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PROJECT DESCRIPTION

THIS PROJECT CONSISTS OF THE CONSTRUCTION OF
2.09 MILES OF A NEW TWO- TO THREE-LANE
BOULEVARD FROM E. 55TH ST. TO E. 93RD ST. WORK
INCLUDES PAVEMENT, RAILROAD, STRUCTURES,
DRAINAGE, WATERWORK, LIGHTING, POWER
DISTRIBUTION, TRAFFIC CONTROL, LANDSCAPING, AND
ADJUSTMENT OF EXISTING UTILITIES.

EARTH DISTURBED AREAS

PROJECT EARTH DISTURBED AREA: 87.2 ACRES
ESTIMATED CONTRACTOR EARTH DISTURBED AREA: 0 ACRES
NOTICE OF INTENT EARTH DISTURBED AREA: 87.2 ACRES

(AREA SERVICED BY COMBINED SEWER)

2016 SPECIFICATIONS

THE STANDARD SPECIFICATIONS OF THE STATE OF

OHIO, DEPARTMENT OF TRANSPORTATION, INCLUDING
CHANGES AND SUPPLEMENTAL SPECIFICATIONS LISTED
IN THE PROPOSAL SHALL GOVERN THIS IMPROVEMENT.
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BM #1 STA. 185+81.89, ELEV. 684.15, OFFSET 260.81" LT
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CONSTRUCTION SPECIFICATIONS

PROVIDE MATERIALS AND PERFORM WORK IN ACCORDANCE WITH
NORFOLK SOUTHERN PUBLIC PROJECTS MANUAL, AUGUST 2015,

AREMA 2016 MANUAL FOR RAILWAY ENGINEERING, STATE OF OHIO
DEPARTMENT OF TRANSPORTATION CONSTRUCTION & MATERIALS
SPECIFICATIONS JANUARY 1, 2016 (ODOT CMS), AND THE SUPPLEMENTAL
SPECIFICATIONS.

REFER TO THE FOLLOWING STANDARD DRAWING(S):
HL-50.21 DATED 07/15/2016
CB-1.1 DATED 01/15/16
DM-1.1 DATED 01/15/16

MAINTENANCE-OF-WAY
COORDINATE ALL WORK WITH NORFOLK SOUTHERN RAILWAY COMPANY.

CONTACT:

E.W. CHAMBERS

ENGINEER PUBLIC IMPROVEMENTS (IA, IN, KY, MI, & OH)
NORFOLK SOUTHERN CORPORATION

1200 PEACHTREE STREET

ATLANTA, GA 30309

404-529-1436 (0)

CONTRACTOR SHALL MAINTAIN A CONSTRUCTION CLEARANCE OF 10 FEET
HORIZONTALLY FROM THE CENTERLINE OF TRACKS AND 22 FEET
VERTICALLY FROM A POINT LEVEL WITH THE TOP OF THE HIGHER RAIL, AND
10 FEET FROM THE CENTERLINE OF TRACKS, AT ALL TIMES.

GEOTECHNICAL INFORMATION

SOIL BORING LOGS AND SUBSURFACE PROFILES CAN BE FOUND IN THE
GEOTECHNICAL ENGINEERING DESIGN REPORT

DESIGN SPECIFICATIONS

DESIGN WAS COMPLETED IN ACCORDANCE WITH THE FOLLOWING DESIGN
STANDARDS:

AREMA (AMERICAN RAILWAY ENGINEERING AND MAINTENANCE-OF-WAY
ASSOCIATION, 2016) MANUAL FOR RAILWAY ENGINEERING.

NORFOLK SOUTHERN (NS) GUIDELINES FOR DESIGN OF GRADE SEPARATION
STRUCTURES (AUGUST, 2015).

REINFORCED CONCRETE DESIGN AS PER AREMA, CHAPTER 8-2.1.2, LOAD
FACTOR METHOD.

STRUCTURAL STEEL DESIGN AS PER AREMA CHAPTER 15, ALLOWABLE
STRESS DESIGN.

LIVE LOAD DISTRIBUTION TO BEAMS AND GIRDERS METHOD IS BASED
UPON AREMA 15-1.3.4.

LIVE LOAD:
LIVE LOAD COOPER E-80 INCLUDING ALTERNATE LIVE LOAD ON 4 AXLES.

IMPACT:

ROLLING EQUIPMENT WITHOUT HAMMER BLOW AS PER AREMA CHAPTER
15-1.3.5

DEAD LOAD:

INCLUDES 6” ADDITIONAL BALLAST FOR FUTURE TRACK SURFACING.
USE REMOVABLE DECK FORMS.

FATIGUE DESIGN IS BASED ON AREMA 15-1.3.13.

THE SUPERSTRUCTURE IS NON-COMPOSITE FOR STRENGTH REQUIREMENTS
AND COMPOSITE FOR LIVE LOAD DEFLECTION REQUIREMENTS.

DESIGN DATA

SUBSTRUCTURE CONCRETE, PIER AND ABUTMENTS INCLUDING DRILLED SHAFTS, AS

PER PLAN COMPRESSIVE STRENGTH 4,000 PSI
SUPERSTRUCTURE CONCRETE COMPRESSIVE STRENGTH 4,500 PSI

REINFORCING STEEL GRADE 60 MINIMUM YIELD STRENGTH 60,000 PSI
PROVIDE EPOXY COATED REINFORCING STEEL BARS DO NOT WELD GRADE 60
REINFORCING BARS. PROVIDE 2” CONCRETE COVER ON REINFORCEMENT BARS
EXCEPT AS NOTED.

STRUCTURAL STEEL ASTM A709 GRADE 50 YIELD STRENGTH 50,000 PSI
(GIRDERS, STIFFENERS, INTERMEDIATE DIAPHRAGMS, END DIAPHRAGMS, AND
DRILLED SHAFT EMBEDDED SHAPES)

STRUCTURAL STEEL ASTM A36 YIELD STRENGTH 36,000 PSI (BEARINGS)

STRUCTURAL STEEL ASTM F1554 GRADE 105 YIELD STRENGTH 105,000 PSI
(ANCHOR RODS)

STRUCTURAL STEEL STUDS ASTM Al08, GRADES 1010 THROUGH 1020 EITHER
SEMI- OR FULLY-KILLED

NORFOLK SOUTHERN RAILROAD COORDINATION

ALL RAILS, TIES AND INCIDENTALS TRACK METAL WORK FOR THE TRACKS WILL
BE FURNISHED AND PLACED BY NORFOLK SOUTHERN.

THE CONSTRUCTION PROGRAM WILL REQUIRE CLOSE COORDINATION AND
COOPERATION WITH NORFOLK SOUTHERN PERSONNEL FOR ALL OPERATIONS THAT
INVOLVE TRACK WORK AND RAIL SERVICE. THE TIME OF SPECIFIC TRACK
CLOSINGS, OPENINGS, SWITCHING AND OTHER REQUIRED RAIL, TIE AND BALLAST
WORK IN ALL CASES SHALL ALSO BE SUBJECT TO NORFOLK SOUTHERN APPROVAL.

CONTRACTOR SHALL NOTIFY NORFOLK SOUTHERN COMMUNICATIONS AND SIGNALS
DEPARTMENT SIX (6) WEEKS PRIOR TO WORK IMPACTING EXISTING TRACKS.

REGULATED MATERIALS

REFER TO DEMOLITION PLANS IN BUILDABLE UNIT 15 - ROADWAY AND PAVEMENT,
KINGSBURY RUN TO END PROJECT FOR LOCATION AND IDENTIFICATION OF
KNOWN REGULATED MATERIALS. HANDLING OF REGULATED MATERIALS SHALL

BE IN ACCORDANCE WITH CONTRACT DOCUMENTS.

EXCAVATION

THE CONTRACTOR IS RESPONSIBLE FOR THE STABILITY OF ALL EXCAVATED
SLOPES. DIRECT SURFACE RUNOFF AWAY FROM THE EXCAVATION. GROUNDWATER
LEVELS FLUCTUATE SEASONALLY AS A FUNCTION OF PRECIPITATION AND OTHER
HYDROLOGICAL FACTORS. THEREFORE, THERE MAY BE CONSIDERABLE CHANGE IN
THE WATER TABLE OR THE PRESENCE OF WATER WHERE NOT PREVIOUSLY
ENCOUNTERED. PERFORM ALL EXCAVATIONS IN ACCORDANCE WITH OSHA
REQUIREMENTS AND NORFOLK SOUTHERN SPECIFICATIONS FOR SHORING.

EXCAVATE ACCORDING TO CONSTRUCTION SEQUENCES DRAWINGS AND NOTES.
DO NOT OVEREXCAVATE.

MONITORING MOVEMENT OF TRACK AND TEMPORARY SHORING

THE CONTRACTOR SHALL SUBMIT A DETAILED TRACK MONITORING PROGRAM
FOR APPROVAL BY THE RAILROAD ENGINEER. THE PROGRAM SHALL
SPECIFY THE SURVEY LOCATIONS, THE DISTANCE BETWEEN THE LOCATION
POINTS, AND FREQUENCY OF MONITORING BEFORE, DURING, AND AFTER
CONSTRUCTION. THE SURVEY DATA SHALL BE COLLECTED IN ACCORDANCE
WITH THE APPROVED FREQUENCY AND IMMEDIATELY FURNISHED TO THE
RAILROAD ENGINEER FOR ANALYSIS.

IF ANY MOVEMENT HAS OCCURRED AS DETERMINED BY THE RAILROAD
ENGINEER, THE RAILROAD WILL BE IMMEDIATELY NOTIFIED. THE
RAILROAD, AT ITS SOLE DISCRETION, SHALL HAVE THE RIGHT TO
IMMEDIATELY REQUIRE ALL CONTRACTOR OPERATIONS TO BE CEASED AND
DETERMINE WHAT CORRECTIVE ACTION IS REQUIRED. ANY CORRECTIVE
ACTION REQUIRED BY THE RAILROAD OR PERFORMED BY THE RAILROAD
INCLUDING THE MONITORING OF CORRECTIVE ACTION OF THE CONTRACTOR
WILL BE AT PROJECT EXPENSE.

DIMENSIONS AND BOUNDARIES
ALL DIMENSIONS SHOWN ARE HORIZONTAL UNLESS NOTED OTHERWISE.
5715/:5/?5 TRUCTURE DIMENSIONS SHOWN ARE GIVEN AT A TEMPERATURE OF
STRUCTURAL STEEL
1. STRUCTURAL STEEL MEMBERS
A. FRACTURE CRITICAL MEMBERS
I. ALL FRACTURE CRITICAL MEMBERS ARE IDENTIFIED ON THE PLANS.
2. ALL FRACTURE CRITICAL MEMBERS WILL BE FABRICATED IN
ACCORDANCE WITH THE FRACTURE CONTROL PLAN STATED IN THE
AREMA SPECIFICATIONS, CHAPTER 15, SECTION /4.

3. FABRICATOR SHALL BE CERTIFIED UNDER THE AISC QUALITY
CERTIFICATION PROGRAM AS FOLLOWS:

a. FOR WELDED PLATE GIRDERS: MAJOR STEEL BRIDGE CATEGORY.
4. EXCEPT AS NOTED IN THE AREMA FRACTURE CONTROL PLAN,

STRUCTURAL STEEL SHALL MEET THE CURRENT REQUIREMENTS OF
THE ASTM SPECIFICATIONS FOR STRUCTURAL STEEL, DESIGNATION

A-708, GRADE 50 AND THE FOLLOWING SUPPLEMENTARY REQUIREMENTS:

a. $5-F2 (FRACTURE CRITICAL - CHARPY TEST ZONE 2)
b. $29 (FINE AUSTENITIC GRAIN SIZE)
c. S93 (LIMITATION ON WELD REPAIRS)

B. NON-FRACTURE CRITICAL MEMBERS

1. ALL PRIMARY MEMBERS OR COMPONENTS REQUIRING IMPROVED
NOTCH TOUGHNESS ARE IDENTIFIED ON THE PLANS.

2. FABRICATOR SHALL BE CERTIFIED UNDER THE AISC QUALITY
CERTIFICATION PROGRAM AS FOLLOWS:

ag. FOR WELDED PLATE GIRDERS: MAJOR STEEL BRIDGE CATEGORY
b. FOR ROLLED BEAM BRIDGES: SIMPLE STEEL BRIDGE STRUCTURES
CATEGORY

STRUCTURAL STEEL, CONTD

3. STRUCTURAL STEEL SHAPES AND PLATES USED AS PRIMARY MEMBERS
OR COMPONENTS SHALL MEET THE CURRENT REQUIREMENTS OF THE
ASTM SPECIFICATIONS FOR STRUCTURAL STEEL, DESIGNATION A-709
(GRADE 50), AND THE FOLLOWING SUPPLEMENTARY REQUIREMENTS:

a. $5-T2 (NON-FRACTURE CRITICAL -CHARPY TEST ZONE 2)
b. S29 (FINE AUSTENITIC GRAIN SIZE)

C. OTHER STRUCTURAL STEEL

1. THE FABRICATOR SHALL BE CERTIFIED UNDER THE AISC QUALITY
CERTIFICATION PROGRAM, SIMPLE STEEL BRIDGE STRUCTURES
CATEGORY.

2. ALL STEEL PLATES SHALL MEET THE CURRENT REQUIREMENTS OF
A572, GRADE 50, U.N.O.

2. OTHER MATERIALS

A. HIGH STRENGTH BOLTS SHALL MEET THE CURRENT REQUIREMENTS OF THE
ASTM SPECIFICATIONS FOR HIGH STRENGTH BOLTS FOR STRUCTURAL STEEL
JOINTS, DESIGNATION A 325.

B. ANCHOR RODS SHALL BE THREADED RODS WITH HEAVY HEX NUT MEETING
THE CURRENT REQUIREMENTS OF ASTM F1554.

C. WELDING ELECTRODES FOR ARC WELDING SHALL MEET THE CURRENT
REQUIREMENTS OF THE SPECIFICATIONS FOR MILD STEEL ARC-WELDING
ELECTRODES SERIES E£70, AWS 5.1, LOW HYDROGEN CLASSIFICATION FOR
SMAW AND AWS 5.17 FOR SAW.

3. WELDING PROCESSES

A. SUBMERGED ARC WELDING (SAW) OR SHIELD METAL ARC WELDING (SMAW)
MAY BE USED FOR GIRDER (FLANGE TO WEB) FABRICATION.

4. BOLTED CONNECTIONS

A. PERMANENT BOLTED CONNECTIONS USING HIGH STRENGTH BOLTS SHALL BE
INSTALLED AND TIGHTENED USING THE TURN-OF-THE-NUT METHOD.

B. TENSION CONTROL BOLTS ARE NOT PERMITTED.
5. PAINT

A. ALL STEEL PREPARATION AND PAINTING SHALL BE IN ACCORDANCE WITH
ODOT CMS 514. APPLY PRIME COAT IN THE SHOP.

6. SHOP DRAWINGS

A. THE CONTRACTOR’S ATTENTION IS CALLED TO THE REQUIREMENTS
FOR SHOP DRAWINGS, CHAPTER 15, PART 1 ARTICLE 1.1.3 SHOP DRAWINGS,
AREMA MANUAL FOR RAILWAY ENGINEERING.

B. THE CONTRACTOR SHALL FURNISH AN ELECTRONIC SET IN PDF FORMAT
OF DETAILED SHOP DRAWINGS TO THE RAILROAD FOR APPROVAL PRIOR
TO STARTING FABRICATION. UNCHECKED DRAWINGS SHALL NOT BE
SUBMITTED FOR APPROVAL. AFTER APPROVAL OF SHOP DRAWINGS, THE
CONTRACTOR SHALL SUPPLY THE RAILROAD WITH ONE ELECTRONIC SET
OF THE APPROVED FABRICATION DRAWINGS.

7. SHOP INSPECTION & TESTING

A. THE FABRICATOR SHALL FURNISH COPIES OF CERTIFIED MILL INSPECTION
REPORTS TO THE RAILROAD FOR ALL STRUCTURAL STEEL REQUIRING
IMPROVED NOTCH TOUGHNESS.

B. THE FABRICATOR SHALL MEET THE REQUIREMENTS OF THE AREMA FRACTURE
CONTROL PLAN DESCRIBED IN CHAPTER 15, PART 1, ARTICLE 1.14 FOR ALL
MEMBERS AND COMPONENTS DESIGNATED AS FRACTURE CONTROL.

C. WELDING INSPECTION SHALL VERIFY THAT ALL WELDS AND WELDING
PROCEDURES MEET THE REQUIREMENTS OF THE CURRENT AMERICAN WELDING
SOCIETY (A.W.S.) BRIDGE WELDING CODE, DI5.

D. ALL WELDS SHALL BE INSPECTED VISUALLY AND BY USE OF NONDESTRUCTIVE
TESTING. ALL NONDESTRUCTIVE TESTING SHALL BE PERFORMED BY THE
FABRICATOR AND WITNESSED BY THE RAILROAD’S INSPECTOR.
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STRUCTURAL STEEL, CONTD

E. COPIES OF ALL WELD INSPECTIONS AND NONDESTRUCTIVE TESTING REPORTS
SHALL BE FURNISHED TO THE RAILROAD.

F. THE FABRICATOR SHALL PERFORM THE FOLLOWING WELD INSPECTION
TESTING:

I. ALL TRANSVERSE TENSION GROOVE WELDS IN FCM MEMBERS, WHEN
ALLOWED BY THE ENGINEER, SHALL BE RT AND UT TESTED 100%.
IN NON-FCM COMPONENTS OF FCM'S ALL TRANSVERSE GROOVE
WELDS SHALL BE RT OR UT TESTED 100%.

2. ALL FLANGE TO WEB WELDS SHALL BE TESTED ON BOTH SIDES IN
ACCORDANCE WITH AMERICAN WELDING SOCIETY (A.W.S.) BRIDGE
WELDING CODE, D1.5/2013, CLAUSE 6.7.

3. ALL FLANGE TO WEB FILLET WELDS, WHEN ALLOWED BY THE
ENGINEER, ARE TO BE MAGNETIC PARTICLE TESTED 100%.

4. TEN PERCENT (10%) OF ALL WELDS NOT MENTIONED ABOVE SHALL
BE MAGNETIC PARTICLE TESTED.

STRUCTURAL STEEL PAINT

STEEL GIRDERS AND CROSS FRAMES SHALL BE COATED WITH THREE-COAT
PAINT SYSTEM IN ACCORDANCE WITH ODOT C&MS 514.

COLOR:

EXTERIOR GIRDER - BROWN - FEDERAL STANDARD 5958 - #20045 OR #20059
(THE COLOR OF WEATHERING STEEL)

INTERIOR GIRDER - LIGHT TAN - FEDERAL STANDARD 595C - #27769

PAINT SYSTEM PRIME COATING SHALL BE SHOP APPLIED AND THE REMAINING COATINGS

SHALL BE FIELD APPLIED.

STRUCTURE DRAINAGE, MISC.: BRIDGE DECK DRAINAGE SYSTEM

INCLUDE ALL 6" INNER DIAMETER DUCTILE IRON PIPE DOWNSPOUTS, INCLUDING
SPECIALS, HORIZONTAL CONDUCTOR PIPES, BRACKETS, PIPE HANGER ASSEMBLIES,
TEES, SCUPPERS, WYES, ELBOWS, AND U-BOLTS FOR PAYMENT WITH THIS ITEM.

CAST-IN-PLACE CONCRETE
1. GENERAL

A. CONCRETE SHALL BE IN ACCORDANCE WITH THE CURRENT NORFOLK
SOUTHERN CORPORATION SPECIFICATIONS FOR CAST-IN-PLACE CONCRETE.
REFER TO NORFOLK SOUTHERN’S PUBLIC PROJECTS MANUAL APPENDIX H.4.2
FOR SPECIFICATIONS FOR CAST-IN-PLACE CONCRETE.

B. EXCEPT AS OTHERWISE SPECIFIED HEREAFTER THE CURRENT AMERICAN
RAILWAY ENGINEERING AND MAINTENANCE-OF-WAY ASSOCIATION (AREMA)
MANUAL FOR RAILWAY ENGINEERING (RECOMMENDED PRACTICE), CHAPTER
8 - CONCRETE STRUCTURES AND FOUNDATIONS, SHALL APPLY TO ALL WORK
UNDER THIS SECTION.

2. STRENGTH, PROPORTIONS AND MIXES

A. CEMENT, UNLESS OTHERWISE SPECIFIED, SHALL CONFORM TO THE FOLLOWING:

1. CEMENT SHALL BE PORTLAND CEMENT, TYPE 1 OR TYPE 1A, CONFORMING
TO THE REQUIREMENTS OF ASTM DESIGNATION C150.

B. MINIMUM COMPRESSIVE STRENGTH AT 28 DAYS SHALL BE 4000 PSI, UNLESS A
HIGHER COMPRESSIVE STRENGTH IS INDICATED IN THE PLANS.

C. MINIMUM CEMENT CONTENT SHALL BE 6.50 BAGS/CY (610 LBS/CY).

D. FLY ASH, SILICAFUME AND/OR SLAG CEMENT AND ANY OTHER ADMIXTURES,
APPROVED BY THE ENGINEER, SHALL BE IN ADDITION TO THE MINIMUM
CEMENT CONTENT INDICATED ABOVE, NOT IN LIEU OF CEMENT.

E. NOMINAL SIZE OF COARSE AGGREGATE SHALL BE 1”7 - NO. 4 (SIZE 57).

F. CONCRETE SHALL BE AIR-ENTRAINED BY THE USE OF AN AIR ENTRAINING
ADMIXTURE CONFORMING TO REQUIREMENTS OF ASTM DESIGNATION, C260,
OR BY THE USE OF AIR-ENTRAINING PORTLAND CEMENT MEETING THE
REQUIREMENTS OF ASTM SPECIFICATION Ci50. THE CONCRETE SHALL HAVE
AN AIR CONTENT BETWEEN 4.0% AND 6.0%.

G. ADMIXTURES, EXCEPT AIR-ENTRAINING AGENTS, USED TO ALTER THE NORMAL
PROPERTIES OF CONCRETE FOR DENSIFYING, DISPERSING, RETARDING,
ACCELERATING, PLASTICIZING, COLORING, OR WATERPROOFING, SHALL BE
USED ONLY UPON WRITTEN PERMISSION OF THE ENGINEER.

CAST-IN-PLACE CONCRETE, CONTD

H. TESTING: COMPRESSION TESTS AND FIELD TESTS WILL BE REQUIRED AS

SPECIFIED IN THE AREMA MANUAL, CHAPTER 8, PART I. THE CONTRACTOR
SHALL FURNISH ALL TEST MATERIALS AND TEST CYLINDER MOLDS, SHALL
PERFORM ALL WORK TO MAKE AND CURE THE TEST CYLINDERS, AND AFTER
PROPER CURING, SHALL DELIVER THE TEST CYLINDERS TO AN INDEPENDENT
TESTING LABORATORY WHERE THEY SHALL BE TESTED AT THE CONTRACTOR’S
EXPENSE. THE TEST RESULTS SHALL BE FURNISHED DIRECTLY TO THE
ENGINEER IN WRITING, BY THE TESTING LABORATORY, ON A STANDARD
TESTING REPORT FORM. NOT LESS THAN FOUR TEST CYLINDERS SHALL BE
MADE FOR EACH TWENTY CUBIC YARDS, OR FRACTION THEREOF, OF
CAST-IN-PLACE CONCRETE. ONE PAIR OF CYLINDERS SHALL BE TESTED AT
7 DAYS AND THE SECOND PAIR AT 28 DAYS.

. SLUMP RANGE SHALL BE TWO TO FOUR INCHES PRIOR TO THE ADDITION

OF HIGH RANGE WATER REDUCING ADMIXTURES AT THE SITE. PUMPED
CONCRETE SHOULD HAVE A SLUMP RANGE OF 5” TO 8" PRIOR TO PUMPING.
AT LEAST ONE SLUMP TEST SHALL BE MADE FOR EACH TRUCKLOAD OF
CONCRETE DELIVERED TO THE PROJECT FOR INCLUSION IN THE WORK. A
RECORD OF THE AMOUNT OF SLUMP SHALL BE MADE AND FURNISHED TO
THE ENGINEER.

3. REINFORCING STEEL
A. REINFORCING STEEL BARS SHALL BE INTERMEDIATE GRADE, NEW BILLET

STEEL, CONFORMING TO ASTM DESIGNATION A615, GRADE 60. REINFORCING
BARS SHALL BE BENT COLD IN THE SHOP OR IN THE FIELD AROUND A PIN
NOT LESS THAN 6 TIMES THE DIAMETER OF THE BAR. REINFORCING PARTIALLY
EMBEDDED IN CONCRETE OR IN MORTAR IN DOWEL HOLES SHALL NOT BE
FIELD BENT, EXCEPT AS PERMITTED BY THE ENGINEER.

B. EPOXY COATED REINFORCING BARS, WHERE SPECIFIED OR SHOWN ON THE

PLANS, SHALL CONFORM TO ASTM A775, “STANDARD SPECIFICATION FOR
EPOXY-COATED REINFORCING BARS”. EPOXY COATED REINFORCING BARS
SHALL BE TIED WITH PLASTIC OR EPOXY COATED WIRES OR APPROVED
PLASTIC CLIPS, AND SHALL BE SET ON PLASTIC OR EPOXY COATED WIRE
CHAIRS.

C. EPOXY GROUT FOR DOWELS

1. EPOXY ADHESIVE SHALL CONFORM TO ASTM C881 OR AASHTO M235
SPECIFICATIONS. THE CONTRACTOR SHALL HAVE THE OPTION OF USING
THE FOLLOWING EPOXY ADHESIVE TO SET REINFORCING DOWELS:

a.) SIKADUR 32, HI-MOD SIKA CORP,
LUNDHURST, NJ
TEL. (201) 933-8800

b.) MASTERFLOW-MP MASTER BUILDERS,
CLEVELAND, OH
TEL. (800) 433-9517

c.) DURALITH GEL TAMMS INDUSTRIES, INC.
KIRKLAND, IL
TEL. (800) 862-2667

d.) POLYGROUT TAMMS INDUSTRIES, INC.
KIRKLAND, IL
TEL. (800) 862-2667

c.) DURALITH GEL HILTI, INC.
TULSA, OK
TEL. (866) 445-8827

EPOXY ADHESIVE SHALL BE SET IN ACCORDANCE WITH

THE MANUFACTURER’S RECOMMENDATIONS. THE LISTED ADHESIVES
SHALL BE USED WHEN THE TEMPERATURE FOR THE PREVIOUS 48 HOURS
HAS BEEN ABOVE 40°F, WITH TEMPERATURE FORECASTS TO REMAIN
ABOVE 40°F FOR THE NEXT 12 HOURS. FOR TEMPERATURES BELOW 40°F,
THE CONTRACTOR MAY SUBMIT TO THE ENGINEER A COLD WEATHER
GROUTING PRODUCT FOR CONSIDERATION.

2. EPOXY GROUT MATERIALS SHALL NOT BE DILUTED WITH SOLVENTS.

3. ALL FREE WATER SHALL BE REMOVED FROM DOWEL HOLES BY AN
AIR JET OR BY VACUUM BEFORE PLACING EPOXY GROUT. EPOXY GROUT
SHALL BE POURED INTO THE DOWEL IN SUFFICIENT QUANTITY TO
COMPLETELY FILL THE HOLE WHEN THE DOWEL IS INSERTED. THE DOWEL

SHALL BE INSERTED IN THE LIQUID GROUT AND AGITATED TO COMPLETELY

WET THE PERIMETER OF THE DOWEL AND TO COMPLETELY FILL THE ANNULAR
SPACE AROUND THE DOWEL. A SMALL AMOUNT OF GROUT MAY BE ADDED IF
THE ANNULAR SPACE IS NOT FILLED FLUSH WITH THE SURROUNDING SURFACE.
GROUTED DOWELS SHALL NOT BE DISTURBED FOR AT LEAST 12 HOURS AFTER

INSTALLATION.

D. GROUT FOR ANCHOR RODS

1. GROUT FOR ANCHOR RODS SHALL BE A CEMENT-BASED NON-SHRINK GROUT
WITH EXTENDED WORKING TIME. THE CONTRACTOR SHALL HAVE THE
OPTION OF USING THE FOLLOWING MATERIAL OR APPROVED EQUAL:

a.) MASTERFLOW 928 - BASF

CAST-IN-PLACE CONCRETE, CONT'D

2. EPOXY GROUT MATERIALS SHALL NOT BE DILUTED WITH SOLVENTS.

3. ALL FREE WATER SHALL BE REMOVED FROM DOWEL HOLES BY AN
AIR JET OR BY VACUUM BEFORE PLACING EPOXY GROUT. EPOXY GROUT
SHALL BE POURED INTO THE DOWEL IN SUFFICIENT QUANTITY TO
COMPLETELY FILL THE HOLE WHEN THE DOWEL IS INSERTED. THE DOWEL
SHALL BE INSERTED IN THE LIQUID GROUT AND AGITATED TO COMPLETELY
WET THE PERIMETER OF THE DOWEL AND TO COMPLETELY FILL THE ANNULAR
SPACE AROUND THE DOWEL. A SMALL AMOUNT OF GROUT MAY BE ADDED IF
THE ANNULAR SPACE IS NOT FILLED FLUSH WITH THE SURROUNDING SURFACE.
?/557%{5?4 7%00%&5 SHALL NOT BE DISTURBED FOR AT LEAST 12 HOURS AFTER

D. GROUT FOR ANCHOR RODS

1. GROUT FOR ANCHOR RODS SHALL BE A CEMENT-BASED NON-SHRINK GROUT
WITH EXTENDED WORKING TIME. THE CONTRACTOR SHALL HAVE THE
OPTION OF USING THE FOLLOWING MATERIAL OR APPROVED EQUAL:

a.) MASTERFLOW 928 - BASF

2. GROUT SHALL BE SET IN ACCORDANCE WITH THE MANUFACTURER’S
RECOMMENDATIONS. FOR TEMPERATURES BELOW 45°F, THE CONTRACTOR
MAY SUBMIT TO THE ENGINEER A COLD WEATHER GROUTING PRODUCT OR
PROCEDURE FOR CONSIDERATION.

3. FORMED ANCHOR BOLT BLOCKOUTS SHALL BE SANDBLASTED,
WATERBLASTED OR GROUND TO REMOVE LAITANCE.

4. ALL FREE WATER SHALL BE REMOVED FROM ANCHOR ROD BLOCKOUTS BY
AN AIR JET OR BY VACUUM BEFORE PLACING GROUT. GROUT SHALL BE
POURED INTO THE ANCHOR BLOCKOUT IN SUFFICIENT QUANTITY TO
COMPLETELY FILL THE HOLE WHEN THE ANCHOR ROD IS INSERTED. THE
ANCHOR ROD SHALL BE INSERTED IN THE LIQUID GROUT AND AGITATED
TO COMPLETELY WET THE PERIMETER OF THE ROD AND TO COMPLETELY
FILL THE ANNULAR SPACE AROUND THE ROD. A SMALL AMOUNT OF
GROUT MAY BE ADDED IF THE ANNULAR SPACE IS NOT FILLED FLUSH WITH
THE SURROUNDING SURFACE. GROUTED ANCHOR RODS SHALL NOT BE
DISTURBED FOR AT LEAST 12 HOURS AFTER INSTALLATION.

4. CONSTRUCTION JOINTS

A. CONSTRUCTION JOINTS SHALL BE MADE ONLY WHERE SHOWN ON THE PLANS,
UNLESS OTHERWISE APPROVED BY THE ENGINEER, AND SHALL BE ADEQUATELY
KEYED.

5. FORMED SURFACE FINISH

A. ALL UNFORMED SURFACES SHALL BE CONSTRUCTED TO LINES AND CONTOURS
SHOWN ON THE DRAWINGS WITH A WOOD OR HARD RUBBER FLOAT FINISH.
FORMED SURFACES SHALL BE MADE WITH PLYWOOD FACED WOOD FORMS OR
WITH STEEL FACED FORMS.

6. CURING

A. CONCRETE SHALL BE PROTECTED AS REQUIRED BY AREMA SPECIFICATION,
CHAPTER 8, SECTION 1.17, FOR A MINIMUM OF 7 DAYS. MEMBRANE CURING
COMPOUNDS ARE PERMITTED, ON ALL CAST-IN-PLACE CONCRETE SURFACES
EXCEPT THOSE THAT WILL ABUT OTHER NEW CONCRETE. CURING OF SUCH
ABUTTING SURFACES SHALL BE BY WET CURING METHODS. MEMBRANE CURING
SHALL BE COMPATIBLE WITH THE SPECIFIED CONCRETE SURFACE SEALER, OR
THE MEMBRANE _CURING COMPOUND SHALL BE REMOVED TO PROMOTE
ADHESION OF THE SEALER TO THE CONCRETE.

7. SEALER

A. CONCRETE SEALANT SHALL BE PER ODOT CMS 5i2.
COLOR: LIGHT TAN - FEDERAL STANDARD 535C #27769

CONCRETE, BRIDGE DECK (PARAPET), AS PER PLAN
INCLUDE SUPERSTRUCTURE BARRIER CONCRETE WITH THIS ITEM.

A RUBBED FINISH SHALL COVER ALL CONCRETE PLACED FOR PARAPET, AS PER
CMS 511.18 (B). IMMEDIATELY AFTER REMOVING FORMS, CLEAN, DAMPEN AND
FILL WITH MORTAR ALL CAVITIES PRODUCED BY FORM TIES, HONEYCOMB SPOTS,
BROKEN CORNERS OR EDGES, AIR ENTRAINMENT OR BUG HOLES, AND OTHER
DEFECTS.
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CONCRETE, BRIDGE DECK (PARAPET), AS PER PLAN, CONTD

CONCRETE PARAPETS: AS SOON AS A CONCRETE SAW CAN BE OPERATED WITHOUT
DAMAGING THE FRESHLY PLACED CONCRETE, SAWCUT 1 1/4” DEEF CONTROL JOINTS
INTO THE PERIMETER OF THE CONCRETE PARAPET STARTING AND ENDING AT THE
ELEVATION OF THE CONCRETE DECK. PLACE THE SAWCUTS AS SHOWN ON

SHEET 37 /47. USE AN EDGE GUIDE, FENCE, OR JIG TO ENSURE THAT THE CUT
JOINT IS STRAIGHT, TRUE, AND ALIGNED ON ALL FACES OF THE PARAPET.

THE JOINT WIDTH SHALL BE THE WIDTH OF THE SAW BLADE, A NOMINAL WIDTH OF
174 INCH. SEAL THE PERIMETER OF THE DEFLECTION CONTROL JOINT TO A MINIMUM
DEPTH OF 1 INCH WITH A POLYURETHANE OR POL YMERIC MATERIAL CONFORMING

TO ASTM €320, TYPE S. LEAVE THE BOTTOM 1/2 INCH OF THE INSIDE AND OUTSIDE
FACE UNSEALED TO ALLOW WATER TO ESCAPE.

COLOR: LIGHT TAN - FEDERAL STANDARD 595C #27769

PROTECTION OF UTILITIES

THE CONTRACTOR IS REMINDED THAT ALL THE EXISTING COMPONENTS AND SYSTEMS
TO REMAIN IN USE DURING AND/OR AFTER THIS PROJECT REQUIRE PROTECTION.
THESE ITEMS INCLUDE, BUT ARE NOT LIMITED TO:

WATER MAINS

GAS MAINS

ELECTRICAL/TELEPHONE CONDUITS AND OVERHEAD LINES
SIGNALS

SEWER

IT IS THE CONTRACTOR’S RESPONSIBILITY TO PROTECT EXISTING SYSTEMS AND
COMPONENTS FOR THE DURATION OF THE CONTRACT.

OVERHEAD POWER LINES:

THE CONTRACTOR IS RESPONSIBLE FOR MAKING HIS OWN DETERMINATION AS TO THE
LOCATION OF THESE UTILITIES AS MAY BE NECESSARY TO AVOID DAMAGE THERETO
DURING CONSTRUCTION AND ERECTION OF STRUCTURES.

UTILITY LINES:
THE CONTRACTOR AND UTILITY (IES) ARE TO COOPERATE BY ARRANGING THEIR WORK
IN SUCH A MANNER THAT INCONVENIENCE TO EITHER WILL BE HELD TO A MINIMUM.

COFFERDAMS AND EXCAVATION BRACING, AS PER PLAN

PLANS AND SHOP DRAWINGS FOR THE TEMPORARY SHEETING AND BRACING OF
EXCAVATION WEST OF THE PHASE 1 RAILROAD TRACKS SHALL BE APPROVED

BY NORFOLK SOUTHERN. WHEN CONSTRUCTING A DESIGN FOR TEMPORARY SUPPORT
OF EXCAVATION, PREPARE AND PROVIDE PLANS IN ACCORDANCE WITH C&MS 501.05
AND NORFOLK SOUTHERN’S PUBLIC PROJECTS MANUAL.

CONDUIT SUPPORTS

CONSTRUCT CONDUIT SUPPORTS AT THE LOCATIONS SHOWN IN THE PLANS. FURNISH
AND INSTALL A STEEL EXPANSION JOINT. INSTALL CONDUIT AND STEEL EXPANSION
JOINT PER THE MANUFACTURER’S SPECIFICATIONS.

UTILITY BLOCKOUT BACKWALL PENETRATIONS

FORMED UTILITY BLOCKOUT ABUTMENT BACKWALL PENETRATIONS SHALL USE 1”
WAX FILLER, FILL COAT #&6 AVAILABLE FROM THE TRENTON CORPORATION,
7700 JACKSON ROAD, ANN ARBOR, MI 48103. PHONE NUMBER (734)424-3600 OR
APPROVED EQUAL. THE MATERIAL AND INSTALLATION SHALL CONFORM TO THE
MANUFACTURER'S SPECIFICATIONS.

