Xfaceialt

+— ConcreteVolumeFat(y) -~y ... '(D — Xface alt — Y) dy ..,
+ DrySoilVolumeFat(hb +he, y) ~Nsdbot -+

+ SaturatedSoilVolumeFat(hb + h, ,Y)"‘{ssbot

+ VariableSoilWedgeWeightFat[y ,Vsdbots (’Yssbot - '\{W)]

+ —BuoyancyWeightFat(y)-~w

Y0
+ —StaticSoilWedgeWeightF atl_“{sdbot, (“{ssbot - “{W)_|~(D - Xface_a]t)
Sped

+ _Wmean'T

+-(~fc)(hpe).(§.c2) =

S
+ _('\fc - “{sdbot)(hp - hpe)'(E'C2) Zped

4 2

+—Mmaxnorth
qr

a

- i in soil ) [ (B+2-y)-(D d h
] o-maxnorthimaxisoﬂqr_ D' O-maxnorthimaxisoﬂqr_O-maxnorthimlnisoﬂqr ‘(B + Y)( _Xfaceialt_}') y .. otherw
0

D—Xface_alt
. Y . L D-(D d
+ O'maxnorth_max_soﬂqr - D : O'maxnorth_max_soﬂqr - O'maxnorth_mm_so1lqr : ( — Xface_alt — Y) Y -

a
r-D_Xfaceialt
+— ConcreteVolumeFat(y)-~yc ... '(D — Xface alt — Y) dy ...
+ DrySoilVolumeFat(hb +he, y) ~Nsdbot -+
+ SaturatedSoilVolumeFat(hb + h, ,Y)"‘{ssbot
+ VariableSoilWedgeWeightFat[y ,Vsdbots (’Yssbot - '\{W)]
+ —BuoyancyWeightFat(y)-~w
v0
+ —StaticSoilWedgeWeightF atl_“{sdbot, (“{ssbot - “{W)_|~(D - Xface_a]t)
+ —Wmem%

+-(wc)(hpe).(§.cz)%

S
+_(F\fc - A{sdbot)(hp - hpe).(g.czj I;Cd

+—Mmaxnorth
qr
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G. Fatique Load Shear at Critical Section

VEdminNorthqr = maxj

Okip,

a
y

Ominnorth max_soil _ —
" Lbmin
qr

0

Xface

y
+ |:0'minn0rthmaxsoil

4 Lpmin

. ( (o minnorthmaxsoilqr)j| -Ddy ...
qr

a

rXface

+- ConcreteVolumeFat(y) v ... dy ...
+ DrySoilVolumeFat(hb + h, ,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + he ,y)~'\{ssbot

+ VariableSoilWedgeWeightFat[y ,Vsdbot s ("{ssbot - '\(W)]

+ —BuoyancyWeightFat(y)-~w

Y0
+ —StaticSoilWedgeWeightF atl_“{sdbot , (“{ssbot - “{w)—l

X
D
0

Xface
+ J |:0'minnorth_max_soilqr -

a

I |«

rXface

+- ConcreteVolumeFat(y) v ... dy ...
+ DrySoilVolumeFat(hb + h, ,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + he ,y)~'\{ssbot

+ VariableSoilWedgeWeightFat[y ,Vsdbot s ("{ssbot - '\(W)]

+ —BuoyancyWeightFat(y)-~w

Y0
+ —StaticSoilWedgeWeightF atl_“{sdbot , (“{ssbot - “{w)—l

a
J |:o-minn0rthmaxsoilqr - '(o-minnorthimaxisoilqr - O-minnorthminsoilqr)i|'(B +2y)dy ...

'(O'minnorth_max_soilqr - O'minnorth_min_soilqr):|'D dy ...

—'(0' minnorthmaxsoilqr>:|'(B +2y)dy .. if o minnorthiminisoilqr = "LIFT"

otherwise
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a

y . - "
VEdmaxNorth = |:0'maxnorthmaxsoil - '(O'maxnorthimaxisoil )j|(B +2y)dy ... if Omaxnorth_min_soil = "LIFT
qr qr b qr, qr
qr
0
Xface
y
+ Omaxnorth_max_soil — '(o-maxnorthimaxisoil ) -Ddy ...
qr qr
qr
a
rXface
+— ConcreteVolumeFat(y) -~y ... dy ...
+ DrySoilVolumeFat(hb +he, y) ~Nsdbot -+
+ SaturatedSoilVolumeFat(hb +h ,Y)"‘{ssbot
+ VariableSoilWedgeWeightFat[y ,Ysdbot » (’\{ ssbot — ’*{W)]
+ —BuoyancyWeightFat(y)-Yw
J
0
+ —StaticSoilWedgeWeightFatf“{ sdbot s (’Yssbot - w)—|
a
y .
Omaxnorth_max_soil _~ _'(O'maxnorthimaxisoil ~ Omaxnorth_min_soil ) ‘(B+2y)dy ... otherwise
o D qr ar
0
Xface
y
+‘|' |:O'maxnorth_max_soil - _'(O'maxnorth_max_soil ~ Omaxnorth_min_soil )JD dy ...
au D ar ar
a
rXface
+— ConcreteVolumeFat(y)-~yc ... dy ...
+ DrySoilVolumeFat(hb +he, y) ~Nsdbot -+
+ SaturatedSoilVolumeFat(hb +h ,Y)"‘{ssbot
+ VariableSoilWedgeWeightFat[y ,Ysdbot » (’\{ ssbot — ’*{W)]
+ —BuoyancyWeightFat(y)-Yw
J
0

+ —StaticSoilWedgeWeightFatf“{ sdbot s (’Yssbot - ’\(W)—|

P:\Mpls\35 OH\63\35631001 starwood nw ohio 102 9/13/2017
\WorkFiles\foundation\2017\10 mathcad Version 4.7




NW Ohio Wind GE 2.5-116 90m Hub Height Barr Engineering Company
Project No. 35/63-1001 Foundation Design Prepared by: LJH
Checked by: CMM3

H. Shear and Moment Summary

Results in partial tabular form:

qr = VEdminNorth = VEdmaxNorth = MfminbotNorth = MfmaxbotNorth = MémintopNorth = MfmaxtopNorth =
0 237| “kip 237| -kip 2463 | kit 2463| kit of kft -1823| kft
1 237 237 2463 2463 0 -1823
2 237 237 2463 2463 0 -1823
3 237 237 2463 2463 0 -1823
4 237 237 2463 2463 0 -1823
5 237 237 2463 2463 0 -1823
6 237 237 2463 2463 0 -1823
7 237 237 2463 2463 0 -1823
8 237 237 2463 2463 0 -1823
9 237 237 2463 2463 0 -1823
10 237 237 2463 2463 0 -1823
11 237 237 2463 2463 0 -1823
12 237 237 2463 2463 0 -1823

. . . A
ploty EdminNorth ‘= maX(VEdminNorth) PlotM.fiminbotNorth = maX(MfminbotNorth) plOtM.fmintopNorth = maX(MfmintopNorth/

ploty EdmaxNorth = maX(VEdmaxNorth) PlotM.finaxbotNorth = maX(MfmaxbotNorth) plOtM.fmaxtopNorth = maX(MfmaxtopNorﬂ

ploty EdminNorth = 1006-kip POty fiminbotNorth = 11735-kip-ft plOtM.fmintopNorth = 7934-kip-ft
ploty EdmaxNorth = 1053-kip PlotM.finaxbotNorth = 12302-Kip-ft plOtM.fmaxtopNorth = 8403-kip-ft
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Results in graphical form:

It - . .

0.8

VEdminNorth
ar 0.61

ploty EdminNorth

MfminbotNorth
qr

PlotM fminbotNorth 0474 t

N[fmintopNorthq

ploty, fmintopNorth () 5]

e o o

.88 oo
P )

!
o

T EI u.,

s ’
o 8 c':..,,

\WorkFiles\foundation\2017\10 mathcad

0 2180 4360 6540 10900
—-0.2-
qr
T . "
’ A
VEdmaxNorth hh
qr L
ploty EdmaxNorth
MfimaxbotNorth
- a EE. .: o
- o0 P o0 N
plotM. fmaxbotNorth HME . depdfaydoteeagse Lo U 0 . -,
e o o ‘1’ T11°1° ¢ '!Si g;:: 't. :;‘i" KX ¢3!::' oo . e ce * e
MfmaxtopNorth i !ng'gii‘: :”:.:.'.:,, e ) 3':"“:“ .. e
— HIH IR R Ll L
PlotM. fimaxtopNorth A HIEHTTHT §§§,gg§§g-§s L P .
- I I [T TR ™ ™ b
gc.' ::'."“" .-:."g ., . .
e 8 o o 0o o o o .
-0.5
qr
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. Transformed Section Analysis at Critical Section

The neutral axis depth in the cracked CUBIC :=0
section is governed by the following cubic

2

a-Xer B-X¢r

CUBIC =

“He

J. Compute Concrete and Steel Stresses

Xer'd 3
. . 3 : “Xer
Moment of intertia of transformed a B-x¢r he
section after the onset of cracking: CR = 3 * 12
Icr = 73.2~ft4

equation: ven Xer = 12.67-1in

- nmod'As'(dface2 - Xcr)

Xer = Find(Xer)  Xer = 12.67-in

+ nmod'As'(dface2 - Xcr)2

\WorkFiles\foundation\2017\10 mathcad

Elastic beam theory prediction of MfminbotNorth *Xer
minimum compressive stress in GeminNorth  := max| Opsi, .
concrete: ar Icr
Elastic beam theory prediction of Nimod: MfminbotNorth -(dfacez - xcr)
minimum tensile stress in OstminNorth .= max| Opsi, 4
reinforcement: ar Icr
Elastic beam theory prediction of MfmaxbotNorth  “Xer
compressive stress in concrete: GemaxNorth = 4
qr Icr

. .. n ‘M (d —
Elastic beam theory prediction of _ mod" Y fmaxbotNorth ( face? Xcr)
tensile stress in reinforcement: o-Stm‘a’d\k)rthqr - Icr
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K. Compute Twisting Moments and Steel Stresses

Map results from unique

. Qtnorth
matrices back to full b ) b i _ .
matrices: effmmNorthqr = Z effNorthqrnorth 1 Mminnorthqr = MUmquenonhqrnorth
Qrnorth = 0 . .
0 if Mminnorth  # MUniquengrth
qr qrnorth
Qtnorth
Xstart minNorth = Z XstartNorth if Mminnorth = MUniquenorth
qr Arnorth qr qrnorth
Qrnorth = 0 . .
0 if Mminnorth  # MUniquengrth
qr Arnorth
qtnorth
ffminNorth = z ffNorth if Mminnorth = MUniquenorth
qr Arnorth qr Arnorth
Qrnorth = 0 . .
0 if Mminnorth  # MUniquenorth
qr Arnorth
Qtnorth
leffminNorth = Z leffNorth if Mminnorth = MUniquenorth
qr Arnorth qr Arnorth
Qrnorth = 0 . .
0 if Mminnorth  # MUniquengrth
qr Arnorth
. . . . 2

Minimum twisting moment leffminNorthqr -C
created by transfer of bearing - 5,
stresses to the pedestal width: 1v[twist7minqr = min(beffminNorthqr: a — Xstart_ minNorth r) “ThminNorth N )
Maximum values for ploty effminNorth = maX(beffminNorth) = 5451t
plotting:

plOtx.stanfminNorth = maX(xstartiminNorth) = 3.51t

plotf fminNorth = max( ffminNorth) = 1769-psf

ploty effminNorth = Max(leffminNorth) = 54.5 ft

plOtM.twistimin = maX(Mtwistimin) = 4555-kN-m
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Results in graphical form:

beffminNorth
qr

ploty. effminNorth
e o o ¢ o 06"

Xstart_minNorth "

PlOtx.start_minNorth

il

il ittt

o
4

Fros
fmlnNorthqr 0.61

plotf fminNorth

Mtwist_min .