SEE BU-22A PLANS FOR CONTINUATION OF CARRIER PIPE ALONG THE TRACK.
STRUCTURAL STEEL EXPANSION JOINT, AS PER PLAN

CONSTRUCT STRUCTURAL STEEL EXPANSION JOINTS IN ACCORDANCE
TO CMS ITEM 516 AND THE FOLLOWING ADDITIONS:

JOINT SEAL.  FURNISH MATERIAL CONFORMING TO CMS 705.11. THE SEAL
CONFIGURATION SHOULD BE SIMILAR TO THE DETAILS SHOWN HEREIN.

ACCEPTED MANUFACTURERS ARE, D.S. BROWN (MODEL J-500),
WATSON-BOWMAN-ACME (MODEL 125FW) OR AN APPROVED EQUIVALENT.

INSTALL THE SEAL ACCORDING TO THE MANUFACTURER'S SPECIFICATIONS AND
UNDER THE SUPERVISION OF THE MANUFACTURER’S DESIGNATED REPRESENTATIVE.

JOINTS IN SEALS. FURNISH SEALS IN ONE CONTINUOUS PIECE UNLESS
OTHERWISE APPROVED BY THE ENGINEER.

FURNISH AND INSTALL 15" X 29 1/2%, Yo" X 18%, [o” X 22”, AND Yo" X 23V5” GALVANIZED

MASONRY PLATES AS SHOWN IN THE PLANS. ATTACH MASONRY PLATES TO DECK,

BACKWALL, AND BARRIER USING %" DIA. X 6” A-325 ANCHOR BOLTS SET IN FORMED

HOLES AND GROUTED IN PLACE OR APPROVED EQUAL AS SHOWN IN THE PLANS.
PROVIDE 1/4” DIA. COUNTER SUNK (CSK.) HOLES IN THE MASONRY PLATES AND FIELD
WELD PER THE DETAILS IN THE PLANS.

UNCLASSIFIED EXCAVATION, AS PER PLAN

UNCLASSIFIED EXCAVATION SHALL BE IN ACCORDANCE WITH CMS ITEM 503 EXCEPT
THAT THE BACKFILL MATERIAL SHALL BE MATERIAL CONFORMING TO CMS 703.17 (CMS
304 MATERIAL) AND MEET THE COMPACTION REQUIREMENTS OF CMS 304.05. IN
ADDITION, THE BACKFILL SHALL BE PLACED AND COMPACTED IN 6” LIFTS.

POROUS GRANULAR BACKFILL WITH FILTER FABRIC

A. THE CONTRACTOR SHALL BACKFILL WITH POROUS GRANULAR MATERIAL WITH
FILTER FABRIC AS INDICATED IN THE PLANS AND BY THE ENGINEER. THE TOP OF
POROUS GRANULAR BACKFILL IN THE SIDE SLOPES SHALL BE 12 INCHES BELOW
FINAL GRADE. THE TOP 6 INCHES (6”) SHALL BE BACKFILLED WITH IMPERVIOUS
MATERIAL COMPACTED 95% OF STANDARD PROCTOR DENSITY. WHERE APPLICABLE,
g;;l_g{(//g./%éRgHALL BE CARRIED UP APPROXIMATELY EVEN ON ALL SIDES OF THE

B. POROUS GRANULAR BACKFILL MATERIAL SHALL BE HARD, DURABLE PIECES OF

STONE OR GRAVEL MEETING THE FOLLOWING GRADATIONS:

SIEVE SIZE: PERCENT BY
U.S. STANDARD SQUARE MESH WEIGHT PASSING

37 100

” 9515

NO. 4 75+25

NO.16 55+25

NO. 50 10£10

NO. 200 212

PRE-CONSTRUCTION SURVEY, VIBRATION MONITORING, AND VIDEQ INSPECTION OF SEWERS

CONDUCT A PRE-CONSTRUCTION SURVEY ACCORDING TO THE SETTLEMENT AND VIBRATION
MONITORING PLAN OF BUILDINGS, STRUCTURES, UTILITIES, AND CRITICAL LOCATIONS
WITHIN THE LIMITS DETERMINED BY THE DBT VIBRATION SPECIALIST. PERFORM A
PRE-CONSTRUCTION VIDEO INSPECTION ACCORDING TO CM&S 611 OF ALL SEWERS WITHIN
THE INFLUENCE ZONES OF CONSTRUCTION. PERFORM SETTLEMENT AND VIBRATION
MONITORING ACCORDING TO THE SETTLEMENT AND VIBRATION MONITORING PLAN DURING
CONSTRUCTION. AFTER CONSTRUCTION IS SUBSTANTIALLY COMPLETE, PERFORM A SECOND
VIDEO INSPECTION OF THE SEWERS. PROVIDE RECORDINGS OF THE VIDEOS TO THE
DEPARTMENT AND MAINTAINING AGENCY FOR REVIEW.

[TEM 607 - VANDAL PROTECTION FENCE, 8’ STRAIGHT, COATED FABRIC
AS PER PLAN

INSTALL VANDAL PROTECTION FENCE ACCORDING TO STD. CONSTRUCTION DRAWING
VPF-1-90 AND C&MS 607, EXCEPT AS MODIFIED BELOW.

POSTS, PLATES, TIE WIRES, CAULK AND ADDITIONAL VISIBLE HARDWARE SHALL BE COLOR
BLACK (FEDERAL STD. 595C #17038). FENCE FABRIC SHALL BE BLACK VINYL-COATED,
CHAIN LINK STYLE. MOUNT FENCING TO TOP OF RETAINING WALL WITH CAST-IN-PLACE
ANCHORS.

AT THE TOP OF THE WALL, MAKE THE FENCE FABRIC CONTINUOUS BETWEEN THE FENCE ON
THE WALL AND THE FENCE ON THE BRIDGE ABUTMENT.

PIPE UNDERDRAIN

1. UNDERDRAIN PIPES SHALL BE PERFORATED BITUMINOUS COATED CORRUGATED METAL
PIPE. PVC IS NOT ALLOWED.

2. GEOTEXTILE FABRIC. FABRIC CONSIDERED FOR USE UNDER THIS SECTION SHALL
CONSIST OF STABILIZED NONWOVEN FILAMENTS OF POLYESTER. NONWOVEN FABRIC
SHALL BE NEEDLE PUNCHED; NO RESIN OR HEAT BONDING SHALL BE ALLOWED. THE
FILAMENTS MUST BE DIMENSIONALLY STABLE (I.E. FILAMENTS MUST MAINTAIN
THEIR RELATIVE POSITION WITH RESPECT TO EACH OTHER) AND BE RESISTANT TO
DELAMINATION. THE FILAMENTS MUST BE FREE FROM ANY CHEMICAL TREATMENT OR
COATING THAT MIGHT SIGNIFICANTLY REDUCE POROSITY AND PERMEABILITY. THE
FABRIC SHALL MEET OR EXCEED THE FOLLOWING REQUIREMENTS:

WEIGHT (0Z. / SQ. YD.) 3.5

GRAB STRENGTH (LBS) 100%*
(ASTM D1682)

GRAB ELONGATION (%) 20%
(ASTM D1682)

EQUIVALENT OPENING SIZE
(US STANDARD SIEVE NO.)
(CORPS OF ENGINEERS)
(CW 02215.77)X

*FABRICS SHALL BE TESTED WET.

30 NONWOVEN**

**MANUFACTURER’S CERTIFICATION OF FABRIC TO MEET REQUIREMENT .
WATERPROOFING, MISC.: WATERPROOFING AND DAMPPROOFING
WATERPROOFING AND DAMPPROOFING

A. WATERPROOFING OR DAMPPROOFING OF CONCRETE SURFACES BELOW THE
GROUND LINE SHALL BE AS SHOWN ON THE PLANS.

WATERPROOFING, MISC.: WATERPROOFING AND DAMPPROOFING, CONT'D
B. SURFACES TO BE TREATED SHALL BE CLEAN AND DRY.

C. CONCRETE SURFACES SHALL HAVE BEEN CURED A MINIMUM OF 7 DAYS FOR
STANDARD CONCRETE AND 3 DAYS FOR HIGH-EARLY STRENGTH CONCRETE,
RESPECTIVELY, BEFORE BEING WATERPROOFED OR DAMPPROOFED.

D. DAMPPROOFING SHALL CONFORM TO THE FOLLOWING:

1. ALL NEW CAST-IN-PLACE CONCRETE AND EXISTING CONCRETE EXPOSED
DURING THE WORK WHICH WILL BE IN CONTACT WITH BALLAST OR BACKFILL
AT THE COMPLETION OF THE WORK SHALL BE DAMPPROOFED.

2. DAMPPROOFING MASTIC SHALL BE A COLD APPLIED, LIGHT TROWEL GRADE
OF AN ASPHALTIC BITUMINOUS BINDER, IMPREGNATED WITH MINERAL FILLERS
AND INORGANIC FIBERS. THE MASTIC SHALL BE UNIFORMLY TROWELED OVER THE
CONCRETE SURFACE WITHOUT HOLES, SKIPS, OR HOLIDAYS AT THE APPROXIMATE
RATE OF 5 GALLONS PER 100 SF. THE DAMPPROOFING MASTIC SHALL BE ONE OF
THE FOLLOWING OR AN APPROVED EQUAL:

KARNACK PRODUCT NO. 920
KARNACK CHEMICAL CORPORATION
CLARK, NJ 07066

TEX-MASTIC PRODUCT NO. 712
JP PETROLEUM PRODUCTS, INC.
DALLAS, TX 75208

3. PROTECTION BOARD TO BE PLACED OVER THE MASTIC DAMPPROOFING SHALL
BE A STANDARD PROTECTION COURSE, APPROXIMATELY %" THICK, COMPOSED
OF A MIXTURE OF BITUMENS AND MINERAL FIBERS AND SANDWICHED BETWEEN
TWO LINERS. PROTECTION BOARD SHALL BE CAREFULLY BUTTED AT THE EDGES
TO MAKE A COMPLETE PROTECTION COURSE FOR THE DAMPPROOFING MASTIC.
PROTECTION BOARD SHALL BE ONE OF THE FOLLOWING OR AN APPROVED EQUAL:

VIBRAFLEX
W.R. MEADOWS, INC.
ELGIN, IL 60120

TEX-MASTIC PROTECTS BOARD
JP PETROLEUM PRODUCTS, INC.
DALLAS, TX 75208

ITEM 512 - SEALING OF CONCRETE SURFACES (EPOXY-URETHANE):

ALL EXPOSED CONCRETE SURFACES OF THE ABUTMENT, INCLUDING WINGWALLS AND
LIMITS OF THE CONCRETE SUPERSTRUCTURE, AS PER PLAN DETAILS, SHALL BE SEALED
WITH AN EPOXY-URETHANE SEALER.

WATERPROOFING, MISC.: COLD-SPRAY APPLIED WATERPROOFING

DECK WATERPROOFING:
THE MEMBRANE SHALL BE 100% REACTIVE SPRAY APPLIED MATERIAL.

FURNISH LABOR, PRODUCTS AND EQUIPMENT REQUIRED FOR THE APPLICATION OF A
SEAMLESS, SPRAY ELASTOMER COATING SYSTEM TO CONCRETE AND METAL SURFACES.
THE COATING SYSTEM SHALL BE A SPRAY-APPLIED, 100% SOLIDS, FAST-CURE,
HIGH-BUILD SYSTEM MEETING AREMA COLD-SPRAY APPLIED WATERPROOFING
REQUIREMENTS CHAPTER 8, SECTION 29. PRIMER MAY BE REQUIRED.

FOR A PRODUCT TO BE ACCEPTED, IT MUST MEET ALL TESTS REQUIRED BY AREMA
CHAPTER 8, SECTION 29 WITHIN THE MANUFACTURER’S RECOMMENDED THICKNESS.

TOP SURFACE OF THE DECK AND SIDE WALLS ARE TO BE PROTECTED WITH A COLD
SPRAY MEMBRANE WATERPROOFING SYSTEM. APPROVED WATERPROOFING SYSTEMS
INCLUDE:

BRIDGE DECK MEMBRANE (TM) WATERPROOFING SYSTEM, MANUFACTURED BY:
BRIDGE PRESERVATION

686 S. ADAMS STREET

KANSAS CITY, KANSAS 66105

OR APPROVED EQUAL.

SURFACES THAT RECEIVE SPRAYED WATERPROOFING MEMBRANE SHALL BE
THOROUGHLY CLEANED AS PER SSPC-SPIO.

THE MINIMUM THICKNESS FOR THE FINISH COAT SHALL NOT BE LESS THAN 120DFT.

SPRAY APPLICATION SHALL BE CERTIFIED BY THE MANUFACTURER WITH A
COPY SUBMITTED TO THE ENGINEER FOR APPROVAL.

WATERPROOFING MEMBRANE SHALL BE APPLIED IN THE FIELD BY THE CONTRACTOR.
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WATERPROOFING, MISC.: COLD-SPRAY APPLIED WATERPROOFING, CONTD

PRODUCTS SHALL BE MIXED, STORED AND APPLIED PER THE MANUFACTURER’S
RECOMMENDATIONS. TEMPORARILY COVER DECK DRAIN LOCATIONS.

THE FOLLOWING ITEMS SHALL MEET THE REQUIREMENTS OF AREMA CHAPTER 8,
SECTION 29 AND/OR THE MANUFACTURER’S REQUIREMENTS, WHICHEVER CRITERIA IS
MORE STRINGENT:

CONCRETE AND METAL SURFACES PREPARATION
FIELD QUALITY CONTROL
REPAIR OF AREAS WITH DEFICIENT THICKNESS OR PINHOLES

ITEM 512 - SEALING OF CONCRETE SURFACES, AS PER PLAN, PERMANENT GRAFFITI
PROTECTION

APPLY A PERMANENT GRAFFITI COATING QUALIFIED ACCORDING TO SUPPLEMENT 1083
THAT IS COMPATIBLE WITH THE CONCRETE SEALER OVER WHICH IT IS APPLIED.
PROVIDE A COATING THAT MEETS THE REQUIREMENTS LISTED BELOW. APPLY THE
?ﬁégg/gg_}%?éT]N@ IN ACCORDANCE WITH THE MANUFACTURER’S PRINTED

A.  THE MATERIAL SHALL BE A SINGLE COMPONENT, RTV (ROOM TEMPERATURE
VULCANIZED), NEUTRAL MOISTURE CURE, PERMANENT (NON-SACRIFICIAL), TYPE III
(WATER CLEANABLE) POLYSILOXANE (SILICONE) ANTI-GRAFFITI COATING, FREE OF
ANY WAXES, EPOXIES, OR POLYURETHANE COMPONENTS.

B.  THE COATING SHALL BE A ONE COAT SYSTEM (NO PRIMER) CAPABLE OF BEING
SPRAY APPLIED TO A DRY FILM THICKNESS OF 15 MILS (375 MICRONS) WITHOUT

RUNS OR SAGS (MULTIPLE COAT APPLICATION ACCEPTABLE FOR BRUSH/ROLLER USAGE

AND PRIMER USAGE ACCEPTABLE FOR SPECIALTY SUBSTRATES SUCH AS GALVANIZED
METAL).

C. THE COATING SHALL EMIT LESS THAN 300 G/L (2.5 POUNDS PER GALLON) OF
VOLATILE ORGANIZE COMPOUNDS (EPA METHOD 24).

D.  THE COATING SHALL MEET THE FOLLOWING PERFORMANCE REQUIREMENTS:

1. CLEANABILITY LEVEL 1 (GRAFFITI COMPLETELY REMOVED WITH COLD WATER POWER

WASH) AS PER ASTM D7089 WITH LOW PRESSURE (1200 PSI) COLD WATER WASH
AFTER 2000 HOURS ACCELERATED UV-CONDENSATION EXPOSURE IN ACCORDANCE
WITH ASTM D4587.

2. GRAFFITI RESISTANCE LESS THAN 7.5 AS PER ASTM D8578 AFTER 2000 HOURS
ACCELERATED UV-CONDENSATION EXPOSURE IN ACCORDANCE WITH ASTM 4578.
NO SIGNS OF GRAFFITI OR GRAFFITI STAINING AND MUST BE INTACT AND EXHIBIT

NO SIGNS OF STREAKING, CRACKING, PINHOLING, DISCOLORING, OR OTHER VISIBLE
COATING DEGRADATION UPON CASUAL OBSERVATION WHEN TESTED IN ACCORDANCE

WITH TXDOT TEX 890-8, TYPE III METHOD.
BREATHABILITY OF 10 PERMS (+/- 3) PER ASTM DI653 USING “WET CUP METHOD”.
ELONGATION AT BREAK GREATER THAN 100% AS PER ASTM D412 (USING DIE D).

oon

BY KNIFE).
DRILLED SHAFTS:

THE MAXIMUM UNFACTORED LOAD TO BE SUPPORTED BY EACH DRILLED SHAFT IS 249
KIPS AT THE ABUTMENTS AND 837 KIPS AT THE PIERS. THIS LOAD IS RESISTED BY
SIDE RESISTANCE WITHIN A PORTION OF THE BEDROCK SOCKET AND ALSO BY TIP
RESISTANCE. ALLOWABLE SIDE AND TIP RESISTANCES WERE DETERMINED USING A
SAFETY FACTOR OF 2.5. THE ALLOWABLE SIDE RESISTANCE IS 200 KIPS AT THE
ABUTMENTS, ASSUMED TO ACT ALONG THE BOTTOM 4.5 FEET OF THE BEDROCK
SOCKET. THE ALLOWABLE RESISTANCE PROVIDED BY THE DRILLED SHAFT TIP IS 379
KIPS AT THE ABUTMENTS. EACH ABUTMENT DRILLED SHAFT IS SOCKETED 6.5 FEET
INTO ROCK TO PROVIDE LATERAL STABILITY. THE ALLOWABLE SIDE RESISTANCE IS
684 KIPS AT THE PIERS, ASSUMED TO ACT ALONG THE BOTTOM 16 FEET OF THE
BEDROCK SOCKET. THE ALLOWABLE RESISTANCE PROVIDED BY THE DRILLED SHAFT
TIP IS 392 KIPS AT THE PIERS.

A. THE SHAFTS SHALL BE PLUMB. ANY DEVIATION FROM THE VERTICAL AT THE
BOTTOM OF THE SHAFT SHALL NOT EXCEED 1 PERCENT OF THE SHAFT LENGTH OR
Yy INCH FOR EVERY 10 FEET OF LENGTH, WHICHEVER IS THE SMALLER VALUE. ANY
DEVIATION FROM THE VERTICAL GREATER THEN HEREIN SPECIFIED SHALL BE
CORRECTED BY THE CONTRACTOR AT NO ADDITIONAL COST TO THE COMPANY
BEFORE ANY REINFORCEMENT STEEL AND CONCRETE ARE PLACED.

B. NO SHAFT EXCAVATION SHALL BE MADE IN EMBANKMENT MATERIAL IN AN UNCASED
CONDITION.

C. PRIOR TO COMMENCING WORK, THE DBT SHALL PREPARE AND SUBMIT TO THE
DEPARTMENT FOR REVIEW AND APPROVAL, DRILLED SHAFT INSTALLATION PLAN IN
ACCORDANCE WITH THE C&MS 524.03.

ITEM 607 - VANDAL PROTECTION FENCE, AS PER PLAN

THE CONTRACTOR SHALL FURNISH ALL NECESSARY LABOR, MATERIALS AND EQUIPMENT TO
FABRICATE, GALVANIZE, CLEAN, APPLY A TWO-COAT SHOP PAINT SYSTEM
(EPOXY/URETHANE) AND INSTALL THE RAILING. ALL FENCE AND RAILING MATERIALS SHALL
BE GALVANIZED AND PAINTED PER THIS NOTE.

A. FABRICATION OF THE RAILING SHALL BE IN ACCORDANCE WITH C&MS 513, UF
LEVEL. COATING OF THE RAILING SHALL BE IN ACCORDANCE WITH C&MS 514, EXCEPT
AS NOTED BELOW.

B. THE ARCHITECTURAL FENCING SHALL SATISFY THE MINIMUM DESIGN REQUIREMENTS
FOR POSTS AND ANCHORAGES AS SPECIFIED IN STANDARD BRIDGE DRAWING VPF-1-90,
“VANDAL PROTECTION FENCE”.

C. THE FENCING SHALL BE CONSTRUCTED USING WELDED WIRE FABRIC WITH 10.5 GAGE
CORE WIRE, GALVANIZED AFTER WELDING.

ADHESION RATING OF "8 - DIFFICULT TO REMOVE” AS PER ASTM D6677 (ADHESION

ITEM 607 - VANDAL PROTECTION FENCE, AS PER PLAN, CONTD

D. STEEL PLATES AND SHAPES SHALL BE ASTM A709 GRADE 36 OR 50. ALL OTHER
MATERIALS SHALL BE IN ACCORDANCE WITH C&MS 707.10 OR 711.09.

E. THE GALVANIZED COATING SYSTEM MAY BE APPLIED BY A GALVANIZER NOT
PRE-QUALIFIED AS A FABRICATION SHOP UNDER SUPPLEMENT 1078, BUT THE
PRE-QUALIFIED FABRICATOR OF THE STRUCTURAL STEEL SHALL BE RESPONSIBLE
FOR THE QUALITY OF THE APPLIED GALVANIZED COATING SYSTEM AND ANY REPAIRS,
RE-FABRICATION AND ADDITIONAL ASSEMBLIES REQUIRED TO ASSURE THE
FABRICATED STEEL MEETS THE PLAN REQUIREMENTS.

F. THE TWO SHOP COATS SHALL BE APPLIED IN A STRUCTURAL STEEL
FABRICATION SHOP HAVING PERMANENT BUILDINGS PER 513.04 AND PREQUALIFIED
AT THE UF LEVEL. THE PAINT QUALITY CONTROL SPECIALIST (QCS) SHALL BE
QUALIFIED AS SPECIFIED IN 514.04.

G. PRIOR TO GALVANIZING, ALL CORNERS OF THERMALLY CUT OR SHEARED EDGES
57\’;2\%% HAVE A I/16-INCH RADIUS OR EQUIVALENT FLAT SURFACE AT A SUITABLE
A .

H. GALVANIZE THE FABRICATED RAILING AND HARDWARE ACCORDING TO C&MS
711.02, EXCEPT THAT FABRICATED RAILING ELEMENTS SHALL NOT BE POST
TREATED WITH WATER QUENCHING OR CHROMATE CONVERSION COATED.

I. AFTER GALVANIZATION, REMOVE ZINC HIGH SPOTS SUCH AS METAL DRIP LINE
AND OTHERS THAT WOULD DETRACT FROM THE PAINT APPEARANCE BY SSPC SP2
OR SP3. TAKE CARE THAT THE BASE GALVANIZED COATING IS NOT REMOVED.
CHECK REPAIRED AREAS FOR REQUIRED COATING THICKNESS.

J. REPAIR GALVANIZED COATINGS DAMAGED IN THE SHOP ACCORDING TO ASTM A780
METHOD Al.

K. AFTER REMOVING HIGH SPOTS, CLEAN THE GALVANIZED COATING ACCORDING TO
SSPC SP-1. THE CLEANING SOLUTION SHALL BE AN ALKALINE SOLUTION WITH A PH
RANGING FROM A MINIMUM OF 11 TO A MAXIMUM OF 12. THIS SOLUTION CAN BE
APPLIED BY IMMERSION, SPRAY OR SOFT NYLON BRUSH. FOLLOW CLEANING WITH A
HOT WATER OR HOT PRESSURE WASHER RINSE. SEPARATE INDIVIDUAL PIECES AND
POSITION TO FACILITATE DRAINAGE AND DRYING. THE PIECES SHALL BE
COMPLETELY DRY BEFORE PROCEEDING.

L. AFTER CLEANING, ABRASIVE BLAST THE PIECES ACCORDING TO SSPC-SP7 BRUSH-OFF
BLAST CLEANING. THE BLASTING OPERATION SHALL ROUGHEN THE GALVANIZED SURFACE
TO AN ANGULAR SURFACE PROFILE OF 0.75 TO 1.00 MILS. SELECT THE BLASTING
EQUIPMENT, TECHNIQUE AND ABRASIVE MATERIAL TO PROVIDE FOR THE SPECIFIED
SURFACE PROFILE WITHOUT REMOVAL OF EXCESSIVE ZINC LAYERS. THE FINAL ZINC
MILLAGE SHALL NOT BE LESS THAN 4.0 MILS. REMOVE ALL ABRASIVE RESIDUE WITH
CLEAN COMPRESSED AIR OR OTHER METHODS ACCEPTABLE TO THE DEPARTMENT.

M. AFTER OBTAINING SURFACE PROFILE, SHOP APPLY A TWO COAT PAINT SYSTEM
CONSISTING OF EPOXY INTERMEDIATE COAT AND A URETHANE FINISH COAT MEETING

THE REQUIREMENTS OF C&MS 708.02. THE FINISH COAT SHALL MATCH FEDERAL COLOR
STANDARD FS 5395C-17038 BLACK. APPLY THE EPOXY COATING WITHIN 24 HOURS OF THE
BRUSH-OFF BLASTING.

N. PRIOR TO FABRICATION OF THE RAILING SYSTEM, FABRICATE A SAMPLE RAILING
PANEL OF A LENGTH AGREEABLE TO THE PROJECT ENGINEER WHICH INCLUDES TWO
POSTS, ALL HARDWARE, INCIDENTALS AND COATINGS. THE PROJECT ENGINEER WILL

USE THIS SAMPLE PANEL TO JUDGE ACCEPTANCE OF THE FABRICATION, COATINGS AND
QUALITY CONTROL PROGRAM. AFTER THE REVIEW OF THIS SAMPLE, THE DEPARTMENT
AND THE CONTRACTOR MAY AGREE UPON ANY FABRICATION, COATING, QUALITY

CONTROL OR INSTALLATION CHANGES AS A MODIFICATION TO THESE NOTES. THE
FABRICATION CAN PROCEED ANY TIME AFTER THE ACCEPTANCE OF THIS SAMPLE PANEL.
ngT%:l_Mg\ngjﬁéé\EL MAY BE INCORPORATED INTO THE FINISHED WORK AT THE DISCRETION

O. REPAIR DAMAGE TO THE PAINT SYSTEM CAUSED DURING STORAGE, TRANSPORTATION,
ERECTION, ACCORDING TO C&MS 514.22. EXERCISE EXTREME CARE WHILE HANDLING THE
STEEL DURING ERECTION, AND DURING SUBSEQUENT CONSTRUCTION OF THE RAILING
AND FENCE. INSULATE THE STEEL FROM THE BINDING CHAINS BY SOFTENERS AND PAD
ALL HOOKS AND SLINGS THAT ARE USED TO HOIST/ERECT THE MEMBERS.

P. ALL FENCE ANCHORS SHALL BE CAST INTO THE PARAPET. A WASHER AND NUT SHALL
BE TACK WELDED TO THE BOTTOM OF THE THREADED ROD TO AVOID THE ANCHORS
PULLING LOOSE WHEN THE TEMPLATES FOR THE BASEPLATES ARE STRIPPED. FENCE
ANCHORAGE SHALL BE STAINLESS STEEL PER C&MS 730.10.

SECTION / DETAIL / VIEW CALLOUTS

//%\ (ANTITLE
\9_/NOTE

(SEE SECTION A ON SHEET 10) (SECTION A CUT FROM SHEET 9)

ABBREVIATIONS
& = AND

@ = AT

ABUT. = ABUTMENT

B = BASELINE

BOT. = BOTTOM

BRG = BEARING

BRGS. = BEARINGS

BTWN. = BETWEEN

C.J. = CONSTRUCTION JOINT
C/C = CENTER-TO-CENTER
£ = CENTERLINE

CLR = CLEAR

COMM. = COMMUNICATIONS
CVN = CHARPY V-NOTCH
DIA. = DIAMETER

DIM. = DIMENSION

DR. = DRIVE

E.F. = EACH FACE

EB = EAST BOUND

ELEV. = ELEVATION

EX. = EXISTING

F = FAHRENHEIT

F.A. = FORWARD ABUTMENT
F.F. = FAR FACE

F/F = FACE-TO-FACE

FCM = FRACTURE CRITICAL MEMBER

GA. = GAUGE
GALV. = GALVANIZED
HR = HOUR

1.D0. = INSIDE DIAMETER

INV. = INVERT ELEVATION

KV = KILOVOLT

LBS = POUNDS

LL = LIVE LOAD

LONG. = LONGITUDINAL

LT. = LEFT

MAX. = MAXIMUM

MIN. = MINIMUM

MISC. = MISCELLANEOUS

MPH = MILES PER HOUR

N.F. = NEAR FACE

NEORSD = NORTH EAST OHIO REGIONAL SEWER DISTRICT
NS = NORFOLK SOUTHERN

0/0 = OUT-TO-0UT

0.D. = OUTSIDE DIAMETER

ODOT = OHIO DEPARTMENT OF TRANSPORTATION
PCPP = PERFORATED CORRUGATED PLASTIC PIPE
PEJF = PRE-FORMED EXPANSION JOINT FILLER
PGL = PROFILE GRADE LINE

P = PLATE

PROP. = PROPOSED

PSI = POUNDS PER SQUARE INCH

R.A. = REAR ABUTMENT

R/W = RIGHT OF WAY

RR = RAILROAD

RT. = RIGHT

$.0. = SERIES OF

SPA. = SPACED, SPACES, SPACING

STA. = STATION

/T = TOE-TO-TOE

TYP. = TYPICAL

U.N.O. = UNLESS NOTED OTHERWISE

WB = WEST BOUND

0 | 2/25/18 |RFC

NO.| DATE

DESCRIPTION

ISSUE RECORD

DESIGN AGENCY
Michael Baker
INTERNATIONAL
1111 SUPERIOR AVE E, SUITE 2300, CLEVELAND, OH 44114

DATE
11/5/18

RECORD PLANS

18101519

JWB

STRUCTURE FILE NUMBER

REVIEWED

DRAWN
SSW
REVISED

LJH
CHECKED
LPC

DESIGNED

RECORD PLANS

GENERAL NOTES (4 OF 5)
CUY-010-2039
NORFOLK SOUTHERN RAILROAD OVER OH-10

RECORD PLANS

PID No. 96833

(o))
~

o

al




ccummings

3/18/2019 1:36:38 PM

BU-22 - NORFOLK SOUTHERN BRIDGE OVER OH-10

.. \Sheets\010_2039C_SN605.dgn

RFC SUBMITTAL

DESIGN AGENCY

Michael Baker

INTERNATIONAL

1111 SUPERIOR AVE E, SUITE 2300, CLEVELAND, OH 44114

RECORD PLANS

DATE
11/5/18

18101519

JWB

STRUCTURE FILE NUMBER

REVIEWED

DRAWN
SSW
REVISED

LJH
CHECKED
LPC

DESIGNED

RECORD PLANS

CUY-010-2039

GENERAL NOTES (5 OF 5)

NORFOLK SOUTHERN RAILROAD OVER OH-10

SUGGESTED CONSTRUCTION SEQUENCE
1. CONSTRUCT PHASE 1 TEMPORARY ALIGNMENT FOR MAIN | AND MAIN 2 TRACKS. SPECIFICATION | ITEM  |\DESCRIPTION
2. CUT AND THROW EXISTING TRACKS TO PHASE | TEMPORARY ALIGNMENTS.
3. INSTALL TEWPORARY SHORING ADJACENT TO PHASE ] TEMPORARY ALIGNMENT FOR NS, AREMA - EXCAVATION
4. EXCAVATE DOWN TO BOTTOM OF ABUTMENT CAP ELEVATIONS AND BOTTOM OF obor 503 |UNCLASSIFIED EXCAVATION, AS PER PLAN
PIER CAP ELEVATION.
5. INSTALL DRILLED SHAFTS DS06- DSI6, DSI9-DS22, DS29- DS38. NS/ AREMA - EPOXY COATED REINFORCING STEEL
6. CAST ABUTMENT SEATS, BACKWALLS AND PIER CAP UP TO PHASE I LIMIT.
7. SET BEARINGS AND INSTALL STEEL GIRDERS GI-Gll AND GI9- G29. NS./AREMA - CAST-IN-PLACE CONCRETE
8. CAST DECK TO PHASE 1 LIMITS. NS/AREMA - CONCRETE, BRIDGE DECK (PARAPET), AS PER PLAN
9. INSTALL DECK WATERPROOFING.
10. INSTALL TEMPORARY BALLAST PETAINER. opoT 512 |SEALING OF CONCRETE SURFACES, AS PER PLAN: PERMANENT GRAFFITI PROTECTION
1. INSTALL BALLAST ON BRIDGE. onoT 512 |SEALING OF CONCRETE SURFACES (EPOXY-URETHANE)
12. CONSTRUCT PHASE 2 TEMPORARY ALIGNMENT FOR MAIN 1 AND MAIN 2 TRACKS. NS/AREMA - WATERPROOFING, MISC.: WATERFROOFING AND DAMPPROOFING
13, CUT AND THROW TRACKS TO PHASE 2 TEMPORARY ALIGNMENTS. NS/AREMA - WATERPROOFING, MISC.: COLD-SPRAY APPLIED WATERPROOFING
14. EXCAVATE DOWN TO BOTTOM OF ABUTMENT CAP ELEVATIONS AND BOTTOM OF ovor 512 |SPECIAL - SEALING: ODOT 705.09 JOINT SEALING MATERIAL
PIER CAP FOR REMAINDER OF PHASE 2 LIMITS.
15. INSTALL DRILLED SHAFTS DSOI-DSO5, DSI7-DSI8, DS23-28. NS/ AREMA - STRUCTURAL STEEL MEMBER
16. CAST ABUTMENT SEATS, BACKWALLS, AND PIER CAP TO THE FULL EXTENT. opoT 513  |WELDED STUD SHEAR CONNECTORS
17. SET BEARINGS AND INSTALL GIRDERS GI2-GI8, AND G30-G36. COMNECT G2 TO onoT 513 |STRUCTURAL STEEL, MISC.: UTILITY SUPPORTS AND INSTALLATION
16. CAST REMAINGER OF THE DECK TO THE PHASE 2 LIMITS. onoT 514  |FIELD PAINTING STRUCTURAL STEEL, SHOP, INTERMEDIATE AND FINISH COAT
19. INSTALL DECK WATERPROOFING TO THE PHASE 2 LIMITS.
20. INSTALL BALLAST ON BRIDGE. oDoT 516 |STRUCTURAL STEEL EXPANSION JOINT, AS PER PLAN
21. REMOVE TEMPORARY BALLAST RETAINER. NS AREVA - L A< TOMERIC BRIDCE BEARINGS
22. SHIFT TEMPORARY MAIN 1 AND MAIN 2 TO FINAL LOCATION.
23. EXCAVATE OUT BELOW THE BRIDGE. NS/AREMA - |POROUS BACKFILL WITH GEOTEXTILE FABRIC
24. INSTALL ABUTMENT FACING AND PIER FACING. NS AREVA . PIPE UNDERDRAIN
onoT 518  |STRUCTURE DRAINAGE, MISC.: BRIDGE DECK DRAINAGE SYSTEM
NS/AREMA - DRILLED SHAFTS
NS/ AREMA - MONITORING MOVEMENT OF TRACK AND TEMPORARY SHORING
onoT 607  |VANDAL PROTECTION FENCE, AS PER PLAN
onoT 607 |87 TALL VANDAL PROTECTION FENCE VPF-I-90, AS PER PLAN
onoT 608 |67 CONCRETE WALK
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DRILLED SHAFT SCHEDULE
APPROX.| ROCK ROCK | 1074 | D.5. BAR | .. NO- OF
DESIGNATION | DIAMETER | TOP ELEV.| 'ROCK | SOCKET | SOCKET | ‘7 | “wipk . |D-S. LONG.| UNIT a¥e
ELEV. DIA. | LENGTH BARS ]
Dso1 507 | 690.86 | 664.1 98" | -6 [ 33.6 ) Dsioz 24 o F.A. 650.66
DS02 50" 690.86 | 663.% 48" ¥-6” 33.8 DSII02 24 22 R.A. 630.49
DS03 50" 690.86 | 663.7¢ | 48" %-6" 33.6 DSI102 24 g2 \
D504 50 690.86 | 663.5C | 48" ¥-6” 33.6 DsSI102 24 g3 N -
DS05 50” 690.86 | 663.3 48" {66 | 34.3 DS1103 24 ] < <
DS06 50" 690.86 | 663.1 504 6-67 |33~ DSII03 24 ;‘ g &
DsSo7 50 690.86 | 662.9 50" 6’-6" 34.5 Ds1103 24 IS o
DS08 50 690.86 | 662.7 50" 6-6" 34.7 DS1103 24 oy S § o
DS09 50 690.86 | 662.4 50” 66" 34.9 DS1104 24 i s TR N
DS10 50° | 690.86 | 662.2 | 50” 6-6" 35.1 DS1104 24 S X< <X p o Bshoz, bolios,
DSl 50 690.86 | 662.0 50” 6-6” 35.3 DS1104 24 NS ST LE 4 ik
DSI2 50 | 690.86 | 661.8 | 50° | 6-6” | 355 | DSIo4 24 ) WO x| 24 - DSl Ok Dsiiz R-A.)
DSI3 50 690.86 | 661.6 50” 66" 35.7 DSI105 24 T Bo I3
DS14 50 690.86 | 661.4 50" 6-6” 35.9 DSII05 24 3 LIRS
Dsi5 50" 690.86 | 661.2 50" 6-6" 36.2 Ds1105 24 a < olo
Dsi6 50 690.86 | 661.0 50” 6-6" | ~36-4~_ | DSIIO5 24 9 5%§ <| - (A
Dsi7 48” 689.62 | 666.0 | 48" 18-0” ¢ 40.1 | psior 2 3 3 NSy &
Ds18 48" 689.62 | 667.4 48" 18°-0” 40.0 )| Dsio7 2 3 B SN 5/~
DSI9 48" 689.62 | 666.8 48" 180" | %079 | DsI08 2 PIER IS @ o A §
D520 48" 689.62 | 666.1 48" 18°-0" 41.5 Ds1108 2 = L gq. |8
Ds21 48" 689.62 | 665.5 48" 18-0" 42.1 DSI109 2 S 2y ol
DS22 48" 689.62 | 664.9 48” 18-0” | ~42~I~_| DSII09 2 g ss
DS23 50” 690.49 | 6711 487 | 66" |¢ 26.4 4| DSII 24 3 88
D524 50” 690.49 | 671.0¢ 48" %-6” ¢ 26.2 )| DS 24 = PP
D525 50” 690.49 | 670.& 48" 6-6” [ >pex” | Dsun 24 N NN
DS26 50" 690.49 | 670.%% | 48" 667 [¢ 26.3\| DSii 24 SIS
Ds27 50” 690.49 | 670.67| 48" ¥-6” |r 26.3 3| DSii 24 wn
D528 50” 690.49 | 670.5(| 48" Y6-6” [C 26.4 )| DS 24 Wiy
D529 50" 690.49 | 670.3 T~g9~ 1~ 6-6” | “eBF | DSl 24 MM
DS30 50" 690.49 670.2 50" 6-6" 26.8 Dsiin 24 R TOP OF ROCK ELEVATION
DS31 50" 690.49 | 670.1 50" 6-6" 26.9 Ds1i2 24 o B -
DS32 50 690.49 | 670.0 50" 6-6" 27.0 DSz 24 \2/ ~
DS33 50 690.49 | 669.8 50" 6"-6" 27.2 sz 24 S
D534 50 690.49 | 669.7 50" 6-6” 27.3 psiiz 24 :
DS35 50” 690.49 | 669.6 50" 6-6" 27.4 DSz 24 S
DS36 50" 690.49 | 669.5 50” 6-6” 27.5 DSz 24 &
DS37 50 690.49 | 669.3 50” 66" 27.7 DSz 24 .
DS38 50 690.49 | 669.2 50” 6-6” 27.8 DSz 24 3
&
2
= ABUTMENT DRILLED SHAFT REINFORCING
=
N
(N 5( 5( (.5
%2 % & 3

W33x201
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2/
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4/_2// ¢
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\2/
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M M)

689.62

TOTAL LENGTH OF DRILLED SHAFT
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TOP OF ROCK ELEVATION
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AN FRONT FACE OF BACKWALL SEE DETAIL D B
NZ - SEE DETALL C € MAIN 1 STA. 36263+75.10 /7 N, -
TAPER BACKWALL 1-7% TO I'-6” ‘ 16-6%" 14-7%" 3-TH v
1 7 I <
107-1034 8-7%" 5= 8-7%" | 51 5= |36 5" 8-7%" / \ -8% " v T
” Y pIoE T~
RAS5I2 CONSTRUCTION JOINT £ 127 STEEL UTILITY PIPE =7 7-RA516 o
RA5/4 j 2 / ) \ i08°21/32° 2
s (Ty
P RAS5I3 IrAST? <
L — l 7-RA5I5 — |
N N | — _ \ _ _ _ A —— RA511 (TYP.)
& RASII (TYP.) it HH\:\\"/ PN - y I oo\ Lo /)\&—H:H—lf
i\‘ p )/\ o \(o\ o ) S )l o 5 \IP 5 >?H)\ x?\X( 5 )l ° Ib—— BEARING AND
~ S raszo | N AW AgAN 7\ AN / < DRILLED SHAFTS
N N LAP RA519 N4 P - = =7 NI T '\/ '/ N N\
§ ™ (TYP.)— i - - - - - T RA520
N ‘ - ) y y ) ‘ LAP RA519
S Wi @ @\ G @@ @ @ @ @ @\@ ® @ @@ N
v € ANCHOR BOLT BLOCKOUTS N PA5I
€ BEARINGS R.A. ANCHOR BOLT \“—¢ FUTURE TRACK € MAIN 2 N AN 7 I FUTURE TRACK & |
16°21'32” /, 1% 37 DIA. ANCHOR BLOCKOUT (TYP.) 12”7 STEEL UTILITY PIPE
7-3Up” (SEE DETAIL) 10 SPA. @'3'~7 3/4% C/C GIRDER = 36°-5% * 6 SPA. @ 3'-7 3/4” C/C GIRDER = 21-10%" | 5-8%"
(TP  BOLT BLOCKOUT ] 5 5 ‘
\ (TYP.) 5l o4
L waLs pRAIN (TYP.) 1-5% 2-2%
90°0°0" € GIRDER 3-9” 16 - 50” DIA. DRILLED SHAFTS SPA. @ 4'-6” = 67'-6" 3-9”
75-0"
ANCHOR BOLT BLOCKOUT DETAIL TAPER BACKWALL EROM
AS-BUILT PHASE 1 DIMENSION PLAN
AT CONSTRUCTION JOINT I
7O PLAN DIMENSION AT 4_ 4_
WALL 5D (NOT SHOWN) END OF ABUTMENT AS SHOWN 75-0" WALL 5C (NOT SHOWN)
(SEE BU-23) PHASE 2 LIMITS PHASE 1 LIMITS (SEE BU-23)
5/_6%// ‘ 64/_2% ” -3
oy | 6-RA511 SPA. @ I-0” MAX.
RA5/2 AND RA5I3 PROP. 127 STEEL UTILITY PIPES RA575‘ RA516 AND RAS5I7
ppr [T RA512, RA513 AND RA514 € FUTURE TRACK £ MAIN 2 € MAIN 1 € FUTURE TRACK RA5I5 AND RA5I6
| 2/_0//
ELEV. 701.52 r C.J. (TYP.) CONSTRUCTION /; ELEV. 701.54
" 2-RA506 i
RA518 7 /:;(I rELEV. 699.74 /égfl'\//\/sfrlggfrjf,’ol'/fff) F ” T RA5I
1
- 4
5 SETS OF 1-RA512 AND \ — t \ \\ \\ H f
I-RA513 (LAP RA503) — \ — y v Tl T ELEV. 696.63 |— 5 SETS OF I-RA515 AND
_ It -RA516 (LAP RA501 AND RA508)
1y | Y \ ! o b
| 1y 1y 1y l | | | ELEV. 694.50
\ } \\ \\ ) \\ 'J \\ \\ 5 SETS OF 1-RA519 AND 1-RA520
\ \ J \ \
X ) | | | ELEV. 690.50
! by HLZ E’A503 (AP RA533) || \ | 5-rasoz \LAP RA50] & RA533)H Lz—ﬁ?;fwoz ! : M %24&1508:
| I "y II I II _ Y I M |
, 1 8-RA503 (LAP'RAS33) || i _8 -RA502 (LAP RA533) e RAS0] i 2-RA507 | |l 15 seTs OF 1-PAS0I AND 1-RA509 SPA. @ 9” MAX.
' 5 SETS OF J-RAS19 AND 1-RA520 | 1 ' 8-RA533 (LAP RAS0] & RA502))| Il 2-RA505 I H =
! I ! MIEICHAN]CAL CONNECTOR (TYP.) i I “ I L) Se7 OF 1-R4902 AND 1-RASIO
, 50 SETS OF I- RA90/ AND 1-RA509 SPA. @ 9” MAX. il Il'52 SETS 'OF 1-RA901 AND 1-RA509 SPA. @ 9” MAX. H 1 55T OF"/_RA903 A;VD 2 o510
! H H ! h h ! h h ! 1 SET OF 1-RA902 AND /—RA5/0— ! h
I 1 I I I I I 1 1 SET OF 1-RA903 AND 1-RA510 — || 4 SETS OF 1 RA902 AND 1-RA510 SPA. @ 9” MAX.
! I39 SETS OF 2-RA504 SPA. @ I'-0” MAX. I | Il Il Il 65 SETS OR 2-RA504 SPA. @ I'-0” MAX. I [
T II T T LI LI I LI LI II LI T II LI II T 1
| I I I I I I I I I I I I I I I |
i i i i i i i i i i i i i i i i i ~— TOP OF GROUND
I TT TT TT T Tt Tt Tt t t t t t H t t t
I 1 l l 1 1 l 1 1 l l 1 1 l 1 l I
ELEV. 675.73 NOTES:
BTM FACING

1. GRAFFITI PROTECTION SHALL BE APPLIED
FROM THE GROUND LINE LEVEL TO A
MINIMUM OF 8°-0” IN HEIGHT. PERMANENT
GRAFFITI COATING SHALL MEET THE
REQUIRMENTS OF SUPPLEMENT 1083.

2. #5 BAR LAP = 3’-8” U.N.O.
\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O\/O 3. SEE SHEET 14 /45 FOR DETAIL C AND DETAIL D
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5
€ BEARINGS & DRILLED SHAFT RA513 OR RA5I5 RA514 OR RASIT = ;g
RA509 (LAP RASO1) OR RA5I0 g% RASII | RA512 OR RA5I6 5 B
(LAP RA902 OR PLACE ABOVE UTILITY AT RA03)-| N Raszs PA509 (LAP RASOI — o o P
NILS RAS21 P d C.J. < 3 <8
*w Can z g :5
RA501, RA502, RA503 " | RA501, RA502, RA503 B vl
RAS05, RA506, O RA508 ZC—»LAE%' Ra22 OR pAS23 " "Ra505 OR RA508 s 5=
SPA. @ 0% MAX. (TYP. OF 10— £ o0, ) 1k SPA. @ I'-0” MAX. (TYP. OF 10)—| i
OR RA903 Rag01 -—_ |} A%
1 RA602 OR RA604 ——x
o o 37 DIA. ANCHOR BOLT _——c. 3 DIA. ANCHOR BOLT C.d. alg IS
BLOCKOUT (TYP.) —— = = as BLOCKOUT (TYP.)—— [ A s NE
LIMITS OF SEALING 4-97 % 1-67 * Sc I NER
CONCRETE SURFACE 83 RA504 (TyP.)— | He Ras04 (TvP)— | T sollely
(EPOXY-URE THANE) € BEARING g2 RA501, RA502 : T~ . - RA501, RA502 [ R\ =S
T3 ok rasos A" () () : fn22 OR pAS23 okrasos A () () o |28
s (TYP. OF 22) - | . : (TYP. OF 22) i colg
30" 3Q L P T L e =52
S DRILLED SHAFT T ===y DRILLED SHAFT " s 2705
S Q HOOK BARS (TvP)—— 1]l \[1=]e HOOK BARS (TYP.)—— I|] [T
‘ 0 & S RAB0I OR RABO3 ™
j § % S RA524 E= 2
DIM. D END OF GIRDER /\'J 367 LAP (TYP.) 3-8” LAP (TYP.) -
TO FACE OF BACKWALL /ANSECTION ((BN\SECTION ] E
ELEV. 694.49 —— _ ex153
3/ 3/ =18
AR Eaa! 5 SETS OF I-RA603 AND 1-RAB04 5 SETS OF 1-RA601 AND 1-RA602
5 SETS OF 1-RA603 AND 1-RA604 5 SETS OF 1-RA601 AND 1-RA602 FIELD CUT FOR UTILITY 7 FIELD CUT FOR UTILITY
263" | ‘ N 1 SET OF 1-RA524
. MECHANICAL 1 SET OF I-RA524 € UTILITY —= AND 1-RA525
N MO CONNECTOR (TYP.) AND 1-RA525 € uriLIry
i RA501, RA502, RA503 .
coNcrere Faciic —___| = g~ RA505, RA506, Ok RA508 Sl 2
—¥ | — l
~ RA523 = L= LIE RA522 RA902 ~ SIS el
= T~ 4 N T
v = \ = RAS01 (TYP.) = ol
A r e [l o looll o llollelle o\ . \ . w
% Ragor (TyP.)——— 454l BIEELE N (R Us | \ \ & G2
Q LS B 3 N NI k|l N N I C \‘ 0 3 T bl AN L \‘ = 8 O
W . IR UEONY . =
s Y Y S Vel LB oy S g .23
PROPOSED S oll_ %, ° 1(0 S H L ( S W o 2
SIDEWALK & 9/ LK N o/ JAE o < Witk o W [T VYR ) o
J RAS02 7 E g
EL. 675.73 DRILLED SHAFT ANCHOR BOLT f4903 ¥sz
HOOK BARS (TYP.) i
DRILLED oAy BLOCKOUT (TYF-) DRILLED SHAFT RA902 B1.ockOUT (P S 38
° (@]
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INTERMEDIATE DIAPHRAGM TRANSVERSE STIFFENER 1 ” P Ye” x 41”7 (TYP.)
CONNECTION PLATE (TYP.) (EACH FACE, TYP.) B 27 x 8m i £
I H G F 3 D c B A
FIELD TRIM WEB AND BOTTOM FLANGE OF GIRDERS GI2-GI8
FOR ACTUAL FIELD TEMPERATURE. TRIM AS NECESSARY TO GIRDER ELEVATION - SPAN 1 /75
PROVIDE REQUIRED GAP (DIM. C) AT PIER. GRIND ENDS |
SMOOTH AND CLEAN. REPAIR PRIMER PER ODOT CMS 514. UPSTATION /A/ {
(2]
INTERMEDIATE DIAPHRAGM AND TRANSVERSE STIFFENER SPACING \ 'Q'T | ° <Zt
i3 N
GIRDER I H G F E D c B 4 s > o] o
/. 17 /. 7/ /. 17 /. 7 /. /7 /. /77 56 TC_U5_S < % O
G 8" 4 SPA. @ 2-6 15/16 3 SPA. @ 3-] 4 SPA. @ 2'-10 1/8 4 SPA. @ 2-10 1/8 4 SPA. @ 2-10 1/8” |4 SPA. @ 2'-10 1/8 2] 3167 g — % o =x
= 10-3 13/16” = 9-3" = 11-4 172" = 11-4 1/2" = 11-9 172 = 11-4 172" ¢ WEB o 8
g . P 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2'-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2"-10 1/8” 3 SPA. @ 31" 3 SPA. @ 31 1/8” g ' 2lm
62 / 8 3 /9//6 = ]]/_4 ]/ 77 = ”/_4 ]/ 17 = ]//_4 ]/ 77 = ]]/_4 ]/ 77 = 9/_3// = 9/_3 7/]6// / 8 FLANGE 7—0 WEB WELD = g 8 m
63 g 2 SPA. @ 2-1 1/8” 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 /8" | 4 SPA. @ 2'-10 1/8” 3 SPA. @ 31”7 3 SPA. @ 2°-9 1/16” g FULL PENETRATION (CJP) OF JOINT REQUIRED. WELD TO BE S Y=
=41 7/8" = 11-4 1727 = 11-4 127 = 11-4 1727 = 11-4 127 = 93" = 8-3 1/8" SYMMETRICAL ABOUT CENTERLINE OF WEB; EXCESSIVE K ge
64 8" 2 SPA. @ 2°-7 1/8” 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2’-10 1/8” 3 SPA. @ 31" 3 SPA. @ 2-4 15/16” g UNBALANCE SHALL BE CAUSE FOR REJECTION. GOUGE ROOT > L E
= 5-2 3/16” =114 172" = 11-4 1,2 = 11-4 1/2" = 1-9 172 = 9-3" = 7-2 13/16” TO SOUND METAL BEFORE WELDING SECOND SIDE. N3
G5 g 2 SPA. @ 31 1/4” 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8" | 4 SPA. @ 2-10 1/8" | 4 SPA. @ 2'-10 1/8” 3 SPA. @ 31" 2 SPA. @ 31 1/4” g NOTES: w3
=672 172” el S & il & S & i & -9 o S 7 ALL.STEEL IS ASTM A709, GRADE 50 AND PAINTED, UNLESS D 2
3 SPA. @ 2-4 15/16” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2”10 1/8" | 4 SPA. @ 2-10 1/8” 3 SPA. @ 31" 2 SPA. @ 2°-7 1/16” : 2 1 o X
66 -8 -2 % e » e p e » e y o2, g A -8 NOTED OTHERWISE. PRIME COAT SHALL BE SHOP APPLIED. [
=7z /8 =4 1z =41z =14 172 =4 iz =973 =572 1/8 INTERMEDIATE COAT AND FINISH COAT SHALL BE FIELD APPLIED. |& &
c7 g 3 SPA. @ 2-9 1/16" | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2'-10 1/8” | 4 SPA. @ 2-10 1/8" | 4 SPA. @ 2-10 1/8" 3 SPA. @ 31" 2 SPA. @ 2°-0 15/16” g S
r_gis 3 SPA. @ 3'-1 3/16” 4 SPA. @ 2-10 178" | 4 SPA. @ 2’10 178" | 4 SPA. @ 2’-10 1/8” | 4 SPA. @ 2-10 1/8” 3 SPA. @ 317 _ ’ g MEETS THE MINIMUM NOTCH TOUGHNESS REQUIREMENTS AS
68 -8 =9-3 172" =11"-4 1727 =11-4 172”7 =114 172”7 =11-4 1727 = g’-3” SN -8 SPECIFIED IN AREMA TABLE 15-1-14.
G9 1-8” 9 5PA 0ol ;36 /gﬁ/s 9 SPA. o2 ;}0 Y 4 SPA. ,,@:’_5 ;}0 be 4 SPA- ,,@i’_f ;}0 ie 4 SPA. ,f?_ﬁ ;}0 ie I SPA o 35," 2-13/16” 1-8” 3. (FCM) DENOTES FRACTURE CRITICAL MEMBER.
cio g 21 316 3 SPA. @ 31" 4 SPA. @ 2'-10 1/8” | 4 SPA. @ 2°-10 1/8” | 4 SPA. @ 2"-10 1/8” |4 SPA. @ 2-10 1/8"'| 4 SPA. @ 2'-6 15/16" g 4. SECTION H.2.6.B.1 OF THE NORFOLK SOUTHERN PUBLIC
= 9-3" = 11-4 1,2 = 11-4 1/2" = 11-9 172 = 11-4 1727 = 107-3 13/16” PROJECT MANUAL STATES, “IN ADDITION TO THOSE MEMBERS
o | 18 31 1o 3 SPA. @ 31" 4 SPA. @ 210 1/8” | 4 SPA. @ 210 /8" | 4 SPA. @ 2’-I0 1/8” |4 SPA. @ 2’10 1/8”| 3 SPA. @ 31 3/16” g | L D b e O R e SURLERS
=973 = 14 I = 14 I = 14 I = 119 17 =93l REDUNDANCY.” THEREFORE, THESE MEMBERS ARE DESIGNATED ,
ci2 g 2 SPA. @ 27-0 15/16" 3 SPA. @ 31" 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” |4 SPA. @ 2'-10 1/8”| 3 SPA. @ 2’-9 1/16” g AS FCM. o %)
= 971 15167 = 9737 = 1req ber = 19 172" e N e W = 673 3167 5. SEE SHEETS 26& 27 FOR BEARING STIFFENER, INTERMEDIATE |© Z
g 2 SPA. @ 2-7 1/16” 3 SPA. @ 31" 4 SPA. @ 2-10 1/8"” | 4 SPA. @ 27-10 1/8” | 4 SPA. @ 2'-10 1/8” |4 SPA. @ 2'-10 1/8”"| 3 SPA. @ 2'-4 15/16" g DIAPHRACM CONNECTION PLATE & DIAPHRAGM DETAILS. o 9|3
Gis | 178 ='57-2 18" =937 = 1r-4 172" =14 1727 = 1r-q 12" = 11-q 12" = 77-2 7/8” I8 oN 2 o
\au 2 SPA. @ 31 1/4” 3 SPA. @ 31" 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2™-10 1/8” | 4 SPA. @ 2"-10 1/8” |4 SPA. @ 2'-10 1/8”| 2 SPA. @ 31 1/4” g 6. HIGH STRENGTH BOLTS SHALL BE |’ DIAMETER, ASTM A325, | 5@ &
G4 -8 Lars o Lgr 3o g o g o g 1o ~ g o 265 1o -8 MECHANICALL Y GALVANIZED. HOT-DIPPED GALVANIZED BOLTS o< o o
cis g 3 SPA. @ 2'-4 15/16” 3 SPA. @ 31" 4 SPA. @ 2-10 1/8"” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2'-10 1/8” |4 SPA. @ 2-10 1/8”"| 2 SPA. @ 2'-7 1/8” g ' 3320
= 7-2 13/16” = 9’-3" = 11-4 1,2 = 11-4 1/2" = 11-9 172 = 11-4 172" = 5-2 3/16” R
Ci6 g 3 SPA. @ 2°-9 1/16" 3 SPA. @ 31" 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2-10 1/8” | 4 SPA. @ 27-10 1/8” |4 SPA. @ 2-10 1/8”"| 2 SPA. @ 2-0 15/16” g > o
= 8-3 1/8" = 9-3" = 11-4 172" = 11-4 1/2" = 11-9 172 = 11-4 172" = 4-] 7/8” =)
cI7 8" 3 SPA. @ 3-1 1/8” 3 SPA. @ 31" 4 SPA. @ 2-10 178" | 4 SPA. @ 27-10 1/8” | 4 SPA. @ 2'-10 1/8” |4 SPA. @ 2-I0 1/8" 31 916" g o
= 9-3 7/16” = 9-3" = 11-4 172" = 11-4 1/2" = 11-9 172 = 11-4 172" 24 / 45
I8 g 4 SPA. @ 2'-6 15/16” 3 SPA. @ 31" 4 SPA. @ 2-10 1/8” | 4 SPA. @ 2°-10 1/8” | 4 SPA. @ 2'-10 1/8” |4 SPA. @ 210 1/8” 2] 3167 g 1 | 2021-08-03 | DCO54
= 103 13/16” = 9-3" = 11-4 1,2 = 11-4 1/2" = 11-9 172 = 11-4 1,2 0 | 2019-02-25 | RFC /78
NO.| DATE DESCRIPTION w
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N N2/ @ € GIRDER o] <2
DIAPHRAGM ! S = P
CONNECTION o @
5% € BEARING F.A. PLATE € BEARING PIER | o -F
2 CLIP TOP FLANGE ONLY - =:
R < q 4 < B
© [ 77 © \ E :3‘023
=~ ~ 5, E z3
/] 550" | 2o (rvp.) -5
i P ;l 5%,, / /7/6 gn_
56 '7/{6 | -~ EVQ”X&%”X 417 :’é’o
(TYP.) "4
<« GIROER PLAN - SPaN 2 o | e " R I <
TOP FLANGE NOT SHOWN FOR CLARITY PLATE Is BOLTED ~ 3, e S EI
EXCEPT FOR TOP FLANGE CLIP TO FLANGE (TYP.) B ER 2
€ BEARING F.A. o . o . g 6 € BEARING PIER | e R =
14 ROWS 14 ROWS b Veanre” S =
-0V OF 3STUDS .|, 19 ROWS OF 3 STUDS . |. 11 ROWS OF 3 STUDS .| . 13 ROWS OF 3 STUDS | _ 1l ROWS OF 3 STUDS . 19 ROWS OF 3 STUDS | OF 3 STUDS 95" aMa | =352
SPA. @ 57 = 557 SPA. @ 67 = 9-0” SPA. @ 8" = 67-8” SPA. @ 97 = 9-0” SPA. @ 87 = 6-8” SPA. @ 67 = 9-0” SPA. @ 57 = 557 a/j\m =P
E ]V “ x 18”7 (CVN) —— SEE SHEAR T ! T a
11 11 11 11 1 j = 11 STUD DETAIL 287 (TYP) || §§§
BEARING £S5z
/ p | STIFFENER AN ANSECTION
BEARING .
STEtavE | < CJP (SEE DETAIL . /45) -~ \24/\25/JACKING STIFFENER 2,50
/ FIELD TRIM WEB AND BOTTOM FLANGE OF GIRDERS Gi9-629 |22 %
: B SR W AR [
JACKING INTERMEDIATE DIAPHRAGM P 157 x 18”7 (CYN) TRANSVERSE STIFFENER NP s x 41" (TYP.) > >
STIFFENER [NTERMEDIATE DIAPHRAGH @ SVERSE STIFFENER e sl SMOOTH AND CLEAN. REPAIR PRIMER PER ODOT CMS 574.
\JAC‘KING
Y . F £ D c B STIFFENER € GIRDER
!
GIRDER ELEVATION - SPAN 2
UPSTATION e r‘l]_“_l]—\ = 0
o
INTERMEDIATE DIAPHRAGM AND TRANSVERSE STIFFENER SPACING € GIRDER INEp— |
a a % ‘ N (@] [a R
-8 6" % DIA. WELDED
/8 . =z
GIRDER H G F £ b ¢ B A ! ‘ SHEAR STUD (TYP.) - TRANSVERSE = il
ar | 4SPA. @ 26 5/16" = | 3SPA. @ 3-1" = |3 SPA. @ 347 = |3 SPA. @ 34" = |2 SPA. @ 34" = 1 SPA. @ 34" Y : N »  °9
Sl 107-3 13/16” 9-3” j0-0" j0-0" 6-6" AND 1 SPA. @ 21 3/16” | I8 Iﬂl :‘:Tﬁ STIFFENER AFTER ~ /% S ‘TEY’;’ oo | 2 2[8
o, ] 7 = ] = 4 . a0 = ) Y - g0 - i P y PLATE IS BOLTED 5 2/x 6"x 41" | M Qlyy
20 g 3 SPA. @ 571 178 3 SPA. @ 3 53PA. @ 374 5 SPA. @ 374 3 SPA. € 374 21 o6 g | | PLATE 15 BOLTED N5 274 85
/. 7/ — /. /- /. 1/ — /. 77 /. /77— /. 1/ — -\‘ h o é
v ar | 3SPA. @29 1/I6” = | 3SPA. @ 3-1" = |3 SPA. @ 347 = |3 SPA. @ 34 3SPA. @ 347 = | 2 SPA. @ 20 15/16" = y e S
bar | 178 8-3 178" 9-3" 10-0" 100" 100" 41 7/8” I8 B Verxanire” NS Siz
6oz g+ | 3SPA. @24 15/16" = | 3SPA. @ 31" = |3SPA. @ 347 = |3SPA. @ 347 = |3 SPA. @ 3-47 = | 2 SPA. @ 27 1/8” = g " N al O 3
7-2 13/16” 9:-3" 1070 107-0"" 107-0"" 5'-2°3/16" | | ; Y5
o 2 SPA. @ 31 1/47 = | 3SPA. @ 31" = |3 SPA. @ 3-4” = |3 SPA. @ 34" = |3 SPA. @ 347 = | 2 SPA. @ 3-] 1/4” = >y DYk L g o
G23 /-8 67-2 1/27 97-3" 107-0"" 10-0"" 107-0"" 6/-2 1/27 -8 /4 (TYP.) . 8 5
ar | 2SPA. @ 2-7 176" = | 3SPA. @ 31" = |3 SPA. @ 34" = |3 SPA. @ 34" = |3 SPA. @ 34”7 = | 3 SPA. @ 2'-4 I5/16" = Y AN/ B\SECTION 5 2
624 1-8 AN e 23 27 27 2 > -8 =
625 g+ | 2SPA. @ 2-0 I5/16” = | 3 SPA. @ 31" = |3 SPA. @ 34" = |3 SPA. @ 347 = |3 SPA. @ 3-4” = | 3 SPA. @ 2-9 /16" = g NOTES:
9°-1 13/16" 9:-3" 107-0" 107-0" 107-0"" 8-3 3/16"
v o > 7 - o 1. ALL STEEL IS ASTM A709, GRADE 50 AND PAINTED, UNLESS NOTED OTHERWISE. PRIME COAT
626 1-8" 301 12 JOPA eI = I SPA @ STAT = |3 SkA, @ 5 I SPA. eIy = | I SPA. 8 3T 37167 = -8 SHALL BE SHOP APPLIED. INTERMEDIATE COAT AND FINISH COAT SHALL BE FIELD APPLIED.
o7 g 1 3187 3SPA. @ 31" = |3 SPA. @ 347 = |3 SPA. @ 34" = |3 SPA. @ 3-4” = | 4 SPA. @ 26 15/16" = g 2. (CYN) DENOTES CHARPY V-NOTCH TEST IS REQUIRED. WHERE A SHAPE OR PLATE IS DESIGNATED
9-3" 100" 107-0"" 100" 10°-3 13/16" (CVN), FURNISH MATERIAL THAT MEETS THE MINIMUM NOTCH TOUGHNESS REQUIREMENTS AS SPECIFIED
28 g+ | 4SPA.@2615/16" = |3SPA. @ 34" = |35 5SPA. @ 347 = |3 SPA. @ 34" = | 3 SPA. @ 31" = P g IN AREMA TABLE 15=1-14.
10°-3 13/16” 10-0” 10°-0" 10-0" 9-3" 3. (FCM) DENOTES FRACTURE CRITICAL MEMBER.
629 -8 I SPA. 9‘?_33 ,'/’23,,/ 6= |3 SPA ',0‘?_03,,' L ;0‘?_03,,'4 ol s }0‘?_03{4 7 P 'g,f‘f’f/" B 3=z 1=8" 4. SECTION H.2.6.B.1 OF THE NORFOLK SOUTHERN PUBLIC PROJECTS MANUAL STATES, “IN ADDITION . o0
L _ S S S - _ _ TO THOSE MEMBERS DESIGNATED AS FCM BY AREMA, ALL WELDED PLATE GIRDERS SHALL BE = 2
630 g | 3SPA. @ 2-9 1/16” = |3 SPA. @347 = |3 SPA. @ 34" = |3 SPA. @ 34 3SPA. @ 317 = | 2SPA. @ 20 15/16” = g CONSIDERED FCM REGARDLESS OF ANY PROVIDED REDUNDANCY.” THEREFORE, THESE MEMBERS ARE 5 Z
8-3 316" 107-0"" 1070 107-0"" 9'-37 91 13/16" DESIGNATED AS FCM re 9 [
/_ v o— _q17 — 10 — r_pr7 1_170 — /_ 7 — [a R
631 p-g | I SPA. & 200 IB/167 = | 3 SPA. @ ST = |3 SPA. @ 37T = |3 SPA. e 3T JOPA @3N = | 2 SPA. @ 20T 16T = -8 5. SEE SHEETS 26 & 27 FOR BEARING STIFFENER, INTERMEDIATE DIAPHRAGM CONNECTION PLATE s 315
& DIAPHRAGM DETAILS. or o |p
- g 2 SPA. @ 3-1 1/47 = |3 SPA. @ 3-47 = |3 SPA. @ 347 = |3 SPA. @ 34" = | 3 SPA. @ 31" = | 2 SPA. @ 31 1/4” = g o~ s lo
6-0 10" 107-0"" 107-0"" 107-07 937 6-0 10" 6. HICH STRENGTH BOLTS SHALL BE I DIAMETER, ASTM A325, MECHANICALLY GALVANIZED. HOT-DIFPED X 2 |
o33 | g | 2SPA.@271/6" = |3SPA. @347 = |3SPA. @3-4"= |3SPA. @347 = |3 SPA. @ 3-1"= | 3SPA. @24 15/ = | g CALVANIZED BOLTS ARE NOT PERMITTED. =a o |2
5-2"3/16" 107-0"" 107-0" 107-0" 9-37 7-2 13/16” N~
634 g | 2SPA. @ 20 15/16” = |3 SPA. @ 34" = |3 SPA. @ 347 = |3 SPA. @ 3747 = | 3 SPA. @ 3" = | 3 SPA. @ 29 I/I6” = g >
4-1 7/8" 107-0"" 100" 107-0"" 9-3" §-3 1/8" o
s . ., 3SPA. @ 347 = |3 SPA. @ 347 = |3 SPA. @ 3-47 = | 3 SPA. @ 31" = | 3 SPA. @ 31 1/8" = y 25/45
G35 1'-8 3’-19/16 107-0"" 107-0"" 107-0"" 9/-37 9/-3 7/16” 1’-8 1 2021-08-03 | DCO54
g . P 3SPA. @347 = |3SPA. @ 347 = |3 SPA. @ 34" = | 3 SPA. @ 3-1" = | 4 SPA. @ 26 15/16" = Y 0 | 2019-02-25 | RFC
G36 1'-8 21 3/16 107-0"" 107-0"" 107-0"" 9/-37 107-3 13167 1’-8 NO.| DATE DESCRIPTION
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(BY (B 8
26/ L 5x3xV4 26/ -y <
i
€ GIRDER N € GIRDER 5 € GIRDER € GIRDER € GIRDER € GIRDER g < B
~ 174" ~ " ~ & [e1] _g
G5 ' (TYP.) <t Al gl P . P 1-9Ys* (TYP.) - 67 RADIUS & & — B
Q 6 \(TYP.) Q (TYP.) = M O it
= ‘ v = (TYP.) 1% . . = R =t
" (TYP) = j 3 SPA. @6 “(yP) S i Foerim| 2SPA. e 6 | yp) S < =5
1457 x 67 - x N = -6" (TYP.) A R : = -6" (TYP.) S B ede
— '/75 V2’ x 6 |_$u_| N Ny X \/W\r‘v‘vvvvv\ﬂw%%m _ BN X < 7J S 5:
i o~ Jfo ) o o - FoT 1 10 o e ° o o _g —
| o Y |o ) o ) olllg 2L glis ol L 5x3x)s” o ° ° ° %D'
o o o o o o o o v N] el o o o o o o = E
S o o o o s o o I o| | o 1— Sz e o o o )
R o o o o|  INTERMEDIATE DIAPHRAGM RN o o o o| |T—17/16" SLOTTED AR o o of . VENERN '@
5N oIS o || |o ol f—o| comnvecTIon PLATE 5N o= e oo ol Il o HOLE (TYP.) (N BN T e ° ° ol ¥ = 8fZ o |
PN X GI) o o o o VZ”XB”X40%” (TYP.) | J R \oI) o o o o| &N~ 87 RADIUS (TYP.) \26/ PN EP ) o ] o| N —|lFw
AN °o ° ° ol WELD PLATE TO RIEPNIEN ° ° e PN e ° o ° - 2@
D ° ° ° 1 ;?6 gﬁF]/_-‘EE/}/gRBAOli ;gg D ° o O [T o —|— INTERMEDIATE DIAPHRAG) Dlu |o ° ° °o -~ =2l
= ° ° ° ° 6 = ° ° ° ° CONNECTION PLATE = ° ° ° ° Sl 252
° ° ° o TO FLANGE (TYP.) ° o ° ° V6405 (TYP.) o [ e o o N N
| - © O J o [ 1 % — © -O o (] b | —— © AF: o TA'\ [ %8 g }
§ | — | E VZ//X 6” | A\ — | . ; § | 4_ ‘Z\ ] //'4%” | A\ - ] N l‘ i{ i [ 1-7” N x E I
N M AN 14
'\\. Vo "x4"xTV5" ” ” ~ M //_9% ’ l\ ]/2
24" B Ve ,J / %7 x 6 Ny MILL TO BEAR Tve.) 2.le
U meqng 7l %" : (TOP & BOT.) 17 SolZo
P Yoxails 300" o p A BEARING STIFFENER 2gl5q
(TYP.) (rve.) OSBURN ASSOCIATES, INC. ‘ (Tve)—<s Vo'x8% 41" (TYP.) CHE
g \// 2 8
3-6 UB3114-12 PIPE ROLL 3-0Me” 6
WITH SOCKETS AND TR875] Ss OSBURN. ASSOCIATES, INC.
THREADED HANGER RODS 6" UB3110~12 ADJUS TABLE
STEEL YOKE PIPE ROLL
AND TR8751 THREADED
INTERMEDIATE DIAPHRAGM DETAILS ~ | HANGER RODS END DIAPHRAGM DETAILS
(SEE NOTE 4 REGARDING HOLES FOR DIAPHRAGMS Se on JILLTY, CONNEC TIONS, REQUIRED.,
BETWEEN GI1/G12 & 629./630) Sl ; ; ]
8 5 INTERMEDIATE DIAPHRAGM WITH HOLE DETAILS 5 G9/G10, GI17/G18 PLUS SIMILAR BAYS IN SPAN 2)
&3]
R R Qld (UTILITY CONNECTIONS REQUIRED (Tvp.) 26 € GIRDER, (A € GIRDER <)
& GIl OR 629 ¢ ciz OR G30 L§ g ONLY BETWEEN G1/62, G2/63, G3/64, ‘ 26/ -~ ) <ZE
N G9/GI0, GI7/GI8 PLUS SIMILAR BAYS IN SPAN 2) s~ \6”LD. DUCTILE V2 U-BOLT & z |7
—— — M N | IRON PIPE & 7 (Typ) € N oft
N ~ - N [F'
| | 50 I m— ' W ' - S &[5
Q NV NV~ —
e | 8 AT T . S B
1 e 8o
Sl "k s =3z
—— ———— Sl ° o o 5 "X6"x41” b e&
ALY SR ° ° oA | INTERMEDIATE DiaPHRAGM [ T =
SNEINK ° ° ° CONNECTION PLATE =54
Yo %35 x3'-0fs” FILL PLATE. T o ° ° ° Yy "x6"x40Y3” (TYP.) e e
ol o ol o\ ol 12 5 WELD PLATE TO o~
INTERMEDIATE DIAPHRAGM DETAILS AT PHASE LINE oot === o Ay A =R
7 [
PLACE END DIAPHRAGMS THIS BAY IN SIMILAR FASHION. N e AL W ET AN “t  TO FLANGE (TYP.) 3
GIRDER %37, N I TRE 1 z
€ INTERMEDIATE DIAPHRAGM € END DIAPHRAGM OR N L o o R i e B <
INTERMEDIATE DIAPHRAGM WITH HOLE BEARING STIFFENERS - / 1 S |=
(TYP.) WEB PLATE £ %'&4”?(;)742’”) 2 \ %
3// 3& . 3// 3% A . 2/_ " ] 8//
s S V253002 € 5" x 2 %" SLOTTED HOLES/ 3-0/e” \ (rve.)
N N FLANGE PLATE FOR 75” BOLTS IN ANGLE BRACKET 367 L %f’,xé/,% (LOCATION VARIES
o 57x6” (TOP & BTM.) A
: ¢ THESE BAYS)
S (TYP.)
%o N NOTES: INTERMEDIATE DIAPHRAGM DETAILS AT EXTERIOR GIRDER > |»
Yo o S <
UTILITY CONNECTIONS - o <
1R ) SRV | < 1. ALL STEEL IS ASTM A709, GRADE 50 AND PAINTED, o @[3
RS V6" WEB B THICKNESS 3 N REQUIRED LY BETWEEN o0, S RNE= UNLESS NOTED OTHERWISE. PRIME COAT SHALL BE owN Q[T
T NN f ’ 1 ’ \ SHOP APPLIED. INTERMEDIATE COAT AND FINISH o ©
M| ™| SR Us SIMILAR BAYS COAT SHALL BE FIELD APPLIED o2 5 |2
IN SPAN 2 .
DN A
%or ryp, 9 N\ € BEARINGS 2. HIGH STRENGTH BOLTS SHALL BE I” DIAMETER, 32 2|8
A : | I ASTM A325, MECHANICALLY GALVANIZED. A
\ (TYP.) GIRDER HOT-DIPPED GALVANIZED BOLTS ARE NOT N N-J 14
© A BEARING STIFFENERS | 0 100" 5 °
! ] =)
N ﬁ | 157 weB P THICKNESS 3. SEE SHEET 41 FOR DECK DRAIN SUPPORT DETAILS o
N N " AT DIAPHRAGMS.
2 | 2024-09-10| RECORD DRAWINGS 26 / 45
(ANSECTION (BN\SECTION /C\SECTION 4. DIAPHRAGM HOLES ON THE PHASE 2 SIDE BETWEEN 1| 202-08-03| DCO54
GIRDERS GII AND G12, AND G29 AND G30 SHALL BE o
\26/ \26/ 26/ 0 | 2019-02-25 | RFC
SLOTTED HOLES IYs” x 1%, A PLATE WASHER OF /28
%" THICKNESS AND STANDARD HOLES SHALL BE NO.| DATE DESCRIPTION 47/
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WELD PLATE TO
STIFFENER AFTER
PLATE IS BOLTED
TO FLANGE (TYP.)