PlOtM.twist_min 0.4t

0.21

L] l. L] )
effmlnNorthqr 0.4+
ploty effminNorth
0.2
0 2180
1_

qr

8720 10900

0 2180

4360 6540
qr

8720 10900
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Map results from unique
matrices back to full
matrices:

Maximum twisting moment
created by transfer of bearing
stresses to the pedestal width:

Maximum values for

qtnorth
beffmaxNorth = Z beftNorth if Mmaxnorth = MUniquenoreh
qr qrnorth qr qrnorth
qrnorth =0 . .
0 if Mmaxnorth  # MUniqueporth
qr qrnorth
qtnorth
Xstart maxNorth = z XstartNorth if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
qrnorth = 0 . .
0 if Mpmaxnorth # MUniquenorth
qr qrnorth
qtnorth
ffmaxNorth = z ftNorth if Mmaxnorth = MUniquenoreh
qr qrnorth qr qrnorth
qrnorth = 0 . .
0 if Mpmaxnorth # MUniqueporth
qr qrnorth
qtnorth
leffmaxNorth = Z leftNorth if Mmaxnorth = MUniquenoreh
qr qrnorth qr qrnorth
qrnorth =0

0 if Mmaxnorth  # MUniquenorth
qr qrnorth

2
leffmaxNorth  — C]
@

2
2

Miwist max__ = min(beffmaxNorth »ad — Xgtart maxNorth )'ffmaXNorth :
qr qr qr qr

ploty effmaxNorth = maX(beffmaXNorth) = 54.51t

plotting:
plOtx.stanfmaxNorth = maX(xstartimaxNorth) = 3.51t
plotf fmaxNorth = maX(ffmaXNorth) = 1836-psf
plot effmaxNorth = max( leffmaxNorth) = 54.51t
plOtM.twistimax = maX(Mtwistimax) = 4620-kN-m
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Results in graphical form:

beffmaxNorth
qr

ploty. effmaxNorth
o o oe axiNo 06'-

Xstart_maxNorth
| qr

PlOtx.start_maxNorth

L] l. L]
effmaxNor‘chqr 0.4+
plot] effmaxNorth
0.21
0 2180

0.8

f]
fmaXNorthqr 0.61

plotf fmaxNorth

Miwist_max
_max,

PlOtM.twist_max 0.4

0.21

4360 6540 8720 10900

qr

l|mnu"umm-!l"""‘"" e

0 2180

4360 6540 8720 10900
qr
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Area of steel available in sloped
foundation section to transfer twisting
moments:

Depth to reinforcement at critical section
for flat portion of footing:

The neutral axis depth in the cracked
section is governed by the following cubic
equation:

QUBIC =

Asﬁtwist =

dfaceitwist = hy + he = cChot — dipotm

B
Win =
- '(Abotm) +

Sbotm

__Wm

.2
-~ ~(Ab0to) = 16.3-in

dfaceitwist = 61.7-in

QUBIC =0
Give

n Xer2 = 18.93-in

2Xer2 Xer2 Xer2'@
3 2 he

— Nmod As_twist' dfaceﬁtwist

Xer2 = Find(Xer2) Xer2 = 18.93-in

Moment of intertia of transformed
section after the onset of cracking:

ICR twist i=

a 3
Xer2: h_ Xer2

c 2
D) + nmod'Asitwist'(dfaceitwist - xcr2)

4
ICRﬁtWiSt = 15.0-ft

Elastic beam theory prediction of
minimum tensile stress in
reinforcement:

Elastic beam theory prediction of
tensile stress in reinforcement:

o-stminitwistqr := max| Opsi,

O'stmax_twist . =

Nmod- Mtwistiminqr'(dfaceitwist - Xch)

ICR_twist

Nmod- Mtwistimaxqr'(dfaceitwist - Xch)

IcR twist
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L. Concrete and Flexural Steel Stress Summary

Results in partial tabular form:

qr = OcminNorth = OcmaxNorth = O'stminNorth = O'stmaxNorth = Ostmin_twist = Ostmax_twist =
0 247 |psi 247 |psi 8310/psi 8310/psi 38154 |psi 38154 |psi
1 247 247 8310 8310 38154 38154
2 247 247 8310 8310 38154 38154
3 247 247 8310 8310 38154 38154
4 247 247 8310 8310 38154 38154
5 247 247 8310 8310 38154 38154
6 247 247 8310 8310 38154 38154
7 247 247 8310 8310 38154 38154
8 247 247 8310 8310 38154 38154
9 247 247 8310 8310 38154 38154
10 247 247 8310 8310 38154 38154
11 247 247 8310 8310 38154 38154
12 247 247 8310 8310 38154 38154
plote cminNorth = max(o-cminNorth) plote stminNorth = maX(GstminNonh) plOtU.stminftwist = max(o-stminitwist’
plot cmaxNorth = max(o-cmaxNorth) plots stmaxNorth = maX(GstmaxNonh) plOtU.stmaxitwist = max(o-stmaxitwis
plote cminNorth = 1176 psi plots stminNorth = 39592 psi plOtU.stminftwist = 49841 psi
plots cmaxNorth = 1233 psi plots stmaxNorth = 41506 psi plOtU.stmaxitwist = 50558 psi
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Results in graphical form:

1_

O stminNorth
qr

plots stminNorth
[eXeXe]
O'stmin_twist
_ qar

0.

PlOtc.stmin_twist

O cminNorth 0
qr -

plots cminNorth

e o o

Il

I

i

i

e ok 4,

[}
®

qr

0.8

O stmaxNorth
qr

plots stmaxNort
000 86"

O'stmax_twist
- a
.Pl.Ott.J'.stmax_twist @ @@@? 8
OcmaxNorth () ® o6
qrv-
—_ @
plots cmaxNorth @ oga@éb & ©
e o o [0
goP @
VVVVVV ®
0 2180 4360 6540 8720 10900
qr
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M. Check of Fatique in Concrete due to Compressive Stress

Material Coefficient for
Reinforced Concrete:

Characteristic Compressive
Cylinder Strength:

Normalized Structural
Compressive Strength:
Design Concrete

Compressive Strength:

Ratio between smallest and largest
stresses in compression zone:

Amplification factor to for linear stress
distribution in compression zone:

Compressive Strength for
Fatigue Check:

Exposure Factor:

Fatigue Strength Parameter:

Cycles Allowed:

NcallowNorth =
qr

Damage:

Accumulated Damage
(Section 6, M108):

Yedny = 1.35
feck = fe fock = 34.5-MPa
fcck
fon == 1= fon = 32.5-MPa
cn cck ( 600-MPa cn
fen
foq == fo.q = 24.1-MPa
Yednv
B := if (xer > 300mm, 1,0) B = 1.00
o :=max(1.0,1.3-0.3-08) o= 1.00
frq = afeq frq = 24.1-MPa
Crdny =12
Csc:=1.0
O cmaxNorth
L
C Cse fra
Idnv*
w [ O cminNorth J
|
Cse frd
NeallowNorth = 10 o
qr
Cidnv
XdnyNorth =
ar O cminNorth
- +0.1.C
Csefg ldnv

C2dnvNorthqr = max|:1 + 0-2'(10g(ncallowNorthqr) - anvNorthqr> > 1-Oj|

i O cmaxNorth i
1- &
Cse-frd
Cldnv:C2dnvNorth_ -
qr O cminNorth
qr
Cse frd
lOg(ncallowNorth ) > XdnyNorth »10 »NcallowNorth
L qr, qr qr
Nat
qr
DamageNorth = ————
ar ncallowNorthqr

DamagetotalNorth = ZDamageNorth

DamageotaiNorth = 0.00

|if (DamagetotalNorth < 1.0,"OK" ,"NG") = "OK"
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N. Check of Fatique in Concrete due to Shear

Concrete Area Resisting Shear:

Auce = 1552

Characteristic Tensile Strength: fiy = 0.48~(fCCk-MPa)O'5 fix = 2.82-MPa
£ 0.6
tk
Normalized Tensile Strength: fin == fye| 1 — fin = 2.06-MPa
g tn tk ( ) 5~MPaj tn
g = fig = 1.52-MP
Design Tensile Strength: = ~Nedny td = 1o Nra
Design Constants: ka := 100-MPa
d; := 1000-mm
Anchored Reinforcement A. = 64 2
on Tensile Side: s = 6%
dface2
Design Factor: ky = min(max(l.S - dace , 1.0) , 1.4) ky = 1.00
1
. Ag
Design Shear Strength: Vg := min| 0.3-| fig + ‘Aface kv, 0.6-fig: Aface'ky
Yednv' Aface
Ved = 1689-k
Design Shear Strength o ka-Ag
Stated in Terms of Stress: Ved == mm{o'}[ftd * ~edny- Aface kv, 0.6-fiaky Ved = 76psi
VEdmaxNorth
o«
CseVed
Cidny % -
EdminNorth
CseV
Cycles Allowed: NycallowNorth = 10 s¢Ved
qr
Cldnv
XdnyNorth =
ar VEdminNorthqr
| -——+0.1-C
Cs¢Ved v
CodnvNorth = max|:1 + 0-2'(10g(nvcallowN0rth ) — XdnvNorth ) 5 1~0i|
qr qr qr,
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[ VEdmaxNorth i
P
CscVed
Cidnv: C2dnvNorth_ -
qr VEdminNorth
e T
. CscVed
NycallowNorth = if 1Og(nvcallowNorth ) > XdnvNorth 10 > NycallowNorth
qr L qr, qr qr |
Niat "
Damage: DamageyNorth = —
NycallowNorth
qr
Accumulated Damage DamageyotalNorth = DamageyNorth —
(Section 6, M108): z DamageyiotaiNorth = 0-00 |
|if (DamagevtotalNorth < 1.0,"OK", "NG") = "OK"
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0. Check of Fatique in Grout Bearing Stress

Material Coefficient for Plain Grout:
Exposure Factor:

Fatigue Strength Parameter:

Characteristic Compressive
Grout Strength:

Normalized Structural Compressive
Grout Strength:

Design Concrete Compressive
Grout Strength:

Anchor Bolt Pretension Load:
Flange Outside Diameter:
Flange Inside Diameter:
Number of Bolts:

Embedment plate hole diameter:

Bearing area at top of grout:

Section modulus at top of grout:

.. . . .. b i =
Minimum grout fatigue stress due to wind: ~atgrt_minnorth

Maximum grout fatigue stress due to wind:

Yedny = 1.35
Clgdnv =12
Cse = 0.8
fgrtck = feog
f,
grtck
fon = foptek| | ————
gn T ek ( 600-MPaj
f,
gn

fgd =

Ygdnv
Tpre = 75-kip
OD = 4556-mm
ID = 4000-mm
N = 140
dp; = 1.625-in

7t-d 2
*Uhl
Aget = §~(OD2 "2 N
™ 4 4
Sort i= OD -1ID ) ..
grt 32.9 ( i ) i
N
2 4 2 !
T T
+ - — | N-—-d + —-dp -
o | Nt T D

fortek = 65.5-MPa

fyn = 58.3-MPa

fud = 43.2-MPa

Agt = 5501-in”

2
D; .
[7-005[%-(2)\— l)ﬂ
2
D .
+{—0~c0s[2—ﬂ~(2-)\— l)ﬂ
2 N ]

Sert = 218440-in3

(Mminnorthqr) Winean Tpre' N
+ +

S grt A grt

Agrt

(Mmaxnorthqr) Winean Tpre' N
+ +

fat_grt maxnorth ‘=
_grt | ar

S grt A grt

Agrt
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bfatﬁgrtﬁmaxnorth J
1 L

Csgfgd
C gdnv”
[ bfatigrtiminnorth
| e
Cso-foq
Cycles Allowed: Nprg ort allowNorth = 10 £
_grt qr
Clgdnv
Xbrg grt dnvNorth =
ar bfat_grt_minnorthqr
|- —————L 4 0.1-Clginy
Csgfoq

CZbrgigrtidnvNorthqr = maXI:I + 0~2'(IOg(nbrgigrtiallowNorthqr) - XbrgﬁgrtﬁdnvNorthqr) > 1~0i|

bfatﬁgrtﬁmaxnorth J
1 L

ng- fgd

Cigdnv Cobrg_grt_dnvNorth
& g8 qr [ bfatigrtiminnorth J
A

. Csgfgd
nbrgigrtiallowNorthqr =if IOg(nbrg,gI‘tiallowNorthqr) > XbrgﬁgrtidnvNorthqrs 10 >Tbrg_grt_allowNoe

Niat
qr

Damage: Damageprg ort North 1=
ar nbrg_grt_allowNorthqr

Accumulated Damage Damageprg ort totalNorth = z Damageprg ort North
(Section 6, M108): Damagehrg_grt_totalNorth = 0.06 |

[if (Damagebry grt totaiNorth < 1.0,"OK" ,"NG") = "OK"
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P. Check of Fatique in Pedestal Bearing Stress

Characteristic Compressive
Cylinder Strength:

Normalized Structural
Compressive Strength:

Design Concrete
Compressive Strength:

Grout thickness:

Bearing area at bottom of grout:

fcckp = fcp
fcckp
fenp = feckp| 1 —————
e+ Teckp ( 600-MPa
fenp
fcdp =
Yednv
to fat == tgr

fockp = 34.5-MPa

fonp = 32.5-MPa
fogp = 24.1-MPa

tg fat = 2.00-in

A = 6452-in°

. s 4
Section modulus at bottom of grout: S| = OD +t ID -t ]
1 3 ( oD + tg fat) ( g fat) ( g fat)
N .
2 : 2 2
™ 4 T 2 i -TC
+- ——|N-—-d +—-d : —-cos| —(2-X—1
(OD+tg ) | 64 0% T2 PR 2 { 2 { N )ﬂ
- A=1 2
D 2.
= cos| =X (22— 1)
.3
Sy = 253862-in
. ' 3 (Mminnorthqr) Winean Tpre'N
Minimum fatigue stress due to wind: fatminnorth . -= S - Ay - Ay
Maximum fatigue stress due to wind: (Mmaxnorthqr> Wmean  Tpre'N
bfatmaxnorth = +
qr S A A
OD +t —(ID -t
Bearing strip (radial) at bottom of grout:  Agyip 1 := ( g*fat) 5 ( g*fat) Astrip 1 = 12.9-in
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Angle of bearing within concrete:

Critical bearing angle within concrete that
defines the pedestal bottom edge:

Bearing strip (radial) within concrete at
base of pedestal:

1
QpNy = atan (E)

Olcritical := MIn| atan|

C—(OD+tg7fat)
2

hp

1
,atan| —

Astrip72 = min(AstripJ + 2'hp'tan(min(OLDNV > OLcritical)) > 4"Astrip71 > Astrip 1+ hp)

QpDNV = 26.6~deg

Qleritical = 16.1-deg

Agtrip 2 = 47.6-in

1
Design Bearing Capaci A ’
esign Bearing Capacity _ ) strip_2 3 )
Stated in Terms of Stress: Feq = fegp min ( strip. 1 1.3 Feq = 4538psi
bfatmaxnorth
1- z
CscFed
Cldnv:
bfatminnorth
P
CscFed
Cycles Allowed: NprgallowNorth = 10
qr
Cldnv
XbrgdnvNorth =
ar bfatminnorth
- +0.1-Cigny
CseFed
C2brgdnvN0rthqr = max|:1 + 0-2'(lOg(nbrgallowNorthqr) - XbrgdnvNorthqr) > 1~0i|
i bfatmaxnorth
| menomigr
Csc-Fed
Cldnv‘CZbrgngNorth : -
qr bfatminnorth
qr
. CscFed
nbrgallowNorthqr = if lOg(nbrgallowNorthqr) > XbrgdnvNorthqr: 10 anbrgallowNorthc
Nfatqr
Damage: DamageprgNorth == ———— ——
ar nbrgallowNorthqr

Accumulated Damage
(Section 6, M108):

DamageprgtotalNorth = ZDamagebrgNorth

DamagepyrgtotalNorth = 0.01 |
|if(Damagebrgt0talN0r[h < 1 .0 R "OK" s "NG" ) — "OK"
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Q. Check of Fatique in Pedestal Bursting Reinforcement

Design factors: C3 :=19.6
C4 =06
Characteristic strength of fskp = fyy fskp = 60-ksi
reinforcement:
Material coefficient for reinforcement: s := 1.00
Hoop bar size: Sizepyrst = 5

Area of radial steel bursting

reinforcement located between loaded Ay = (2 Vlookup( Sizepurst, ACI bar table, 2))
area and distribution area:

. . Astrip71
Bursting load reduction factor: E=1-— £=0.73

Astrip_Z

-in2 = O.62-in2

0

Section 6, L110

cos(90deg - min(OLDNV ) OLcritical))

Minimum fatigue force in bursting Ff minnorth ==
_ ar

reinforcement due to wind: 2'Cos(mm(OLDNVao‘critical))

cos( 90deg — min (OLDNV , OLcritical) )

Maximum fatigue force in bursting Ff maxnorth =
- r

reinforcement due to wind: 2: COS(mm(o‘DNV ) 0Lcritical))

‘| Bfatmaxnorth
qr

Ay

fatmlnnorthqr' ? . E

Ay
N €

Check maximum tensile
force in steel:

CheckForcenorthmax1 = if (max(Ffmaxnorth) >

fskb* Aburst

Vs

,"No Good" ,"Okay"j = "Okay"

Tensile force range in steel:

AF Morth,
C3-Cy-log| ——— X
10 Apurst- MPa

Cycles Allowed: NfallowNorth _ *
I

AFNorth = max[l'lbf > (Ffimaxnorth — Ff minnorth )i|
qr qr qr

. 8 . 307
nfallowNorthqr = if (nfallowNorthqr >2:107,10 anfallowNorthqr>

Nfatqr
Damage: DamagepyrstNorth =
4'  DfallowNorth
qr
Accumulated Damage DamagepussttotalNorth = Z DamagepurstNorth

(Section 6, M108):

DamagepuyrsttotalNorth = 0.01 |

|if(DamagebursttotalNorth < 0.5,"OK" ,"NG") = "OK"
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R. Check of Fatique in Bottom Steel due to Tensile Stress - Primary Direction

Design factors: Cz =19.60
C4q = 6.00
Tensile stress range in steel: ACgsiNorth = max[lpsi ,(GstmaXth — OgtminNorth )J
qr qr qr
Characteristic strength of fok =1y
reinforcement:
Material coefficient for reinforcement: ~s = 1.00

Check maximum tensile
stress in steel:

fsk
CheckStressNorthmax2 = if (max(cstmaXth) — ,"No Good" , "Okay"j = "Okay"

S
( AO'stNorthqr
C3-Cy-log| ——
- 10 MPa

. 8 . 307
nsalloWNorthqr =if (nsallowNorthqr >2:107,10 ansallowNorthqr>

Cycles Allowed: NgallowNorth _ *
qr

Nat "
Damage: Damagegnorth == —
ar  DgallowNorth
qr
Accumulated Damage DamagegtotalNorth = DamagegsNorth —
(Section 6, M108): Z DamagesiotalNorth = 0.12
|if (Damagesmtaleh < 0.5,"OK" ,"NG") = "OK"
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S. Check of Fatique in Bottom Steel due to Tensile Stress - Normal Direction

Design factors: Cz =19.60
C4q = 6.00
Tensile stress range in steel: Ao—stNorthinormalqr = max[l “psi, (O'Stmaxitwistqr - O_Sﬂnin,tWistqr)J
Characteristic strength of fok =1y
reinforcement:
Material coefficient for reinforcement: ~s = 1.00

Check maximum tensile
stress in steel:

fsk
CheckStressNorthmax3 = if (max(cstmaxtwist) — ,"No Good" , "Okay"j = "Okay"

S

( AO'stNorth_normalqr
C3—Cq-log)| ——————
10 MPa

. 8 . 307
nsalloWNorthqr =if (nsallowNorthqr >2:107,10 ansallowNorthqr>

Cycles Allowed: DgallowNorth =
I

Nat "
Damage: Damagegnorth == —
q DgallowNorth
qr
Accumulated Damage
(Section 6, M108): DamagesiotalNorth_normal = z DamagesNorth
’ DamagesiotalNorth_normal = 0.00
|if(DamagestotalNorthﬁnormal < 0.5,"OK" 5"NG") = "OK"
P:\Mpls\35 OH\63\35631001 starwood nw ohio 122 9/13/2017

\WorkFiles\foundation\2017\10 mathcad Version 4.7




NW Ohio Wind GE 2.5-116 90m Hub Height Barr Engineering Company
Project No. 35/63-1001 Foundation Design Prepared by: LJH

Checked by: CMM3

T. Check of Fatigue in Top Steel due to Tensile Stress

Depth to reinforcement at critical section

for flat portion of footing: dface2 = hp + he — cctop — 1.5digopm — 1in dfacer = 61.1-in
Depth to reinforcement at critical section dedge + dface2 .

; o face3 "= — . dface3 = 56.12-in
for sloped portion of footing: 2
The neutral axis depth in the cracked Given Xer i= 12.47-in
section is governed by the following cubic
equation:

2
W Xer B
CUBIC = — Nmod'| — Atopm '(dface2 - Xcr)
2 Stopm

-B
+ _nmod'[M'Atopm}'(dfacﬁ - Xcr)

Stopm

Xer = Find(Xer) X = 12.47-in

3
Moment of intertia of transformed Lo e Wi Xer B A d 2
section after the onset of cracking: CR = *+ Dmod* Stopm. topm ( face2 — Xcr)

(wr-B) 2
+ Nmod- —'Atopm '(dface3 - Xcr)
Stopm
4
Icr = 79.4-ft

Elastic beam theory prediction of minimun Nmod  MfmintopNorth ~(dfacez - xcr)
tensile stress in reinforcement: OstmintopNorth = qar

qr Icr
Elastic beam theory prediction of Nmod  MfmaxtopNorth '(dfacez - xcr)
maximum tensile stress in reinforcement: OstmaxtopNorth qar

qr Icr
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plOto'.stmintopNorth = max(o'stmintopNorth)
plOto'.stmaxtopNorth = max(o'stmaxtopNorth)
plote stmintopNorth = 25294 psi

ploty stmaxtopNorth = 26789 psi

o o

0.8

O stmintopNorth
ar_ 0.6

PlOtc.stmintopNorth
[oXe}e}

O stmaxtopNorth
qr

PlOtc.stmaxtopNorth 0.4

0 1816.7 3633.3 5450

100007

M .
fmlntopNorthqr 5300
kip-ft
[oXe}e)
MfmaxtopNorth
I U
kip- ft 3700
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Design factors:

Tensile stress range in steel:

Characteristic strength of reinforcement:

Material coefficient for reinforcement:

Check maximum tensile
stress in steel:

Cycles Allowed:

Damage:

Accumulated Damage
(Section 6, M107):

C3 = 19.60

C4 = 6.00

Ao-sttopNorthqr = max[l'PSi > (O'stmaxtopNorthqr - O'StmintopNorthqr)]

fik
CheckStressNorthmax4 = if(max(o-stmaxtopNorth) > = ,"No Good" ,"Okay"j = "Okay"

s
( AO'sttopNorthqr
C3-Cy-log| ——
- 10 MPa

NgallowNorth =
qr

. 8 . 307
nsalloWNorthqr =if (nsallowNorthqr >2:107,10 snsallowNorthqr>

Niat

. qr

DamagegNorth == ———————
ar nsallowNorthqr

DamagestoptotalNorth = 0.10

[if (Damagegioptotainorth < 0.5."0K" ,"NG") = "OK"

DamagestoptotalNorth = ZDamagesNonh
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U. Check Fatigue Tensile Strength of Double Verts

Characteristic strength of reinforcement:  fg, = fyy fskv = 60-ksi
Material coefficient for reinforcement: ~s = 1.00

Area of reinforcement: Ar+Am = 1.79-in2

Number of bars: n, = 140

Inner bolt circle diameter: D; = 4130-mm

Outer bolt circle diameter: Dy = 4426-mm

Average bolt circle diameter: Dayg = 4278-mm

Minimum fatigue force due to wind:

. 4. (Mminnorth qr) Winean + WP
Pfatiminis := max| Opsi, -
ar 0z Davg "

4'(Mmaxnotthqr) B Winean + WP}

Maximum fatigue force due to wind: Pfat max § =
-ooa n7-Dayg nz
Pfatﬁmaxis
qr

Maximum stress in reinforcement: OZmax == —————
qr Ar+ Ay

Check maximum tensile stress in steel:

S

foi
CheckStressNorthmaxs = if (max(O'ZmaX) > — ,"No Good" ,"Okay"j = "Okay" ‘

PfatﬁminﬁS "
Stress range in reinforcement: ACz =0zmax — 4
qr qr A+ A

{ max(107 30psi ,Aoy )
qr

C3—-Cy-log

~10 MPa

r

. 8 . 307
NZallow = if (nZallow > 2:107,10 »NZallow )
qr qr qr,

Cycles Allowed: NZallow
q

Nfatqr
Damage: Damagez; =
ar nZallowqr

Accumulated Damage Damageztotal == ZDamageZ DamagezTotal = 0.25 |
Section 6, M108):
( ) |if (DamageZTotal < 0.5,"OK" ,"NG") = "OK" |
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Xl. Reinforcement Steel Weight and Concrete Volume Estimate

A. Top and Bottom Reinforcement

Number of bottom bars within middle Dpotm o = 27.00
n+

section:
Number of bars across bottom of Npot = 43.00
. . n+5
footing at section:
Length of center bar: e D- 22'CCt0P I = 30.58 ft

Distance from middle to end of bar for | —if E 2 E \/E 0 2 0
continuous bars: b0t3ib =1 Zbotib > 5 ,max ) - Zbotib_ 5 —\ 4°CCtop, Y |, Mmax 5 — CCtop »

Distance from middle to end of bar of | a D g 0
bar for cut off bars: botd;y = Max| = = CGbot
Selection of appropriate bar end el B ib ib
distance for bar in question: lbots;,, = if| ib-Sbotm - 5 S Cdbor A 57 trune P oThotd, ootz
nbotmn+ 5 nbotn_*_ 5
Weight of bottom steel: WThot == 2 2Whom-lol + 4- z (Wbotm-lb0t5mm) +4 Z (Wb0t0~lb0t5m)
mm=1 nn = (nbotmn+5)+1
WTpot = 13.6-tonf WTpot = 27.10-kip
Number of top bars within middle Ngopm . = 29.00
section: n+s
Nurpbe.r of bars across top of footing at - — 56.00
section: Phis
Distance from middle to end of bar for r 5
continuous bars: ) B he B . B
ltopgit = | max| E + h, — : Zmpit_ 5 ,0] if Zmpit > E