P V5 x8% "x41”

GIRDER

(F\SECTION

|

€ GIRDER € GIRDER
| |
| 4// 3% ” |
27 (TYP.) X
{ .
~ 4
IS o
= i} 1l % o . |=| i (I |,=| . o
¢ i N - — — =5 Za — — =
; o o T
= }‘ \ GIRDER CIRDER ———————~|
& I BOTTOM BOTTOM
S | FLANGE FLANGE |
| P Vx4 TV (TYP.) |
V5" INTERMEDIATE DIAPHRAGM PLATE
/D\SECTION (EN\SECTION
\26/ \26/ \26/
DEFLECTION TABLE - SPAN
. € FIXED BRG. /8 4 3/8 V2 | 5/8 | 3/4 7/8 | € EXPANSION BRG.
GIRDER DELFECTION DUE 70+ (R.A) SPAN | sPan | sPan | span | sPan | sPan | sPaN | (PIER, SPAN I
STEEL WEIGHT| 0 i6 | 1/8 3/16| 3/16| 3/16| 1/8 /16 0
DECK _WEIGHT 0 vVi6 | 3/16| 3/16] 1/4 3/16 | _3/16 | 1/I6 0
Eé{,;gﬂéf;%ﬁ PARAPET, BALLAST AND FUTURE BALLAST 0 6| 178 3/16| 3/16| 3/16| 1/8 /16 0
TOTAL 0 36| 76| 9/16| 5.8 | 9s16| 76| 3/18 0
STEEL WEIGHT, 0 i6 | 1/8 3/16 | _3/16| 3/16| 1/8 /16 0
DECK _WEIGHT 0 i6|__1/8 3/16 | _3/16| 3/16| 1/8 /16 0
Ig%%%'? PARAPET, BALLAST AND FUTURE BALLAST 0 i6 | 178 3/16 | 3/16| 3/16| 1/8 1716 0
TOTAL 0 /6| 3/8 | 9/16| 9s6| 9s16| 3/8 | 3/16 0
DEFLECTION TABLE - SPAN 2
. € FIXED BRG. 7/86 | 3/4 | 5/8 V2 | 3/8 I 178 | € EXPANSION BRG.
GIRDER DELFECTION DUE T0O: (F.A.) SPAN | sPan | sPan | sPAN | SPAN | sPan | sPaN | (PIER, SPAN 2)
STEEL WEIGHT, 0 Vi | 1/I6| 16| 16| 176 /16| 1/16 0
DECK _WEIGHT 0 i6 | _1/8 /8 /8 /8 /8 /16 0
Eéf;gfzf;%? PARAPET, BALLAST AND FUTURE BALLAST] 0 vi6 | 1716 178 /8 /8 Vi6 | 1/i6 0
TOTAL 0 36| 174 5/16| 5/16| 5/16| 174 3/16 0
STEEL WEIGHT| 0 Vi | 1716 /16| 16| 1716 | 1716 | 1/16 0
DECK _WEIGHT 0 V6| 1/16| _1/8 /8 /8 1i6 | 1/i6 0
fg‘%ﬁggg PARAPET, BALLAST AND FUTURE BALLAST 0 Vi |_1/16| _1/8 /8 /8 16 |__1/I6 0
TOTAL 0 36| 3/6| s5/6| 5216 56| 3/16| 316 0

BOTTOM
FLANGE

GIRDER
BOTTOM
FLANGE —

e

6

INTERMEDIATE STIFFENER

/ € 1” DIA. BOLT AND
V6" DIA. HOLE (TYP.)

P Vo'x4"x7Vs” (TYP.)

NOTES:

1. ALL STEEL IS ASTM A709, GRADE 50 AND PAINTED,
UNLESS NOTED OTHERWISE. PRIME COAT SHALL BE
SHOP APPLIED. INTERMEDIATE COAT AND FINISH
COAT SHALL BE FIELD APPLIED.

2. HIGH STRENGTH BOLTS SHALL BE 1” DIAMETER,
ASTM A325, MECHANICALLY GALVANIZED.
HOT-DIPPED GALVANIZED BOLTS ARE NOT
PERMITTED.
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5
- -2
Q i
> 4 zg
e <
€ GIRDER € GIRDER € GIRDER C 624~ (TYP.) L GIRDER € GIRDER € GIRDER | 0 o
6" (TYP.) SUPPLEMENTAL TO FACE OF WEB %7 BOLT IN g O P
TO FACE OF WEB | gﬁf@l@/&ﬂ;{gym \ / 1S ZONE M-
I - I e b M[fL TO BEAR BOT. s i G R T i b SUPPLEMENTAL S ! et 0 E -y %)
) (R SRS . i f SEE NOTES 4 & 5. s BEARING STIFFENER [ R O Zsl<
° o &1 s FIELD TRIM TOP PLATE S i< 627 X 17 X 3757 fo LAY g5
S o] - 1o 6 TO CLEAR EXISTING & P ILL TO BEAR BOT., to oo ]
! e IR ! BEARING STIFFENER ! EE NOTES 4 & 5. i i i i = [a)
(] 10 \ Q1 (0] © 1€ Q fa) -
el 1 7O TOP FLANGE WELDS | [ELD TRIM TOP PLATE ; b ! : o
© o boad © (SEE NOTE 8), (TYP.). < 'S 7O CLEAR EXISTING e oo N
6 o] Lol 6 ’ ’s P EARING STIFFENER to oo . 3lE [0
s :°| : : I": s & 1l TO TOP FLANGE WELDS ta b oot = Q) oW
s ol L le! s . P SEE NOTE 8), (TYP.). o Lo e o
[] :c)I i i Ic): [] © 14 o " " o o |E®
o ! oI L ; Io ! o| p o ! ! «© ii ii N ! % 8 °
] 10 AN P 01 ) k-3 1% QO N s @
O I P I A I . N alc
°© s o1 o % % : ° < Lo 0 0 o)
!| = - :::::::::::::J"{"‘ |!! !| - SSSSSSESSZ=S=S ;___'/_/:L\ -f_=======:::::::J’_T_____J/-::‘\ _; §8 ;
[ P | ._____4‘ _____ 1 Lo LG ﬁ& §T [ A I i [ ] 57|
% BOLT IN THIS ZONE
REMOVE EXISTING 2 =
SPAN 2 BEARING STIFFENER RETROFIT SPAN 1 BEARING STIFFENER RETROFIT BOLTS TO INSTALL EXISTING c2ES
RETROFIT PLATES BEARING STIFFENER 183
SUPPLEMENTAL SUPPLEMENTAL (TYP.) Yo" x 8% x 41" (TYP.)
" BEARING STIFFENER p
| U 8%//)( 17 X 3/-57 4» BVZ”X 1” X 3-57
. SEE NOTE 5 [v R SEE NOTE 5 EXISTING END DIAPHRAGM DETAILS
s %L b Qri o
! y i SUPPLEMENTAL PIER GAP INFORMATION w
}7 }7 = . o
MR M & Required |Anticipated\Pier Gap “C” A7{7r 7;’:;75;25/ Post-Excav -
s g by g o |Pier Gap C”| Translation|Post-Excav| wpe = 4| ation Pier =
s ‘R’ e ‘E’ é Pre-Excav |at Pier due ation to Ll Gap C” o %
sl o 3 o o ation to including Surcharae including 2] ol
ol Sy o S & "E Before | Abutment | Abutment ond g Total NOTES: o zl7
s | N J Translation| Deflection | Deflection . Translation oc
of % ol M g i o o | Rotation oo | 1. RETROFIT IS REQUIRED AT ALL EXISTING BEARING S |0
of o ol o S (IN) STIFFENER LOCATIONS. ©w = (03:
[0] . © .
- o| & N o § 120 Z_ Z 1 7 Z 2. FIELD TOUCH UP ANY GROUND OR DAMAGED < oo
AN ol & D o 9 115 2% %2 i 545 1'% 345 SURFACE WITH PRIMER PAINT. D23 %
= = 110 2 ’/ 1% 17 % 0g5
© ¢ 105 o % i, 27 7 3. FIELD VERIFY ALL DIMENSIONS PRIOR TO - Y
s s 00 5 348 7 7 " 7; DRILLING HOLES FOR RETROFIT PLATES. =l
%" o 6 2 4 4 6 =
ool e . 95 2 Y 1% 17 Y 4. SUPPLEMENTAL BEARING STIFFENER TO BE SxLE
N 20 2% A 174 7 % INSTALLED BETWEEN EXISTING BEARING STIFFENER — o=
6% | 1%” 6% |_1%" 55 23 7 % I % AND DIAPHRAGM CONNECTION PLATES. w5
85" 84" 80 2% Y 1545 17 % 5. FIELD BEVEL EDGES OF SUPPLEMENTAL BEARING e 7
o . —— LA > g
] ] 7 3 A A L
SPAN 2 BEARING STIFFENER RETROFIT PLATES SPAN 1 BEARING STIFFENER RETROFIT PLATES 2 £5 7 & o 7 STIFFENER. SEE NOTE 8. e
6 2 6 4 6 —
60 2% A 20 1 B 6. ALL STEEL IS ASTM A709, GRADE 50 PAINTED, .
oc 2% A 2% 7 % UNLESS NOTED OTHERWISE. PRIME COAT SHALL BE
- SHOP APPLIED. INTERMEDIATE COAT AND FINISH ©
INTERIOR GIRDERS IN PLACE GIRDER (TYP.) LOCATION “05 ULt 50 274 Ve 2% 1 A COAT 'SHALL BE FIELD APPLIED. Z
1 DIAMETER 45 2% U 2 1 ] o
- 3,7 i 7 g i ; 7. HIGH STRENGTH BOLTS SHALL BE I” DIAMETER, <
i A EX BEADING STIETENCRS 636-618 2h° | 40 2 o /2 2% 14 I /s ASTM A325, MECHANICALLY GALVANIZED. &8
ST EX i /% Ej\ID DIAPHRAGM . FASCIA GIRDERS ggi_gg § 7? 7 ,332 22 ;6 ;2 5? ; ’f // ’ﬁs Pemmirrep VANIZED BOLTS ARE NOT
APHRAGM - /2 - 4 8 2 6 4 8 .
CONNECTIONS). WEB PLATE - %7 % ] / ! 3
gg;_gg é,ﬁ’ gg 32 fo f i,ﬁs ;,f’ %’5 8. FIELD TRIM TOP EDGE OF SUPPLEMENTAL BEARING
4 , 72 2 ] ] STIFFENER PLATES TO CLEAR EXISTING VARIABLY . 0
631-GI3 2V 4" 3 s Y 2% 1% 1% SIZED BEARING STIFFENER TO TOP FLANGE WELDS. o 2
1” DIAMETER BOLTS, G30-G12 37 10 3 14/5 I/Z 25/3 i % /54/6 (] o <C
SR %ZE@R% FIELD DRILL 629-G11 2% 5 3% Y 2% 1% 1% £ o [
S 628-G10 2%" 0 3% % 275 1% 1% <o o o
BEARING STIFPENER | p | 62169 Ei 5 3k 2 2% I % or o |z
PLATES (TYP.) 626-G8 2% ) -10 37 A 25 7 A 2> ¢ 8
~ 625-G7 / -15 3% A 2% 1 1% xC % [§
624-G6 2% |4 20 3% A 2% 1 1% Ta o |y
(TYP.)W € BEARINGS G23-G5 2 7/,3// -25 3 74’5 ]/2 2’54/5 /% /"4/5 ; o
6 622-G4 2% -30 3% Y 3 1 1746 o
36" 621-G3 2% .
suPLENENTAL ] 25 SEE SHEET34 FOR LOCATION OF DIMENSION “C 27 5/ 45
A C19-C 53,7 1| 2024-09-10| RECORD DRAWINGS
(CN\SECTION PLATE 8727 X 1" X 387 ’ 0 | 2021-08-03| DCO54 /79R)
w SEE NOTES 4 & 5. ** “C” DIMENSION MEASURED DECEMBER 1, 2023, TEMPERATURE = 46° F NO.| DATE DESCRIPTION W
AN N AN A ISSUE RECORD
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SOLE PLATE

(HY € GIRDER 1-2” SPAN 1 ‘ 1-0” SPAN 1 §
\28/ -2 SPAN 2 10" SPAN 2 S
€ PAD & SOLE P BEARING STIFFENER ‘E SOLE F 6 .. 6 e ‘z‘§
SOLE PLATE %‘ BEARINGS } f ?EAR[NGS K ;g
‘ SOLE PLATE = g e <
BEARING PAD | . X} == /@ BEARINGS : § =t
A Q|q s o
P Yo ‘\N N e °P / é :ﬁ %
@\ BEARING STIFFENER > RS o
{ S = | i
X g Bl o @ | Ry
| ol 7 S | : T 2
' % 2 e Y / NG 2 1o
l 4 //" 22 / iy / I <
5 | T — T N | 35 i e
& | LL«. \ i N - - ~ € GIRDER 9% - € GIRDER 52
23 B ==_7 ciroer hes ! Qe / N o0 iE|3
S3 £ T/PROPOSED ABUTMENT NS NI= SR i |
g F SEAT = &l ! SR
. | =
® (H\SECTION NI L / .
28/ . - £S|2
N | — HOLE FOR Lo
d ANCHOR BOLT
BEARING L , g |
€ TYP. 23" ¢ zgl2am
/ = [
@ T B
/6‘02 ‘ a o
?L j [l 4_
. N 5 SOLE PLATE PLAN £ pab
UPSTATION BEARING PAD PLAN
(INSECTION NOTES: "
BEARING STIFFENER \28/ I. THE FABRICATION AND INSTALLATION OF ELASTOMERIC BRIDGE olZ
BEARINGS SHALL BE IN ACCORDANCE WITH THE REQUIREMENTS OF IS
Web RA SOLE 5 LATE TH]CgNESSES = AREMA 15-5.12. THE BEARINGS WERE DESIGNED IN ACCORDANCE o (o
GIRDER # d e dw WITH AREMA 15-5.6. nog @
” 7 7 >
SOLE PLATE Cl& 02 | 1277527) 129/327] ]23/52° 2. THE MATERIALS FOR ELASTOMERIC BEARINGS SHALL CONFORM < ©[Q
BOTTOM FLANGE 63 & 64 113716 13/ 111716 TO THE REQUIREMENTS OF AREMA 15-5.6. THE ELASTOMERIC =
/ G5 & 66 | 125/32"] 123/32"] 121/32" COMPOUND SHALL BE A 60 DUROMETER VIRGIN O 3oy
G7 & G8 13/4" 11/16” 15/8” CRYSTALLIZATION-RESISTANT POL YCHLOROPRENE (NEOPRENE). © S
69 & G10 1237327 1217327 119/32” STEEL REINFORCEMENT SHALL BE MILD STEEL CONFORMING TO = o =
7 7 7 ASTM AlOI1. x o
ANCHOR ROD —— L 7OP OF CONCRETE g’; i i’i ’2”//3’; ’9 % " ! f//j’g,, S LE
[ / IS & Gl l2ipsen) 1197527 1177327 3. THE STEEL SOLE PLATE SHALL BE ASTM A36 STEEL. ANCHOR @3 I
| G5 & GI6 15/ 1971 I LOAD TABLE RODS SHALL BE ASTM F1554, GRADE 105. NUTS SHALL CONFORM TO |8 3
A%%% ggg 1 GI7 & GI8 15/8| 19/16” 11/2” TOAD 2 2 ASTM A563 FOR APPROPRIATE GRADE AND SIZE OF ANCHOR BOLT. |5 &
—
| | 71 SOLE 5L TTE TH]CgNESSES - n Lonb e | 6. 97 08 WASHERS SHALL CONFORM TO ASTM F436. & é
GIRDER # (IN) (IN) (V) L IVE LoD (KIPS) | 15621 13319 4. THE STEEL SOLE PLATE SHALL BE PAINTED PER CMS 514. %g
” o o - : =z
g/j ﬁ gﬁg J 2,5§i2,, J 2,5§i2,, ]2,5§i2,, SERVICE VERTICAL | 305 33 | 327.78 5. THE STEEL SOLE PLATE SHALL BE BONDED BY VULCANIZATION
ELEVATION . . . LOAD (KIPS) : : 7O THE ELASTOMER DURING THE MOLDING PROCESS. CONTROL
e G23 & 624 | 123/32"| 123/32"| 123/32 WELDING OF THE LOAD PLATE TO THE SUPERSTRUCTURE SO THAT
\ CUT ANCHOR ROD AND G25 & G26 111/16” 111/16 111/16” THE PLATE TEMPERATURE AT THE ELASTOMER BONDED
0 / DEFORM THREADS 627 & 628 | 1217327 121/32"] 121/32" SURFACE DOES NOT EXCEED 300°F AS DETERMINED BY THE USE OF
NS 029 & C30 15/8" 15/8" 15/8" PYROMETRIC STICKS OR OTHER TEMPERATURE MONITORING
© H G318 632 | 119/327| 119/32"| 119/32" DEVICES.
f X]1] 675 & 639 | 19767, 197167 19167 6. EACH BEARING ASSEMBLY SHALL BE SHOP MARKED WITH THE
NM&( 635 & 636 | 17/32"| 117/32"| 117/3 FOLLOWING INFORMATION: TOP, FORWARD STATION DIRECTION, . "
STD WROUGHT __/ L L LOCATION (FA OR RA) AND BEAM NUMBER. ALL BEARINGS SHALL e >
WASHER ‘ g . MIN.) Yo BE MARKED PRIOR TO SHIPPING. THE MARKS SHALL INCLUDE THE o <
e T BEARING LOCATION ON THE BRIDGE, AND A DIRECTION ARROW x2 3 |5
BN &SJ THAT POINTS UP-STATION. ALL MARKS SHALL BE PERMANENT AND | ¥ = -
EPOXY GROUT OR 1 i BE VISIBLE AFTER THE BEARING IS INSTALLED. o = [T
APPROVED ALTERNATIVE +—_i! | S ~ 0~ RN o~ ¢ lo
|| . @ IS &‘& z 7. THE ACCEPTANCE CRITERIA FOR ALL BEARINGS SHALL MEET ¥2z [0
™3 PRETS SN THE REQUIREMENTS OF TEST CRITERIA I AS SPECIFIED IN e~ |w
2” DIA. ANCHOR | NI v 3 _ TN Q|
| & N N AREMA 15-5.12.9.
ROD (TYP.) ] = N | NS > °
" B
3" DIA. ANCHOR ROD NI * } “T 3 | 2024-03-10| RECORD DRAWINGS ©
BLOCKOUT (TYP.) I ﬁ BN 2 | 209-0-21 [DCO23 28 / 45
N3 Vo* STEEL REINFORCING 1 | 2019-07-09| DCO10, DRFIO07, DRFI008
fo 0 | 2019-02-25| RFC
FIXED BEARING ANCHOR ROD DETAIL @SEC TION PLATE THICKNESS (TYP.) No.| DATE DESCRIPTION
ISSUE RECORD
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EXPANSION BEARING DETAILS
NORFOLK SOUTHERN RAILROAD OVER OH-10

RECORD PLANS

PID No. 96833

~N
<o)
[~
EN
(@]

vg 3% SPAN 1
1~4” SPAN 1 70T SPAN 2
- e TVs” | SPAN I
€ PAD & SOLE P 16" SPAN 2 32” 32” PaN 2
\ € BEARINGS € GIRDER € SOLE P .
SOLEPLATE BEARING STIFFENER § pao
BEARING PAD T\ £ BEARINGS |
~|N
L BEARING STIFFENER \ o 2= 4 693
U NN
/ L SOLE PLATE N > s &% Iy BEARINGS
—_— _— Nal
- o ¢ : 3
| — { ‘ & L/
i (0 : /
| 29/ AN s s . /5
n . SIS =%
| \ R e
~lan T A 'z
Ry | | B =z / ol :
| Q
o 2 L > / ] | 5% - - - € GIRDER NN |
s [ [ ——— T / 4 “
& 1 i NN~ | NN / 0
| ANCHOR BOLT —H ] ! > N o0
I N Sy y
/KN\SECTION  T,/PrOPOSED 2l s ; L
| PIER SEAT N s | ;
L L . ‘
€ BEARING
oy,
Q |
< o \ 44" x 1% SLOTTED HOLE <4
l i FOR ANCHOR BOLT, TYP.
}\ SOLE PLATE PLAN BEARING PAD PLAN
UPSTATION NOTES:
€ BEARING CIIN\SECTION 1. THE FABRICATION AND INSTALLATION OF ELASTOMERIC BRIDGE
‘ BEARING STIFFENER BEARINGS SHALL BE IN ACCORDANCE WITH THE REQUIREMENTS OF
WEs \29/ AREMA 15-5.12. THE BEARINGS WERE DESIGNED IN ACCORDANCE
| ‘ BOTTOM FLANGE BIER SPAN T PLATE THICKNESSES WITH AREMA 15-5.6.
\N ‘ / GIRDER # i o Uﬁ,, 2. THE MATERIALS FOR ELASTOMERIC BEARINGS SHALL CONFORM
7 7 7 TO THE REQUIREMENTS OF AREMA 15-5.6. THE ELASTOMERIC
\ g;‘i 6624 ! 2]552,, ! 2}5;52 L ngij” COMPOUND SHALL BE A 60 DUROMETER VIRGIN
52 06 535 T 25507 250507 CRYSTALLIZATION-RESISTANT POL YCHLOROPRENE (NEOPRENE).
_— SOLE PLATE ! - - _ STEEL REINFORCEMENT SHALL BE MILD STEEL CONFORMING TO
? j G7 & G8 111/ 111/16 111/16 ASTM AlOTI.
T G9 & Glo | 121/32"| 121/32"| 121/32"
== Gil & GI2 15/8" 15/8"|  15/8” 3. THE STEEL SOLE PLATE SHALL BE ASTM A36 STEEL. ANCHOR
ANCHOR ROD ——{ | 0P OF CONCRETE GI3 8 G4 | 119/32"| 119/32"| 119/32" RODS SHALL BE ASTM FI554, GRADE 105. NUTS SHALL CONFORM TO
e G5 % Gle 1967 1967 19,6 [OAD TABLE ASTM A563 FOR APPROPRIATE GRADE AND SIZE OF ANCHOR BOLT.
ANCHOR FOD | Gl7 & 68 | 117/32"| 117/32"| 111/32" LOAD [ SPAN | PIER|SPAN 2 PIER WASHERS SHALL CONFORM TO ASTM F£436.
— FIER SPAN 2 PLATE THICKNESSES DEAD LOAD (KIPS) |  236.12 194.59 4. THE STEEL SOLE PLATE SHALL BE PAINTED PER CMS 574.
GIRDER # (ﬁw ﬁ,) ([ﬁ,) LIVE LOAD (KIPS) 156.21 133.19 5. THE STEEL SOLE PLATE SHALL BE BONDED BY VULCANIZATION
7 7 7 SERVICE VERTICAL TO THE ELASTOMER DURING THE MOLDING PROCESS. CONTROL
2129, i ggg 22757//3,2,, Z ;3§i2,, 2:2];//3;,, LoAD (kips) | 39233 327.78 WELDING OF THE LOAD PLATE TO THE SUPERSTRUCTURE SO THAT
ELEVATION SN RN T R T THE PLATE TEMPERATURE AT THE ELASTOMER BONDED
_ _ ” SURFACE DOES NOT EXCEED 300°F AS DETERMINED BY THE USE OF
CUT ANCHOR ROD AND 625 & 626 2 3/ 2 5/16 2 174 PYROMETRIC STICKS OR OTHER TEMPERATURE MONITORING
DEFORM THREADS G27 & G28 | 2 11/327| 2 9/32"| 2 1/32” DEVICES.
629 & G30 | 2 5/16” 21/4"| 2 3/16"
" G31& 632 | 29/32"| 2 7/32"| 25/32" 6. EACH BEARING ASSEMBLY SHALL BE SHOP MARKED WITH THE
Q ‘ G33 & 634 21747  23/16" 2 1/8" FOLLOWING INFORMATION: TOP, FORWARD STATION DIRECTION,
3 /‘1\ 58036 | 27527 25327 237327 LOCATION (SPAN 1 PIER OR SPAN 2 PIER) AND BEAM NUMBER. ALL
/ e BEARINGS SHALL BE MARKED PRIOR TO SHIPPING. THE MARKS SHALL
STD WROUGHT q INCLUDE THE BEARING LOCATION ON THE BRIDGE, AND A DIRECTION
WASHER | SO % N ARROW THAT POINTS UP-STATION. ALL MARKS SHALL BE PERMANENT
e % . /M "—Tr &‘JL AND BE VISIBLE AFTER THE BEARING IS INSTALLED.
I K,L ~—‘ N (MIN.)
FPOXY CROUT OR ] N TR 7. THE ACCEPTANCE CRITERIA FOR ALL BEARINGS SHALL MEET
APPROVED ALTERWATIVE -~ |1 . g SN R ! NE Y ZZI:I;ZMZEC/);/_!?/;;AZJI:;VTS OF TEST CRITERIA I AS SPECIFIED IN
M NN >~ ~ < 12.9.
/3" DIA. ANCHOR L LIS RS = &
ROD (TYP.) i N N f N
| ~- ? ; ; ©
YA
2/2&%[;% O@A;C/ZTOS:TOD |- ‘»f 2 | 2024-03-10 | RECORD DRAWINGS
: [ = %f 1 | 2019-07-09| DCO10, DRFI007, DRFI008
== mSEC TION " QO | 2019-02-25 | RFC
EXPANSION BEARING ANCHOR ROD DETAIL 29/ Vie” STEEL REINFORCING NO.| DATE DESCRIPTION
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707-6” C/C BEARINGS ‘
15.0. 8-5620 SPA. @ I'-0” MAX. (TOP)
1'S.0. 8-562] SPA. @ I'-0” MAX. (BOT.)
] 65 - S603 SPA. @ I'-0” MAX. (TOP, LAP WITH S602, S612, S614, OR S616)
| 65 - S607 SPA. @ '-0” MAX. (BOT., LAP WITH S602 OR S616)
N /
N 15.0. 6-5618 SPA. @ I-0” MAX., /// /K
> (TOP & BOT.) \ /] 2 2K ARl DK L AHE X * 5623 (TOP.)
A K Rl e K % -
N 5”/ L 71 - 622 SPA. @ I'-0” MAX. (TOP) 1-0” & a
I / ! / !

/ [\ Q
< i . / 5|
S| b € CONST. OC BLVD. %13 , S8
S ® <= / € BRGS. R.A. i

3 N
2 € BRGS. PIER YN / $605 (LAP WITH $604 |7
S gl / TOP & BOT.) =
S RIS nle
N : & / ol
AT
3 S605 (LAP WITH S604 \ NE / ok
CHIRN TOP & BOT.) CROWN 2'-0” LAP LENGTH FOR Pl ’ C A 2
5 / # 5 BARS (TYP., U.N.O.) ¥ / e
[ | _ _ J
. = ]
S L ONGITUDINAL /
I JOINT / [ 3 2K /) (S
-3 . © © © © SN
N S K Kl % / 23
/ | VALLEY I / §
N ~
NI / € MAIN 1 i~
i / / / 3
MR i N L
0 1 SET OF / / N
3 soed sl / '
= : 1 SET OF N
S S/ / / 5606 & S604 o
S / / (TOP & BTM.) 3
9 1 SET OF S601 & S6ll (TOP) / 3
S 1 SET OF S606 & S611 (BOT.) L / &
N / X5
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5 % =g
€ FENCE POST € FENCE POST AND HANDRAIL PLATE NOTES: 5 o B
y ¢ HAfoA[L AND SLEEVE 1. JOINTS IN HANDRAIL SHALL BE LOCATED AT 25'-0° MAXIMUM SPACING. q 3P
7 4// / 2” ” < e
V - . o w
3 3% e i 2. ALL HANDRAIL PIPE SLEEVES AND EXPANSION JOINTS TO BE SMOOTH AND é ~¢|2
| FREE OF ALL SHARP EDGES. zel<
e V4" DIA. X Yo" SET SCREW WITH FINE 357, |
= [HREADS ALTER SETTING, ORIND 2 3. ALUMINUM PIPE TO BE ASTM B241, ALLOY 6061-T6, ALUMINUM CLOSURE PLATE, ]
N . I AND HANDRAIL PLATE TO BE ASTM B-209, ALLOY 6061-T6. FI2
— HANDRA o AN -
. NN HANDRALL - ﬁ{f W A 4. STAINLESS STEEL BOLTS, NUTS AND ANCHOR RODS TO BE ASTM A-276, TYPE L2 8
N e HANDRAIL 304. STAINLESS STEEL WASHERS TO BE ASTM A-276, TYPE 302. ANCHOR ROD =R i
2__ 4 / — THREADS SHALL BE ROLLED, NOT CUT. = Elry 24
¢ —(+) € HANDRAIL T [ € HANDRAIL =
b, i % 5. POST TO BE SET PERPENDICULAR TO TOP OF CURB AND RAILS SHALL BE a2 ®
NS fo 7 e, q PLACED PARALLEL TO THE GRADE OF THE BRIDGE. 223
N\ 7 |
=~ X o) € SQ. HOLES FOR %" STAINLESS STEEL ]E]\ HANDRAIL PLATE * 6. CERTIFIED MILL REPORTS ARE NOT REQUIRED FOR RAIL. SHOP INSPECTION
N o CABRIAGE ROL TS WITH SQ IS NOT REQUIRED. =2
g PN 4 A = % a
N /7 ” ” & &
S ! HANDRAIL PLATE J3* x 57 x 6" ALUM. * . 7. AFTER ANCHOR BOLT AND OTHER BOLT NUTS HAVE BEEN TIGHTENED, &
N 1” WIDE x Yg” THICK LOWER BRACE BAND WITH ¥g” THREADS SHALL BE NICKED TO LOCK NUTS.
o ALUM. BRACE BAND CARRIAGE BOLT, UPPER BRACE 5.5
= \ oy SN BAND NOT SHOWN (TYP.) 8. THE ALUMINUM BRACE BANDS USED TO SECURE HANDRAIL SLEEVE SHALL BE col53
lo MIN. OF SUCH SIZE NECESSARY TO CLAMP TIGHTLY TO FENCE POST. R
W GASKET OR APPROVED
3 SUBSTITUTE
< 9. WELDING SHALL BE IN ACCORDANCE WITH THE CURRENT AWS STRUCTURAL
N 25654 POST WELDING CODE - ALUMINUM ONLY FOR HANDRAIL COMPONENTS.
L
N 10. ANCHOR PLATE SHALL BE STEEL CONFORMING TO ASTM SPECIFICATION A36.
S 4 “ HEAVY HEX NUT AND
S 1Y 0D., %" 1.D., Ya* THICK 11. UPPER ANCHOR ROD NUTS SHALL BE HEAVY HEX NUTS, PER ASTM A276 TYPE
Q STAINLESS STEEL WASHER (TYP.) %% 7 THICK BASE PLATE 302 OR 304 STAINLESS STEEL.
~ (9]
12. LOWER ANCHOR ROD NUTS SHALL BE HEAVY HEX NUTS, PER ASTM A307. o2
| | V4" THICK BEARING PAD 1S
fBEARfNG pPAD / 13. GAP BETWEEN HANDRAILS INSTALLED AT 3“ AT 70° F PER SHOP DRAWINGS. o] o
I [ fand o (m]
<
ad ANCHOR PLATE b D -
Y o= 3 gy ‘ * ALL EDGES ON HANDRAIL PLATE 5 °lg
3" MIN. 6 6 S S TO BE ROUNDED - " RADIUS olo
S | CONCRETE PARAPET S N 223 %
i /| / 3 L S g | g L% -1 STAINLESS STEEL w3
P i & [ ANCHOR ROD (TYP.) =2 &3
6 37 MIN. y i e
\ | - 20
| | 10-0” TO € TRACK X 3 B39
N7 ” T
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1 1 (TRACK SIDE ONLY) 8 2
¥ Y zZ (%]
¥
RAILING SECTION DETAIL RAILING ELEVATION DETAIL 'Eg
=z
€ FENCE POST AND HANDRAIL PLATE
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HEADS FLUSH WITH PIPE ~ ONE END ONLY 37 DIA. SCH. 40
ALUM. PIPE N GRIND SMOOTH
1# SPLICE \\ ! SAND FINISH . "
HANDRAIL 4 b
\ SMOOTH ENDS (TYP.) i o 1 O o [
(v
fffffffffff %" AMUM. CLOSURE PLATE nN o [0
% - > - — \,Jgi % ) ° [m]
——— = ; p or ° |x
3.6 - . Ve >~ ;|6
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4V2//
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4 - J" DIA. X 14" SLOTTED
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\ S
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2" X 6" X Vg TUBE 2 - 76" DIA. x 1Y4” SLOTTED
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TYPICAL END POST BASE PLATE DETAIL

a VERTICAL FASTENERS
10 SPA. @ 8" = 6'-8”
]V2” X %//
CLAMP ‘BAR
$ (TYP.)
FENCE FABRIC é 7
o
N L o7 ” 1/ n
L L 2" X 6" X V4" TUBE
S ml
27X % N
CLAMP BAR e H o
(TYP.) . .
HORIZ. FASTENERS T
4 SPA. @ 1'-0” = 40" —| $ 457 (TYP.)

4_

FENCE FABRIC CONNECTION ELEVATION DETAIL
(INTERIOR/TRACK SIDE SHOWNJ

2”7 X 4" X ¥e” TUBE
RAIL. TOP & BOT.

%4 CUTOUT FOR
TUBE INSTALLATION

Y57 DIA. BOLT

TRACK SIDE
OF FENCE

% THICK CONNECTION PLATE
W/ SLOTTED HOLE, WELDED
TO POST

ANSECTION

7/

fFENCE FABRIC

4 7 THICK STEEL
CURVED PLATE

TRACK SIDE
OF FENCE

He” CLAMP BAR

FASTENER (TYP.)

r\I\TT

/B\SECTION

7/

VERTICAL
]yz//X 3V2//X %//
TUBE (TYP.)

BOTTOM RAIL
27X 47 X %//
TUBE (TYP.)

/C\SECTION

39/

1/ 1/ 7
& 2/ 57 X V4" SLOTTED
HOLE
7
A
. J

27X 6”7 X %//
TUBE POST

CONNECTION PLATE DETAILS
(PLAN VIEW)

27X 4" X ¥o” TUBE 3
RAIL (TYP. TOP & BOT.) i

ROUND CORNERS

T'YPICAL TUBE CUTOUT DETAIL

NOTES:

1. ALL POSTS SHALL BE INSTALLED PLUMB. PROVIDE SHIMS
MADE FROM MULTI-POLYMER PLASTIC WITH MINIMUM
COMPRESSIVE STRENGTH OF 5,000 PSI. ENDS OF POSTS

MAY BE CUT ON BIAS TO PROVIDE PLUMB INSTALLATION.