B 2

B
max| E + (a - cctop)2 + hc2 ,0} otherwise
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Distance from | N B
middle to end topd; = |1 Ztop; > 2
of bar of bar -
2
f)or c.ut off B he B . B
ars: max E + || he — :~ Ziop, ~ 5 ,0] if Ziop,, > E + cdgop
2
B
—B h, B a— cd, 2
max B + {hc - —c-(ztop‘t - E):| 5 top + (a - cdtop)2 ,0| otherwise
a 1
I a— (Ztopit - Ej - \/E'Cctop
2
B a—cd
max| 3 + ](a - Cdtop)2 + {hc—( top)} ,0| otherwise
a

Selection of appropriate bar end

of B it it
distance for bar in question: liops;, = if (lt's“’pm 5 cdiop A 37 trune (5) »hopa lt"p}itj

Ntopm Ntop
n+5 n+5
Weight of top steel: WTiop = 24 2Wiopm Lot + 4 z (Wtopm'ltopsmm) + 4. Z (Wtopo'ltopsnn)
mm =1 = (nt"pmms)ﬂ
WTiop = 15.5-tonf WTop = 31.08-kip
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B. Pedestal Reinforcement

Pedestal rebar size:
Pedestal rebar spacing:

Pedestal rebar diameter:

Weight per foot of pedestal rebar:

Number of bars across top of pedestal on
one half side:

Pedestal bar counter:
Radius of rebar circle:

Cumulative spacing from centerline to
indiviudal bars:
Length of individual bars:

Total Weight of Pedestal Mat:

C. Hoop Reinforcement

Hoop bar size:

Number of Hoops:

Hoop Bar Diameter:

Sizepeq == 6
Sped = 6-in

dped = Vlookup(Sizeped,ACI_bar_table, l)o-in = 0.750-in

Ibf
Wied := Vlookup(Sizeped, ACI_bar_table,3)-Ibf + fi = 1.502.?
0.5C —cc
Nped = trunc e Nped = 17.00
Sped
ip:=0,1..npeg
C
= — = CCop r = 8.83ft
2
Yip = ipSped
yi
lped, := 2r-cos| asin 2P
1p r
Nped
WTped = 2 lped, Wped + 2 Z (1pedip.wped) WTpeq = 0.74-tonf
ip=1
Sizenoep = 6

5 hP
Nhoop = —1 + ceil a =9

dhoop := Vlookup( Sizenoop, ACI_bar_table, 1)¢-in = 0.750-in

. Ibf
Weight per foot of hoop bars: Whoop = vlookup(Sizehoop ,ACI bar table, 3)0~lbf +ft = 1.502-?
Bar length: lhoop = (C = 2-cetop — dhoop)'TF lhoop = 55.311t
Total Weight of Hoop Reinforcement: WThoop = Nhoop* hoop” Whoop WThoop = 0.37-tonf
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D. Hat Bar Reinforcement

Bar size: Sizeyg = 9

Number of hat bars: Nyt = 0.5-n,

Weight per foot of hat bars:

Total length of hat bars:

Total Weight of hat bar
Reinforcement:

E. Pedestal C-bar Reinforcement

C-bar size: Sizecpars == 6

Number of c-bars: Nepars == 0.5-N
Weight per foot of c-bars:

Total length of c-bars:

Total Weight of c-bar Reinforcement:

What := Vlookup(SizeH,ACI_bar_table,3)()-lbf +ft = 3.40-—

Ihatbar = 2+(Iqt) + 2+ (e + 5in + Iy) + s

WThatbar = What Dhat' lhatbar

Webars == vlookup(Sizerars,ACI_bar_table,3)0~lbf +ft = 1.502-?

lobars = 2(12-in) + (hp + 12in)

WTcbar := Webars Nebars: lebars

sy = 24.00-in

fpat = 70.00

Ibf
ft

lhg = 19.00-in
lhatbar = 13.67 ft

WThatbar = 1.63-tonf

Ibf

lebars = 8.00ft

WTcpar = 0.42-tonf
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F. Vertical Reinforcement

Bar size: Sizeyert = 8
Hook length: lyert2 := Ih = 16.00-in I = 16.00-in
Vertical Bar Diameter: dyert == d; dyert = 1.000-in
Number of Vertical Bars: Nyert := Ny Nyert = 140
. . . Ibf
Weight per foot of vertical bars: Wyert == vlookup(Slzeven,ACI_bar_table, 3)0~lbf +ft = 2.67-?
Straight bar length: lyert] := hg + hpe.— CChot — CCtop — 2-dped -+ lyert] = 9.66 ft
+ (_z'dlbotm) = dyert
Total length of vertical rebar: lvert := lvert1 + 2lyert2 lyert = 12.33 ft
Total Weight of Vertical Reinforcement: ~ WTyert := Nyert lvert Wyert WTyert = 2.30-tonf
G. Bursting Reinforcement
Bursting bar size: Sizepyrst = 5
Number of burst bars: Npurst := 0.5-n, Npurst = 70.00
Total length of burst bars: lpurstbar := 3-(10-in) + 2-30-in lpurstbar = 7.5 ft
Weight per foot of burst bars: Whurst = Vlookup( Sizepyrst, ACI bar_table, 3) o-1bf +- Ibf
Whurst = 1.043-—
ft
Total Weight of burst bar WThurst := Whurst: Mburst: Iburstbar WTpurst = 0.27-tonf
Reinforcement:
H. Total Steel Weight fy = 75.00-ksi
Total weight of steel in top and bottom:  WioTandB := WThot + WTiop |WtotTandB =29.1 ~t0nt1

Total weight of steel: Wiot := WTpot + WTiop + WTped + WThoop - Wiot = 34.8-ton

+ WThatbar + WTepar + WTyert + WThyrst

|Grade60 = (Wtot) — WiotTandB = 5.7-tonf1
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l. Total Concrete Volume

Total volume of concrete (assuming no

embedments):

Unit weight of steel:

Total volume of steel reinforcement:

Total volume of steel embedment ring:

Total volume of anchor bolts:

Ve = 460~yd3
Ystl := 490pcf

Wiot

Vot rebar =
Vstl

T 2 2
Vembed ring ‘= t'|:Z'(OD —-ID )j|

Uy 2 3
Vanchorﬁbolts = (hb +he + hp —he - t)'N'(Z'dSDR ) Vanchorﬁbolts =0.83-yd

Total volume of concrete (accounting for v redqux := Ve — Viot rebar -

3
Viot_rebar = 5. 3-yd

3
Vembed ring = 0.12-yd

3
Ve_redux = 454-yd

embedments): + _Vembediring - Vanchorﬁbolts
[+]
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J. Summary: Shear, Reinforcing. and Fatigue

Aggregate Size:

ACI Shear Ratio at Critical Section:

CI Shear Ratio at Critical Section:

Middle Strip Moment Ratios:
Top Steel Orthogonal Ratio:
Top Steel Cutoff Ratio:

Top Steel 45 Degree Ratio:

Bottom Steel Orthogonal Ratio:
Bottom Steel Cutoff Ratio:

Bottom Steel 45 Degree Ratio:

Two Way Shear Ratio:

Concrete Compression Fatigue:
Concrete Shear Fatigue:

Grout Bearing Fatigue:
Concrete Bearing Fatigue:
Bursting Steel Fatigue:

Steel Tension Fatigue (primary):
Steel Tension Fatigue (normal):
Steel Tension Fatigue (top):

Steel Verts Fatigue:
Total T&B Reinforcement Weight:

Total Reinforcement Weight:

Total Concrete Volume:

Value at Critical Section

|OUtPUtShearCriticaISection1 =0.38 | <1.0

|OUtpUtShearCriticaISectionZ = 0.68 | <1.0

Maximum Value of all Bins"

|Check5hear1 =0.39 | <1.0

|Check5hear2 = 0.68 | <1.0

|OutputmiadiestripRatiow = 096 | |OutputyiddiestripRatiorq = 1.47 | > 0.60
|OutputT0pSteel =0.78 | <1.0
|OUtPUtT0pSteeICut0ff =094 | <1.0
|OUtPUtT0pSteel45 = 0.81 | <1.0
|OUtPUtBottomSteel = 0.96 | <1.0
|OUtPUtBottomSteCICutoff =0.85 | <1.0
|OUtPUtBottomSteel45 =0.95 | <1.0
|Outputry owayshear = 0.42 | <1.0
veQ = 0.40 ~vw = 0.40
|DamagetotalN0nh = 0.00 | <1.0
|Damagevt0talNorth =0.00 | <1.0
|Damagebrg7grt7totalNorth = 0.06 | <1.0
|Damagebrgtotaleh = 0.01 | <1.0 apNy = 26.6-deg
M 2 " n
|DamagebursttotalN0rth = 0.01 | <0.5 Apurst = 0.62-in |CheckForceNonhmaX1 = "Okay |
|Damagest0ta1N0nh =0.12 | <0.5 |CheckStressNonhmaX2 = "Okay" |

|Damagest0talNorth7normal =0.00 | <0.5

|Damagest0pt0talNorth = 0.10 | <0.5

|DamageZT0tal =025 | <0.5
|WtotTandB = 29.1't011f1

Wtot = 34.8-ton

3
Ve_redux = 454-yd

Number of Bottom Bars in Middle Section:
Number of Bottom Bars in Outer Section:
Number of Top Bars in Middle Section:

Number of Top Bars in Outer Section:

|CheckStressNonhmaX3 = "Okay" |

|CheckStressNonhmaX4 = "Okay" |

"Okay" |

|CheckStressNonhmax5

Wiot — WiotTandB = 5.74-tonf

|NBotMidBars =55 |

|NBotOutBars =16 |

|NT0pMidBars =359 |

|NT0pOutBars =27 |
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XIl. Foundation Drawings and Specifications
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BUILDING AND DESIGN CODES:

NTERNATIONAL BUILDING CODE 2012, INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS.
25'~10" MIN. LIMIT OF BUILDING CODE_REQUIREMENTS FOR STRUCTURAL CONCRETE, ACl 318, 2011, AMERICAN CONCRETE
COMMON FILL COMPACTION REQUIREMENT ¢ TOWER TOWER INSTITUTE.
COMMON FILL COMPACT TO \\\ . WIND TURBINE AND TOWER:
PEDESTAL A O OCTOR DENSITY SPREAD — FINISHED — PEDESTAL GRADE AT 1/4 INCH S MAX. DESIGN .
AN 96 Per DRY DENSITY FOOTING GRADE PER FOOT (TYP) - GROUNDWATER © MANUFACTURER: GE
. X - | ELEVATION MODEL: 2.5—116
& - \ - POWER OUTPUT: 2.5 MW
=) v /
7 ~ \ | A | T / - TURBINE HUB HEIGHT: 90m
o ) RN \ R Tl // /// : ROTOR DIAMETER: 116m
[} ® ~ —— 1 T _ ]
© _ - - -
2 2 4 P //\L | | ~—~_ /) 7 e DESIGN SERVICE LOADS:
(=) - T -
- = —— = - |- =7 o= (bieieiebiielrsiieieie oo =1
w + UNFACTORED SERVICE LOADS DUE TO NORMAL EXTREME WIND CONDITION IEC CLASS S
5 SUBGRADE — FOLLOW —— 120" MIN. - (APPLY 1.4 LOAD FACTOR TO LOADS SHOWN BELOW TO OBTAIN FACTORED LOADS)
S EXCAVATION SLOPE TO BE VERIFIED RECOMMENDATIONS OF OVERTURNING MOMENT, Mxy = 45,003 kN—m
— BY OTHERS TO MEET OSHA REFERENCE 2 HORIZONTAL BASE SHEAR, Hxy = 512 kN
TOWER — REQUIREMENTS VERTICAL TOWER LOAD, Wz = 2,699 kN
N ELEVATION: TOWER FOUNDATION UNFACTORED SERVICE LOADS DUE TO ABNORMAL EXTREME WIND CONDITION IEC CLASS S
M5t E?_g 5 10 (APPLY 1.14 LOAD FACTOR TO LOADS SHOWN BELOW TO OBTAIN FACTORED LOADS)
TIE OVERTURNING MOMENT, Mxy = 55,693 kN—m
™ SCALE IN FEET HORIZONTAL BASE SHEAR, Hxy = 692 kN
=N ¢ TOWER TOWER VERTICAL TOWER LOAD, Wz = 2,625 kN
N
8,
> \ / TOWER BOTTOM FLANGE SEE 2 TOWER MISALIGNMENT LOADING, Mxy = 1,335 kN—m
| #6 @ & Now © N/ FOUNDATION DESIGN DATA:
y elm | 0.C. EW.
L 18'-0§" _I_ 25'-54" (TYP) _I_ 18'-04" ~ B ] FATIGUE LIFE: 20 YEARS BASED ON FATIGUE LOADING PROVIDED IN REFERENCE 1
' -6 () ¥ e | | Iy ©) #° HooPs REFERENCE DOCUMENTS
- e :
I . [ L */ (70) #5 BARS W/ACI STANDARD S0 HOOKS —
PLAN: TOWER FOUNDATION :’é N | T HH t7 2(70) #8 C—BARS W/ACI 30" 1. GE RENEWABLE ENERGY A/S, "FOUNDATION LOAD SPECIFICATION FOR WIND TURBINE GENERATOR
3/32"=1"-0" 10 20 30 g ! Z’ - T STANDARD 90" OR 180" HOOKS AS SHOWN SYSTEMS, STARWOOD OHIO/USA (GE PROJECT 1022819) 2.5-116 60 Hz, 90m HUB HEIGHT, COLD
G o3 22 '(5,77% Dﬁ% DZQSARF?OSV K/S,‘m WEATHER EXTREME, IEC CLASS S”, rO1 DATED 2017-09-05.
z .
TOWER SHELL 23&{3{"@3&&1&'”“5 = / s 2. BARR ENGINEERING COMPANY, "GEOTECHNICAL ENGINEERING REPORT, NORTHWEST OHIO WIND
#11 ASTM AB15 e SLEEVE AND. BoLT | - TOP REINFORCEMENT PROJECT, PAULDING COUNTY, OHIO”, PREPARED FOR STARWOOD ENERGY GROUP GLOBAL,
ANCHOR BOLT EE DECEMBER 2014
MIN. 75 KIP PRETENSION 70 g9 —— | | TV
M HAT BARS — 1 3. BARR ENGINEERING COMPANY, "FOUNDATION DESIGN CALCULATIONS, GE 2.5—116 90m HUB
o~ 24" \ g HEIGHT, NORTHWEST OHIO WIND PROJECT, PAULDING COUNTY, OHIO”, PREPARED FOR WHITE
HEAVY HEX NUT g PROVIDE STANDEES CONSTRUCTION INC., DATED SEPTMEBER 2017.
T&B W/ HARDENED ~ = |z ‘ AS REQUIRED TO ,
A NG SUPPORT TOP MAT
WASHER T&B ° 25 0" A MIN. 28—DAY COMPRESSIVE STRENGTH CONCRETE
- P . / 5,000 PSI
BOTTOM FLANGE T.0.C. Je " /| 7 /
- 19 TR T e S T ATy —— // MIN. YIELD POINT STRENGTH OF REINFORCING BAR:
BOTTOM FLANGE GROUT | e = Y L TOP AND BOTTOM REINFORCEMENT: 75 KSI
7/ R 3" BOTTOM BOTTOM REINFORCEMENT LEAN CONCRETE ALL OTHER REINFORCEMENT: 60 KSI
EMBEDMENT RING c.c.c. SEE A TO PROTECT AND
o SEE LEVEL SUBGRADE
WRAP EXPOSED ANCHOR — RIS N
WITH FOAM INSULATION L 5|2 SECTION: TOWER FOUNDATION MIN. STRENGTH OF ANCHOR BOLTS:
‘ Lo 3/8"=1"-0" ¢ > 4 5 - TENSILE STRENGTH 100 KSI YIELD STRENGTH 75 KSI
~ ©0 [N 1 I R
SDR—21 THICKNESS " ~
PVC SLEEVE P 27 MIN. w SCALE IN FEET w MIN. 28—DAY COMPRESSIVE STRENGTH OF NON—-SHRINK GROUT:
BOTH SIDES g P TOWER SYMMETRICAL g 9,500 PSI
TOP REINFORCEMENT |POTTOM REWFORCEMENT MIN. YIELD POINT STRENGTH OF EMBEDMENT PLATE:
6" 9 2 . =
[ N N | | zf‘. gu:: 36 KSI
SCALE S o
1 5/8" HOLES <15 gs ESTIMATED CONCRETE VOLUME:
1 THIGK PLATE zo é‘e FOOTING: 410 CUBIC YARDS
ge Se PEDESTAL: 47 CUBIC YARDS
=< | O
EMBEDMENT Co >
RING s |4 = * ESTIMATED WEIGHT OF STEEL REINFORCING:
SRER) g 3. = REINFORCEMENT:
& § 5 § S @E Qw' GRADE 75: 29.1 TONS
5 4 BE I |u 36 : 28 GRADE 60: 5.7 TONS
5o — = |2 3 <
I I
ot — —— % s £ 2 £
I ggwEG SPLICE, |3 < 5 é"\ 3 éﬂ COARSE AGGREGATE GRADATION:
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—~ = —~ w
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- - ~ = = | ~ L vy,
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1.0 GENERAL REQUIREMENTS AND SUBMITTALS LEAN CONCRETE FILL BE PLACED AS LEVEL AS PRACTICAL TO FACILITATE PLACEMENT OF DURING PLACEMENT OF CONCRETE. REBAR THAT DEFLECTS BUT RETURNS TO ITS ORIGINAL 5. AFTER PLACEMENT OF CONCRETE PEDESTAL, PREVENT WATER FROM ENTERING THE SLEEVE
A GENERAL THE REINFORCING STEEL AND EMBEDMENT RING. POSITION IS ACCEPTABLE. ANNULUS FROM THE TOP SURFACE PRIOR TO SETTING OF TOWER AND GROUTING OF
1 TTHE REQUIREMENTS SPECIFIED HEREIN APPLY TO THE FOLLOWING DRAWINGS: 8.  BACKFILL AND COMPACTION: PLACE AND COMPACT COMMON FILL MATERIALS TO THE LIMITS, | 3.  REINFORCEMENT SHALL BE FREE OF LOOSE RUST, MILL SCALE, EARTH, ICE, CONCRETE, OR BASEPLATE.
" 4 NORTHWEST OHIO WIND PROJECT. DRAWING S—01. SPREAD FOOTING FOUNDATION DEPTH AND DRY DENSITY INDICATED ON DRAWING S—01. IN ADDITION TO THE DRY DENSITY OTHER MATERIALS WHICH COULD PREVENT BONDING TO NEW CONCRETE. 6.  AFTER SETTING AND GROUTING OF THE LOWER TOWER SECTION(S) AND AFTER THE
: ’ ’ REQUIREMENT, BACKFILL MUST BE COMPACTED TO A MINIMUM OF 95% STANDARD PROCTOR. | 4.  SET FORMWORK PER ACI 347 IN ACCORDANCE WITH SPECIFIED DIMENSIONS AND CONCRETE AND GROUT HAS ACHIEVED THE REQUIRED STRENGTH GIVEN IN SECTION 7.0, USE
B. SUBMITTALS PLACE FILL IN MAXIMUM LOOSE LIFTS OF 12 INCHES OR LESS TO ACHIEVE THE SPECIFIED TOLERANCES. PREVENT FORMWORK FROM DEFLECTING GREATER THAN 1 INCH DURING AN APPROVED TENSIONING PROCEDURE TO APPLY A LOCK—OFF FORCE TO EACH ANCHOR
1. TSUBMITTALS SHALL BE MADE A MINIMUM OF ONE WEEK PRIOR TO INCORPORATION INTO THE DENSITY. ADDITIONAL DRYING OF BACKFILL MATERIAL MAY BE NECESSARY TO ACHIEVE THESE PLACEMENT OF CONCRETE. FORMWORK MUST BE REMOVED AFTER CONCRETE WORK IS BOLT WHICH IS NO GREATER THAN 8 KIPS MORE THAN THE SPECIFIED TENSION FORCE. THE
WORK. THE FOUNDATION ENGINEER (BARR) WILL REVIEW SUBMITTALS, INCLUDING THE SPECIFICATIONS. BACKFILL MAY BE PLACED WHEN THE FOOTING AND PEDESTAL HAVE COMPLETED. LOCK—OFF FORCE SELECTED BY THE CONTRACTOR SHOULD ACCOUNT FOR TENSION LOSSES
TG A INSPECTION. BEGORDS 10 CHCK CONCOBMANGE W THE DRAWINGS. AND REACHED 2,000 PSI. 5. PLACE CONCRETE IN ACCORDANCE WITH ACl 318. PLACE SUCCESSIVE LIFTS OF CONCRETE DUE TO THE TENSIONING PROCEDURE TO ENSURE THE SPECIFIED TENSION TEST VALUE IS
SPECIFICATIONS. . THE REVIEW DOES NOT RELIEVE THE CONTRACTOR FROM RESPONSIBILTY 9. GRADE THE SITE IN ACCORDANCE WITH DRAWING S—01 TO PREVENT WATER FROM PONDING AS QUICKLY AS POSSIBLE TO ENSURE PROPER AMALGAMATION OF CONCRETE BETWEEN ACHIEVED. THE TENSIONING EQUIPMENT FOR THE ANCHOR BOLTS SHOULD BE CALIBRATED IN
FOR ERRORS m CONSTRUCTION OF THE WORK DUE TO ERRORS CONTAINED IN THOSE OVER THE FOUNDATION WHILE MAINTAINING AT LEAST THE MINIMUM DEPTH OF FILL SUCCESSIVE LIFTS. ACCORDANCE WITH THE APPROVED PROCEDURE ON A REGULAR BASIS TO ENSURE REQUIRED
BOCUMENTS SPECIFIED ON THE DRAWINGS. RESTORE THE SITE IN ACCORDANCE WITH OWNER 6.  CONSOLIDATE CONCRETE IN ACCORDANCE WITH ACI 318 PREVENTING THE FORMATION OF TENSIONS ARE ACHIEVED.
- REQUIREMENTS. JOINTS, VOIDS, HONEYCOMBING OR SEGREGATION OF AGGREGATE.
2. SUBMIT ONE ELECTRONIC COPY OF THE SUBMITTALS SPECIFIED TO THE FOUNDATION a 7. ROUGH FINISH TOP OF CONCRETE FOOTING USING A ROLLER SCREED. € G
ENGINEER AT THE FOLLOWING: ~BARR ENGINEERING COMPANY E. IESTING AND INSPECTION 8. PRIOR TO PLACING PEDESTAL CONCRETE, CLEAN CONCRETE SURFACE WITH AR OR WATER 1. SUBMIT 3 LABORATORY TENSION TESTS FOR ANCHOR BOLTS FOR EACH HEAT NUMBER
ATTN: MR. CHUCK BEAUZAY 1. FOR EVERY 2500 CUBIC YARDS OF PLACED COMMON FILL, OBTAIN SAMPLES OF COMMON TO REMOVE DEBRIS AND OTHER LOOSE MATERIAL FROM TOP OF FOOTING. FURNISHED, COMPLETE WITH THREADS, PERFORMED BY AN INDEPENDENT TESTING
3. SUBMIT A LIST OF THE TESTING COMPANIES THAT WILL BE UTILIZED ON THE PROJECT FOR FILL MATERIALS AND PERFORM AND SUBMIT GRAIN SIZE ANALYSIS PER ASTM D422, 9. TROWEL AND BROOM FINISH TOP OF PEDESTAL. LABORATORY. PERFORM TEST IN ACCORDANCE WITH ASTM A370, AND REPORT YIELD STRESS
PERFORMANCE OF TESTS SPECIFIED. MOISTURE CONTENT PER ASTM D2216, AND STANDARD PROCTOR MAXIMUM DRY DENSITY PER | 10. CURE CONCRETE FOOTING AND PEDESTAL IN ACCORDANCE WITH ACI 318 AND 308. IF A AND TENSILE STRESS.
4. SUBMIT NAME AND QUALIFICATIONS OF THE GEOTECHNICAL ENGINEER. ASTM D698. CURING MEMBRANE IS USED, APPLY CURING MEMBRANE AS SOON AS BLEEDING HAS 2. AFTER ALL BOLTS HAVE BEEN TENSIONED, A MINIMUM OF 10% OF THE TOTAL BOLTS
5. SUBMIT INFORMATION (TESTING RESULTS, PRODUCT DATA, CONSTRUCTION DETAILS, ETC.) AS 2. FOR ALL PLACED AND COMPACTED COMMON FILLS AROUND THE FOUNDATION, PERFORM AND STOPPED AND FREE WATER HAS DISAPPEARED FROM THE SURFACE. INSTALLED PER FOUNDATION SHALL BE RANDOMLY TESTED TO VERIFY THAT THE SPECIFIED
LISTED IN THE FOLLOWING SECTIONS: 2.B, 3., 4.B, 5.B, AND 6.B. SUBMIT ONE DENSITY TEST PER LIFT INDICATING TEST LOCATION, DRY DENSITY AND 11.  ALL METAL DEVICES USED TO SUPPORT FORMWORK OR TEMPORARY BRACING THAT ARE TENSION LOAD HAS BEEN ACHIEVED BY USE OF AN APPROVED TENSION TESTING
MOISTURE CONTENT PER ASTM D6938. EMBEDDED IN THE FOOTING OR PEDESTAL SHALL BE REMOVED TO A DEPTH OF ONE INCH PROCEDURE. IF ANY OF THE BOLTS DO NOT MEET THE REQUIRED TENSION TEST VALUE,
3. PROVIDE A SUBGRADE INSPECTION REPORT TO BE COMPLETED BY A GEOTECHNICAL FROM THE SURFACE OF THE CONCRETE AND FILLED WITH GROUT. THEN ALL BOLTS OF THE TOWER MUST BE RETENSIONED AND THE TENSION TEST MUST BE
2.0 EXCAVATION, SUBGRADE PREPARATION, BACKFILL, & ENGINEER FOR EACH FOUNDATION. 12, ALL HOOKS SHOWN ON REBAR SHALL BE STANDARD HOOKS (UNO). REPEATED. REPEAT THE PROCEDURE UNTIL AL THE TENSION TESTS PASS.
COMPACTION 13.  ANY SHRINKAGE CRACKS IN EXCESS OF 0.012 INCHES (0.3mm) IN WIDTH SHALL BE
A GENERA 3.0 CAST—IN—PLACE CONCRETE AND STEEL REINFORCING SEALED WITH AN ENGINEER APPROVED PRODUCT. 5.0 TOWER BASE GROUT
1. COORDINATE THE EXCAVATION, SUBGRADE PREPARATION, BACKFILL, COMPACTION, AND A 14.  JOBSITE ADDITION OF WATER TO AIR ENTRAINED CONCRETE IS PROHIBITED. A
GRADING ACTIVITIES WITH THE REFERENCED GEOTECHNICAL DOCUMENTS ON DRAWING S—01. 1. CONCRETE WORK SHALL BE IN COMPLIANCE WITH THE FOLLOWING CODES AND 5. MONITOR MASS CONCRETE TEMPERATURES IN ACCORDANCE WITH THE MASS CONCRETE 1. COORDINATE GROUTING PROCEDURES WITH THE REQUIREMENTS OF THE TOWER
SPECIFICATIONS: TEMPERATURE CONTROL PLAN. MANUFACTURER.
B. SUBMITTALS a.  ACI 301, STANDARD SPECIFICATIONS FOR STRUCTURAL CONCRETE. . B. SUBMITTALS
1. SUBMIT GROUNDWATER AND SURFACE WATER CONTROL PLAN. b.  ACl 308, STANDARD SPECIFICATION FOR CURING CONCRETE. - JESTING AND INSPECTION 1. SUBMIT MANUFACTURER'S GROUT PRODUCT DATA AND MANUFACTURER'S APPROVED MIXING
2. SUBMIT SUBGRADE STRENGTH AND UNIFORMITY VERIFICATION METHOD. c. ACI 318 (CURRENT EDITION), BUILDING CODE REQUIREMENTS FOR STRUCTURAL 1. FOR EACH FOOTING PLACED, CAST A MINIMUM OF (2) 6—INCH OR (3) 4—INCH DIAMETER PLACING AND CURING INSTRUCTIONS FOR GROUT TO BE PLACED.
3. SUBMIT SUBGRADE INSPECTION REPORT FOR EACH FOUNDATION COMPLETED BY A CONCRETE. CONCRETE CYLINDERS PER ASTM C31 FOR EVERY 150 CUBIC YARDS, OR FRACTION 2 SUBMIT GROUT CUBE STRENGTH TEST RESULTS.
GEOTECHNICAL ENGINEER. d.  ASTM C94, STANDARD SPECIFICATION FOR READY—MIX CONCRETE. THEREOF, OF CONCRETE PLACED FOR LABORATORY STRENGTH TESTING PER ASTM C39. 5. SUBMIT CONTRACTOR'S TOWER BASE SETTING/GROUTING PLAN.
4. SUBMIT GRAIN SIZE ANALYSIS PER ASTM D422, NATURAL MOISTURE CONTENT PER ASTM e.  ASTM C172, STANDARD PRACTICE FOR SAMPLING FRESHLY MIXED CONCRETE. PERFORM ONE "STRENGTH TEST” AT 28 DAYS FOR EVERY 150 CUBIC YARDS, OR FRACTION C. PRODUCTS
Eﬁ@blﬁNaAngégEgRD PROCTOR MAXIMUM DRY DENSITY PER ASTM D698 FOR COMMON 2. CONCRETE SHALL MEET THE REQUIREMENTS OF ACI 318, TABLES 19.3.1.1 AND 19.3.2.1 THEREOF, OF CONCRETE PLACED ("STRENGTH TEST" = AVERAGE OF (2) 6—INCH OR (3) 1 EPOXY NON—SHRINK GROUT: PREPACKAGED EPOXY GROUT WITH A MINIMUM COMPRESSIVE
- FOR EXPOSURE CLASSES ’F2’, 'SO’, 'WO’, AND ‘C1’. 4—INCH CYLINDER BREAKS). FOR EACH FOOTING PLACED, CAST (2) 6—INCH OR (3) STRENGTH AFTER 28 DAYS ACCORDING TO ASTM C579 AS SHOWN ON DRAWING S—01 AND
5. E(l)Jg/'\w'I!ITOI\?OO'\AFPéI%IS’I?ND.II-REYS.II-Z)E’T\IESSI%TSAN?RMC’;I"S:II:U;IEA%%[I)\ITEKFFROIHiLZgLEJgD?IEEN INDICATING 4—INCH ADDITIONAL CONCRETE CYLINDERS PER ASTM C31, AND IF NECESSARY PERFORM A MAXIMUM COEFFICIENT OF THERMAL EXPANSION OF 30 X 10—6 IN/IN/'F IN ACCORDANCE
; ’ B. SUBMITTALS ONE "STRENGTH TEST” PER ASTM C39 AT 56 DAYS. CAST ADDITIONAL CYLINDERS AS WITH ASTM C531.
C. PRODUCTS 1. FOR EACH CONCRETE TYPE USED, SUBMIT FOR APPROVAL A MIX DESIGN CERTIFIED BY A REQUIRED TO DETERMINE CONCRETE STRENGTH AT OTHER TIMES. 2. CEMENTITIOUS NON—SHRINK GROUT: PREPACKAGED GROUT CONFORMING TO ASTM C1107,
1. T LEAN CONCRETE: CONTAINING ASTM C150. TYPE | OR ASTM C1157, TYPE GU CEMENT. PROFESSIONAL ENGINEER (LICENSED IN OHIO) AND MEETING THE MINIMUM SPECIFIED 2. FOR EACH PEDESTAL, CAST A MINIMUM OF (4) 6—INCH OR (6) 4—INCH DIAMETER WITH A MINIMUM COMPRESSIVE STRENGTH AFTER 28 DAYS ACCORDING TO ASTM C109, AS
COMPRESSIVE STRENGTH AND THICKNESS SHALL BE SUFFICIENT TO SUPPORT REINFORCING REQUIREMENTS. CONCRETE MIX SHALL BE PROPORTIONED ACCORDING TO THE REQUIREMENTS CONCRETE CYLINDERS PER ASTM C31 FOR LABORATORY STRENGTH TESTING PER ASTM C39. SHOWN ON DRAWING S—01.
STEEL AND ANCHOR BOLT CAGE DURING CONSTRUCTION. OF ACl 318, CHAPTER 5 ON THE BASIS OF FIELD DATA OR TRIAL MIXTURES. PERFORM ONE "STRENGTH TEST” AT 28 DAYS ("STRENGTH TEST” = AVERAGE OF (2) D. EXECUTION )
2. COMMON FILL: SHALL CONSIST OF SUITABLE UNFROZEN MATERIALS EXCAVATED FROM THE R O A e o O o ROJECT: 6=INCH OR (3) 4~INCH CYLINDER BREAKS) AND IF NECESSARY ONE AT 56 DAYS. CAST 1. MIX, PLACE, AND CURE GROUT IN ACCORDANCE WITH APPROVED MANUFACTURER'S
FOUNDATION SITE OR IMPORTED AS NECESSARY. ADDITIONAL CRUSHING AND SCREENING " REQUIREMENTS OF ASTM C33 ADDITIONAL CYLINDERS AS REQUIRED TO DETERMINE CONCRETE STRENGTH AT OTHER TIMES. INSTRUCTIONS.
MAY BE REQUIRED TO PROCESS THE MATERIAL TO THE SPECIFIED REQUIREMENTS BELOW. 4 SUBMIT REINFORCING FABRIGATION AND PLACEMENT SHOP DRAWINGS 3. PERFORM A MINIMUM OF ONE AR TEST PER ASTM €231 AND A MINIMUM OF ONE SLUMP 2. FOR CEMENT GROUTS, PROVIDE GROUT SHOULDERS IN ACCORDANCE WITH DRAWING DETAILS.
a.  MATERIALS BACKFILLED WITHIN 1 FOOT OF ANY CONCRETE SHALL BE FINE, WELL 5 SUBMIT MILL REPORTS OF REINFORCING STEEL. CONFIRMING THE GRADE AND STRENGTH OF TEST PER ASTM C143 PER SET OF CYLINDERS CAST. RECORD AMBIENT AIR TEMPERATURE DO NOT ALLOW GROUT TO BE PLACED AGAINST THE SIDE OF THE TOWER FLANGE.
GRADED MATERIAL WITH PARTICLE SIZE NO GREATER THAN 3 INCHES. " REINFORGING STEEL PROVIDED ON THE PROJEGT AND CONCRETE TEMPERATURE PER ASTM C1064. 3. FOR EPOXY GROUTS, POUR GROUT ACCORDING TO THE MANUFACTURER'S RECOMMENDATIONS.
b.  MATERIALS BACKFILLED BEYOND 1 FOOT OF ANY CONCRETE MAY CONSIST OF ALL 6. SUBMIT QUALITY CONTROL FIELD TESTS OF AR GONTENT. SLUMP. AR TEMPERATURE. AND 4. PERFORM TESTING AND INSPECTION REQUIRED BY THE MASS CONCRETE TEMPERATURE IF GROUT IS PLACED UP THE SIDE OF THE TOWER FLANGE, PROVIDE A 1/4 INCH
OTHER EXCAVATED MATERIALS PROVIDED THEY MEET THE DENSITY REQUIREMENTS AND  CONCRETE TEMPERATURE i ' g CONTROL PLAN. EXPANSION JOINT BETWEEN THE TOWER FLANGE AND THE GROUT, AND SEAL EXPANSION
CAN BE PLACED USING METHODS THAT WILL PREVENT VOIDS FROM OCCURRING. 7. SUBMIT CONGRETE CYLINDER STRENGTH TEST RESULTS JOINT WITH AN APPROVED SEALANT.
3. ENGINEERED FILL: CONTACT FOUNDATION ENGINEER IF NEEDED BASED ON SUBGRADE 5 SUBMIT A PLAN FOR HOT AND COLD WEATHER PROTEGTION OF CONGRETE IN ACCORDANGE 4.0 ANCHOR BOLTS AND EMBEDMENT RING 4. ONCE GROUT CUBES ARE MOLDED IN THE FIELD THEY SHALL REMAIN UNDISTURBED AND
INSPECTION. W ACI 305-306 A GENER PROTECTED FROM EXTREMES IN TEMPERATURE AND VIBRATION AT THE PROJECT SITE FOR AT
D. EXECUTION 9. SUBMIT A PLAN FOR CONCRETE CURING IN ACCORDANCE WITH ACI 308. 1. PRODUCTS, SUBMITTALS, EXECUTION, AND TESTING ARE SPECIFIED TO PROVIDE DURABLE . Eﬁi 18 HOURS.
1. CONFIRM LOCATION OF TURBINE COORDINATES IN THE REFERENCED GEOTECHNICAL 10.  ASR REQUIREMENTS: IF AGGREGATES CONTAIN POTENTIALLY REACTIVE MATERIALS (AS ANCHOR BOLTS AND EMBEDMENT PLATES. 1. CAST MINIMUM OF 9 GROUT CUBES FOR EACH FOUNDATION.
DOCUMENT ON DRAWING S—01. IF TURBINE COORDINATES ARE OFFSET BY MORE THAN 50 gsg;;ﬁ'#g;BgES?S'EsOTN;EiTﬁgTTxE;‘g%S Nf.:},;ﬁ%ﬂc ”¢ST;'1U é::sAsAPT:ENgg(sJ(CT)s' oF B. SUBMITTALS 2. PERFORM TWO LABORATORY "GROUT STRENGTH TESTS” PER ASTM C109 AT 28 DAYS
FEET, OBTAIN WRITTEN INSTRUCTIONS FROM THE FOUNDATION ENGINEER AS TO THE MEANS ' 1. SUBMIT PRODUCT DATA AND SHOP DRAWING FOR ANCHORS AND HARDWARE. ("GROUT STRENGTH TEST” = AVERAGE OF THREE CUBE BREAKS) AND IF NECESSARY ONE
OF ADDITIONAL INVESTIGATION TO BE UNDERTAKEN. OBTAIN WRITTEN CONFIRMATION FROM TESTING TO ASTM C295, €289, C1293, OR C1260. IF THESE TEST RESULTS INDICATE THE | ° 2 ol (Tom 0 o0 oo UCT SAMPLE OF THE ANGHOR COMPLETE WITH WASHER AND AT A LATER DATE. CAST ADDITIONAL GROUT CUBES AS REQUIRED TO DETERMINE STRENGTH