2. SEE ODOT STD. DWG. VPF-1-90 FOR ADDITIONAL NOTES
AND DETAILS RELATED TO BASE PLATE SHIMS AND
CAULKING.

3. FOR CURVED STEEL PLATE DETAILS, SEE SHEET 37/45 .
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SARRN 0.12% C DECK DRAIN (TYP.) NEENAH R-4373 SERIES GRATE (TYP.)
DECK SLOPE _| | T w |
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STA. 190+34.58

€ FORWARD ABUTMENT OFFSET 48.00 LT. € PIER € REAR ABUTMENT
¢ STA. 190+49.86 ¢ STA. 190+63.00 /l/ ]
OFFSET 7.50 LT. OFFSET 44.50 RT.
STA. 190+39.00 STA. 190+49.86
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/A Il /A [ /A J i

@ CONST. OC BL VD. SEE BU']5 5/_7% | | /_5// SEE BU']5
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| |
ﬁ T R J/
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| |
I I
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I/ L /) /i I/ 114 /i /
STA. 189+77.36 STA. 189+77.36
OFFSET 7.50 LT. / OFFSET 8.50 RT.
STA. 189+59.58 STA. 189+87.00
OFFSET 32.50 LT. OFFSET 44.50 RT. /B\SE CTION
4 — ] 42/
STA. 189+59.58
OFFSET 48.00 LT. SIDEWALK PLAN
€ F.A. € R.A.
/|/ 2-0Y4” CMS 608 - 6” CONCRETE WALK /|/
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NORFOLK SOUTHERN RAILROAD OVER OH-10

[ J/ ﬁ —] -]
2”7 CRUSHED STONE COMPACTED / \\¥472”CFUSHED STONE COMPACTED
I SCREENINGS BED (TYP.) SCREENINGS BED
bé"E?ODAA¢SICWV
Vg 7 EXPANSION JOINT MATERIAL,
JOINT MATERIAL, CMS 705.03 Vg 7 EXPANSION
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NUMBER WEIGHT DIMENSIONS
MARK TOTAL LENGTH (LBS.) TYPE 2 c D SER INC.
RA401 1z 2'-5" 181 19 1’-0” 1’-0”
RAS501 30 30-0" 939 STR.
RA502 32 19°-11" 663 STR.
RA503 32 28-4" 944 STR.
RA504 | 208 12-10” | 2784 2 4-9” 4-9”
RA505 2 14-3" 30 STR.
RA506 2 2'-3 5 STR.
RA507 2 7-3" 15 STR.
RA508 2 10°-9” 22 STR.
RA509 120 4-1" 615 2 2'-0" 2'-0"
RAS5I0 8 5-0" 92 2 2-0" 2-0"
RA511 3 9" 134 2 4’-6” 4-6”
RA5I2 7 10°-2" 74 1 5-5”
RASI3 7 7-10”" 57 1 4-5"
RA514 / 9-0" 9 1 4=
RASIS 7 7-3" 53 1 4-5"
RASIE 7 10-2" 74 1 5-5"
RASI7 / 8-8" 9 1 41"
RASI8 2 7-1” 7 1 -11/2"
RAS19 10 10°-4” 108 2 4-6” 4-6”
RA520 10 13-6" 141 2 67-1” 6-1"
4 4/_9//
RA521 |SER. OF 70 185 2 2-0" 2-0" 2 1/16"
8 6/_4//
RA522 33 14-0” 482 38 -2 172 3-6"
RA523 1 14-0” 161 39 -2 172 5-6 7/8" 3’-6”
RA524 8 n-0” 4 1 51"
RA525 8 12-5” 104 1 6-6”
RAS26 / 2-0" 2 STR.
RA527 2 3-6" 7 STR.
RA528 30 30-0” 939 STR.
RA529 5 22'-0" 344 STR.
RA530 82 149'-4" 1226 STR.
RAS531 30 5-9” 180 2 -0 1/4" ’-117/8"  1-1”
RA532 60 4-9” 297 2 0’-8” 0’-8”
RA533 32 7-6" 250 37 3-9”
RA601 20 12-9” 383 1 81"
RAB02 20 9-8” 290 2 3-0” 3-0"
RAB03 20 -9 353 1 8’-11"
RA604 20 8-8" 260 2 3-0" 3-0"
RA901 120 49-3" 5814 2 6-10" 67-10"
RAS02 6 149'-4" 292 2 6-10" ~10”
RA903 2 7-3” 49 2 3-3 3-3
TOTAL: | 18626 LBS.
‘LT
Q
m |
o A
S g 0
TYPE-] TYPE-2 TYPE-I2 TYPE-I9

MECHANICAL
CONNECTOR

STANDARD 180° HOOK (TYP.)

RFC

FORWARD ABUTMENT
NUMBER WEIGHT DIMENSIONS
MARK | "7 ory | LENGTH | Trgsly | TYPE Y - 5 3 7 SER INC.
FA401 12 2'-5" 181 19 1-0” 1-0”
FA501| 30 30-0” | 939 STR.
FA502| 32 24-47 | 812 STR.
FA503| 32 | 23-il0”| 795 STR.
FA504| 208 | 12-10” | 2784 2 4-9” 4-9”
FA505 2 13-6” 28 STR.
FA506 2 2-3" 5 STR.
FA507 2 7-3" 15 STR.
FA508 2 1-6” 24 STR.
FA509| 108 -1 554 2 2’-0” 2’-0”
FA510 8 5-0” 42 2 2’-0” 2°-0”
FA5I1I 13 91" 134 2 4-6" 4-6"
FAS5I2 7 10°-1” 74 1 5-4”
FA5I3 7 7-10" 57 1 4-5"
FA514 1 9-0” 9 1 -1
FA515 7 7-3" 53 1 4-5"
FA516 7 10-2" 74 1 5/-5”
FA517 1 8’-8” 9 1 -1
FA518 2 7-8” 6 1 -11/2"
FA519 10 10-4" 108 2 4-6" 4-6"
FA520 10 13-2" 137 2 511" 511"
4 4-g”
FA521 |SER. OF| TO 185 2 2’-0” 2’-0” 2 11/16”
8 6'-4"
FA522 | 44 14-0” | 642 38 |1-2 12" 3-6"
FA523 | NOT USED
FA524 8 107-10” 90 1 -1
FA525 8 12°-5" 104 1 6’-6”
FA526 1 2°-0”" 2 STR.
FA527 2 3-67 7 STR.
FA528 | 30 30-0“ | 939 STR.
FA529 15 22"-0" | 344 STR.
FA530| 82 14-47 | 1226 STR.
FA531| 30 5-9” 180 2 |r-o0 1/4” -1 7/87 - -6 1727
FA532| 60 4-g” 297 2 0’-8” 0’-8”
FA533| 32 7-6" 250 37 3-9*
FAB0I| 20 12-6” | 376 1 8-8”
FA602| 20 9/-8” 290 2 3-0” 3-0"
FAB03| 20 1-6” 345 1 8’-8"
FA604| 20 8’-8” 260 2 3-0” 3-0"
FAS01| 108 13-1” | 510 2 6-8" 6-8”
FAS02 6 14-0” | 286 2 6-8" 6'-8”
FAS03 2 73" 49 2 3-3 3-3
TOTAL: | 17832 | LBS.
L
A . B
‘ (@)
K wI 106°21°32" ﬂI
%5%%‘; STANDARD 180° HOOK (TYP.)
[YPE-37 TYPE-38 T YPE-39
0 | 2/25/19
NO.| DATE
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RFC SUBMITTAL

PIER
NUMBER WEIGHT DIMENSIONS

MARK | " ora, | LENGTH | Tirgdl) | TrPe 7 5 c 5 £ =1 SER INC.
P401 | 84 | 2-5” | 136 19 -0” | 10" | 1-0"

8 5/_5// 3/_8//
P50] |SER. OF | _TO 1049 2 1-0” 0 1-0” 812"

B 13- 122"
P502 | 156 | &-1I" | 145 2 26" | 42" | 276"
P503 | 84 | 12-10” | 124 | SIR.

4 511" q9-2"
P504 |SER. OF| TO 429 2 -0” 70 1-0” 7’

i3 911 107-11"
P505 | NOT | USED
P506 | 60 | 13-0” | 84 92| 130" 23-0”
P507 | NOT | USED
P508 | NOT | USED
P509 | 6 | 30-0” | 188 | SIR.
P510 4| 24-6" | 102 | SIA.
P51 2 196" | 4i STR.
P512 10| 12-10” | 134 42| 12-10” 36-2"
P601 | 308 | 12-10” | 5937 2 9-3" | 4-8” | 43"
P602 | 226 | 10-2” | 3451 2 4-37 | 20" | 4-3"
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P10 8 461" |_1994 40 22" _45-1
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PIIO5 |9 96-9” | 2235 10 22" | 441"
PIIO6 | 14| 28-9” | 2i38 ] 2-27_| 2611
PIIO7 |5 | 23-9” | 631 40 227 _2r-1r”
PIIO8 |5 | 23-0" | 6l 2 215"
PIIO9 | 10 | 230" | 1222 43| 230"
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December 11, 2019

Mr. Marty Fritz

Kokosing Construction Company
886 McKinley Ave.

Columbus, OH 43222

Re:  Thermal Integrity Profiling Report
Project: Opportunity Corridor 3 Bridge CUY-10-2039 — Pier 1 Shafts — Phase 1
Cleveland, OH
GRL Job No. 195067-3

Mr. Fritz:

This report presents the results of Thermal Integrity Profiling (TIP) using Thermal Wire® cables
for the above-referenced project. The objective of TIP testing was to assess the integrity of four
drilled shafts at the pier location of the CUY-10-0239 structure which carries OH-10 over the
Norfolk Southern RR. The TIP data summarized in this report was recorded between December
2" and 4%, 2019.

THERMAL INTEGRITY PROFILING — INSTRUMENTATION AND ANALYSIS

Thermal Integrity Profiler (TIP) testing was performed by means of Thermal Wire® cables and
Thermal Acquisition Ports (TAPs). The TIP system, manufactured by Pile Dynamics, Inc. in
association with FGE, reads concrete temperatures during curing using cables embedded in the
concrete.

The Thermal Wire cables consist of temperature sensors spaced every foot along the length of a
cable. For these shafts, four Thermal Wire® cables were attached along the full length of the
reinforcing cage. After the concrete placement was complete, a TAP-EDGE data logger was
connected to each wire and data acquisition began.

During curing of the concrete, the hydrating cement generates heat, increasing the temperature
in the shaft. Every 15 minutes the TAP-EDGE data loggers automatically record the measured
temperature at each sensor location along the length of the wire, generating a profile of
temperature versus depth at each increment of time. The data is then sent to a cloud server where
GRL can access the data. After the concrete peak temperature has been achieved, the data is
downloaded for further analysis.

GRL Engineers, Inc.
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The TIP results may be evaluated for shaft shape and integrity, concrete quality, and for location
of the reinforcing cage. The overall average temperature for all Thermal Wire readings over the
embedded depths can be directly related to the overall volume of concrete installed. Pile integrity
may be assessed based on the average temperature measurements from each Thermal Wire at
each depth increment. If the measured average temperature versus depth is consistent, the shaft
is considered to be uniform in shape and quality. Bulges can be identified as localized increases
in average temperature, while insufficient concrete quality or cross section reductions can be
identified as localized decreases in average temperature. Anomalies present over more than ten
percent of the effective cross-sectional area are normally seen in multiple Thermal Wires at the
same depth. Because soil and/or slurry pockets produce no heat, areas of soil intrusion or
inclusion are indicated by lower local temperatures.

Appendix A provides additional information regarding the technical
implementation of the TIP drilled foundation integrity testing method.

background and

SHAFT DETAILS

Please refer to the construction records for complete details.

GRL Engineers was provided shaft information through field logs which are attached in Appendix
C for reference. The reported shaft lengths and details are summarized in Table 1.

Table 1. Reported Shaft Installation Details

As-Built Concrete
Concrete Shaft Rebar Cage |Reported Total
Shaft PI Di Di Shaft L h Volume Input for

Number acement iameter |a|_'neter aft Lengt Analysis
Date |Shaft/socket (in) (ft) A
: (yd®)

(in)

19 12/3/19 48/48 36 41.07 21.0
20 12/4/19 48/48 36 41.5 21.0
21 12/3/19 48/48 36 42.37 21.0
22 12/2/19 48/48 36 41.3 20.5

GRL Engineers, Inc.
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RESULTS

TIP results for the tested shaft include the measured temperature and calculated effective radius
versus depth. The effective radius calculations were based on the measured Thermal Profile and
the input concrete volume. The measured Thermal Profiles present the measured temperature
versus depth for each active sensor at the selected time interval.

The optimal time selected for the pile profile corresponds approximately to near the time when
the maximum temperature occurs. The time to near peak temperature and also the time selected
for analysis for these shafts was approximately 14 to 16 hours after placement. In general,
temperature variations of +/- .9 degrees Fahrenheit are within normal range for TIP results due to
the accuracy of the sensors. Anomalies would be indicated by abrupt reductions in temperature
at a particular depth.

The TIP results are presented in Appendix B. The top left plot present the Measured Temperature
(degrees Fahrenheit) vs. Depth (feet). Temperature roll-off at the bottom of a shaft is caused by
heat loss due to the concrete/soil interface. Temperature roll-off at the top of pile is caused by
heat loss due to the concrete/air interface. The top right plot displays the Estimated Effective
Radius (inches) vs. Depth (feet). The bottom right plot displays a 2-D interpretation of the shaft.
The rebar cage is displayed as a 2-D color spectrum with an overlay of projected pile exterior
surface. The bottom left figure is a general soil profile with a 2-D shaft exterior overlay.

GRL has interpreted and categorized the results employing the following criteria:

o Satisfactory (S) 0to 6% Effective Average Radius Reduction and Cover Criteria Met
e Anomaly (A) Effective Average Radius Reduction > 6% (Max Red %) or Cover
Criteria Not Met (Further Evaluation Required)

When a tested shaft is deemed Anomaly (A), slices modeled at the area of question may be
provided so that a structural evaluation of the shaft can be performed prior to implement any
corrective measurements.

GRL Engineers, Inc.
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Shaft 19

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft.

No data was received for wire number 4 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 20

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be shifted slightly to the North as wire 1 indicates generally higher
temperatures and wire 4 indicated generally lower temperatures. The concrete cover generally is
very close to or exceeds 3 inches along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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Shaft 21

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft.

No data was received for wire number 1 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 22

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft. Wire 4 indicates as little as 2 inches of cover, but only over
the bottom foot of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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ADDITIONAL CONSIDERATIONS

Uncertainties in the interpreted TIP results include calculated corrections for pile top and bottom
shape which depend on the air and the annual average soil temperature, respectively. Other
factors include variations in the thermal diffusivity of the soil around the pile and the reinforcing
cage which may have undergone movement during concrete placement. Furthermore,
inaccuracies in the observed, installed concrete volumes may cause errors in calculated radii and
3-D pile shape interpretations. These factors limit the direct, unquestioned use of the results
presented in this report for pile suitability. We recommend that the responsible engineer(s) use
the TIP results in conjunction with the soil borings, pile construction/inspection records, results
from other test methods, and foundation loading information to determine foundation acceptability
with respect to design requirements.

We appreciate the opportunity to be of assistance to you on this project. Please contact us if
you have any questions regarding this report, or if we may be of further service.

Sincerely,
GRL Engineers, Inc.

//5),,, nES

Benjamin White, P.E.

C M"‘/“/'?““

C. Michael Morgano, P.E.

GRL Engineers, Inc.



Appendix A — Thermal Integrity Testing

Appendix A: Thermal Integrity Profiling

1.1 Test Method Overview

The Thermal Integrity Profiler (TIP) uses the
temperature generated by curing cement
(hydration energy) to assess the quality of cast
in place concrete foundations (i.e. drilled
shafts, Auger-cast-in-place  (ACIP) or
Continuous flight auger (CFA) piles). Whereas
other methods of integrity testing have limits in
assessing the full cross-section or length
(Cross-Hole Sonic Logging (CSL): inside the
reinforcing cage, or Gamma-gamma Logging
(GGL): within 3 inches (75mm) of access tube:
Pile Integrity Testing (PIT): length limits or after
major section changes), TIP measurements
evaluate the concrete quality from all portions
of the cross-section along the entire length.

In general, a shortage of competent concrete is
registered by relative cool regions (e.g. necks
or inclusions); the presence of extra concrete
is registered by relative warm regions (e.g.
over-pour bulging into soft soil strata).

Anomalies both inside and outside the
reinforcing cage not only disrupt the
temperature signature near the anomaly, but
also at more distant locations at progressively
less effect.
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Figure A: Temperature distribution for 10 ft (3.03 m) diameter
shaft. Lowest temperature measured corresponded to a 7.5 in
(19 cm) cover

The shaft temperature is dependent on the
shaft diameter, mix design, and the time of
measurement.

Because the temperature distribution within a
shaft is bell-shaped with respect to radial
position (Figure A), the measurements are
sensitive to cage eccentricity as well as the
surrounding cover. A cage closer to one side of
the excavation exhibits cooler temperatures
than average when the cage is closer to the
soil. When the cage is closer to the shaft
center, temperatures are then warmer.

Since the diameter and temperature
relationship is strongly linear in the region of
the cage, a plot of the average temperature of
the entire cage versus depth mimics the actual
shape of the shaft as determined from field
concreting logs. Use of construction and
concreting logs can be used in concert with the
TIP data to better assess the overall quality of
a given shaft (Figure B).
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Figure B: Average shaft temperature (black) and effective
diameter computed from concreting log (pink with square
markers)



1.2 Data Collection

TIP data is obtained either using probes in
access tubes or using embedded THERMAL
WIRES®.

Figure C: Thermal Integrity Profiling (Probe method).

1.2.1 The TIP system— Probe method

The TIP probe uses four orthogonally oriented
infrared sensors within a single thermal probe
(Figure D) to measure the inside wall
temperature of standard 1.5 or 2.0 inch (38 or
50 mm) access tubes (plastic or steel). Four
sensors provide redundancy. The probe
diameter is 1.25 inches (32 mm)

Figure D: 5in. long by 1.25 in. diameter Thermal Probe with four
infrared sensors

A depth-encoder attached to the access tube
tracks the probe location as it is lowered by the
engineer for the entire length of each tube
(access tubes must be free of water debris and
other liquids during testing). The temperature
data are collected typically 12 to 48 hours after
concrete casting, depending on shaft diameter

Appendix A — Thermal Integrity Testing

and concrete mix. TIP results are insensitive
to de-bonding.

1.2.2  The TIP system — Thermal Wire method

The embedded sensor method uses wires with
thermal sensors attached to the reinforcing
cage (Figure E). No access tubes are required.
Data is automatically sampled at specified
intervals (generally every 15 minutes) from
each embedded THERMAL WIRE cable by a
battery powered Thermal Acquisition Port
(TAP) allowing the concrete curing process to
be monitored. Data can be collected on site at
any time after casting for evaluation. A single
embedded wire is attached to a center rebar for
smaller augercast (CFA) piles, soil nails,
micropiles and jet-grouted applications.

Figure E: Embedded THERMAL WIRE cable attached to rebar
cage (shown adjacent to CSL access tubes.)

Should an anomaly be detected (local relatively
cool spot) by either probes or embedded
THERMAL WIRE cables, no additional field
data is necessary to perform complete in-depth
analyses.



1.3 Data Analysis

Field measurements alone highlight glaring
irregularities since the average temperature
profile shows the general shaft shape. This
level of simple review reveals cage alignment
irregularities, casing location, locations of over-
pour bulges or necking or deficient concrete,
and can easily alert the user or an owner of
areas of concern.

Superposition of construction and concreting
logs can calibrate the average diameter to the
overall average temperature, particularly when
multiple concrete trucks per pile are used.

Finally, the measured temperatures when
converted to radius can be used to provide a 3-
D rendering (Figure F) of the as-built shaft as
well as 2-D slices (Figure G) of the shaft cross
section at any depths of interest and vertical
slices through any radial orientation.

(| Cage View i

CHagpdeag

o Cover: 10341

Figure F: 3-D projection of shaft
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Figure G: horizontal ‘slice’ of the shaft

1.3.1 Roll-off Modelling

The TOS/BOS Correction window allows the
user to model the ‘roll-off’ observed typically at
the top and bottom of the shaft. Note that for a
majority of the shaft the heat is dispersed only
in the radial direction, however for a length
corresponding to one diameter at both the
upper and lower portion of the shaft, or any
large diameter change, the heat is dispersed
not just in a radial pattern, but also in a
longitudinal direction. This occurs because the
heat is not just conducted into the laterally
surrounding soil but also, for the top of shaft,
radiates into the ambient air; and for the bottom
of shaft, into the soil beneath the shaft.
Because of this, proper analysis and
interpretation of Thermal Integrity results
requires a correction for this region of the shaft
where the temperatures are non-linear. It
should be noted that the surrounding soil
receives the heat that the shaft radiates and
thus becomes warm. The soil is warmest at the
shaft interface and gradually cools as the radial
distance from the shaft center increases.

The roll-off at the shaft ends for a uniform shaft
follows a hyperbolic tangent curve. If we
superimpose this curve on the measured
temperature curve in the roll-off zone, the
difference between these curves is then due to
differences in the actual shaft shape relative to
the uniform cylindrical shape, allowing us to
compute the estimated actual shape.



Corrections made at the top and bottom of the
shaft will estimate the region of non-linear
temperatures due to the roll-off by applying an
estimated curve based of the ambient soil
temperature, ambient air temperature, and
average concrete temperature. Note that roll-
off correction is a ‘best-fit’ correction.

1.3.2 Effective Radius

In many cases, simple presentation of the
temperatures  versus depth may be
satisfactory. For example, the total installed
volume is known to be substantially greater
than the theoretical neat volume of the hole
(nominal area times nominal length) and the
temperature profiles are relatively uniform, with
normal top and bottom temperature roll-off
observed.

If unusual features are observed in the data
(local cool temperatures or significant cage
shifts, or if project specifications require, then
further analysis is generally performed to
obtain an “effective radius” versus depth
versus quadrant. The “effective radius” is
“expected” to be the designed shaft radius which
may actually be the radius of the tool or the radius
of a casing. As the measured temperature is
proportional to the local radius and cover, such a
correlation is produced to estimate the effective
radius from temperature measurements and the
total volume of placed concrete. The term
“effective radius” was coined to address the
scenario where concrete quality may be varying
instead of shaft shape. To that end, effective
radius is defined as that radius of intact
uncompromised concrete that would
produce the measured temperature.

In order to properly interpret data into an
“effective radius” presentation, a significant
amount of information should be gathered.
Thermal data is collected into the TIP main unit
and includes the thermal arrays and
descriptions of geometries (nominal radius,
nominal cage radius, spacing between
measurement locations, etc.)

Other pertinent information would include soil
borings, Thermal field logs, drilling logs that
would include any pertinent diameter changes,
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casing lengths (permanent or temporary), and
any unusual occurrences, and logs of concrete
placement (preferably vs depth). If the shaft
extends above the ground or is cased through
water zone, these affect this cooling of the
upper portion of the shaft, and therefore data
interpretation. It should be noted that the
diffusivity of heat transferin the soil is relatively
unaffected by the soil type or water table as the
heat generation is significantly higher and
drives the process (at least through the
temperature rise portion of the heating and
cooling cycle). Obviously the more information
available the better qualified the result answer
that can be achieved.

1.4 Disclaimer

As Thermal Integrity Profiling is based on the
heat generated during the concrete hydration
process, the test method is then highly
dependent on acquiring data early in the
hydration process, generally slightly before or
after the point in time the shaft reaches peak
heat. The pointin time which peak heat occurs
is dependent on actual shaft diameter and
actual concrete mix design.

As with most Non-Destructive methods of pile
material testing, results are not always a clear
indication of the strength of a shaft. A variety of
error sources or limitations can mask some of
the defects while exaggerating others. It is
therefore suggested that the TIP results are
always used together with other records of
shaft installation and that they are not used as
the sole basis for shaft rejection or shaft
acceptance.

As ‘Roll-off’ regions in the shaft are subject to
ambient atmospheric conditions as well as
ambient soil temperatures, the modelling is
dependent on the accuracy of such
information. Additionally, where the bottom
‘roll-off’ occurs is dependent on where the
lowest thermal measurement has occurred and
the actual bottom of the shaft.

As the Effective Radius estimation is highly
dependent on concrete volume measurements,
the accuracy of the effective radius is thus
equally dependent on those volume
measurements.  Shafts with little volume



information, particularly in the case of small
and/or short shafts which may require concrete
volumes less than one truck load, may have a
tendency to over-predict the effective radius.

If Modelling of the concrete mix design is
employed the results of such modelling are
dependent on the accuracy of the information
given and the actual mixture placed

Shafts with multiple or highly variable
impedance (cross section) changes produce
complex records which are difficult or
impossible to analyze after the first major or
second smaller reflection.

Lack or discontinuities in reinforcement cannot
be detected

It should be noted, as with many other non-
destructive test methods, that the method can
only assess shaft integrity and makes no
qualifications on the suitability of the shafts
load carrying capacity.

1.5 Corrective Measures

A limited number of corrective measures are
available when a defect is indicated by the TIP
method. Such measures include:

*Static load testing to prove the shaft integrity
to be adequate. This is often the most
expensive alternate and not well suited for
testing large numbers of shafts.

*Dynamic Load Testing (DLT) with a Pile
Driving Analyzer® which would yield evidence
of satisfactory shaft performance under the
dynamic load, which is typically in the range of
the shaft's service loads.

*If access tubes are installed in the shaft.
Testing by CSL, if defects are located with the
direct path of the access tube combinations,
may confirm the presence of defect.

*Sonic Pulse Echo testing with the Pile Integrity
Tester™ (PIT) as an additional method of non-
destructive testing.

*Coring of the shaft. Besides yielding a
concrete core, video cameras can be used in
the cored hole for a visual inspection of the
shaft concrete.

Appendix A — Thermal Integrity Testing

*Repair by grouting high strength
reinforcement bars in the access tubes. This
is only possible if the tubes are made of steel.

*Pressure grouting the shaft either by piercing
the tubes or by cored access holes.
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Opportunity Corridor 3
Bridge CUY-10-2039 Norfolk Southern RR over OH-10

Pier 1 Shafts 19, 20, 21, 22

Thermal Integrity Profiling Results



Pier 1 Shaft 19
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engineers, inc.

January 14, 2020

Mr. Marty Fritz

Kokosing Construction Company
886 McKinley Ave.

Columbus, OH 43222

Re:  Thermal Integrity Profiling Report
Project: Opportunity Corridor 3 Bridge CUY-10-0239 — Forward Abutment — Phase 1
Cleveland, OH
GRL Job No. 195067-3

Mr. Fritz:

This report presents the results of Thermal Integrity Profiling (TIP) using Thermal Wire® cables
for the above-referenced project. The objective of TIP testing was to assess the integrity of 11
drilled shafts at the pier location of the CUY-10-0239 structure which carries OH-10 over the
Norfolk Southern RR. The TIP data summarized in this report was recorded between December
6" and 17t, 2019.

THERMAL INTEGRITY PROFILING — INSTRUMENTATION AND ANALYSIS

Thermal Integrity Profiler (TIP) testing was performed by means of Thermal Wire® cables and
Thermal Acquisition Ports (TAPs). The TIP system, manufactured by Pile Dynamics, Inc. in
association with FGE, reads concrete temperatures during curing using cables embedded in the
concrete.

The Thermal Wire cables consist of temperature sensors spaced every foot along the length of a
cable. For these shafts, four Thermal Wire® cables were attached along the full length of the
reinforcing cage. After the concrete placement was complete, a TAP-EDGE data logger was
connected to each wire and data acquisition began.

During curing of the concrete, the hydrating cement generates heat, increasing the temperature
in the shaft. Every 15 minutes the TAP-EDGE data loggers automatically record the measured
temperature at each sensor location along the length of the wire, generating a profile of
temperature versus depth at each increment of time. The data is then sent to a cloud server where
GRL can access the data. After the concrete peak temperature has been achieved, the data is
downloaded for further analysis.

GRL Engineers, Inc.
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The TIP results may be evaluated for shaft shape and integrity, concrete quality, and for location
of the reinforcing cage. The overall average temperature for all Thermal Wire readings over the
embedded depths can be directly related to the overall volume of concrete installed. Pile integrity
may be assessed based on the average temperature measurements from each Thermal Wire at
each depth increment. If the measured average temperature versus depth is consistent, the shaft
is considered to be uniform in shape and quality. Bulges can be identified as localized increases
in average temperature, while insufficient concrete quality or cross section reductions can be
identified as localized decreases in average temperature. Anomalies present over more than ten
percent of the effective cross-sectional area are normally seen in multiple Thermal Wires at the
same depth. Because soil and/or slurry pockets produce no heat, areas of soil intrusion or
inclusion are indicated by lower local temperatures.

Appendix A provides additional information regarding the technical background and
implementation of the TIP drilled foundation integrity testing method.

GRL Engineers, Inc.
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SHAFT DETAILS

Please refer to the construction records for complete details.

GRL Engineers was provided shaft information through field logs which are attached in Appendix
C for reference. The reported shaft lengths and details are summarized in Table 1.

Table 1. Reported Shaft Installation Details

As-Built Concrete
Concrete Shaft Rebar Cage |Reported Total
Shaft P Di Di haft L h Volume Input for
Number acement iameter |ar_neter Shaft Lengt Analysis
Date |Shaft/socket (in) (ft) A
- (yd?)
(in)
6 12/5/19 50/48 44 34.5 20
7 12/16/19 50/48 44 34.25 17
8 12/11/19 50/48 44 34.66 20
9 12/16/19 50/48 44 35.16 17
10 12/11/19 50/48 44 35.11 20
1 12/13/19 50/48 44 35.16 20
12 12/10/19 50/48 44 35.65 20
13 12/12/19 50/48 44 36.0 20
14 12/6/19 50/48 44 36.05 20
15 12/12/19 50/48 44 36.06 20
16 12/4/19 50/48 44 36.5 20.5

GRL Engineers, Inc.
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RESULTS

TIP results for the tested shaft include the measured temperature and calculated effective radius
versus depth. The effective radius calculations were based on the measured Thermal Profile and
the input concrete volume. The measured Thermal Profiles present the measured temperature
versus depth for each active sensor at the selected time interval.

The optimal time selected for the pile profile corresponds approximately to near the time when
the maximum temperature occurs. The time to near peak temperature and also the time selected
for analysis for these shafts was approximately 17 to 22 hours after placement. However, due to
data transmission issues, only a few hours of data was transmitted for shaft 11. The last data set
collected was used for analysis, although the data was collected well before the peak
temperature, we feel the data can be evaluated for shaft integrity.

In general, temperature variations of +/- .9 degrees Fahrenheit are within normal range for TIP
results due to the accuracy of the sensors. Anomalies would be indicated by abrupt reductions in
temperature at a particular depth.

The TIP results are presented in Appendix B. The top left plot present the Measured Temperature
(degrees Fahrenheit) vs. Depth (feet). Temperature roll-off at the bottom of a shaft is caused by
heat loss due to the concrete/soil interface. Temperature roll-off at the top of pile is caused by
heat loss due to the concrete/air interface. The top right plot displays the Estimated Effective
Radius (inches) vs. Depth (feet). The bottom right plot displays a 2-D interpretation of the shaft.
The rebar cage is displayed as a 2-D color spectrum with an overlay of projected pile exterior
surface. The bottom left figure is a general soil profile with a 2-D shaft exterior overlay.

GRL has interpreted and categorized the results employing the following criteria:

o Satisfactory (S) 0to 6% Effective Average Radius Reduction and Cover Criteria Met
e Anomaly (A) Effective Average Radius Reduction > 6% (Max Red %) or Cover
Criteria Not Met (Further Evaluation Required)

When a tested shaft is deemed Anomaly (A), slices modeled at the area of question may be
provided so that a structural evaluation of the shaft can be performed prior to implement any
corrective measurements.

All 11 shafts in phase 1 of the forward abutment are cateqorized as Satisfactory (S).
Descriptions of the Thermal Integrity Profiling results are presented below.

GRL Engineers, Inc.
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Shaft 6

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft.

No data was received for wire number 2 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 7

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally consistent with the
design radius throughout the uncased portion above the rock socket. The effective radius in the
rock socket is marginally smaller than the design radius. Note that the provided concrete volume
for this shaft is nearly exactly the theoretical volume of the shaft which would explain the
marginally smaller computed effective radius in the rock socket and the smaller computed
concrete cover. If the actual concrete volume placed was slightly more than reported, the
computed effective radius in the rock socket would be consistent with the design radius.
Furthermore, it's worth noting that the overall thermal signature vs. depth for this shaft is similar
to the other shafts.

No data was received for wire number 3 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

GRL Engineers, Inc.
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The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 8

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 9

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally consistent with the
design radius throughout the uncased portion above the rock socket. The effective radius in the
rock socket is marginally smaller than the design radius. Note that the provided concrete volume
for this shaft is nearly exactly the theoretical volume of the shaft which would explain the
marginally smaller computed effective radius in the rock socket and the smaller computed
concrete cover. If the actual concrete volume placed was slightly more than reported, the
computed effective radius in the rock socket would be consistent with the design radius.
Furthermore, it's worth noting that the overall thermal signature vs. depth for this shaft is similar
to the other shafts.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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Shaft 10

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft,
with a decrease at the top of the rock socket and increasing temperature with depth within the
rock socket. The temperature roll offs at the top and bottom appear consistent with the shaft
radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
oversized and appears to increase over the bottom 7 feet to approximately 27 inches near the
bottom of the shaft.

The rebar cage appears to be slightly shifted. Wire 1 indicates cooler temperatures within the soil
and warmer temperatures within the rock socket. Wire 4 indicates warmer temperatures within
the soil and cooler temperatures within the rock socket. It is possible that the wire serial numbers
were reported incorrectly as this data indicating the cage shifting is unreasonable. However, the
concrete cover generally exceeds 3 inches along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 11

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered. The concrete cover generally exceeds 3 inches
along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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Shaft 12

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally consistent with the
design radius throughout the uncased portion above the rock socket. The effective radius in the
rock socket is generally consistent with the design radius.

The rebar cage appears to be fairly well centered. The concrete cover generally is close to, or
exceeds 3 inches along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 13

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally is close to, or
exceeds 3 inches along the length of the shaft.

No data was received for wire number 1 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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Shaft 14

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius.

The rebar cage appears to be fairly well centered and the concrete cover generally is close to, or
exceeds 3 inches along the length of the shaft.

No data was received for wire number 3 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

Shaft 15

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally consistent with the
design radius throughout the uncased portion above the rock socket. The effective radius in the
rock socket is generally consistent with the design radius.

The rebar cage appears to be fairly well centered. The concrete cover generally exceeds 3 inches
along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).
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Shaft 16

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally consistent with the
design radius throughout the uncased portion above the rock socket. The effective radius in the
rock socket is generally consistent with the design radius.

The rebar cage appears to be fairly well centered. The concrete cover generally is close to, or
exceeds 3 inches along the length of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this pile was
categorized as Satisfactory (S).

GRL Engineers, Inc.
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ADDITIONAL CONSIDERATIONS

Uncertainties in the interpreted TIP results include calculated corrections for pile top and bottom
shape which depend on the air and the annual average soil temperature, respectively. Other
factors include variations in the thermal diffusivity of the soil around the pile and the reinforcing
cage which may have undergone movement during concrete placement. Furthermore,
inaccuracies in the observed, installed concrete volumes may cause errors in calculated radii and
3-D pile shape interpretations. These factors limit the direct, unquestioned use of the results
presented in this report for pile suitability. We recommend that the responsible engineer(s) use
the TIP results in conjunction with the soil borings, pile construction/inspection records, results
from other test methods, and foundation loading information to determine foundation acceptability
with respect to design requirements.

We appreciate the opportunity to be of assistance to you on this project. Please contact us if
you have any questions regarding this report, or if we may be of further service.

Sincerely,
GRL Engineers, Inc.

//5),, NS

Benjamin White, P.E.

C M-de

C. Michael Morgano, P.E.

GRL Engineers, Inc.



Appendix A — Thermal Integrity Testing

Appendix A: Thermal Integrity Profiling

1.1 Test Method Overview

The Thermal Integrity Profiler (TIP) uses the
temperature generated by curing cement
(hydration energy) to assess the quality of cast
in place concrete foundations (i.e. drilled
shafts, Auger-cast-in-place  (ACIP) or
Continuous flight auger (CFA) piles). Whereas
other methods of integrity testing have limits in
assessing the full cross-section or length
(Cross-Hole Sonic Logging (CSL): inside the
reinforcing cage, or Gamma-gamma Logging
(GGL): within 3 inches (75mm) of access tube:
Pile Integrity Testing (PIT): length limits or after
major section changes), TIP measurements
evaluate the concrete quality from all portions
of the cross-section along the entire length.

In general, a shortage of competent concrete is
registered by relative cool regions (e.g. necks
or inclusions); the presence of extra concrete
is registered by relative warm regions (e.g.
over-pour bulging into soft soil strata).

Anomalies both inside and outside the
reinforcing cage not only disrupt the
temperature signature near the anomaly, but
also at more distant locations at progressively
less effect.
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Figure A: Temperature distribution for 10 ft (3.03 m) diameter
shaft. Lowest temperature measured corresponded to a 7.5 in
(19 cm) cover

The shaft temperature is dependent on the
shaft diameter, mix design, and the time of
measurement.

Because the temperature distribution within a
shaft is bell-shaped with respect to radial
position (Figure A), the measurements are
sensitive to cage eccentricity as well as the
surrounding cover. A cage closer to one side of
the excavation exhibits cooler temperatures
than average when the cage is closer to the
soil. When the cage is closer to the shaft
center, temperatures are then warmer.

Since the diameter and temperature
relationship is strongly linear in the region of
the cage, a plot of the average temperature of
the entire cage versus depth mimics the actual
shape of the shaft as determined from field
concreting logs. Use of construction and
concreting logs can be used in concert with the
TIP data to better assess the overall quality of
a given shaft (Figure B).
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Figure B: Average shaft temperature (black) and effective
diameter computed from concreting log (pink with square
markers)



1.2 Data Collection

TIP data is obtained either using probes in
access tubes or using embedded THERMAL
WIRES®.

Figure C: Thermal Integrity Profiling (Probe method).

1.2.1 The TIP system— Probe method

The TIP probe uses four orthogonally oriented
infrared sensors within a single thermal probe
(Figure D) to measure the inside wall
temperature of standard 1.5 or 2.0 inch (38 or
50 mm) access tubes (plastic or steel). Four
sensors provide redundancy. The probe
diameter is 1.25 inches (32 mm)

Figure D: 5in. long by 1.25 in. diameter Thermal Probe with four
infrared sensors

A depth-encoder attached to the access tube
tracks the probe location as it is lowered by the
engineer for the entire length of each tube
(access tubes must be free of water debris and
other liquids during testing). The temperature
data are collected typically 12 to 48 hours after
concrete casting, depending on shaft diameter
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and concrete mix. TIP results are insensitive
to de-bonding.