THE GEOTECHNICAL ENGINEER THAT THE SPECIFIED INVESTIGATION WAS COMPLETED. TAggRgggTPEC;ss S;REMEAEQSEQ/SE, Ws"EJLBw;rlergré IﬁLYMEﬁGTlggRPTLSN,P ng\(/:lgg?mgoxggcgnoru THAT o AT OTHER TIMES.
2. REMOVE TOPSOIL FROM THE PLAN AREA AND STORE IN AN OWNER DESIGNATED AREA. THE .
TOPSOLL SHALL BE USED FOR SITE RESTORATION. EXPANSION. THIS VERIFICATION SHALL GONSIST OF THE RESULTS OF TESTS PERFORMED 3. SUBMIT MILL CERTIFICATES FOR ANCHORS INDICATING YIELD AND TENSILE STRENGTH OF
3. EXCAVATE SOILS OR ROCK TO THE LIMITS INDICATED ON DRAWING S-01 USING TECHNIQUES ACCORDING TO ASTM C1567, AASHTO T303, OR ASTM C1293. ANCHORS. 6.0 MISCELLANEOUS CONCRETE EMBEDMENTS
THAT WILL MINIMIZE DISTURBANCE TO THE SUBGRADE. CONTRACTOR SHALL BE RESPONSIBLE | 11. SUBMIT FOR APPROVAL A MASS CONCRETE PLACEMENT AND TEMPERATURE CONTROL PLAN 4 ?ﬂ?”&mbh cszsgéﬂgﬂzs’g%%mgégszwzm RING INDICATING THAT THE MATERIAL MEETS | A GENERAL
FOR CONTROL OF SURFACE WATER AND/OR GROUNDWATER FLOWS INTO THE EXCAVATION. MEETING THE REQUIREMENTS OF ACl 301 CHAPTER 8 AND ACI 207.1R. Q - 1. COORDINATE THE LOCATION AND PLACEMENT OF GROUNDING GRIDS, CONTROL CONDUIT AND
4. COMPACTION OF IN-SITU SOILS IS NOT REQUIRED WHERE CLAYEY SOILS ARE PRESENT AT O SUBMIT A TORIONNG. CALIBRATION PROCEDURE FOR REViEW, INCLUDING v ELECTRICAL CONDUIT.
" THE EXCAVATION BASE. AT TURBINE SITES WHERE SANDS ARE ENCOUTERED AT THE c. lo 6. SUBMIT A TENSIONING CALIBRATION PROCEDURE FOR REVIEW, INCLUDING VERIFICATION THAT B. SUBMITTALS
FOUNDATION BASE ELEVATION, PERFORM SURFACE COMPACTION WITH A MINIMUM OF ONE 1. REINFORCING BARS: TO ASTM A615, GRADE 60 OR GRADE 75 AS NOTED ON DRAWING N L SOYIDED, AND TENSIONING METHODS USED ARE DELIVERING THE 1. SUBMIT CONDUIT PLACEMENT DETAILS TO THE FOUNDATION ENGINEER FOR APPROVAL
PASS THROUGHOUT THE EXCAVATION BASE. S—01, DEFORMED, UNCOATED. 7. SUBMIT A TENSIONING PROCEDURE FOR REVIEW. SHOWING DISTANCE FROM TOP OF PEDESTAL TO TOP CONDUIT PENETRATION (THROUGH SIDE
5. IF, IN THE COURSE OF EXCAVATING THE FOUNDATION, THE BASE OF THE EXCAVATION 2. CEMENT: TO ASTM C150, TYPE I, OR ASTM C1157, TYPE GU. &  SUBMIT A TENSION TESTING PROCEDURE FOR REVIEW. OF PEDESTAL).
BECOMES RUTTED, DAMAGED OR IS OTHERWISE DETERMINED TO BE OF INADEQUATE 3. FLY ASH: TO ASTM C618, CLASS C OR F (IF SPECIFIED). 9. SUBMIT TENSION TEST DATA FOR ANCHOR BOLTS THAT ARE TESTED INDICATING BOLT C. PRODUCTS
CHARACTER, PERFORM THE FOLLOWING ACTIONS: 4.  MINIMUM CEMENTITIOUS CONTENT: IN ACCORDANCE WITH APPROVED MIX DESIGN. LOCATION AND TENSION VALUE. 1. NO ITEMS.
a.  SILTS OR CLAYS: SUBCUT THE EXCAVATION A MINIMUM OF 6 INCHES BEYOND THE 5. COARSE AND FINE AGGREGATES: TO ASTM C33, GRADATION IN ACCORDANCE WITH 10.  SUBMIT EMBEDMENT RING AND TEMPLATE RING SHOP DRAWINGS. D. EXECUTION
DEPTH OF THE INADEQUATE SOILS AND REPLACE WITH LEAN CONCRETE OR SPECIFICATIONS AND APPROVED MIX DESIGN. NOMINAL MAXIMUM AGGREGATE SIZE SHALL BE 1 VERIFY THE LOCATION OF MISCELLANEOUS CONCRETE EMBEDMENTS AND CONDUIT SO AS
ENGINEERED FILL. CONTACT FOUNDATION ENGINEER FOR ENGINEERED FILL égggﬁrfﬁsgN DRAWING S—01. ALL AGGREGATES MUST BE NON-REACTVE WITH CEMENT TO | o ppopycts NOT TO INTERFERE WITH THE FOUNDATION'S STRUCTURAL REINFORCING STEEL.
REQUIREMENTS. - , 2. ENSURE THAT MISCELLANEOUS EMBEDMENTS ARE PROPERLY SECURED TO PREVENT
b.  GRANULAR SOILS: LEVEL AND SURFACE COMPACT THE EXCAVATION BASE SURFACE 8. AR ADMIXTURE AND CONTENT: TO ASTM C260, 6% FOR PEDESTAL ONLY, NO AIR CONTENT - ¢ﬂg§f§s BgLLS“'w’fJ:A %EDW'STT:ET@TTE‘R'Q; T% 'fSTIM : edlzlﬁmoazéﬁwrg’?gﬁg’*Rgl’._.l.l;:go MOVEMENT DURING CONCRETE PLACEMENT.
COMPACTION OF THIS MATERIAL TO ACHIEVE AT LEAST 98 PERCENT OF THE REQUIREMENT FOR FOOTING. KSI. A MAXIMUM THREAD DIAMETER OF 1.50 INCHES. AND A MINIMUM NET AREA OF 1.56 3. TOP OF CONDUIT MUST BE A MINIMUM OF 24 INCHES BELOW TOP OF PEDESTAL.
LABORATORY MAXIMUM DRY DENSITY MEASURED ACCORDING TO THE STANDARD 7. OTHER ADMIXTURES: CHLORIDE FREE WATER REDUCING ADMIXTURE AND SUPERPLASTICIZER SQL’JARE INCHES. N " .
PROCTOR TEST METHOD. AS REQUIRED. . .
6. PRIOR 10 PLACING PROTECTVE LEAN CONCRETE SURFACE, HAVE A PROFESSIONAL 8 MAXIMUM WATER CEMENT RATIO: 0.45. 2. ANCHOR BOLT SLEEVES: TO ANCHOR BOLT MANUFACTURER'S R;:QUIREMENTS. | Z.OE;SBXER ERECTION AND ANCHOR TENSIONING REQUIREMENTS
GEOTECHNICAL ENGINEER (OR A PERSON UNDER THE GEOTECHNICAL ENGINEER'S DIRECT 9. 28 DAY COMPRESSIVE STRENGTH: 5,000 PSI. 3. EMBEDMENT RING: TO ASTM A36, PLAIN FINISH. NEW MATERIAL (NO REUSED TEMPLATES).
SUPERVISION) INSPECT THE,: SUBGRADE CONDITIONS AND RECORD THE SOIL TYPE 10. SLUMP: IN ACCORDANCE WITH APPROVED MIX DESIGN AT THE POINT OF DEPOSITION WITH 4, HEAVY HEX NUTS: TO ANCHOR BOLT MANUFACTURER’S SPECIFICATIONS. NUTS SHALL BE 1. TOWER SECTIONS MAY BE ERECTED, LEVELED AND GROUTED IN ACCORDANCE WITH
ENCOUNTERED. GROUNDWATER GONDITIONS. OR OTHER SUBSURFACE CONDITIONS. A THE ADDITION OF ADMIXTURES. CAPABLE OF DEVELOPING THE MINIMUM TENSILE STRENGTH OF THE ANCHOR. SUBMITTAL 5.8.3 ABOVE.
S ' ; 11.  CONCRETE UNIT WEIGHT: 145 PCF (MINIMUM) TO ASTM C138. 5.  HARDENED STEEL WASHERS: TO ASTM F436, PLAIN FINISH. 2. ANCHORS MAY BE TENSIONED WHEN:
SUBGRADE INSPECTION REPORT SHALL BE PREPARED AND SUBMITTED FOR EACH a.  THE CONCRETE STRENGTH OF THE FOOTING AND PEDESTAL HAS REACHED 5,000 PSI.
FOUND\?&?;TCI:%L legk#nggsE:\sA;gthoﬁréN ARE CONSISTENT WITH THE OBSERVATIONS D. D. EXECUTION O e TROT STRENGTH o EACHED 5.000 Foh ey
& CONTAINED IN THE REFERENCED GEOTECHNIGAL DOCUMENT ON DRAWING S-01. 1. PLACE CONCRETE AND REINFORCING AS SHOWN AND IN ACCORDANCE WITH THE FOLLOWING | 1.  THE FOLLOWING TOLERANCES SHALL BE ADHERED TO FOR PLACEMENT OF ANCHOR BOLTS: 3. ZHE N{AF?EELESN?;';ELQ?EEN&A; gf_ $§ECIE%T:’:'%E'1ND ) -
b.  VERIFICATION THAT SUBGRADE STRENGTH AND UNIFORMITY ARE ADEQUATE (SUBMIT FOR TOLERANCES: a. ANCHOR BOLT PLAN LOCATION — PLUS OR MINUS 1/16 INCH. " PEDESTAL HAS REACHED THE SPECIFIED 28 DAY
REINFORCING PLAN SPACING: PLUS OR MINUS 2 INCHES
REVIEW THE METHODS TO BE USED TO VERIFY THE SUBGRADE STRENGTH AND Q- : . b. ANCHOR BOLT PLUMBNESS — LESS THAN 1/4 DEGREE.
b.  REINFORCING VERTICAL SPACING: PLUS OR MINUS 1 INCH STRENGTH.
- : g c.  TEMPLATE AND EMBEDMENT RING PLAN DIMENSION — PLUS OR MINUS 1/16 INCH. .
UNIFORMITY). ! b.  THE GROUT STRENGTH HAS REACHED THE SPECIFIED .
c.  FOOTING CLEAR CONCRETE COVER: MINUS O INCHES, PLUS 3 INCHES.
PHOTOS OF PREPARED SUBGRADE. d.  PEDESTAL CLEAR CONCRETE COVER: MINUS O INCHES, PLUS 2 INCHES d- EMBEDMENT RING LEVEL — PLUS OR MINUS 1/4 INCH. 28 DAY STRENGTH. [
IF SOIL CONDITIONS ARE ENCOUNTERED THAT ARE NOT CONSISTENT WITH THE e FOOTING PLAN DIMENSIONS: MINUS O INCHES. PLUS 3 INCHES. . e.  EMBEDMENT RING ELEVATION — PLUS OR MINUS 1/2 INCH. c. UPON COMPLETION OF THE ANCHOR BOLT
REFERENCED GEOTECHNICAL DOCUMENTS (E.G. HALF SOILS AND HALF ROCK) OR IF £ FOOTING THICKNESS: MINUS O INCHES, F'LUS’B INCHES. 2. THE BOTTOM OF THE ANCHOR BOLT SHALL EXTEND BEYOND THE BOTTOM NUT BY A TENSIONING AND TESTING AS FOUND IN SECTION JOHNSON
SUBGRADE UNIFORMITY OR STRENGTH IS INSUFFICIENT, OBTAIN WRITTEN INSTRUCTIONS FROM g PEDESTAL PLAN DIMENSIONS: MINUS O INCHES, PLUS 2 INCHES. MINIMUM OF 1/2 INCH. 4.E.2 VERIFYING THAT THE REQUIRED TENSION
THE FOUNDATION ENGINEER AS TO THE MEANS OF CORRECTION TO BE UNDERTAKEN. OBTAIN h.  PEDESTAL HEIGHT: MINUS 1 INCH, PLUS O INCHES. 3. USE A TEMPLATE RING TO SET ANCHOR BOLT PLUMBNESS AND POSITION. ENSURE THE VALUE HAS BEEN ACHIEVED. . E-74181 :
WRITTEN CONFIRMATION FROM THE GEOTECHNICAL ENGINEER THAT THE SPECIFIED i PEDESTAL CENTERED TO WITHIN 2 INCHES RELATIVE TO FOOTING. TEMPLATE RING IS SET IN ACCORDANCE WITH THE SPECIFIED CONSTRUCTION TOLERANCES. ISSUE FOR CONSTRUCTION -_'?ﬁ 09 ,15/17 i
CORRECTIVE ACTIONS WERE COMPLETED. . CONCRETE AR CONTENT: +/— 1.5% 4. PLACE AND LEVEL THE EMBEDMENT RING IN ACCORDANCE WITH THE SPECIFIED TOLERANCES. 0 &
7. FOR PROTECTION OF THE SUBGRADE AND ESTABLISHMENT OF A WORKING SURFACE, PLACE 2. PROVIDE NECESSARY TIES, CHARS, AND STANDEES TO SECURE AND SUPPORT REBAR AND ENSURE THE EMBEDMENT RING IS PROPERLY ANCHORED TO PREVENT MOVEMENT. IT IS CONFIDENTIAL L5 Lo i
LEAN CONCRETE FILL AS INDICATED ON DRAWING S—01. IT IS RECOMMENDED THAT THE : ACCEPTABLE TO WELD SUPPLEMENTAL STEEL BRACING TO THE EMBEDMENT RING OR THIS DRAWING IS THE PROPERTY OF BARR ENGINEERING COMPANY 8 2 ne,
PREVENT PERMANENT DISPLACEMENT OR MOVEMENT OF THE BARS GREATER THAN 1 INCH (BARR). MO OTHER USE 1S PERITIED WITHOUT THE WRITTEN PERMISSION ¥ S ;0 (A
TEMPLATE RING TO PREVENT MOVEMENT. R T s, VRTTEN PERS INAL &
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GE Renewable Energy Foundation Load Specification