1.2.2  The TIP system — Thermal Wire method

The embedded sensor method uses wires with
thermal sensors attached to the reinforcing
cage (Figure E). No access tubes are required.
Data is automatically sampled at specified
intervals (generally every 15 minutes) from
each embedded THERMAL WIRE cable by a
battery powered Thermal Acquisition Port
(TAP) allowing the concrete curing process to
be monitored. Data can be collected on site at
any time after casting for evaluation. A single
embedded wire is attached to a center rebar for
smaller augercast (CFA) piles, soil nails,
micropiles and jet-grouted applications.

Figure E: Embedded THERMAL WIRE cable attached to rebar
cage (shown adjacent to CSL access tubes.)

Should an anomaly be detected (local relatively
cool spot) by either probes or embedded
THERMAL WIRE cables, no additional field
data is necessary to perform complete in-depth
analyses.



1.3 Data Analysis

Field measurements alone highlight glaring
irregularities since the average temperature
profile shows the general shaft shape. This
level of simple review reveals cage alignment
irregularities, casing location, locations of over-
pour bulges or necking or deficient concrete,
and can easily alert the user or an owner of
areas of concern.

Superposition of construction and concreting
logs can calibrate the average diameter to the
overall average temperature, particularly when
multiple concrete trucks per pile are used.

Finally, the measured temperatures when
converted to radius can be used to provide a 3-
D rendering (Figure F) of the as-built shaft as
well as 2-D slices (Figure G) of the shaft cross
section at any depths of interest and vertical
slices through any radial orientation.

(| Cage View i

CHagpdeag

o Cover: 10341

Figure F: 3-D projection of shaft
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Figure G: horizontal ‘slice’ of the shaft

1.3.1 Roll-off Modelling

The TOS/BOS Correction window allows the
user to model the ‘roll-off’ observed typically at
the top and bottom of the shaft. Note that for a
majority of the shaft the heat is dispersed only
in the radial direction, however for a length
corresponding to one diameter at both the
upper and lower portion of the shaft, or any
large diameter change, the heat is dispersed
not just in a radial pattern, but also in a
longitudinal direction. This occurs because the
heat is not just conducted into the laterally
surrounding soil but also, for the top of shaft,
radiates into the ambient air; and for the bottom
of shaft, into the soil beneath the shaft.
Because of this, proper analysis and
interpretation of Thermal Integrity results
requires a correction for this region of the shaft
where the temperatures are non-linear. It
should be noted that the surrounding soil
receives the heat that the shaft radiates and
thus becomes warm. The soil is warmest at the
shaft interface and gradually cools as the radial
distance from the shaft center increases.

The roll-off at the shaft ends for a uniform shaft
follows a hyperbolic tangent curve. If we
superimpose this curve on the measured
temperature curve in the roll-off zone, the
difference between these curves is then due to
differences in the actual shaft shape relative to
the uniform cylindrical shape, allowing us to
compute the estimated actual shape.



Corrections made at the top and bottom of the
shaft will estimate the region of non-linear
temperatures due to the roll-off by applying an
estimated curve based of the ambient soil
temperature, ambient air temperature, and
average concrete temperature. Note that roll-
off correction is a ‘best-fit’ correction.

1.3.2 Effective Radius

In many cases, simple presentation of the
temperatures  versus depth may be
satisfactory. For example, the total installed
volume is known to be substantially greater
than the theoretical neat volume of the hole
(nominal area times nominal length) and the
temperature profiles are relatively uniform, with
normal top and bottom temperature roll-off
observed.

If unusual features are observed in the data
(local cool temperatures or significant cage
shifts, or if project specifications require, then
further analysis is generally performed to
obtain an “effective radius” versus depth
versus quadrant. The “effective radius” is
“expected” to be the designed shaft radius which
may actually be the radius of the tool or the radius
of a casing. As the measured temperature is
proportional to the local radius and cover, such a
correlation is produced to estimate the effective
radius from temperature measurements and the
total volume of placed concrete. The term
“effective radius” was coined to address the
scenario where concrete quality may be varying
instead of shaft shape. To that end, effective
radius is defined as that radius of intact
uncompromised concrete that would
produce the measured temperature.

In order to properly interpret data into an
“effective radius” presentation, a significant
amount of information should be gathered.
Thermal data is collected into the TIP main unit
and includes the thermal arrays and
descriptions of geometries (nominal radius,
nominal cage radius, spacing between
measurement locations, etc.)

Other pertinent information would include soil
borings, Thermal field logs, drilling logs that
would include any pertinent diameter changes,
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casing lengths (permanent or temporary), and
any unusual occurrences, and logs of concrete
placement (preferably vs depth). If the shaft
extends above the ground or is cased through
water zone, these affect this cooling of the
upper portion of the shaft, and therefore data
interpretation. It should be noted that the
diffusivity of heat transferin the soil is relatively
unaffected by the soil type or water table as the
heat generation is significantly higher and
drives the process (at least through the
temperature rise portion of the heating and
cooling cycle). Obviously the more information
available the better qualified the result answer
that can be achieved.

1.4 Disclaimer

As Thermal Integrity Profiling is based on the
heat generated during the concrete hydration
process, the test method is then highly
dependent on acquiring data early in the
hydration process, generally slightly before or
after the point in time the shaft reaches peak
heat. The pointin time which peak heat occurs
is dependent on actual shaft diameter and
actual concrete mix design.

As with most Non-Destructive methods of pile
material testing, results are not always a clear
indication of the strength of a shaft. A variety of
error sources or limitations can mask some of
the defects while exaggerating others. It is
therefore suggested that the TIP results are
always used together with other records of
shaft installation and that they are not used as
the sole basis for shaft rejection or shaft
acceptance.

As ‘Roll-off’ regions in the shaft are subject to
ambient atmospheric conditions as well as
ambient soil temperatures, the modelling is
dependent on the accuracy of such
information. Additionally, where the bottom
‘roll-off’ occurs is dependent on where the
lowest thermal measurement has occurred and
the actual bottom of the shaft.

As the Effective Radius estimation is highly
dependent on concrete volume measurements,
the accuracy of the effective radius is thus
equally dependent on those volume
measurements.  Shafts with little volume



information, particularly in the case of small
and/or short shafts which may require concrete
volumes less than one truck load, may have a
tendency to over-predict the effective radius.

If Modelling of the concrete mix design is
employed the results of such modelling are
dependent on the accuracy of the information
given and the actual mixture placed

Shafts with multiple or highly variable
impedance (cross section) changes produce
complex records which are difficult or
impossible to analyze after the first major or
second smaller reflection.

Lack or discontinuities in reinforcement cannot
be detected

It should be noted, as with many other non-
destructive test methods, that the method can
only assess shaft integrity and makes no
qualifications on the suitability of the shafts
load carrying capacity.

1.5 Corrective Measures

A limited number of corrective measures are
available when a defect is indicated by the TIP
method. Such measures include:

*Static load testing to prove the shaft integrity
to be adequate. This is often the most
expensive alternate and not well suited for
testing large numbers of shafts.

*Dynamic Load Testing (DLT) with a Pile
Driving Analyzer® which would yield evidence
of satisfactory shaft performance under the
dynamic load, which is typically in the range of
the shaft's service loads.

*If access tubes are installed in the shaft.
Testing by CSL, if defects are located with the
direct path of the access tube combinations,
may confirm the presence of defect.

*Sonic Pulse Echo testing with the Pile Integrity
Tester™ (PIT) as an additional method of non-
destructive testing.

*Coring of the shaft. Besides yielding a
concrete core, video cameras can be used in
the cored hole for a visual inspection of the
shaft concrete.
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*Repair by grouting high strength
reinforcement bars in the access tubes. This
is only possible if the tubes are made of steel.

*Pressure grouting the shaft either by piercing
the tubes or by cored access holes.



Appendix B: Thermal Integrity Profiling Results



Opportunity Corridor 3
Bridge CUY-10-2039 Norfolk Southern RR over OH-10

Forward Abutment Phase 1 - Shafts 6 though 16

Thermal Integrity Profiling Results
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December 11, 2019

Mr. Marty Fritz

Kokosing Construction Company
886 McKinley Ave.

Columbus, OH 43222

Re:  Cross-Hole Sonic Logging Report
Project: Opportunity Corridor 3 Bridge CUY-10-0239 — Pier 1 Shaft 20
Cleveland, OH
GRL Job No. 195067-3

Mr. Fritz:

This report presents results from Cross-Hole Sonic Logging (CSL) performed at the above
referenced project on December 9, 2019. The objective of CSL testing is to evaluate the
concrete and shaft construction quality. This report summarizes CSL testing results from
Shaft 20 located in the Pier of Bridge CUY-10-0239.

A detailed description of the CSL equipment and testing procedures can be found in Appendix
A, while the CSL testing results are presented in Appendix B.

CSL TESTING PROCEDURE

Four steel access tubes were cast into the shaft during concrete placement. The access
tubes were labeled 1 through 4 with the number 1 tube corresponding to the northern most
tube, and the remaining tubes identified in a clockwise direction. The CSL results are referred
to as “Profiles” with profile 1-2 being the CSL results between tubes 1 and 2, etc. For each
shaft, four perimeter profiles (1-2, 2-3, 3-4, 4-1) and 2 diagonal profiles (1-3 and 2-4) were
scanned. The probes were placed at the bottom of the access tubes and then slowly raised
together with signal transmission every 2 inches. The location or depth of the probes was
electronically recorded by encoder wheels through which the probe cables were pulled.

CSL RESULT INTERPRETATION

The profiles present the signal arrival time and relative signal energy versus depth. In
general, variations in arrival time of 20% are within the normal range for the CSL technique
due to variation in probe location within the pipes, pipe alignment and other factors.

The interpretation of CSL testing is dependent on the signal first arrival time (FAT) and the
signal strength received for each data set collected relative to the average FAT and signal
strength. These are our proposed definitions for CSL results:

Satisfactory FAT reduction 1 to 10% and Energy Reduction <6 dB
Anomaly FAT reduction 11 to 20% and Energy Reduction <9 dB

Flaw FAT reduction 21 to 30% or Energy Reduction of 9 to 12 dB
Defect FAT reduction >30% or Energy Reduction >12 dB
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Defects should be addressed if they affect more than one profile. Flaws should be addressed
if they affect more than 50% of the profiles. “Addressing” a flaw or defect may include
evaluation by tomography if the concern is localized (e.g. not across the full section), and/or,
depending on the depth to the concern, additional measures such as core drilling, repair or
replacement, repeat tests after a longer waiting time or testing by other methods (gamma-
gamma, low strain, high strain).

CONCLUSIONS
Shaft 20

This shaft was reportedly installed December 39, 2019. CSL testing was performed on
December 9th, or 6 days after this shaft was cast.

No FAT delays over 10% or energy decreases greater than 6 dB were observed in the CSL
data. Therefore, based on the criteria presented, this shaft is free from any significant flaws or
defects and its integrity can be classified as Satisfactory.

CSL LIMITATIONS

Uncertainties in the collected CSL results include variations in the concrete wave speeds,
movement of the access tubes during concrete placement, and difficulties in record
interpretation. Caissons with more tubes and thus more scans may result in a better analysis
match with reality. We recommend that the responsible engineer(s) use the CSL results in
conjunction with the soil borings, caisson construction records, and foundation loading
information to determine foundation acceptability with respect to design requirements. CSL
results alone should not be used as the sole basis for caisson acceptance or rejection,
without additional data to support such conclusions.

We appreciate the opportunity to be of assistance to you on this project. Please do not
hesitate to contact us if you have any questions regarding this report, or if we may be of
further service.

Respectfully,
GRL Engineers, Inc.

//5)_,,, Wi

Benjamin White, P.E.

C. Michael Morgano, P.E.

GRL Engineers, Inc.
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APPENDIX A
DESCRIPTION OF THE CSL METHOD AND THE CHA EQUIPMENT

The following has been written by GRL Engineers, Inc. and may only be copied with its written permission.

1. CSL INSTRUMENTATION

GRL performs the Crosshole Sonic Logging (CSL)
according to the specifications of ASTM D6760-02
using the Cross Hole Analyzer™ (CHA) system
manufactured by Pile Dynamics, Inc. The CHA
system is applied to shafts, which are equipped
with at least two inspection tubes. The tubes are
either made of steel or plastic and must be filled
with water during curing to promote proper bonding
of the tube with the concrete and during testing to
couple the signal to the concrete. In one of the
water filled tubes, a transmitter probe is lowered
and simultaneously a receiver probe is lowered in
the second tube, normally to the same level as the
transmitter tube. The CHA then generates an
electric pulse. For typical CSL applications, the
frequency of the signal generated is above the
audible limit (around 45 kHz for the CHA) and
therefore ultrasonic. The stress wave travels
through the water, the tube and the concrete and is
then received by the receiver probe as an electrical
signal. The wave transmission proceeds at the
speed of sound in the concrete (typically between

Encoder Wheels
(measures displacement)

CHA

Transmitter (receiver)

Wave Direction

Transmitter (emitter)
Concrete
Tubes (water filled)

Figure 1 Typical cross-hole setup
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3,000 and 4,000 m/s or between 10,000 and
13,000 ft/s) and CSL is therefore often called a
sonic test. The received signal is amplified,
converted to digital form at a rate of 500 samples
per millisecond, and then digitally stored and
displayed by the CHA. The total record length is
either 256 or 512 samples and, therefore, is a %2 or
1 millisecond total duration. For longer tube
spacing the wave travel time may exceed this time
sample, so the CHA operator selects a Time Delay
(TD) following the transmitter signal emission so
that the leading edge of the pulse is included in the
digitized record.

While recording the received signal, the CHA
measures the Depth of the transmitter and receiver
by means of individual digital encoders. This depth
measurement is normally done relative to the tube
top or the tube bottom. Typically, transmitter and
receiver are simultaneously raised and, in intervals
of 1 or 2 inches (user selectable), signals are
emitted and recorded.

As an alternative to Crosshole Sonic Logging,
Single-Hole Sonic Logging (SSL) is sometimes a
preferable solution, particularly for small diameter
shafts. In this case the transmitter and receiver are
lowered at a fixed vertical distance into the same
water filled access tube. To avoid
misinterpretations, the tube has to be made of
plastic for this application. Many of the features of
the resulting scans can be obtained and interpreted
as for CSL, however, since this method is less
seldom used, it is not described in further detail
since the principles are identical to CSL.

2. PRESENTATION OF RESULTS

Historically, the display of the records is done in the
so-called Waterfall Diagram. This presentation
shows in a binary fashion the positive records
components dark and the negative record
components white as a function of time. The
vertical extent of each record is exactly the distance



over which records are collected (approximately the
length of tubes in the shaft). The waterfall diagram
is an intuitively clear representation of concrete
quality over depth. Normally the test is repeated for
all perimeter tube pairs and also at least the major
diagonals to investigate the concrete quality and
homogeneity between the tubes.

The most important result from the CHA is the first
arrival time (FAT) of the signal at the receiver,
relative to the time the transmitter pulse has been
generated. FAT can be determined visually from
the waterfall diagram or it can be automatically
determined. In the CHA, FAT is recognized when
the signal in the receiver exceeds both some
absolute threshold and a certain, user selectable,
percentage of the maximum signal.

If the distance between the tubes is known, then a
Wave Speed can be calculated from FAT and the
tube spacing. The wave speed in the concrete can
indirectly assess the concrete quality. This wave
speed is subject to a variety of potential error
sources and therefore should be used with caution
when judging the quality of shaft concrete. For
example, the wave speed depends not only on the
wave speed in the concrete but it also depends on
the wave speed in water (which is known and can
be corrected for) and tube and, therefore, in the
location of the sensor within the tube (tubes are
typically twice as large as the sensor diameters).
Probes therefore are used with “centralizers” to
keep the probe in the center of the tube. The
greatest error source is however, the unknown
distance between the tubes which can only be
measured at the shaft top. Tube spacings often
vary with depth, particularly for the plastic PVC
tubes. The CHA software allows for the plotting of
either FAT or Wave Speed.

The signal strength is evaluated by digital
integration over time of the absolute value of the
signal. The duration of the signal integration is
typically in the range of 10 to 20 samples (although
for longer samples, the shape of the curve usually
is similar). The result of this integration is called the
signal ENERGY. There are no absolute values of
energy that can be used for concrete quality
assessment, however, a local relative reduction of
“energy” by more than a factor of 10 usually
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indicates a serious relative reduction of concrete
quality. For example, if energy is significantly lower
at a certain depth between two neighboring tubes
on the shaft’s periphery and not in the interior of the
pile, then the concrete cover of the shaft has a
reduced quality.

The CSL results may be evaluated for shaft
integrity and concrete homogeneity. Shaft integrity
may be identified by a consistent wave arrival travel
time (FAT) between access tubes. When the
arrival signal is delayed, lower quality concrete due
to mixing with drilling slurry, honeycombing, or soil
inclusions may be present. Delayed signal arrival
could also be the result of slow curing or poorer
quality concrete. A complete loss of signal
generally indicates significant defects in the
concrete between access tubes such as caving of
the surrounding soil, or a void in the shaft.

3. RESULT INTERPRETATION

Quantitative evaluations of shaft quality based on
CSL measurements often involve judgment and
experience. The CHA “defect analysis” locates local
deviations (and thus compensates for non-parallel
tubes) with significant delays in FAT or significant
reductions in relative energy. The following can be
concluded from the CHA results.

The vertical extent of a concrete quality change is
easily measured in the vertical display of FAT,
wave speed, energy or waterfall diagram.

The horizontal extent of a defect or the
percentage of cross sectional area affected has to
be estimated from the various profiles showing the
same defect. If the defect is located in only some
tube profiles, offsetting the probes vertically and
repeating the test may help locate the defect's
horizontal position.

Th.e severity of the change in concrete quality is
generally judged from the relative change of FAT.
The severity of the change in concrete quality also
should involve an assessment of the relative
energy, however, in a more qualitative rather than
guantitative manner. Large reductions in energy
(e.g. factor of 10 or more) generally are sure



indications of major problems, though smaller
reductions also may indicate problems.

The rating of the shaft integrity considers the
increase in “first arrival time” (FAT) and the energy
reduction relative to the arrival time or energy in a
nearby zone of good concrete. The average
wavespeed across the main diagonals shall be at
least 10,000 ft/sec. The evaluation of the concrete
from the CSL test will generally follow the criteria:

Satisfactory  (G) (Good)
FAT increase 0 to 10%
Energy Reduction < 6 db

and

Anomaly (Q) (Questionable)
FAT increase 10 to 20% and
Energy Reduction of <9 db

Flaw (P/F) (Poor/Flaw)
FAT increase 20to 30% or
Energy Reduction of 9to 12 db
Defect (P/D) (Poor/Defect)

FAT increase >30% or
Energy Reduction > 12 db

Defects must be addressed if they affect more
than the one profile. Defects covering the entire
cross section define a full layer defect. Flaws must
be addressed if they affect more than 50% of the
profiles. Defects or Flaws covering the entire cross
section may require repair. Addressing means as
a minimum an evaluation by tomography if the
concern (Flaw or Defect) is localized (e.g. not
across the full section), and/or, depending on the
depth to the concern, additional measures like
excavation, core drilling, repair or replacement, or
repeat tests after a longer waiting time.

4. DISCLAIMER

As with most Non-Destructive methods of pile
material testing, results are not always a clear
indication of the strength of a shaft. A variety of error
sources or limitations can mask some of the defects
(e.g. the quality of the concrete that is not in the path
of the stress waves between tubes) while
exaggerating others (a tube de-bonded from the
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surrounding concrete might yield a severely reduced
signal strength.) It is therefore suggested that the
CSL results are always used together with other
records of shaft installation and that they are not
used as the sole basis for shaft rejection or shaft
acceptance. In general, the access tubes are
attached to the inside of the reinforcing cage. The
CSL tests only the concrete between the tubes and
thus generally cannot evaluate the concrete cover
for the cage. If a defect is not on a direct path
between tubes, some controlled tests suggest that
the defect would not be detected.

5. CORRECTIVE MEASURES

A limited number of corrective measures are
available when a defect is indicated by the CSL
method. Such measures include:

e Static load testing to prove the shaft integrity to
be adequate. This is often the most expensive
alternate and not well suited for testing large
numbers of shafts.

* Dynamic Load Testing (DLT) with a Pile
Driving Analyzer® which would yield evidence
of satisfactory shaft performance under the
dynamic load, which is typically in the range of
the shaft’'s service loads.

» Sonic Pulse Echo testing with the Pile Integrity
Tester™ (PIT) as an additional method of non-
destructive testing. PIT, for example, could
resolve whether or not a simple de-bonding or
a more severe defect has caused a reduced
Energy or increased FAT.

e Coring of the shaft (probably the most widely
accepted additional inspection method).
Besides yielding a concrete core, video
cameras can be used in the cored hole for a
visual inspection of the shaft concrete.

* Repair by grouting high strength reinforcement
bars in the access tubes. This is only possible
if the tubes are made of steel.

Pressure grouting the shaft either by piercing
the tubes or by cored access holes.
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engineers, inc. Shaft 20 CSL

Pile Prof Distance Avg AT Avg WS Standard Discrete Max PSD
in ms ft/sec Dev. Coeff.

1 1-3 38.0 0.223 14198 123 0.028

1 1-4 19.1 0.109 14592 285 0.064

1 2-3 29.0 0.153 15777 192 0.040

1 2-4 38.6 0.219 14705 120 0.027

1 4-3 34.1 0.202 14055 127 0.030

1 1-2 27.0 0.163 13845 70 0.017

E Pile Dynamics, Inc. 7/7

Cross-Hole Analyzer
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Mr. Marty Fritz

Kokosing Construction Company
886 McKinley Ave.

Columbus, OH 43222

Re:  Thermal Integrity Profiling Report
Project: Opportunity Corridor 3 Bridge CUY-10-0239 — Phase 2 Shafts
Cleveland, OH
GRL Job No. 195067-9

Mr. Fritz:

This report presents the results of Thermal Integrity Profiling (TIP) using Thermal Wire® cables
for the above-referenced project. The objective of TIP testing was to assess the integrity of 13
drilled shafts in the phase 2 construction of the CUY-10-0239 structure which carries OH-10 over
the Norfolk Southern RR. The TIP data summarized in this report was recorded between
December 4t and 17, 2020.

THERMAL INTEGRITY PROFILING — INSTRUMENTATION AND ANALYSIS

Thermal Integrity Profiler (TIP) testing was performed by means of Thermal Wire® cables and
Thermal Acquisition Ports (TAPs). The TIP system, manufactured by Pile Dynamics, Inc. in
association with FGE, reads concrete temperatures during curing using cables embedded in the
concrete.

The Thermal Wire cables consist of temperature sensors spaced every foot along the length of a
cable. For these shafts, four Thermal Wire® cables were attached along the full length of the
reinforcing cage. After the concrete placement was complete, a TAP-EDGE data logger was
connected to each wire and data acquisition began.

During curing of the concrete, the hydrating cement generates heat, increasing the temperature
in the shaft. Every 15 minutes the TAP-EDGE data loggers automatically record the measured
temperature at each sensor location along the length of the wire, generating a profile of
temperature versus depth at each increment of time. The data is then sent to a cloud server where
GRL can access the data. After the concrete peak temperature has been achieved, the data is
downloaded for further analysis.

GRL Engineers, Inc.
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The TIP results may be evaluated for shaft shape and integrity, concrete quality, and for location
of the reinforcing cage. The overall average temperature for all Thermal Wire readings over the
embedded depths can be directly related to the overall volume of concrete installed. Pile integrity
may be assessed based on the average temperature measurements from each Thermal Wire at
each depth increment. If the measured average temperature versus depth is consistent, the shaft
is considered to be uniform in shape and quality. Bulges can be identified as localized increases
in average temperature, while insufficient concrete quality or cross section reductions can be
identified as localized decreases in average temperature. Anomalies present over more than ten
percent of the effective cross-sectional area are normally seen in multiple Thermal Wires at the
same depth. Because soil and/or slurry pockets produce no heat, areas of soil intrusion or
inclusion are indicated by lower local temperatures.

Appendix A provides additional information regarding the technical background and
implementation of the TIP drilled foundation integrity testing method.

GRL Engineers, Inc.
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SHAFT DETAILS

Please refer to the construction records for complete details.

GRL Engineers was provided shaft information through field logs which are attached in Appendix
B for reference. The reported shaft lengths and details are summarized in Table 1.

Table 1. Reported Shaft Installation Details

As-Built Concrete
Concrete Shaft Rebar Cage |Reported Total
Shaft P Di Di Shaft L h Volume Input for
Number acement iameter |ar_neter aft Lengt Analysis

Date |Shaft/socket (in) (ft) A

- (yd?)

(in)

1 12/7/20 50/48 44 33.6 17.0

2 12/10/20 50/48 44 33.8 19.0

3 12/4/20 50/48 44 33.6 17.0

4 12/9/20 50/48 44 33.6 18.0

5 12/4/20 50/48 44 34.3 19.0
17 12/16/20 48/48 44 401 20.0
18 12/15/20 48/48 44 40.0 20.5
23 12/9/20 50/48 44 26.4 14.0
24 12/14/20 50/48 44 26.2 14.0
25 12/8/20 50/48 44 26.1 14.0
26 12/11/20 50/48 44 26.3 14.0
27 12/7/20 50/48 44 26.3 14.0
28 12/10/20 50/48 44 26.4 15.0

GRL Engineers, Inc.
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RESULTS

TIP results for the tested shaft include the measured temperature and calculated effective radius
versus depth. The effective radius calculations were based on the measured Thermal Profile and
the input concrete volume. The measured Thermal Profiles present the measured temperature
versus depth for each active sensor at the selected time interval.

The optimal time selected for the pile profile corresponds approximately to near the time when
the maximum temperature occurs. The time to near peak temperature and also the time selected
for analysis for these shafts was approximately 14 to 22 hours after placement.

In general, temperature variations of +/- .9 degrees Fahrenheit are within normal range for TIP
results due to the accuracy of the sensors. Anomalies would be indicated by abrupt reductions in
temperature at a particular depth.

The TIP results are presented in Appendix B. The top left plot present the Measured Temperature
(degrees Fahrenheit) vs. Depth (feet). Temperature roll-off at the bottom of a shaft is caused by
heat loss due to the concrete/soil interface. Temperature roll-off at the top of pile is caused by
heat loss due to the concrete/air interface. The top right plot displays the Estimated Effective
Radius (inches) vs. Depth (feet). The bottom right plot displays a 2-D interpretation of the shaft.
The rebar cage is displayed as a 2-D color spectrum with an overlay of projected pile exterior
surface. The bottom left figure is a general soil profile with a 2-D shaft exterior overlay.

GRL has interpreted and categorized the results employing the following criteria:

e Satisfactory (S) 0 to 6% Effective Average Radius Reduction and Cover Criteria Met
e Anomaly (A) Effective Average Radius Reduction > 6% (Max Red %) or Cover
Criteria Not Met (Further Evaluation Required)

When a tested shaft is deemed Anomaly (A), slices modeled at the area of question may be
provided so that a structural evaluation of the shaft can be performed prior to implement any
corrective measurements.

11 of the 13 shafts in phase 2 construction are categorized as Satisfactory (S). Shafts 4
and 17 are categorized as Anomaly (A).
Descriptions of the Thermal Integrity Profiling results are presented below.

GRL Engineers, Inc.
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Shaft 1

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches. The effective radius in the bottom 3 feet
is smaller than 24 inches, but does not reach the 6% effective radius reduction threshold.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

No data was received for wire number 1 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 2

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches.

The rebar cage appears to be generally shifted in the western direction with wire 4 indicating
relatively cool temperatures (nearer to the soil) and wire 2 indicating relatively warm temperatures
(nearer the center of the shaft) and the concrete cover generally exceeds 3 inches along the
length of the shaft.

GRL Engineers, Inc.



Project: OC3 CUY-10-0239 Phase 2 December 17, 2020
GRL Job No. 195067-9 Page 7

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 3

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 4

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll off at
the top appears consistent with the shaft radius. The temperature roll off at the bottom is abnormal
and more linear than expected.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the top 5 feet of the
rock socket is generally consistent with the design radius. The effective radius drops in the bottom
4 feet of the shaft and crosses the 6% effective radius reduction over the bottom 2 feet of the
shaft. A maximum effective radius reduction of 10.4% is indicated.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception the bottom 2 feet of the shaft, where the
effective radius is smaller than the rebar cage.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
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anomalies observed over the tested length, with the exception of the bottom 2 feet of the shaft.
Based on the rating criteria noted above, this shaft was categorized as Anomaly (A) over the
bottom 2 feet and Satisfactory (S) throughout the rest of the shaft.

The TIP results should be considered with all other available information to determine if further
evaluation is required for this shaft.

Shaft 5

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius, however, the bottom roll-off is more
linear than expected.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches, however, the effective radius in the
bottom 2 feet is smaller than 24 inches, but does not reach the 6% effective radius reduction
threshold.

The rebar cage appears to be generally shifted in the southeast direction with wires 2 and 3
indicating relatively cool temperatures (nearer to the soil) and wires 1 and 4 indicating relatively
warm temperatures (nearer the center of the shaft) and the concrete cover generally exceeds 3
inches along the length of the shaft with the exception of the bottom few feet of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 17

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.
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The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 18

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll off at
the top appears consistent with the shaft radius. The temperature roll off at the bottom is abnormal
and more linear than expected.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the top 15 feet of
the rock socket is generally consistent with the design radius. The effective radius drops in the
bottom 3 feet of the shaft and crosses the 6% effective radius reduction over the bottom 1 foot of
the shaft. A maximum effective radius reduction of 9.7% is indicated.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception the bottom foot of the shaft, where the
effective radius is smaller than the rebar cage.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length, with the exception of the bottom 1 foot of the shaft.
Based on the rating criteria noted above, this shaft was categorized as Anomaly (A) over the
bottom 1 foot and Satisfactory (S) throughout the rest of the shaft.

The TIP results should be considered with all other available information to determine if further
evaluation is required for this shaft.

Shaft 23

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius, however the bottom temperature
roll-off is atypical as it does not follow the theoretical hyperbolic temperature drop.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches. The effective radius drops slightly below
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the design radius approximately 1 foot from the bottom of the shaft, but does not reach the 6%
reduction threshold.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

The bottom foot of temperature data from wire 2 was not used as it indicated a significant increase
in temperature at the bottom of the shaft. This is unexpected and likely the bottom temperature
node broke loose and moved toward the center of the shaft or upward, increasing the temperature
reading. The remaining 3 wires provided reliable data and we feel the integrity of this shaft can
be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 24

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius, however the bottom temperature
roll-off is more linear than expected.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally slightly larger than the design radius of 24 inches. The effective radius drops slightly
below the design radius approximately 1 foot from the bottom of the shaft, but does not reach the
6% reduction threshold.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).
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Shaft 25

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius, however, the bottom roll-off is more
linear than expected.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally larger than the design radius of 24 inches, however, the effective radius in the bottom
2 feet is smaller than 24 inches, but does not reach the 6% effective radius reduction threshold.

The rebar cage appears to be generally shifted in the North direction with wire 1 indicating
relatively cool temperatures (nearer to the soil) and wire 3 indicating relatively warm temperatures
(nearer the center of the shaft) and the concrete cover generally exceeds 3 inches along the
length of the shaft with the exception of the bottom few feet of the shaft.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 26

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).
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Shaft 27

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally consistent with the design radius of 24 inches.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).

Shaft 28

The temperature profile for this shaft indicates a fairly constant temperature throughout the shaft
with the measured temperature slightly cooling within the rock socket. The temperature roll offs
at the top and bottom appear consistent with the shaft radius.

Based on the thermal integrity profiling results the effective radius is generally slightly oversized
throughout the uncased portion above the rock socket. The effective radius in the rock socket is
generally larger than the design radius of 24 inches. The effective radius in the bottom 1 foot is
smaller than 24 inches, but does not reach the 6% effective radius reduction threshold.

The rebar cage appears to be fairly well centered and the concrete cover generally exceeds 3
inches along the length of the shaft, with the exception of the rock socket, which generally has
less cover.

No data was received for wire number 2 in this shaft. Each wire is checked prior to shaft
installation, however, data was not transmitted after concrete placement. The remaining 3 wires
provided reliable data and we feel the integrity of this shaft can be evaluated from this data.

The overall thermal signature, based on the Temperature (degrees Fahrenheit) vs. Depth (feet)
graph indicates the shaft is continuous with no reductions in the temperature indicative of major
anomalies observed over the tested length. Based on the rating criteria noted above, this shaft
was categorized as Satisfactory (S).
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ADDITIONAL CONSIDERATIONS

Uncertainties in the interpreted TIP results include calculated corrections for pile top and bottom
shape which depend on the air and the annual average soil temperature, respectively. Other
factors include variations in the thermal diffusivity of the soil around the pile and the reinforcing
cage which may have undergone movement during concrete placement. Furthermore,
inaccuracies in the observed, installed concrete volumes may cause errors in calculated radii and
3-D pile shape interpretations. These factors limit the direct, unquestioned use of the results
presented in this report for pile suitability. We recommend that the responsible engineer(s) use
the TIP results in conjunction with the soil borings, pile construction/inspection records, results
from other test methods, and foundation loading information to determine foundation acceptability
with respect to design requirements.

We appreciate the opportunity to be of assistance to you on this project. Please contact us if
you have any questions regarding this report, or if we may be of further service.

Sincerely,
GRL Engineers, Inc.

//5),,, nES

Benjamin White, P.E.

Watthecr Pernaln

Matthew Perrella
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Appendix A — Thermal Integrity Profiling

Appendix A: Thermal Integrity Profiling

1.1 Test Method Overview

The Thermal Integrity Profiler (TIP) uses the
temperature generated by curing cement
(hydration energy) to assess the quality of
cast in place concrete foundations (i.e. drilled
shafts, Auger-cast-in-place (ACIP) or
Continuous flight auger (CFA) piles). Whereas
other methods of integrity testing have limits
in assessing the full cross-section or length
(Cross-Hole Sonic Logging (CSL): inside the
reinforcing cage, or Gamma-gamma Logging
(GGL): within 3 inches (75mm) of access
tube: Pile Integrity Testing (PIT): length limits
or after major section changes), TIP
measurements evaluate the concrete quality
from all portions of the cross-section along the
entire length.

In general, a shortage of competent concrete
is registered by relative cool regions (e.g.
necks or inclusions); the presence of extra
concrete is registered by relative warm
regions (e.g. over-pour bulging into soft soil
strata).

Anomalies both inside and outside the
reinforcing cage not only disrupt the
temperature signature near the anomaly, but
also at more distant locations at progressively
less effect.
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Figure A: Temperature distribution for 10 ft (3.03 m) diameter
shaft. Lowest temperature measured corresponded to a 7.5 in
(19 cm) cover

The shaft temperature is dependent on the
shaft diameter, mix design, and the time of
measurement.

Because the temperature distribution within a
shaft is bell-shaped with respect to radial
position (Figure A), the measurements are
sensitive to cage eccentricity as well as the
surrounding cover. A cage closer to one side
of the excavation exhibits cooler temperatures
than average when the cage is closer to the
soil. When the cage is closer to the shaft
center, temperatures are then warmer.

Since the diameter and temperature
relationship is strongly linear in the region of
the cage, a plot of the average temperature of
the entire cage versus depth mimics the
actual shape of the shaft as determined from
field concreting logs. Use of construction and
concreting logs can be used in concert with
the TIP data to better assess the overall
guality of a given shaft (Figure B).
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1.2 Data Collection

TIP data is obtained either using probes in
access tubes or using embedded THERMAL
WIRES®.

Figure C: Thermal Integrity Profiling (Probe method).

1.2.1  The TIP system — Probe method

The TIP probe uses four orthogonally oriented
infrared sensors within a single thermal probe
(Figure D) to measure the inside wall
temperature of standard 1.5 or 2.0 inch (38 or
50 mm) access tubes (plastic or steel). Four
sensors provide redundancy. The probe
diameter is 1.25 inches (32 mm)

Figure D: 5 in. long by 1.25 in. diameter Thermal Probe with
four infrared sensors

A depth-encoder attached to the access tube
tracks the probe location as it is lowered by
the engineer for the entire length of each tube
(access tubes must be free of water debris
and other liquids during testing). The
temperature data are collected typically 12 to
48 hours after concrete casting, depending on
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shaft diameter and concrete mix. TIP results
are insensitive to de-bonding.

1.2.2  The TIP system — Thermal Wire method

The embedded sensor method uses wires
with thermal sensors attached to the
reinforcing cage (Figure E). No access tubes
are required. Data is automatically sampled
at specified intervals (generally every 15
minutes) from each embedded THERMAL
WIRE cable by a battery powered Thermal
Acquisition Port (TAP) allowing the concrete
curing process to be monitored. Data can be
collected on site at any time after casting for
evaluation. A single embedded wire is
attached to a center rebar for smaller
augercast (CFA) piles, soil nails, micropiles
and jet-grouted applications.

Figure E: Embedded THERMAL WIRE cable attached to rebar
cage (shown adjacent to CSL access tubes.)

Should an anomaly be detected (local
relatively cool spot) by either probes or
embedded THERMAL WIRE cables, no
additional field data is necessary to perform
complete in-depth analyses.



1.3 Data Analysis

Field measurements alone highlight glaring
irregularities since the average temperature
profile shows the general shaft shape. This
level of simple review reveals cage alignment
irregularities, casing location, locations of
over-pour bulges or necking or deficient
concrete, and can easily alert the user or an
owner of areas of concern.

Superposition of construction and concreting
logs can calibrate the average diameter to the
overall average temperature, particularly
when multiple concrete trucks per pile are
used.

Finally, the measured temperatures when
converted to radius can be used to provide a
3-D rendering (Figure F) of the as-built shaft
as well as 2-D slices (Figure G) of the shaft
cross section at any depths of interest and
vertical slices through any radial orientation.

] Soil Profile - 409 - 09/09/15 07:04 (30h:40m) |

m
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Figure F: 3-D projection of shaft
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Figure G: horizontal ‘slice’ of the shaft

1.3.1 Roll-off Modelling

The TOS/BOS Correction window allows the
user to model the ‘roll-off’ observed typically
at the top and bottom of the shaft. Note that
for a majority of the shaft the heat is
dispersed only in the radial direction, however
for a length corresponding to one diameter at
both the upper and lower portion of the shatft,
or any large diameter change, the heat is
dispersed not just in a radial pattern, but also
in a longitudinal direction. This occurs
because the heat is not just conducted into
the laterally surrounding soil but also, for the
top of shaft, radiates into the ambient air; and
for the bottom of shaft, into the soil beneath
the shaft. Because of this, proper analysis
and interpretation of Thermal Integrity results
requires a correction for this region of the
shaft where the temperatures are non-linear.
It should be noted that the surrounding soil
receives the heat that the shaft radiates and
thus becomes warm. The soil is warmest at
the shaft interface and gradually cools as the
radial distance from the shaft center
increases.

The roll-off at the shaft ends for a uniform
shaft follows a hyperbolic tangent curve. If we
superimpose this curve on the measured
temperature curve in the roll-off zone, the
difference between these curves is then due
to differences in the actual shaft shape
relative to the wuniform cylindrical shape,



allowing us to compute the estimated actual
shape.

Corrections made at the top and bottom of the
shaft will estimate the region of non-linear
temperatures due to the roll-off by applying an
estimated curve based of the ambient soil
temperature, ambient air temperature, and
average concrete temperature. Note that roll-
off correction is a ‘best-fit’ correction.

1.3.2  Effective Radius

In many cases, simple presentation of the
temperatures  versus depth may be
satisfactory. For example, the total installed
volume is known to be substantially greater
than the theoretical neat volume of the hole
(nominal area times nominal length) and the
temperature profiles are relatively uniform,
with normal top and bottom temperature roll-
off observed.

If unusual features are observed in the data
(local cool temperatures or significant cage
shifts, or if project specifications require, then
further analysis is generally performed to
obtain an *“effective radius” versus depth
versus quadrant. The “effective radius” is
“expected” to be the designed shaft radius
which may actually be the radius of the tool or
the radius of a casing. As the measured
temperature is proportional to the local radius
and cover, such a correlation is produced to
estimate the effective radius from temperature
measurements and the total volume of placed
concrete. The term “effective radius” was
coined to address the scenario where
concrete quality may be varying instead of
shaft shape. To that end, effective radius is
defined as that radius of intact
uncompromised concrete that would
produce the measured temperature.

In order to properly interpret data into an
“effective radius” presentation, a significant
amount of information should be gathered.
Thermal data is collected into the TIP main
unit and includes the thermal arrays and
descriptions of geometries (nominal radius,
nominal cage radius, spacing between
measurement locations, etc.)
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Other pertinent information would include soil
borings, Thermal field logs, drilling logs that
would include any pertinent diameter
changes, casing lengths (permanent or
temporary), and any unusual occurrences,
and logs of concrete placement (preferably vs
depth). If the shaft extends above the ground
or is cased through water zone, these affect
this cooling of the upper portion of the shaft,
and therefore data interpretation. It should be
noted that the diffusivity of heat transfer in the
soil is relatively unaffected by the soil type or
water table as the heat generation is
significantly higher and drives the process (at
least through the temperature rise portion of
the heating and cooling cycle). Obviously the
more information available the better qualified
the result answer that can be achieved.

1.4  Evaluation of Thermal Results

Shaft acceptance criteria based on Thermal
Integrity Profiling extends current practices by
now knowing the average shaft radius, local
shaft cover, and cage alignment / eccentricity.
Therefore acceptance must consider all
aspects of load carrying capacity as well as
durability afforded by the concrete cover
thickness. To this end, a broad specification
may cover a majority of probable conditions
but more refined considerations may be more
appropriate for a given project and must
therefore be evaluated by the design team.

The load carrying requirements of drilled
shafts can be controlled by geotechnical side
shear (most common) or structural bending
and/or compression. These are directly
related to the circumference surface area of
the shaft, the moment of inertia, and the cross
sectional area, respectively. Using a percent
radius reduction approach means that each
will be affected differently; circumference
linearly related, moment of inertia effects
based on reduction raised to the fourth power,
and area effects related to the square of the
reduction. Figure H. shows these effects
irrespective of shaft diameter but where the
loss of section is assumed in the worst case
position, outside the cage.
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Figure H. Effects of average shaft radius reduction on capacity.

While the average radius is an indication of
the cross sectional properties, the local radius
is a better indication of the concrete cover and
cage alignment/eccentricity. AASHTO
recommended minimum cover of 4in is often
used throughout the U.S., but individual states
have adopted different acceptance criteria
based on local needs or conditions.

However, private / commercial designers and
some state agencies allow a design concrete
cover of 3in which is the ACI minimum cover
for foundations cast-in-place. While this was
intended for spread footings poured on grade,
many use this criterion for deep foundations
as well. Figure I. shows the effect of two cover
loss considerations on the local radius
reduction. If 1.5in of cover loss is acceptable,
but with a design cover of 3, 4, or 6in, the
permissible maximum local radius reduction is
given. If 2in of remaining cover is the
permissible criterion (ACI exterior concrete
minimum for above ground applications), then
that effect is also shown.

Figure I. Local radius reductions as a function of shaft diameter
and permissible cover loss.

In reality, a 3in design cover provides no
leeway for error as any cage movement in a
perfectly-sized shaft impinges on the minimum
cover for cast-in-place concrete and the 2in
ACl minimum for above ground, exterior
conditions is not applicable.

Based on the above considerations
acceptance criteria can be implemented as:

Satisfactory (S)

0 to 6% Effective Radius Reduction
and Cover Criteria Met

(A)

Effective Local Radius Reduction > 6%

Anomaly

or Cover Criteria Not Met

When a tested shaft is deemed Anomaly (A),
slices modeled at the area of question should
be required so that a structural evaluation of
the shaft can be performed prior to implement
any corrective measurements.

Questionable areas which are triggered by an
Effective Diameter Reduction that have
measured temperature reductions at opposite
wire instrumentation locations could
potentially have an internal reduction and not
necessarily be solely a cover reduction.
Further evaluation should be performed.




1.5 Corrective Measures

A limited number of corrective measures are
available when a defect is indicated by the
TIP method. Such measures include:

«Static load testing to prove the shaft integrity
to be adequate. This is often the most
expensive alternate and not well suited for
testing large numbers of shafts.

eDynamic Load Testing (DLT) with a Pile
Driving Analyzer® which would yield evidence
of satisfactory shaft performance under the
dynamic load, which is typically in the range
of the shaft’s service loads.

*If access tubes are installed in the shaft.
Testing by CSL, if defects are located with the
direct path of the access tube combinations,
may confirm the presence of defect.

*Sonic Pulse Echo testing with the Pile
Integrity Tester™ (PIT) as an additional
method of non-destructive testing.

*Coring of the shaft. Besides yielding a
concrete core, video cameras can be used in
the cored hole for a visual inspection of the
shaft concrete.

*Repair by grouting high strength
reinforcement bars in the access tubes. This
is only possible if the tubes are made of steel.

*Pressure grouting the shaft either by piercing
the tubes or by cored access holes.

1.6 . Disclaimer

As Thermal Integrity Profiling is based on the
heat generated during the concrete hydration
process, the test method is then highly
dependent on acquiring data early in the
hydration process, generally slightly before or
after the point in time the shaft reaches peak
heat. The point in time which peak heat
occurs is dependent on actual shaft diameter
and actual concrete mix design.

As with most Non-Destructive methods of pile
material testing, results are not always a clear
indication of the strength of a shaft. A variety
of error sources or limitations can mask some
of the defects while exaggerating others. It is
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therefore suggested that the TIP results are
always used together with other records of
shaft installation and that they are not used as
the sole basis for shaft rejection or shaft
acceptance.

As ‘Roll-off’ regions in the shaft are subject to
ambient atmospheric conditions as well as
ambient soil temperatures, the modelling is
dependent on the accuracy of such
information. Additionally, where the bottom
‘roll-off’ occurs is dependent on where the
lowest thermal measurement has occurred
and the actual bottom of the shatft.

As the Effective Radius estimation is highly
dependent on concrete volume
measurements, the accuracy of the effective
radius is thus equally dependent on those
volume measurements.  Shafts with little
volume information, particularly in the case of
small and/or short shafts which may require
concrete volumes less than one truck load,
may have a tendency to over-predict the
effective radius.

If Modelling of the concrete mix design is
employed the results of such modelling are
dependent on the accuracy of the information
given and the actual mixture placed

Shafts with multiple or highly variable
impedance (cross section) changes produce
complex records which are difficult or
impossible to analyze after the first major or
second smaller reflection.

Lack or discontinuities in reinforcement

cannot be detected

It should be noted, as with many other non-
destructive test methods, that the method can
only assess shaft integrity and makes no
gualifications on the suitability of the shafts
load carrying capacity.



Appendix B: Thermal Integrity Profiling Results



— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-01

Pile Dynamics, /nc. Timestamp: 12/08/20 09:13 (21h:4m)

,_[ Temperature vs Elevation - DS-01 - 12/08/20 09:13 (21h:4m) ]—,_[ Flat Cage View - DS-01 - 12/08/20 09:13 (21h:4m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-01

Pile Dynamics, /nc. Timestamp: 12/08/20 09:13 (21h:4m)

—{ Radius vs Elevation - DS-01 - 12/08/20 09:13 (21h:4m) | Cage View - DS-01 - 12/08/20 09:13 (21h:4m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-01
Pile Dynamics, /nc. Timestamp: 12/08/20 09:13 (21h:4m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.7 27.0 251 24.5 255
689.7 26.5 24.8 25.2 255
688.7 26.3 245 25.8 25.6
687.7 26.2 245 25.7 255
686.7 26.1 242 25.6 25.3
685.7 26.5 247 25.8 25.6
684.7 26.6 252 26.0 259
683.7 26.5 25.1 26.2 25.9
682.7 26.2 25.0 25.9 257
681.7 26.7 24.9 25.8 25.8
680.7 26.6 24.9 257 257
679.7 26.6 25.1 25.8 25.8
678.7 26.5 252 259 25.9
677.7 26.4 25.1 257 25.8
676.7 26.3 25.3 25.9 25.9
675.7 259 257 26.1 259
674.7 26.1 25.8 26.3 26.0
673.7 26.1 25.5 26.5 26.1
672.7 26.1 255 26.4 26.0
671.7 26.1 25.6 26.5 26.1
670.7 26.1 25.6 26.6 26.1
669.7 26.2 25.6 26.2 26.0
668.7 26.2 254 259 25.8
667.7 26.0 24.8 253 254
666.7 252 24.0 24.9 247
665.7 242 23.6 24.4 24.0
664.7 241 241 24.7 243
663.7 241 243 24.7 244
662.7 243 242 247 244
661.7 241 242 243 242
660.7 23.9 237 24.4 24.0
659.7 234 23.0 23.9 235
658.7 22.8 23.0 23.1 23.0

657.7 229 23.2 23.4 23.2



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-01
Pile Dynamics, /nc. Timestamp: 12/08/20 09:13 (21h:4m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.7 24.0 25.5
689.7 24.0 25.5
688.7 24.0 25.6
687.7 24.0 25.5
686.7 24.0 25.3
685.7 24.0 25.6
684.7 24.0 25.9
683.7 24.0 25.9
682.7 24.0 25.7
681.7 24.0 25.8
680.7 24.0 25.7
679.7 24.0 25.8
678.7 24.0 25.9
677.7 24.0 25.8
676.7 24.0 25.9
675.7 24.0 25.9
674.7 24.0 26.0
673.7 24.0 26.1
672.7 24.0 26.0
671.7 24.0 26.1
670.7 24.0 26.1
669.7 24.0 26.0
668.7 24.0 25.8
667.7 24.0 25.4
666.7 24.0 24.7
665.7 24.0 24.0
664.7 24.0 243
663.7 24.0 24.4
662.7 24.0 24.4
661.7 24.0 24.2
660.7 24.0 24.0
659.7 24.0 23.5
658.7 24.0 23.0

657.7 24.0 23.2



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-01
Pile Dynamics, /nc. Timestamp: 12/08/20 09:13 (21h:4m)
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-02

Plle Dynamics, /nc. Timestamp: 12/11/20 08:15 (21h:13m)

,_[ Temperature vs Elevation - DS-02 - 12/11/20 08:15 (21h:13m) ]—,_[ Flat Cage View - DS-02 - 12/11/20 08:15 (21h:13m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-02

Plle Dynamics, /nc. Timestamp: 12/11/20 08:15 (21h:13m)

—{ Radius vs Elevation - DS-02 - 12/11/20 08:15 (21h:13m) | Cage View - DS-02 - 12/11/20 08:15 (21h:13m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-02
Plle Dynamics, /nc. Timestamp: 12/11/20 08:15 (21h:13m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.9 27.9 26.1 26.8 26.5 26.8
689.9 27.5 27.3 26.7 26.2 26.9
688.9 27.5 27.3 26.4 26.0 26.8
687.9 26.9 27.3 26.5 26.1 26.7
686.9 27.3 27.2 26.7 26.1 26.8
685.9 271 27.3 26.9 26.5 27.0
684.9 27.5 27.3 26.7 26.4 27.0
683.9 27.2 27.3 26.8 26.6 27.0
682.9 27.3 27.4 26.7 26.7 27.0
681.9 27.4 27.2 26.5 26.2 26.8
680.9 274 27.3 27.0 26.4 27.0
679.9 27.2 271 26.6 26.6 26.8
678.9 27.5 27.3 26.9 26.7 271
677.9 27.5 27.3 27.0 26.6 271
676.9 28.2 27.9 274 27.2 27.7
675.9 27.7 28.0 27.6 27.0 27.6
674.9 28.4 28.2 27.7 27.3 27.9
673.9 28.1 28.6 27.9 27.2 27.9
672.9 281 29.0 27.8 27.2 28.0
671.9 28.1 29.2 27.7 27.4 28.1
670.9 28.1 28.6 27.5 27.2 27.9
669.9 27.8 28.9 27.4 27.3 27.9
668.9 27.3 28.1 27.3 26.8 274
667.9 26.5 27.6 26.6 26.0 26.7
666.9 257 26.5 254 251 257
665.9 254 26.2 25.3 24.9 255
664.9 25.6 26.4 25.8 24.8 257
663.9 25.8 26.5 253 24.6 25.6
662.9 25.8 26.3 254 247 25.6
661.9 257 26.4 25.1 24.6 25.5
660.9 25.8 26.3 24.8 24.5 253
659.9 25.6 26.2 24.6 23.8 25.0
658.9 25.3 25.8 242 23.7 24.8

657.9 26.6 26.0 241 23.7 251



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-02
Plle Dynamics, /nc. Timestamp: 12/11/20 08:15 (21h:13m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.9 24.0 26.8
689.9 24.0 26.9
688.9 24.0 26.8
687.9 24.0 26.7
686.9 24.0 26.8
685.9 24.0 27.0
684.9 24.0 27.0
683.9 24.0 27.0
682.9 24.0 27.0
681.9 24.0 26.8
680.9 24.0 27.0
679.9 24.0 26.8
678.9 24.0 271
677.9 24.0 271
676.9 24.0 27.7
675.9 24.0 27.6
674.9 24.0 27.9
673.9 24.0 27.9
672.9 24.0 28.0
671.9 24.0 28.1
670.9 24.0 27.9
669.9 24.0 27.9
668.9 24.0 27.4
667.9 24.0 26.7
666.9 24.0 25.7
665.9 24.0 25.5
664.9 24.0 25.7
663.9 24.0 25.6
662.9 24.0 25.6
661.9 24.0 25.5
660.9 24.0 25.3
659.9 24.0 25.0
658.9 24.0 24.8

657.9 24.0 25.1



TIP-R Results - TOS/BOS Adjustments

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS-02

Plle Dynamics, /nc. Timestamp: 12/11/20 08:15 (21h:13m)
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-03

Plle Dynamics, /nc. Timestamp: 12/05/20 08:48 (18h:38m)

,_[ Temperature vs Elevation - DS-03 - 12/05/20 08:48 (18h:38m) ]—,_[ Flat Cage View - DS-03 - 12/05/20 08:48 (18h:38m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-03

Plle Dynamics, /nc. Timestamp: 12/05/20 08:48 (18h:38m)

— Radius vs Elevation - DS-03 - 12/05/20 08:48 (18h:38m) |————————{ Cage View - DS-03 - 12/05/20 08:48 (18h:38m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-03
Plle Dynamics, /nc. Timestamp: 12/05/20 08:48 (18h:38m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.9 24.0 24.5 27.6 25.2 253
689.9 24.8 253 25.6 26.0 254
688.9 25.1 24.9 25.8 26.0 25.5
687.9 242 24.6 258 26.1 252
686.9 24.8 245 257 25.8 25.2
685.9 24.9 24.7 25.9 25.9 25.3
684.9 25.2 251 259 25.7 255
683.9 24.9 24.8 257 25.8 25.3
682.9 24.9 24.8 25.8 25.5 25.2
681.9 25.0 24.8 26.2 254 253
680.9 25.2 24.9 25.9 259 255
679.9 24.9 25.1 26.0 26.0 25.5
678.9 25.0 25.6 25.8 259 25.6
677.9 25.1 253 26.2 26.2 257
676.9 25.3 25.5 26.4 26.4 25.9
675.9 257 25.8 26.7 26.6 26.2
674.9 26.0 26.2 26.8 26.9 26.4
673.9 25.9 26.1 26.8 26.8 26.4
672.9 26.0 26.1 26.8 26.7 26.4
671.9 257 26.2 26.9 26.7 26.4
670.9 25.9 26.1 26.9 26.6 26.3
669.9 25.9 26.1 26.7 26.3 26.2
668.9 257 26.1 26.4 26.1 26.1
667.9 25.3 25.5 25.9 25.7 25.6
666.9 246 24.8 249 24.7 247
665.9 241 242 243 23.9 241
664.9 243 24.2 242 24.0 242
663.9 246 23.8 242 24.0 241
662.9 245 23.9 241 241 241
661.9 25.0 23.9 23.9 243 243
660.9 246 23.7 23.9 24.2 241
659.9 243 23.6 234 23.5 23.7
658.9 247 23.7 23.2 23.2 23.7

657.9 26.4 24.3 233 22.0 24.0



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-03
Plle Dynamics, /nc. Timestamp: 12/05/20 08:48 (18h:38m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.9 24.0 25.3
689.9 24.0 25.4
688.9 24.0 25.5
687.9 24.0 25.2
686.9 24.0 25.2
685.9 24.0 25.3
684.9 24.0 25.5
683.9 24.0 25.3
682.9 24.0 25.2
681.9 24.0 25.3
680.9 24.0 25.5
679.9 24.0 255
678.9 24.0 25.6
677.9 24.0 25.7
676.9 24.0 25.9
675.9 24.0 26.2
674.9 24.0 26.4
673.9 24.0 26.4
672.9 24.0 26.4
671.9 24.0 26.4
670.9 24.0 26.3
669.9 24.0 26.2
668.9 24.0 26.1
667.9 24.0 25.6
666.9 24.0 24.7
665.9 24.0 241
664.9 24.0 24.2
663.9 24.0 241
662.9 24.0 241
661.9 24.0 243
660.9 24.0 241
659.9 24.0 23.7
658.9 24.0 23.7

657.9 24.0 24.0



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

— Shaft: DS-03

Plle Dynamics, /nc. Timestamp: 12/05/20 08:48 (18h:38m)

1
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’—{ BOS Adjustment - DS-03 - 12/05/20 08:48 (18h:38m) |
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-04
Pite Dynamics, /nc. Timestamp: 12/10/20 10:29 (19h:20m)

1

,_[ Temperature vs Elevation - DS-04 - 12/10/20 10:29 (19h:20m) ]— ,_[ Flat Cage View - DS-04 - 12/10/20 10:29 (19h:20m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-04

Ple Dynamics, /nc. Timestamp: 12/10/20 10:29 (19h:20m)

—{ Radius vs Elevation - DS-04 - 12/10/20 10:29 (19h:20m) | Cage View - DS-04 - 12/10/20 10:29 (19h:20m) |
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TIP-R Results - Temperature Analysis Tools

Shaft: DS-04
Timestamp: 12/10/20

Pile Dynarmics, /nc.

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

10:29 (19h:20m)

’—{ Selected Slice - DS-04 - 12/10/20 10:29 (19h:20m) - 31 ft }—
N

—_— Cage
= Nominal Shaft
=— Computed Shaft

Elevation: 670.86ft
Avg: 27.28in

Min: 26.99in (loc. 2)
Max: 27.55in (loc. 4)

—{ Selected Slice - DS-04 - 12/10/20 10:29 (19h:20m) - 44 ft |————————
N

—_— Cage
= Nominal Shaft
— Computed Shaft

Elevation: 657.86ft
Avg: 21.84in

Min: 21.02in (loc. 1)
Max: 23.44in (loc. 2)




— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-04
Pite Dynamics, /nc. Timestamp: 12/10/20 10:29 (19h:20m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.9 257 26.1 26.8 26.2
689.9 254 26.2 26.9 26.2
688.9 25.5 26.1 26.6 26.0
687.9 253 26.2 271 26.2
686.9 25.9 26.3 27.5 26.5
685.9 26.2 26.3 27.4 26.6
684.9 26.2 26.6 27.2 26.7
683.9 26.0 26.5 27.3 26.6
682.9 26.0 26.9 27.4 26.8
681.9 26.2 26.7 27.3 26.7
680.9 26.1 26.6 27.4 26.7
679.9 26.0 26.2 27.4 26.5
678.9 26.2 26.6 27.0 26.6
677.9 26.2 26.6 271 26.6
676.9 26.3 26.9 27.4 26.9
675.9 26.4 26.9 27.3 26.9
674.9 26.6 26.8 27.4 26.9
673.9 26.8 27.2 27.4 271
672.9 26.9 27.3 27.3 271
671.9 27.3 271 27.4 27.3
670.9 27.3 27.0 27.5 27.3
669.9 27.2 26.9 27.3 271
668.9 26.7 26.8 27.2 26.9
667.9 26.4 26.1 27.3 26.6
666.9 26.0 252 26.5 259
665.9 26.1 25.2 26.2 25.8
664.9 26.3 253 26.7 26.1
663.9 26.1 253 26.5 26.0
662.9 254 254 25.6 255
661.9 241 24.5 24.0 242
660.9 22.8 24.0 22.7 23.2
659.9 217 23.5 213 221
658.9 20.9 233 20.3 215

657.9 21.0 23.4 211 21.8



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-04
Pite Dynamics, /nc. Timestamp: 12/10/20 10:29 (19h:20m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.9 24.0 26.2
689.9 24.0 26.2
688.9 24.0 26.0
687.9 24.0 26.2
686.9 24.0 26.5
685.9 24.0 26.6
684.9 24.0 26.7
683.9 24.0 26.6
682.9 24.0 26.8
681.9 24.0 26.7
680.9 24.0 26.7
679.9 24.0 26.5
678.9 24.0 26.6
677.9 24.0 26.6
676.9 24.0 26.9
675.9 24.0 26.9
674.9 24.0 26.9
673.9 24.0 271
672.9 24.0 271
671.9 24.0 27.3
670.9 24.0 27.3
669.9 24.0 271
668.9 24.0 26.9
667.9 24.0 26.6
666.9 24.0 25.9
665.9 24.0 25.8
664.9 24.0 26.1
663.9 24.0 26.0
662.9 24.0 25.5
661.9 24.0 24.2
660.9 24.0 23.2
659.9 24.0 221 7.8
658.9 24.0 21.5 10.4

657.9 24.0 21.8 9.0



TIP-R Results - TOS/BOS Adjustments

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS-04

Pite Dynamics, /nc. Timestamp: 12/10/20 10:29 (19h:20m)

/—{ TOS Adjustment - DS-04 - 12/10/20 10:29 (19h:20m) }
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-05

Plle Dynamics, /nc. Timestamp: 12/05/20 03:51 (16h:43m)

,_[ Temperature vs Elevation - DS-05 - 12/05/20 03:51 (16h:43m) ]—,_[ Flat Cage View - DS-05 - 12/05/20 03:51 (16h:43m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-05

Plle Dynamics, /nc. Timestamp: 12/05/20 03:51 (16h:43m)

— Radius vs Elevation - DS-05 - 12/05/20 03:51 (16h:43m) |————————————{ Cage View - DS-05 - 12/05/20 03:51 (16h:43m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-05
Plle Dynamics, /nc. Timestamp: 12/05/20 03:51 (16h:43m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 26.7 27.6 26.4 27.7 271
689.5 27.2 26.8 26.9 27.3 27.0
688.5 27.5 25.9 26.8 27.3 26.8
687.5 27.4 26.1 26.4 27.3 26.8
686.5 27.7 259 26.3 27.6 26.9
685.5 27.8 26.3 26.7 27.8 27.2
684.5 27.6 26.1 26.9 27.6 27.0
683.5 27.5 26.0 26.9 27.5 27.0
682.5 27.5 25.9 26.8 27.5 26.9
681.5 27.5 25.8 26.6 27.5 26.8
680.5 27.5 259 26.8 27.5 26.9
679.5 27.7 25.7 26.5 27.7 26.9
678.5 27.7 25.6 26.5 27.6 26.8
677.5 27.5 26.4 26.8 28.1 27.2
676.5 28.1 26.8 27.2 27.7 274
675.5 281 26.9 271 28.0 27.5
674.5 28.5 27.3 27.3 28.3 27.9
673.5 28.5 27.5 27.2 28.5 27.9
672.5 28.7 27.7 27.7 28.6 28.2
671.5 28.7 27.6 27.5 28.4 28.1
670.5 28.8 271 27.6 28.5 28.0
669.5 28.5 271 27.2 28.4 27.8
668.5 27.8 26.8 26.9 27.4 27.2
667.5 274 26.7 26.5 26.7 26.8
666.5 26.8 26.4 258 26.2 26.3
665.5 271 26.2 26.1 26.4 26.4
664.5 271 26.2 26.4 26.7 26.6
663.5 271 26.7 26.3 26.5 26.6
662.5 27.0 26.2 26.2 26.3 26.4
661.5 26.2 24.8 25.8 26.3 25.8
660.5 253 23.1 246 25.6 246
659.5 247 22,5 235 25.2 23.9
658.5 243 221 23.2 24.8 23.6

657.5 23.2 20.7 22.6 25.2 229



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-05
Plle Dynamics, /nc. Timestamp: 12/05/20 03:51 (16h:43m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 271
689.5 24.0 27.0
688.5 24.0 26.8
687.5 24.0 26.8
686.5 24.0 26.9
685.5 24.0 27.2
684.5 24.0 27.0
683.5 24.0 27.0
682.5 24.0 26.9
681.5 24.0 26.8
680.5 24.0 26.9
679.5 24.0 26.9
678.5 24.0 26.8
677.5 24.0 27.2
676.5 24.0 27.4
675.5 24.0 27.5
674.5 24.0 27.9
673.5 24.0 27.9
672.5 24.0 28.2
671.5 24.0 28.1
670.5 24.0 28.0
669.5 24.0 27.8
668.5 24.0 27.2
667.5 24.0 26.8
666.5 24.0 26.3
665.5 24.0 26.4
664.5 24.0 26.6
663.5 24.0 26.6
662.5 24.0 26.4
661.5 24.0 25.8
660.5 24.0 24.6
659.5 24.0 23.9
658.5 24.0 23.6

657.5 24.0 22.9



TIP-R Results - TOS/BOS Adjustments

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS

-05

Plle Dynamics, /nc. Timestamp: 12/05/20 03:51 (16h:43m)

/—{ TOS Adjustment - DS-05 - 12/05/20 03:51 (16h:43m)

1

J

’—{ BOS Adjustment - DS-05 - 12/05/20 03:51 (16h:43m)
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-17
Plle Dynamics, /nc. Timestamp: 12/17/20 02:43 (13h:56m)

,_[ Temperature vs Elevation - DS-17 - 12/17/20 02:43 (13h:56m) ]—,_[ Flat Cage View - DS-17 - 12/17/20 02:43 (13h:56m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-17

Plle Dynamics, /nc. Timestamp: 12/17/20 02:43 (13h:56m)

— Radius vs Elevation - DS-17 - 12/17/20 02:43 (13h:56m) |——————————{ Cage View - DS-17 - 12/17/20 02:43 (13h:56m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-17
Plle Dynamics, /nc. Timestamp: 12/17/20 02:43 (13h:56m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
689.6 27.9 26.7 241 20.7 24.9
688.6 26.9 26.7 247 215 25.0
687.6 26.1 26.2 244 23.5 25.0
686.6 257 26.0 231 241 247
685.6 25.8 259 23.8 242 24.9
684.6 25.9 26.0 24.0 24.2 25.0
683.6 25.9 259 242 24.5 251
682.6 25.8 25.8 24.0 24.9 25.1
681.6 26.0 25.9 243 24.9 25.3
680.6 25.9 25.8 243 25.2 253
679.6 26.3 26.1 24.8 25.8 257
678.6 26.0 26.2 25.1 25.9 25.8
677.6 26.2 26.2 253 26.1 259
676.6 25.9 26.1 254 259 25.8
675.6 25.9 26.0 254 26.0 25.8
674.6 254 25.3 255 259 255
673.6 25.3 255 255 26.0 25.6
672.6 25.2 25.4 257 26.1 25.6
671.6 25.0 25.6 255 26.1 255
670.6 24.9 25.4 257 26.2 255
669.6 247 24.8 25.6 25.9 25.3
668.6 243 24.4 253 26.2 251
667.6 241 24.4 25.2 259 24.9
666.6 23.8 23.8 25.2 25.6 24.6
665.6 234 23.6 24.8 255 243
664.6 234 23.1 242 25.2 24.0
663.6 23.7 23.1 242 25.2 241
662.6 242 234 245 25.2 243
661.6 242 23.6 24.6 253 244
660.6 244 23.8 245 25.2 245
659.6 245 23.7 243 251 244
658.6 244 23.6 241 25.2 243
657.6 245 23.6 242 25.2 244
656.6 245 23.6 242 251 244
655.6 244 23.8 23.9 25.0 243
654.6 245 23.9 24.0 24.8 243
653.6 245 24.5 243 24.9 245
652.6 243 245 244 24.6 244
651.6 23.2 241 25.0 24.2 241
650.6 21.9 24.0 25.8 23.8 23.9

649.6 214 23.9 27.8 23.5 24.2



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-17
Plle Dynamics, /nc. Timestamp: 12/17/20 02:43 (13h:56m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
689.6 24.0 24.9
688.6 24.0 25.0
687.6 24.0 25.0
686.6 24.0 24.7
685.6 24.0 24.9
684.6 24.0 25.0
683.6 24.0 251
682.6 24.0 25.1
681.6 24.0 25.3
680.6 24.0 25.3
679.6 24.0 25.7
678.6 24.0 25.8
677.6 24.0 25.9
676.6 24.0 25.8
675.6 24.0 25.8
674.6 24.0 25.5
673.6 24.0 25.6
672.6 24.0 25.6
671.6 24.0 25.5
670.6 24.0 25.5
669.6 24.0 25.3
668.6 24.0 251
667.6 24.0 24.9
666.6 24.0 24.6
665.6 24.0 24.3
664.6 24.0 24.0
663.6 24.0 241
662.6 24.0 24.3
661.6 24.0 24.4
660.6 24.0 24.5
659.6 24.0 24.4
658.6 24.0 24.3
657.6 24.0 24.4
656.6 24.0 24.4
655.6 24.0 24.3
654.6 24.0 243
653.6 24.0 24.5
652.6 24.0 24.4
651.6 24.0 241
650.6 24.0 23.9

649.6 24.0 24.2



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-17
Plle Dynamics, /nc. Timestamp: 12/17/20 02:43 (13h:56m)

— TOS Adjustment - DS-17 - 12/17/20 02:43 (13h:56m) | — BOS Adjustment - DS-17 - 12/17/20 02:43 (13h:56m) |
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-18

Pile Dynamics, /nc. Timestamp: 12/16/20 08:50 (20h:1m)

,_[ Temperature vs Elevation - DS-18 - 12/16/20 08:50 (20h:1m) ]—,_[ Flat Cage View - DS-18 - 12/16/20 08:50 (20h:1m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-18

Pile Dynamics, /nc. Timestamp: 12/16/20 08:50 (20h:1m)

'—[ Radius vs Elevation - DS-18 - 12/16/20 08:50 (20h:1m) ]—,—[ Cage View - DS-18 - 12/16/20 08:50 (20h:1m) |
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TIP-R Results - Temperature Analysis Tools

Shaft: DS-18
Timestamp: 12/16/20

Pile Dynarmics, /nc.

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

08:50 (20h:1m)

1 Selected Slice - DS-18 - 12/16/20 08:50 (20h:1m) - 22ft —————————
N

—_— Cage
= Nominal Shaft
=— Computed Shaft

Elevation: 671.62ft
Avg: 26.2in

Min: 25.97in (loc. 1)
Max: 26.58in (loc. 3)

—{ Selected Slice - DS-18 - 12/16/20 08:50 (20h:1m) - 43ft [—————————
N

—_— Cage
= Nominal Shaft
— Computed Shaft

Elevation: 650.62ft
Avg: 21.68in
Min: 21.37in (loc. 4)

Max: 22.35in (loc. 2)




— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-18
Pile Dynamics, /nc. Timestamp: 12/16/20 08:50 (20h:1m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
689.6 253 28.8 19.3 27.8 253
688.6 25.2 26.3 23.3 26.5 25.3
687.6 26.1 26.0 25.0 26.2 25.8
686.6 257 252 25.6 25.6 255
685.6 25.6 25.1 25.2 257 254
684.6 25.5 25.2 25.0 25.8 254
683.6 25.8 253 254 25.8 25.6
682.6 25.9 254 254 26.0 257
681.6 26.0 25.7 25.5 26.0 25.8
680.6 26.1 25.6 25.6 26.2 259
679.6 26.2 259 25.9 26.2 26.0
678.6 26.4 25.8 25.9 26.2 26.1
677.6 26.3 25.8 259 26.4 26.1
676.6 26.3 259 25.9 26.5 26.2
675.6 26.4 25.9 26.0 26.3 26.2
674.6 26.1 25.7 258 26.2 26.0
673.6 25.9 257 26.1 26.2 26.0
672.6 26.0 25.9 26.3 26.4 26.1
671.6 26.0 26.0 26.6 26.3 26.2
670.6 25.9 25.9 26.4 26.2 26.1
669.6 25.8 25.7 26.2 25.9 25.9
668.6 254 255 26.1 25.6 257
667.6 25.2 25.1 26.0 255 254
666.6 247 24.7 254 25.2 25.0
665.6 247 24.5 252 24.8 24.8
664.6 24.0 24.0 247 247 243
663.6 244 23.9 24.6 24.7 244
662.6 246 241 24.8 24.8 246
661.6 24.9 24.4 247 25.0 24.8
660.6 25.2 24.7 245 24.8 24.8
659.6 254 24.8 24.8 24.8 24.9
658.6 25.6 25.0 24.8 24.9 25.1
657.6 25.8 25.2 24.9 24.9 25.2
656.6 25.6 253 24.8 25.0 252
655.6 257 254 25.0 25.0 25.3
654.6 25.6 25.6 25.0 24.9 25.3
653.6 254 254 246 24.8 251
652.6 243 24.9 23.8 23.9 242
651.6 227 23.4 224 223 227
650.6 215 22.4 215 214 217

649.6 22.4 22.3 211 20.9 217



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-18
Pile Dynamics, /nc. Timestamp: 12/16/20 08:50 (20h:1m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
689.6 24.0 25.3
688.6 24.0 25.3
687.6 24.0 25.8
686.6 24.0 25.5
685.6 24.0 25.4
684.6 24.0 25.4
683.6 24.0 25.6
682.6 24.0 25.7
681.6 24.0 25.8
680.6 24.0 25.9
679.6 24.0 26.0
678.6 24.0 26.1
677.6 24.0 26.1
676.6 24.0 26.2
675.6 24.0 26.2
674.6 24.0 26.0
673.6 24.0 26.0
672.6 24.0 26.1
671.6 24.0 26.2
670.6 24.0 26.1
669.6 24.0 25.9
668.6 24.0 25.7
667.6 24.0 25.4
666.6 24.0 25.0
665.6 24.0 24.8
664.6 24.0 24.3
663.6 24.0 24.4
662.6 24.0 24.6
661.6 24.0 24.8
660.6 24.0 24.8
659.6 24.0 24.9
658.6 24.0 25.1
657.6 24.0 25.2
656.6 24.0 25.2
655.6 24.0 25.3
654.6 24.0 25.3
653.6 24.0 251
652.6 24.0 24.2
651.6 24.0 22.7
650.6 24.0 21.7 9.7

649.6 24.0 21.7 9.7



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-18
Pile Dynamics, /nc. Timestamp: 12/16/20 08:50 (20h:1m)

—| TOS Adjustment - DS-18 - 12/16/20 08:50 (20h:1m) | — BOS Adjustment - DS-18 - 12/16/20 08:50 (20h:1m) |
69061 661.13
Avg TOS = 102.3°F = Avg
Inf Temp = 63.0°F 04 ® BOS Fit
690+ TOS Depth = 0.0ft
Scale=1.1 650
689.5+
658
689
657
688.5-
6561
688 .
687.5 654
g & g 53
6865 § 6521
o i 651
D 686 o |
w w
650
685.5
649
685
648
684.5-
647
684 A
683.5 645
683 644 Avg BOS =101.3°F
Soil Temp =55.0°F
= Avg 6434 BOS Depth = 40 0ft
68254 TOS Fit Scale=22
6822 . ; : ; 64224 . ; . T T
&0 70 100 110 50 &0 70 100 110

80 °0 80
Temp (F) Temp (F)

—{ TOS Adjustment Results - DS-18 - 12/16/20 08:50 (20h:1m) [ BOS Adjustment Results - DS-18 - 12/16/20 08:50 (20h:1m) |————————

6906 661.15 ]
&0 2
690+ 3
6594 —4
689.5 — Avg
658
689
657
688.5
656
688 |
687.5 654
€ 687 € 653
= (=
.0686.5 S 6527
§ § 651
D 686 o |
w w
650
685.5
649
685+
648 -
684.5
647
684 )
68354 1 645
2
683+ 3 644
682.5- :iv 643
682.2 9l : : : 6422 . . - . : :
70 80 100 110 120 80 85 90 o5 100 105 110
Temp (F) Temp (F)

Created 12/16/20 13:17 PM with TIP Reporter Version 2020.18.23.0 6



e
‘1 THERMAL FIELD LOG Project e Date Placed: flll 5—/10 zd

ﬂ"‘ Pier No. @il | Shaft No._ P31 ¥
— %1 ‘/’ \ e —=
& | & ) Wire Nodes Wire
‘ ' Wire # Serial # Length Above Tested
| ‘ N (#nodec) | Concrate |After Inctall
\ \ Sketch In Wire # ’3 ) 2 § &l | | )
o ocetion e 51917 ! ]
\ \ i} + | 5522y % v
\ \ / Designate Northerly wire as #1
\ \k{//
\
A
\ »
1 o o Wire-Wire Distance Shaft Information
| “— i = in. 43 in. Design As-Built
2l oL 1 in.
\ Shaft Dia. i a8
Shaft Length ft. g0 .t
Concrete Vol. sk R A/ 20/ (cy.
Cage Lengih oy o725t
Cage Dia. in. bk sl 19
: Casing Dia. (perm./temp.) in. in.
Elevation Casing Length ft. ft.
Rock Socket Dia. in. in.
I Rock SocketLength . ,K../a ‘/ i
;;"‘% Field Notes:
' 0] ; (az i Start of Placement -
C’% -—"ﬁCﬂ End of Placement -
705 Placement Method -
04].6_Jp0s
= ‘ Legend
e TOC Top of Casing BOC Bottom of Casing
‘},,.‘ T0G Top of Ground BORC Bottom of qfn ;
TOS Top of Shaft
L__________————" s, le
in diameter

*indicate changes !