1 Loads for Foundation Design

The following loads include inertia, mass and aerodynamic forces acting on the rotor and hub. They also include
forces caused by accelerations or other dynamic reactions. Partial safety factors for the loads have been applied.
All additional safety factors (e.g. on materials, uncertainty of calculation method, etc) have to be applied
according to the regulations. The loads in this document for the foundation design are calculated with a full
dynamic simulation program called Flex 5. The loads are given in the coordinate system shown in Figure 1. The
extreme loads for the hub height of 90m are given at a height h= 0.745m above the grade elevation from
which the nominal hub height is defined. The loads have to be extrapolated to the elevation of the foundation
under design consideration.

Figure 1: Coordinate System

All loads are shown with and without partial safety factors in the tables and they are directly ready for use in the
foundation engineer’s calculations. In addition, imperfections due to a misalignment of the tower of 8 mm/m
have to be considered as per Section 3.0.

1.1 Extreme Loads

The following tables show controlling load cases (with and without partial safety factors), with all of the conditions
that comprise the load case occurring simultaneously. The foundation has to be designed according to the
specific country regulations. The proper final design values of partial safety factors for material properties and
country specific minimum partial safety factors on loads must also be applied to these loads.

¢ = partial safety factor for load factor design as required per International Electrotechnical Commission (IEC).

Load case | Fx[kN] Fy [kN] Fz[kN] | Mx[kNm] | My [kKNm] | Mz [kNm] | Fr[kN] | Mr[kNm] | y[-]
DLC7.1 2905.8 549 323.2 -3000.8 19611.8 -3488.8 327.8 19919.3 | 1.00
DLC6.2 2634.4 -695.0 -57.1 -1833.3 -9013.7 54820.8 697.3 555584 | 1.00
DLC 2.2 26749 -4.6 595.5 -549.9 502449 1527.4 595.5 50268.0 | 1.00
DLC 2.2 2716.2 -260.5 354.8 -6454.6 29724.2 24683.0 440.2 38636.9 | 1.00
DLC23 2681.1 -30.9 582.1 -15.9 50701.5 4187.4 582.9 508746 | 1.00
DLC 6.2 2624.6 -690.9 29.8 -2225.6 -3074.7 55608.0 691.6 55692.7 | 1.00
DLC 6.2 2634.4 -695.0 -57.1 -1833.3 -9013.7 54820.8 697.3 55558.4 | 1.00
DLC 6.2 2624.6 -690.9 29.8 -2225.6 -3074.7 55608.0 691.6 55692.7 | 1.00

Table 1: Extreme loads; excluding partial safety factor
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GE Renewable Energy Foundation Load Specification

Load case | Fx[kN] Fy [kN] Fz[kN] | Mx[kNm] | My [kNm] | Mz [kNm] | Fr[kN] | Mr[kNm] | y[-]
DLC2.1 3781.7 -166.5 2039 -4941.4 10842.9 14600.7 263.2 18186.5 | 1.35
DLC®6.2 28979 -764.5 -62.8 -2016.7 -9915.1 60302.9 767.1 611125 | 1.10
DLC1.3 3618.9 -31.8 741.7 -436.8 57446.8 5575.0 742.4 57716.7 | 1.35
DLC2.2 2987.8 -286.5 390.3 -7100.1 32696.7 271513 484.2 42500.2 | 1.10
DLC1.3 3643.4 -55.8 689.4 -375.3 60454.9 6017.5 691.7 60753.7 | 1.35
DLC®6.2 2887.1 -760.0 32.7 -2448.2 -3382.2 61168.8 760.7 61262.32 | 1.10
DLC6.2 28979 -764.5 -62.8 -2016.7 -9915.1 603029 767.1 611125 | 1.10
DLC6.2 2887.1 -760.0 32.7 -2448.2 -3382.2 61168.8 760.7 61262.32 | 1.10

Table 2: Extreme loads; including partial safety factor

1.2 Load Case for Check against Lift-off

To ensure proper foundation stiffness during operation, the foundation is not allowed to lift-off of the subsoil for
the following loads. These loads are provided at the tower base T-flange and the check has to be done with the
loads extrapolated to the foundation bottom.

Load case Fx[kN] | Fy[kN] | Fz[kN] | Mx [kNm] [My [kKNm]Mz [kNm]| Fr[kN] |Mr[kNm]| v¢[-]
DLC1.0 2708.7 28.6 409.6 912.0 35094.1 | 5202.5 410.6 35477.7 | 1.00
Table 3: Load cases for check against foundation lift-off

1.3 Load Case for Check against Overturning

To ensure the stability of the foundation, the foundation is only allowed to lift-off up to its centerline for the
following load cases. These loads are provided at the tower base T-flange and the check has to be done with the
loads extrapolated to the foundation bottom.

Load case Fx[kN] | Fy[kN] |[Fz[kN]| Mx[kNm] | My [kNm] [Mz[kNm]| Fr[kN] [Mr[kNm]| y¢[-]
DLC 6.2 2624.6 -690.9 29.8 -2225.6 -3074.7 | 55608.0 691.6 55692.7 | 1.00

Table 4: Load case for check against overturning

1.4 Load Case for Check against Sliding

To ensure the stability of the foundation, the foundation is not allowed to slide for the following load cases. These
loads are provided at the tower base T- flange and the check has to be done with the loads extrapolated to the
foundation bottom.

Load case Fx [kN] | Fy[kN] |Fz[kN]| Mx[kNm] | My [kNm] |[Mz [kNm]| Fr[kN] [Mr[kNm]| v¢[-]
DLC 2.2 2716.2 -260.5 354.8 | -6454.6 29724.2 | 24683.0 440.2 38636.9 | 1.00
DLC®6.2 2634.4 -695.0 -57.1 | -18333 -9013.7 | 54820.8 697.3 55558.4 | 1.00

Table 5: Load case for check against sliding
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GE Renewable Energy Foundation Load Specification

1.5 Load Case for Check against Shear Failure

To ensure the stability of the foundation, the foundation has to be checked of shear failure for the soil specified in
the geotechnical report. These loads are provided at the tower base T-flange and the check has to be done with
the loads extrapolated to the foundation bottom.

Load case Fx [kN] | Fy[kN] |Fz[kN]| Mx[kNm] | My [kNm] |Mz[kNm]| Fr[kN] |Mr[kNm]| v¢[-]
DLC 6.2 2887.1 -760.0 32.7 -2448.2 -3382.2 |61168.8 760.7 |61262.32| 1.10
Table 6: Load case for check against shear failure

1.6 Load Case for Check against Pile Tension

No tension loading is allowed in the piles for the following load combination, unless dynamic and fatigue loading
is explicitly considered in the design of the piles, including all dynamic soil-pile interaction effects. These loads are
provided at the tower base T-flange:

Load case Fx [kN] | Fy[kN] |Fz[kN]| Mx[kNm] | My [kNm] |Mz[kNm]| Fr[kN] |Mr[kNm]| v¢[-]
DLC1.3 27226 74.0 456.5 1712.3 38372.2 | 9178.0 462.4 394546 | 1.00
Table 7: Load cases for check against pile tension loading

1.7 Earthquake Loads

Site specific seismic loads at the base of the tower structure can be provided by GE upon request. The request
should include the applicable code, and the site specific seismic parameters (e.g., design peak ground
acceleration (PGA) or equivalent as per the code, soil type, etc.). Given the level of seismicity at the site of the
Starwood wind farm project, seismic loads are expected to not govern the design of the foundation at this site.

1.8 Fatigue Loads

The fatigue loads that result from the operation of the turbine are given as load spectra at the tower base T-
flange. The partial safety factor on loads included in the fatigue spectra is 1.0. The combined safety factors
(including partial safety factors on loads and material) on these loads to be used are:

o Fatigue check of concrete according to CEB-FIB Model Code 1990:
o YeYsdye = 1.65.
. Fatigue check of reinforcement bars acc. to CEB-FIB Model Code 1990:
o YrYsdye = 1.265.
. Fatigue check of embedded steel parts acc. to Eurocode 3 and IEC 61400:
o veym = 1.265.
o Fatigue check of embedded steel parts acc. to Eurocode 3 and DIBt-Guidelines:

o YEYm = 1.25.
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1.9 Load Spectra Procedure with a Constant Mean Value

The load spectra are provided separately in the following document. The unit of force is kN and the unit of
moment is kKNm for the values provided in the file.

Filename: Load_Spectra_1022819_Starwood_2.5-116_90mHH_r01.xIsx

Mean loads at rated wind speed (constant for all load cycles)
Load at Tower Base Fx [kN] Fy [kN] Fz [kN] Mx [kNm] My [kNm] | Mz [KNm] | y¢[-]

2689.0 -5.3 3441 79.3 30130.0 24450 | 1.00

Table 8: Mean loads at rated wind speed (for use with the fatigue load spectra files

1.10 Markov Matrices Procedure

The Markov Matrices files are provided separately in the following document. The unit of force is kN and the unit
of moment is kNm for the values provided in the file.

Filename: Markov_Matrices_1022819_Starwood_2.5-116_90mHH_r01.xlIsx

Loads at Tower

Base My [kNm] Mx [kNm] Fz [kN] Fx [kN]

MY_0405 MX_0404 FZ_0403 FX_0401

Table 9: Fatigue loads (Markov Matrices)

2 Dynamic Stiffness of the Foundation

The minimum values for the dynamic foundation stiffness that have to be achieved are:

komin=5.0-107 kNm/rad; Kkyzmin = 1.0 - 106 kN/m
The minimum value for the static foundation stiffness that has to be achieved is 1/5 of the dynamic stiffness:
Kp.statmin = 1.0 - 107 kNm/rad
These values are for spread (raft) type foundations or mat plus deep piling type systems only. For the special case
of short pole type foundations consult GE for the specific stiffness requirements. Short pole type foundation

means drilled single shaft, monopile, caisson, bored piles or the proprietary design-"Patrick and Henderson
Foundation” systems.
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3 Maximum Allowed Inclination for Additional Load Consideration

Maximum allowed inclination caused by non-uniform settlement of the foundation, inaccurateness of installation,
and tower axis misalignment:

e Uneven settlement due to non uniform soil properties across the foundation: 3mm/m (0.17°)
e Inaccurate installation: 3mm/m (0.17°)
e Tower axis misalignment due to solar irradiation: 2mm/m(0.11°)

To account for the impact from the total misalignment of 8 mm/m on the foundation design an additional
moment of 1335 kNm has to be added at the foundation upper edge with appropriate partial safety factors.

4 Connection between Tower and Foundation

The connection between tower and foundation is established with a grouted joint. The tower base flange must be
in full contact with the grout; no ring plate or other similar element (except for shimming provisions) shall be
placed between the tower base flange and the underlying grout.

The tower base flange anchorage consists of 140 anchor bolts - M39 of grade 8.8. Figure 2 shows the tower
base flange geometry.

M39 refers to the final nominal outer diameter of the cold formed (mechanically rolled) anchor threads. There
shall be a minimum diametrical clearance of 3mm between the tower flange hole and both the threaded and
unthreaded length of the anchor bolt (for anchor bolts with mechanically rolled threads, the minimum diametrical
clearance is typically dictated by the nominal outer thread diameter). Use of imperial anchor sizes is permissible.

Refer to Reference [1] for recommendations and requirements on proper anchor bolt fabrication and placement,
including corrosion protection, providing sufficient anchor bolt projection for engagement of the anchor bolt
tensioning device and protection of anchor bolt threads during concrete and grout placement.
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Figure 2: Base Flange Geometry Tower
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5 Additional Information

Refer to Reference [1] for information on the foundation design, detailing, and execution including conduit and
grounding details, foundation boundary conditions, subsoil properties, foundation spring constants, a foundation
design check list, etc.

6 References

(1] GE Document "Foundation_General_Information_Tubular_Towers_Generic_xxHz_EN_r01", Information on
the Design, Detailing and Execution of the Foundation for On-Shore Wind Turbines with Tubular Steel
Towers
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