Completed By:



— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-23

Plle Dynamics, /nc. Timestamp: 12/10/20 12:11 (18h:54m)

,_[ Temperature vs Elevation - DS-23 - 12/10/20 12:11 (18h:54m) ]—,_[ Flat Cage View - DS-23 - 12/10/20 12:11 (18h:54m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-23

Plle Dynamics, /nc. Timestamp: 12/10/20 12:11 (18h:54m)

—{ Radius vs Elevation - DS-23 - 12/10/20 12:11 (18h:54m) |——————————{ Cage View - DS-23 - 12/10/20 12:11 (18h:54m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-23
Plle Dynamics, /nc. Timestamp: 12/10/20 12:11 (18h:54m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 27.9 25.2 237 26.8 259
689.5 26.6 26.0 25.1 26.1 26.0
688.5 26.2 25.9 25.3 25.9 25.8
687.5 26.2 259 254 26.0 259
686.5 26.3 26.0 25.6 257 25.9
685.5 26.0 26.2 26.0 26.1 26.1
684.5 26.2 26.4 26.0 259 26.1
683.5 26.2 26.5 26.4 25.8 26.2
682.5 26.2 26.5 26.3 26.6 26.4
681.5 26.2 26.6 26.6 26.4 26.5
680.5 26.2 26.5 26.6 26.3 26.4
679.5 26.3 26.5 26.6 26.5 26.5
678.5 26.3 26.1 26.7 26.6 26.4
677.5 26.2 26.2 26.9 26.6 26.5
676.5 26.1 26.4 27.0 26.7 26.5
675.5 26.2 26.2 26.8 26.7 26.5
674.5 26.2 26.2 26.9 26.8 26.5
673.5 26.2 26.2 26.8 26.8 26.5
672.5 259 26.6 26.7 26.7 26.5
671.5 255 25.9 26.5 26.2 26.0
670.5 24.6 25.2 25.9 25.2 25.2
669.5 240 24.9 255 24.9 24.8
668.5 23.7 24.4 254 247 245
667.5 23.6 23.8 25.1 24.5 242
666.5 234 23.3 24.8 24.5 24.0
665.5 23.0 22.6 244 243 23.6

664.5 23.6 25.4 27.5 25.5



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-23
Plle Dynamics, /nc. Timestamp: 12/10/20 12:11 (18h:54m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 25.9
689.5 24.0 26.0
688.5 24.0 25.8
687.5 24.0 25.9
686.5 24.0 25.9
685.5 24.0 26.1
684.5 24.0 26.1
683.5 24.0 26.2
682.5 24.0 26.4
681.5 24.0 26.5
680.5 24.0 26.4
679.5 24.0 26.5
678.5 24.0 26.4
677.5 24.0 26.5
676.5 24.0 26.5
675.5 24.0 26.5
674.5 24.0 26.5
673.5 24.0 26.5
672.5 24.0 26.5
671.5 24.0 26.0
670.5 24.0 25.2
669.5 24.0 24.8
668.5 24.0 24.5
667.5 24.0 24.2
666.5 24.0 24.0
665.5 24.0 23.6

664.5 24.0 255



TIP-R Results - TOS/BOS Adjustments

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS-23
Pite Dynamiics, /nc. Timestamp: 12/10/20

1

/—{ TOS Adjustment - DS-23 - 12/10/20 12:11 (18h:54m) |
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’—{ BOS Adjustment - DS-23 - 12/10/20 12:11 (18h:54m) |
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-24

Plle Dynamics, /nc. Timestamp: 12/15/20 09:56 (22h:10m)

,_[ Temperature vs Elevation - DS-24 - 12/15/20 09:56 (22h:10m) ]— ,_[ Flat Cage View - DS-24 - 12/15/20 09:56 (22h:10m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-24

Plle Dynamics, /nc. Timestamp: 12/15/20 09:56 (22h:10m)

— Radius vs Elevation - DS-24 - 12/15/20 09:56 (22h:10m) |—————————{ Cage View - DS-24 - 12/15/20 09:56 (22h:10m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-24
Plle Dynamics, /nc. Timestamp: 12/15/20 09:56 (22h:10m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 26.3 243 26.6 25.6 257
689.5 254 253 26.0 26.6 25.8
688.5 25.6 25.5 25.6 26.2 257
687.5 257 25.8 253 25.7 25.6
686.5 254 26.0 255 257 257
685.5 25.8 26.3 25.8 25.7 25.9
684.5 25.6 26.6 257 26.1 26.0
683.5 26.0 26.5 25.9 26.5 26.2
682.5 26.3 26.7 26.0 26.7 26.4
681.5 26.5 26.7 26.4 26.9 26.6
680.5 26.3 26.7 26.7 271 26.7
679.5 26.4 27.0 26.9 27.3 26.9
678.5 26.3 27.0 26.7 27.2 26.8
677.5 26.2 27.2 26.8 27.4 26.9
676.5 26.0 26.9 26.9 27.4 26.8
675.5 25.6 27.0 26.8 27.2 26.6
674.5 25.6 26.7 26.6 271 26.5
673.5 25.3 26.6 26.4 271 26.4
672.5 253 26.1 26.3 26.8 26.1
671.5 25.0 25.8 25.9 26.6 25.8
670.5 24.8 253 25.2 25.9 25.3
669.5 246 24.8 24.9 25.3 24.9
668.5 244 247 24.6 253 24.8
667.5 242 24.7 24.6 24.8 24.6
666.5 237 24.2 241 24.4 241
665.5 23.3 23.5 243 241 23.8

664.5 23.8 23.0 251 25.2 24.3



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-24
Plle Dynamics, /nc. Timestamp: 12/15/20 09:56 (22h:10m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 25.7
689.5 24.0 25.8
688.5 24.0 25.7
687.5 24.0 25.6
686.5 24.0 25.7
685.5 24.0 25.9
684.5 24.0 26.0
683.5 24.0 26.2
682.5 24.0 26.4
681.5 24.0 26.6
680.5 24.0 26.7
679.5 24.0 26.9
678.5 24.0 26.8
677.5 24.0 26.9
676.5 24.0 26.8
675.5 24.0 26.6
674.5 24.0 26.5
673.5 24.0 26.4
672.5 24.0 26.1
671.5 24.0 25.8
670.5 24.0 25.3
669.5 24.0 24.9
668.5 24.0 24.8
667.5 24.0 24.6
666.5 24.0 241
665.5 24.0 23.8

664.5 24.0 243



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-24
Plle Dynamics, /nc. Timestamp: 12/15/20 09:56 (22h:10m)

— TOS Adjustment - DS-24 - 12/15/20 09:56 (22h:10m) | — BOS Adjustment - DS-24 - 12/15/20 09:56 (22h:10m) |
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Project S Date Placed: /< //L// 2 00

ERMAL FIELD LOG &/ A
Pier No. Lxer [FOT Shaft No. 037T1d
A /t—\ Wire Nodes Wire
Wire # Serial # Length Above Tested
N / \ (#nades) | Concrete |After Install
( _ IEREL A, Ves
7 SketchlnWire# ’2\\ z i i 55 '7‘ )
\ and Location }} 3 1 ]35%% ” I8
4 AL %
\ / Designate Northerly wire as #1

T
r Wire-Wire Distance Shaft Information . |
11-3 T e R Design As-Built |
2-1 in. 4-1 __\_n . :

Shaft Dia. in. 5 .

Shaft Length ft. f {.;/Zc :

Concrete Vol. i ; cy.

Cage Length -ft. gé i:.

in. ;

Elevation

(0o -14:




— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-25
Plle Dynamics, /nc. Timestamp: 12/09/20 07:17 (17h:37m)

,_[ Temperature vs Elevation - DS-25 - 12/09/20 07:17 (17h:37m) ]—,_[ Flat Cage View - DS-25 - 12/09/20 07:17 (17h:37m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-25

Plle Dynamics, /nc. Timestamp: 12/09/20 07:17 (17h:37m)

'—[ Radius vs Elevation - DS-25 - 12/09/20 07:17 (17h:37m) }—,—{ Cage View - DS-25 - 12/09/20 07:17 (17h:37m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-25
Plle Dynamics, /nc. Timestamp: 12/09/20 07:17 (17h:37m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.3 27.3 26.2 26.9 26.5 26.7
689.3 271 26.5 26.6 26.8 26.8
688.3 26.6 26.6 26.5 26.9 26.6
687.3 26.8 26.2 26.4 26.9 26.6
686.3 26.7 26.3 26.1 26.9 26.5
685.3 27.2 26.6 26.8 26.9 26.9
684.3 26.9 26.9 271 271 27.0
683.3 27.3 27.0 27.5 27.5 27.3
682.3 27.3 27.2 27.5 27.4 274
681.3 27.6 28.0 28.0 27.8 27.8
680.3 27.3 28.6 27.8 28.1 28.0
679.3 26.9 28.9 27.8 27.9 27.9
678.3 271 28.3 28.0 27.9 27.8
677.3 26.7 27.4 27.9 27.7 274
676.3 26.0 26.8 27.8 27.5 27.0
675.3 25.6 26.5 27.6 27.7 26.9
674.3 25.3 26.8 27.5 27.6 26.8
673.3 25.0 26.9 27.2 27.3 26.6
672.3 24.8 26.2 26.7 26.5 26.1
671.3 241 255 26.1 25.8 254
670.3 241 25.6 25.9 25.1 25.2
669.3 241 25.6 25.6 25.2 251
668.3 23.9 24.8 24.8 24.9 24.6
667.3 23.8 23.8 242 24.6 241
666.3 235 23.0 231 23.7 233

665.3 23.8 21.7 21.9 23.1 22.6



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-25
Plle Dynamics, /nc. Timestamp: 12/09/20 07:17 (17h:37m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.3 24.0 26.7
689.3 24.0 26.8
688.3 24.0 26.6
687.3 24.0 26.6
686.3 24.0 26.5
685.3 24.0 26.9
684.3 24.0 27.0
683.3 24.0 27.3
682.3 24.0 27.4
681.3 24.0 27.8
680.3 24.0 28.0
679.3 24.0 27.9
678.3 24.0 27.8
677.3 24.0 27.4
676.3 24.0 27.0
675.3 24.0 26.9
674.3 24.0 26.8
673.3 24.0 26.6
672.3 24.0 26.1
671.3 24.0 25.4
670.3 24.0 25.2
669.3 24.0 251
668.3 24.0 24.6
667.3 24.0 241
666.3 24.0 23.3

665.3 24.0 22.6



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

— Shaft: DS-25

Plle Dynamics, /nc. Timestamp: 12/09/20 07:17 (17h:37m)

1

/—{ TOS Adjustment - DS-25 - 12/09/20 07:17 (17h:37m) |
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THERMAL FIELD LOG Project C)‘C3 Date Piaced: [ Lllif'//uu)
Pier No. e 7.8 ShaftNo.___ D35 7<*
A / Wire N
e \ Wire # Serial # Lenath A:::: T:‘;I::d
’N / { \ (#nodes) | Concrete |After Install
/ \ i ) 1 40 e
Sketch In Wire # 2 ils 2 | i
\ and Location } 3 17479 ol -
\ / 4 | " 3 Cl (g U/' §
— !__r/ ; Designate Northerly wire as #1
U
Wira-Wire Distance Shaft Information
1-3 in 2-3 in 4-3 Design As-Built
2-1 in 4-1 in P
Shaft Dia. in. 30" _in.
Shaft Lengin ft. e
Concrete Vol. cy. A
Cage Length ft. 20 ft.
Cage Dia. in. e - [
Casing Dia. (perm./temp.) in. in.
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Rock Socket Dia. e e R
b C,”ﬁOL‘: 1) Rock Socket Length Lt . it =
T 7_0& Field Notes:
Start of Placement -
Al End of Placement -
Placement Method -

Gt fons

e changes in diameter
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TOG Top of Ground
TOS Top of Shaft

TORS Top of Rock Socket

« jndicat
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-26

Plle Dynamics, /nc. Timestamp: 12/12/20 06:27 (15h:31m)

,_[ Temperature vs Elevation - DS-26 - 12/12/20 06:27 (15h:31m) ]— ,_[ Flat Cage View - DS-26 - 12/12/20 06:27 (15h:31m) |
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-26

Plle Dynamics, /nc. Timestamp: 12/12/20 06:27 (15h:31m)

— Radius vs Elevation - DS-26 - 12/12/20 06:27 (15h:31m) | Cage View - DS-26 - 12/12/20 06:27 (15h:31m) |
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-26
Plle Dynamics, /nc. Timestamp: 12/12/20 06:27 (15h:31m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 30.6 241 26.3 22.6 259
689.5 27.2 245 26.3 253 25.8
688.5 25.9 25.4 26.3 25.9 25.9
687.5 245 26.2 26.1 26.0 257
686.5 247 26.0 25.8 26.1 257
685.5 241 25.8 26.2 25.5 254
684.5 242 26.0 26.3 25.8 25.6
683.5 241 26.3 26.6 259 257
682.5 24.6 26.5 26.5 25.9 25.9
681.5 25.0 26.8 26.6 26.3 26.2
680.5 25.0 26.9 26.6 26.4 26.2
679.5 254 27.2 26.9 26.6 26.5
678.5 253 271 271 26.8 26.6
677.5 25.8 27.2 27.2 26.7 26.7
676.5 25.6 27.3 27.0 26.7 26.6
675.5 253 273 26.8 26.5 26.5
674.5 24.9 271 26.5 26.5 26.2
673.5 25.2 26.9 26.3 26.6 26.2
672.5 24.9 26.6 26.1 26.3 26.0
671.5 245 26.2 25.6 26.0 25.6
670.5 241 25.7 24.9 25.5 25.0
669.5 237 25.2 244 24.8 245
668.5 235 25.2 242 245 244
667.5 23.6 25.0 241 24.4 243
666.5 23.8 24.7 241 24.3 242
665.5 235 24.9 23.8 24.6 242

664.5 24.5 25.2 24.0 24.8 24.6



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-26
Plle Dynamics, /nc. Timestamp: 12/12/20 06:27 (15h:31m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 25.9
689.5 24.0 25.8
688.5 24.0 25.9
687.5 24.0 25.7
686.5 24.0 25.7
685.5 24.0 25.4
684.5 24.0 25.6
683.5 24.0 25.7
682.5 24.0 25.9
681.5 24.0 26.2
680.5 24.0 26.2
679.5 24.0 26.5
678.5 24.0 26.6
677.5 24.0 26.7
676.5 24.0 26.6
675.5 24.0 26.5
674.5 24.0 26.2
673.5 24.0 26.2
672.5 24.0 26.0
671.5 24.0 25.6
670.5 24.0 25.0
669.5 24.0 24.5
668.5 24.0 24.4
667.5 24.0 243
666.5 24.0 24.2
665.5 24.0 24.2

664.5 24.0 246



TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-26
Plle Dynamics, /nc. Timestamp: 12/12/20 06:27 (15h:31m)

/—{ TOS Adjustment - DS-26 - 12/12/20 06:27 (15h:31m)
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Project 0c3 Date Placed: ’1{ h[Toze
Pier No. Keor Phut ShaftNo.__ OS 0L (
3 = 1
Wire Nod Wi
Wire # Serial # Length Abofr: Tes::d \\
(#nodes) Concrete |After Install i
. (A \ | WEEPX cfid Yo |
= L SkewhinWire# 7 2 59637 24y |l
and Location 3 5963Y o | =il
4 1Sl 522 S \ \ “
‘ \ Q’/ / Designate Noitheily wire as #1 \
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! — : Wire-Wire Distance Shaft Information TR
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Rock Socket Length ft. g
Field Notes:
G%,%ﬂ Jos Start of Placement -
T0G4 End of Placement -
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* indicate changes in diameter

TOC Top of Casing

TOG Top of Ground
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— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-27
Plle Dynamics, /nc. Timestamp: 12/08/20 09:25 (17h:53m)

,_[ Temperature vs Elevation - DS-27 - 12/08/20 09:25 (17h:53m) ]—,_[ Flat Cage View - DS-27 - 12/08/20 09:25 (17h:53m) |
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TIP-R Results - Radius Analysis Tools

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS-27
Plle Dynamics, /nc. Timestamp: 12/08/20 09:25 (17h:53m)

'—[ Radius vs Elevation - DS-27 - 12/08/20 09:25 (17h:53m) }—
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-27
Plle Dynamics, /nc. Timestamp: 12/08/20 09:25 (17h:53m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 26.0 26.8 26.8 26.8 26.6
689.5 26.3 26.7 26.9 26.7 26.6
688.5 26.4 26.6 26.8 26.8 26.7
687.5 26.4 26.5 26.8 26.4 26.5
686.5 26.7 26.8 26.5 26.4 26.6
685.5 27.0 271 26.9 26.7 26.9
684.5 27.0 27.3 27.2 26.9 271
683.5 271 27.5 27.6 26.9 27.3
682.5 27.2 27.6 28.0 271 274
681.5 273 27.5 27.7 27.3 27.5
680.5 274 27.8 28.0 27.2 27.6
679.5 27.2 27.9 27.8 27.3 27.6
678.5 27.0 28.2 27.9 27.2 27.5
677.5 26.9 28.1 27.6 27.2 27.5
676.5 26.4 27.7 27.6 26.7 271
675.5 26.1 27.2 27.2 26.6 26.8
674.5 25.8 26.9 26.9 26.4 26.5
673.5 25.2 26.6 26.4 26.2 26.1
672.5 25.0 26.2 26.4 26.1 259
671.5 245 25.8 26.0 25.6 255
670.5 244 25.0 25.6 25.0 25.0
669.5 23.8 24.5 252 24.9 246
668.5 241 243 24.9 25.0 24.6
667.5 23.9 24.7 247 24.8 245
666.5 237 24.3 242 24.5 242

665.5 23.3 23.9 24.6 25.2 24.3



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-27
Plle Dynamics, /nc. Timestamp: 12/08/20 09:25 (17h:53m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 26.6
689.5 24.0 26.6
688.5 24.0 26.7
687.5 24.0 26.5
686.5 24.0 26.6
685.5 24.0 26.9
684.5 24.0 271
683.5 24.0 27.3
682.5 24.0 27.4
681.5 24.0 27.5
680.5 24.0 27.6
679.5 24.0 27.6
678.5 24.0 27.5
677.5 24.0 27.5
676.5 24.0 271
675.5 24.0 26.8
674.5 24.0 26.5
673.5 24.0 26.1
672.5 24.0 25.9
671.5 24.0 25.5
670.5 24.0 25.0
669.5 24.0 24.6
668.5 24.0 24.6
667.5 24.0 24.5
666.5 24.0 24.2

665.5 24.0 24.3



TIP-R Results - TOS/BOS Adjustments

Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2

Shaft: DS-27
Pite Dynamiics, /nc. Timestamp: 12/08/20

09:25 (17h:53m)

/—{ TOS Adjustment - DS-27 - 12/08/20 09:25 (17h:53m) }

’—{ BOS Adjustment - DS-27 - 12/08/20 09:25 (17h:53m) }

105
Temp (F)

100
Temp (F)

&91.5 675.13
Avg TOS = 105.7°F = Avg
Inf Temp = 100.6°F ® BOS Fit
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600,54 Scale =05 6731
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E 660
il o Avg BOS = 97 5°F
Soil Temp =55.0°F
684w Avg BOS Depth = 26 3ft
* TOS Fit 6581 Scale = 2.1
683.6 : ; ; , , 657.4-4 . : . -
%0 95 100 105 110 115 50 &0 70 80 100
Temp (F) Temp (F)
,_[ TOS Adjustment Results - DS-27 - 12/08/20 09:25 (17h:53m) ]— ,_[ BOS Adjustment Results - DS-27 - 12/08/20 09:25 (17h:53m) ]—
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Created 12/16/20 11:17 AM with TIP Reporter Version 2020.18.23.0
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THERMAL FIELD LOG

1 Sketch In Wire #
and Location

12{3/%ote -

T s o o9 i
P_roject /FC;;L;Q“-E—’ Shaft No. S )

Wiiea ‘ Ngdm

Wire-Wire Distance

23
4-1

i

]

105
16

L ors

Rock Socket Length

Tested “
Wire # (#nodes) | Concrete stall
e REN, 36 Yo \
L R .
3 11705 Vi 17
4 Ihgliel e | __——'\
Designat o Northerly wire as #1 \
\
Shaft Information J\
e« DGR As-Built \\
in. __HO in.
Shaft Dia. s Q(o,}(v .
Shaft Length i ——————/ B
Concrete Vol. s A ——L—n 7
Cage Length ___——in rgL__’m
Cage Dia. /in =
Casing Dia. (perm. /temp.) ____._ft o
Casing Length ______in. I
Rock Socket Dia. ___,_ﬂ- 5 = |

Field Notes:

Start of Placement -
End of Placement -
Placement Method -

" *indicate changes in diameter

TOC Top of Casing

TOG Top of Ground

TOS Top of Shaft

TORS Top of Rock Socket

Legend
BOC Bottom of Casing
BORC Bottom of Reinf. Cage
BOS Bottom of Shaft
V' Water Level

.ompleted By: ‘\’&‘“‘ ;Xw

Please Submit with Concrete
Placement Log and Installation Record

4 Wire - Shaft




— TIP-R Results - Temperature Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-28

Ple Dynamics, /nc. Timestamp: 12/11/20 09:17 (19h:33m)

,_[ Temperature vs Elevation - DS-28 - 12/11/20 09:17 (19h:33m) ]— ,_[ Flat Cage View - DS-28 - 12/11/20 09:17 (19h:33m) |
O]
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TIP-R Results - Radius Analysis Tools
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
Shaft: DS-28

Plle Dynamics, /nc. Timestamp: 12/11/20 09:17 (19h:33m)

—{ Radius vs Elevation - DS-28 - 12/11/20 09:17 (19h:33m) | Cage View - DS-28 - 12/11/20 09:17 (19h:33m) |
in
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— TIP-R Results - Radius Location Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-28
Ple Dynamics, /nc. Timestamp: 12/11/20 09:17 (19h:33m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Wire 1 Wire 2 Wire 3 Wire 4 Effective

Elevation Radius Radius Radius Radius Average
(ft) (in) (in) (in) (in) Radius(in)
690.5 26.8 27.6 271 27.2
689.5 27.2 28.0 26.2 271
688.5 27.2 28.0 26.3 27.2
687.5 27.2 27.7 26.7 27.2
686.5 271 27.6 26.6 271
685.5 27.0 27.8 26.7 27.2
684.5 273 27.7 26.9 273
683.5 274 27.6 27.0 27.3
682.5 27.6 27.7 27.0 274
681.5 27.7 27.8 26.9 27.5
680.5 27.8 28.1 26.7 27.6
679.5 27.8 27.9 27.2 27.6
678.5 27.8 27.9 27.0 27.6
677.5 27.6 28.0 27.0 27.6
676.5 274 28.0 26.8 274
675.5 273 27.9 26.8 273
674.5 27.0 27.5 27.2 27.2
673.5 26.9 274 27.2 27.2
672.5 26.9 27.4 26.9 271
671.5 26.8 27.2 26.8 26.9
670.5 26.2 26.6 26.1 26.3
669.5 25.9 26.5 25.7 26.0
668.5 25.6 26.7 259 26.1
667.5 24.9 26.4 25.4 25.6
666.5 243 257 24.6 24.8
665.5 235 242 233 23.7

664.5 241 23.0 22.0 23.0



— TIP-R Results - Radius Reduction Analysis
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-28
Ple Dynamics, /nc. Timestamp: 12/11/20 09:17 (19h:33m)

Adjustments Applied: Top (yes) Bottom (yes) Mid-Shaft (no)

Elevation (ft) Design Radius (in) Effective Radius (in) Radius Reduction % > 6.00%
690.5 24.0 27.2
689.5 24.0 271
688.5 24.0 27.2
687.5 24.0 27.2
686.5 24.0 271
685.5 24.0 27.2
684.5 24.0 27.3
683.5 24.0 27.3
682.5 24.0 27.4
681.5 24.0 27.5
680.5 24.0 27.6
679.5 24.0 27.6
678.5 24.0 27.6
677.5 24.0 27.6
676.5 24.0 27.4
675.5 24.0 27.3
674.5 24.0 27.2
673.5 24.0 27.2
672.5 24.0 271
671.5 24.0 26.9
670.5 24.0 26.3
669.5 24.0 26.0
668.5 24.0 26.1
667.5 24.0 25.6
666.5 24.0 24.8
665.5 24.0 23.7

664.5 24.0 23.0



— TIP-R Results - TOS/BOS Adjustments
Project: 195067-9 - Kokosing - OC3 Railroad TIP Phase 2
- Shaft: DS-28
Ple Dynamics, /nc. Timestamp: 12/11/20 09:17 (19h:33m)

— TOS Adjustment - DS-28 - 12/11/20 09:17 (19h:33m) | — BOS Adjustment - DS-28 - 12/11/20 09:17 (19h:33m) |
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,_[ TOS Adjustment Results - DS-28 - 12/11/20 09:17 (19h:33m) ]— ,_[ BOS Adjustment Results - DS-28 - 12/11/20 09:17 (19h:33m) ]—
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MAL FIELD LOG Prol il e -
Pier No. \gie__”'b = ate P‘aced Z?.//'/z 62 ¢
/ ’ \ J Shaft Nn <7
Wire # Serial # ‘\ L:“nr:th [ ':::‘vi Tu;t;d |
es
e 7 1 Auooes) \ c°“°"“° After Install
& S’q G —%q ‘ dv | | 7
m (Z Srltgtfh lnﬁWire# 3 ) 7] gq(‘:”' l 5 " \_7-<3 \
a
F s peeuon 3 A4, ) ‘ ‘I \\ =\
N L y I e
i. \ L_f/ Designate Northerly wire as #1 \ \.
o B |
'- . e-Wire Distance Shaft information
- 13 YiQ 2-3_ in 4-3 in. Decian Py 4\
,_ = = = : — pesign As-Buiit il
’- Shaft Dia. in. ¥ = \
. - Shaft Length ft. g 4 iiﬁ \\
: Concrete Vol. cy. 4 Cy |
| Cage Length ft. éé ft. \
Cage Dia. in. in.
Casing Dia. (perm./temp.) in. in
Elevation Casing Length ft. ft.
J Rock Socket Dia. in. s IV
Rock Socket Length Lo e80T o
Field Notes:
@ 10.491 <ps Start of Placement -
5 B End of Placement -

&

Placement Method -




Standard Wrought Washer \

/

[ m

|
|
|

3Il

2" Diameter x 25" Long
anchor rod bolt (36 ea.
Required)

RA SOLE PLATE THICKNESS
Girder # A (IN) B (IN) C (IN)
G1&G2 1-27/32" 1-25/32" 1-23/32"
G3 &G4 1-13/16" 1-3/4" 1-11/16"
G5 & G6 1-25/32" 1-23/32" 1-21/32"
G7 & G8 1-3/4" 1-11/16" 1-5/8"
G9 & G10 1-23/32" 1-21/32" 1-19/32"
G11&G12| 1-11/16" 1-5/8" 1-9/16"
G13&G14| 1-21/32" 1-19/32" 1-17/32"
G15 & G16 1-5/8" 1-9/16" 1-1/2"
G17 & G18 1-5/8" 1-9/16" 1-1/2"
Heavy Hex Nut

Hole for anchor
bolt 2-3/8" TYP

51/2""
(TYP)

A

Wopl

| UPSTATION

A

Hole for anchor
bolt 2-3/8" TYP v

|
|
|

e
(Typ.)

I
1)

P

Le
Lpl

The Fabrication shall be in accordance with the requirements of AREMA 15-5.12. The bearings were designed in accordance with
AREMA 15-5.6.

The materials for elastomeric bearings shall conform to the requirements of AREME 15-5.6. The elastomeric compound shall be a 60
durometer virgin crystallization-resistant polychloroprene (Neoprene). Steel reinforcement shall be mild steel conforming to ASTM
A1011.

The steel sole plate shall be ASTM A36 steel. Anchor rods shall be ASTM F1554, grade 105. Nuts shall conform to ASTM A563 for
appropriate grade and size of anchor bolt. Washers shall conform to ASTM F436.

The steel sole plate shall be painted per CMS 514 Additionally, in accordance with CMS 514 and ODOT Qualified Products List, shop primed
using Dimetcote 9. Control welding of the sole plate to the superstructure so that the plate temperature at the elastomer bonded surface
does not exceed 300 deg f as determined by the use of pyrometric sticks or other temperature monitoring devices.The steel sole plate
shall be bonded by vulcanization to the elastomer during the molding process.

Each bearing assembly shall be shop marked with the following information: Top, forward station direction, location (FA or RA), and
beam number. All bearings shall be marked prior to shipping. The marks shall include the bearing location on the bridge, and a direction
arrow that points up-station. All marks shall be permanent and be visible after the bearing is installed. the acceptance criteria for all
bearings shall meet the requirements of test criteria | as specified in AREMA 15-5.12.9

P =Number of Steel Laminates per Bearing
t= steel laminate thickness = 1/16"

te = external elastomer layer thickness (2 ea.)
ti = internal elastomer layer thickness (8 ea.)

BEARING
LOCATION

NO.
REQ'D

Le

He te ti

P Lpl

Wopl

TCB

BOLTS

BRIDGE COMPONENTS INDUSTRIES, LLC

Rear Abut

18

12"

24"

3 15/16" 3/16" 3/8"

9 14"

35"

SEE CHART

36

CONTRACTOR: [Kokosing

COUNTY:|Cuyahoga

Bridge #: [CUY-010-2039

PROJECT:|NORFOLK SOUTHERN RAILROAD OVER OH-10

Date:[12/6/2019

Drawing Number| BRONOR

Page|1 of 4




FA SOLE PLATE THICKNESS
Girder # A (IN) B (IN) C (IN)
G19 & G20 1-25/32" 1-25/32" 1-25/32"
G21 & G22 1-3/4" 1-3/4" 1-3/4"
G23 & G24 1-23/32" 1-23/32" 1-23/32"
G25 & G26 1-11/16" 1-11/16" 1-11/16"
G27 & G28 1-21/32" 1-21/32" 1-21/32"
G29 & G30 1-5/8" 1-5/8" 1-5/8"
G31 & G32 1-19/32" 1-19/32" 1-19/32"
G33 & G34 1-9/16" 1-9/16" 1-9/16"
G35 & G36 1-17/32" 1-17/32" 1-17/32"
UPSTATION
Heavy Hex Nut
Standard Wrought Washer /
\ Hole for anchor ‘ !
[ B :DH]] bolt 2-3/8" TYP | 7" 3
« |
| ! C
1 — 2 A
j " B " % 1" ﬁ "7;7 -
2" Diameter x 25" Long | ' He
anchor rod bolt (36 ea. (Typ.) ; |
i | |
Required) § v
| - »
L Le
| Lpl
The Fabrication shall be in accordance with the requirements of AREMA 15-5.12. The bearings were designed in accordance with
AREMA 15-5.6.
The materials for elastomeric bearings shall conform to the requirements of AREME 15-5.6. The elastomeric compound shall be a 60
durometer virgin crystallization-resistant polychloroprene (Neoprene). Steel reinforcement shall be mild steel conforming to ASTM
Hole for anchor A1011.
3" bolt 2-3/8" TYP
P The steel sole plate shall be ASTM A36 steel. Anchor rods shall be ASTM F1554, grade 105. Nuts shall conform to ASTM A563 for
h appropriate grade and size of anchor bolt. Washers shall conform to ASTM F436.
e
| TCB $ The steel sole plate shall be painted per CMS 514 Additionally, in accordance with CMS 514 and ODOT Qualified Products List, shop primed
Y A using Dimetcote 9 . Control welding of the sole plate to the superstructure so that the plate temperature at the elastomer bonded surface
< does not exceed 300 deg f as determined by the use of pyrometric sticks or other temperature monitoring devices.The steel Sole plate
51/2" | He shall be bonded by vulcanization to the elastomer during the molding process.
(TYP) V Each bearing assembly shall be shop marked with the following information: Top, forward station direction, location (FA or RA), and
) beam number. All bearings shall be marked prior to shipping. The marks shall include the bearing location on the bridge, and a direction
|« We K arrow that points up-station. All marks shall be permanent and be visible after the bearing is installed. the acceptance criteria for all
| | bearings shall meet the requirements of test criteria | as specified in AREMA 15-5.12.9
P =Number of Steel Laminates per Bearing
Wol t= steel laminate thickness = 1/16"
P te = external elastomer layer thickness (2 ea.)
ti = internal elastomer layer thickness (8 ea.)
BEARING NO. .
LOCATION REQ'D Le We He te t P Lpl Wel TCB BOLTS BRIDGE COMPONENTS INDUSTRIES, LLC
FWD Abut 18 12" 22" 31/16" 3/16" 3/8" 7 14" 33" SEE CHART 36

CONTRACTOR:|Kokosing

COUNTY:|Cuyahoga

Bridge #: |CUY-010-2039

PROJECT:|NORFOLK SOUTHERN RAILROAD OVER OH-10

Date:|12/6/2019

Drawing Number| BRONOR

Page|20f 4




PIER SPAN 1 SOLE PLATE THICKNESS
Girder # A (IN) B (IN) C (IN)
G1&G2 1-25/32" 1-25/32" 1-25/32"
G3 &G4 1-3/4" 1-3/4" 1-3/4" 41/2"x17/8"
G5 & G6 1-23/32" 1-23/32" 1-23/32" slotted hole for
G7 & G8 1-11/16" 1-11/16" 1-11/16" anchor bolt 1-1/2"  — — 5 Lpl
G9 & G10 1-21/32" 1-21/32" 1-21/32" TYP
G11 & G12 1-5/8" 1-5/8" 1-5/8"
G13 & G14| 1-19/32" 1-19/32" 1-19/32"
G15 & G16 1-9/16" 1-9/16" 1-9/16"
G17 & G18|  1-17/32" 1-17/32" 1-17/32" !
Wpl
Heavy Hex Nut 4I1t/tz"dxh1 |7/f8"
slotted hole for
Standard Wrought Washer / anchor bolt 1-1/2" )
TYP 8" |
i — i
| B 50" HH ] 4 .
| |
1-1/2" Diameter x 27" Long ] (Typ) ‘ N
anchor rod bolt (36 ea.
; v
Required) L —
Le o |
Lpl
The Fabrication shall be in accordance with the requirements of AREMA 15-5.12. The bearings were designed in accordance with
AREMA 15-5.6.
41/2"x17/8" The materials for elastomeric bearings shall conform to the requirements of AREME 15-5.6. The elastomeric compound shall be a 60
slotted hole for durometer virgin crystallization-resistant polychloroprene (Neoprene). Steel reinforcement shall be mild steel conforming to ASTM
anchor bolt 1-1/2" A1011.
2-1/4" TYP |
N The steel sole plate shall be ASTM A36 steel. Anchor rods shall be ASTM F1554, grade 105. Nuts shall conform to ASTM A563 for
oo appropriate grade and size of anchor bolt. Washers shall conform to ASTM F436.
| TCB i The steel sole plate shall be painted per CMS 514. Additionally, in accordance with CMS 514 and ODOT Qualified Products List, shop
D > 4 primed using Dimetcote 9. Control welding of the sole plate to the superstructure so that the plate temperature at the elastomer bonded
| He surface does not exceed 300 deg f as determined by the use of pyrometric sticks or other temperature monitoring devices.The steel Sole
41/2" plate shall be bonded by vulcanization to the elastomer during the molding process.
(TYP)
Each bearing assembly shall be shop marked with the following information: Top, forward station direction, location (Pier span 1), and
v beam number. All bearings shall be marked prior to shipping. The marks shall include the bearing location on the bridge, and a direction
| We | arrow that points up-station. All marks shall be permanent and be visible after the bearing is installed. the acceptance criteria for all
|« | bearings shall meet the requirements of test criteria | as specified in AREMA 15-5.12.9
P =Number of Steel Laminates per Bearing
Wpl t= steel laminate thickness = 1/16"
te = external elastomer layer thickness (2 ea.)
ti = internal elastomer layer thickness (8 ea.)
BEARING NO. .
LOCATION REQ'D Le We He te t P Lpl <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>