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PART 1.0 GENERAL
1.1 References
The following documents, of the issue in effect on date of invitation for bids or request for proposal, form a part of this specification to the extent specified herein. In case of difference between the following documents and this specification, this specification shall govern to the extent of such difference.  In case of material specifications (ASTM) the design shall be based on the issue in effect at the time of bid, but material may be procured in accordance with the issue in effect at the date of manufacture.  
Unless specifically stated otherwise, the specification requirements apply to all cranes and all components, even if the requirement is stated in the singular.  One gender means both genders.

SPECIFICATIONS AND STANDARDS
FEDERAL

W-C-375
Circuit Breakers, Molded Case; Branch Circuit and Service

MILITARY

MIL‑F‑3541
Fittings, Lubrication 

FED-STD-595C
Color Used in Government Procurement

UFC 3-310-04
Seismic Design For Buildings

NAVY SEA SYSTEMS COMMAND (NAVSEA)

OP 3565 Vol. 1
Electromagnetic Radiation Hazards (U) (Hazards to Personnel, Fuel and Other Flammable Materials)(U)

OP 3565 Vol. 2
Electromagnetic Radiation Hazards (U) (Hazards to Ordnance) (U)

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

360
- Specification for Structural Steel Buildings

ASSOCIATION FOR IRON AND STEEL TECHNOLOGY (AIST)

TR-06 
Technical Report No. 6, Specification for Electric Overhead Traveling Cranes for Steel Mill ServiceAMERICAN GEAR MANUFACTURERS' ASSOCIATION (ANSI/AGMA)
908
Geometry Factors For Determining The Pitting Resistance and Bending Strength of Spur, Helical and Herringbone Gear Teeth 
2015
Gear Classification and Inspection Handbook – Tolerances and Measuring Methods for Unassembled Spur and Helical Gears (Including Metric Equivalents)
2001
Fundamental Rating Factors and Calculation Methods for Involute Spur and Helical Gear Teeth

2003
Rating the Pitting Resistance and Bending Strength of Generated Straight Bevel, Zerol Bevel and Spiral Bevel Gear Teeth.

2009
Bevel Gear Classification, Tolerances and Measuring Methods

     6013
Spur, Helical, Herringbone, and Bevel Enclosed Drives

     6109  
For Shaft Mounted and Screw Conveyor Drives Using Spur, Helical and Herringbone Gears

AMERICAN IRON and STEEL INSTITUTE (AISI)

AISI 4320
Properties of alloy steel
AISI 4820
Properties of alloy steel

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ABMA 7
Shaft and Housing Fits for Metric Radial Ball and Roller Bearings (Except Tapered Roller Bearings)

A14.3
Ladders – Fixed - Safety

A17.1
Safety Code For Elevators and Escalators

A17.2
Inspectors Manual for Elevators and Escalators

A64.1
Walking and Working Surfaces, Personal Protective Equipment (Fall Protection Systems)

B4.1
Preferred Limits and Fits for Cylindrical Parts

B17.1
Keys and Keyseats

B30.10
Hooks

S1.13
Measurement of Sound Pressure Levels in Air

Z535
Product Safety Signs and Labels

Z26.1
Safety Code for Safety Glazing Materials for Glazing Motor Vehicles Operating on Land Highways

AMERICAN PETROLEUM INSTITUTE (API)
5LX
Line Pipe 
AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)
ASCE 7-10
Minimum Design Loads for Buildings and Other Structures

Paper # 3269
Wind Forces on Structures 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)
B30.24
Container Cranes

HST-4 
Performance Standard for Overhead Electric Wire Rope Hoist
AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)
TC‑1A
How to Qualify and Certify NDT Personnel
ASTM INTERNATIONAL (ASTM)
A6/6M
General Requirements for Rolled Steel Plates, Shapes, Sheet Piling and Bars for Structural Use

A27
Mild to Medium Strength Carbon Steel Castings for General Application

A36
Structural Steel

A53
Welded and Seamless Steel Pipe

A106
Seamless Carbon Steel Pipe for High‑Temperature Service

A108
Cold‑Finished Carbon Steel Bars and Shafting

A148
High-Strength Steel Castings for Structural Purposes

A159
Automotive Gray Iron Castings

A242
High-Strength, Low-Alloy Structural Steel

A275
Magnetic Particle Exam of Steel Forgings

A325
High‑Strength Bolts for Structural Steel Joints, Including Suitable Nuts and Plain Hardened Washers

A370
Mechanical Testing of Steel Products, Methods and Definitions

A434
Quenched and Tempered Alloy Steel Bars, Hot‑Rolled or Cold‑Finished

A490
Quenched and Tempered Alloy Steel Bolts for Structural Steel Joints

A500
Cold-Formed Welded and Seamless Carbon Steel Structural Tubing

A501
Hot-Formed Welded and Seamless Carbon Steel Structural 
    Tubing

A504
Wrought Carbon Steel Wheels

A536
Ductile Iron Castings

A563
Carbon and Alloy Steel Nuts

A572
High-Strength Low-Alloy Columbium‑Vanadium Steels of 
    Structural Quality

A576
Special Quality Hot‑Rolled Carbon Steel Bars

A588
High‑Strength Low‑Alloy Structural Steel

A618
Hot-Formed Welded and Seamless High-Strength Low-Alloy 
    Structural Tubing

A666
Austenitic Stainless Steel, Sheet, Strip, Plate and Flat Bar for Structural Applications

A668
Alloy Steel Forgings for General Industrial Use

A673
Sampling Procedure for Impact Testing of Structural Steel

A709
Structural Steel for Bridges

A759
Carbon Steel Crane Rails

B6
Zinc (Slab Zinc)

B148
Aluminum Bronze Sand Castings

B271
Copper-Base Alloy Centrifugal Castings

B505
Copper-Base Alloy Continuous Castings

B584
Copper Alloy Sand Casings for General Applications

A1023/A
Standard Specification for Stranded Carbon Steel Wire Ropes for General Purposes

C1036
Flat Glass

D4020-96
Ultra-High-Molecular-Weight Polyethylene Molding and Extrusion Materials

F436
Hardened Steel Washers

E543
Standard Specification for agencies performing Nondestructive Testing

F593
Stainless Steel Bolts, Hex Cap Screws, and Studs

F594
Stainless Steel Nuts
AMERICAN WELDING SOCIETY (AWS)
A2.4
Welding Symbols

A5.1
Mild Steel Covered Arc-Welding Electrodes

A5.5
Low‑Alloy Steel Covered Arc‑Welding Electrodes

A5.20
Mild Steel Electrodes for Flux‑Cored Arc-Welding

D1.1
Structural Welding Code

D1.3 
Structural Welding Code-Sheet Steel

D14.1
Welding of Industrial and Mill Cranes and Other Material Handling Equipment

ASSOCIATION OF IRON AND STEEL ENGINEERS (AISE)
No. 11
Brake Standards for Mill Motors
CRANE MANUFACTURERS' ASSOCIATION OF AMERICA, INC. (CMAA)
No. 70
Specifications for Electric Overhead Traveling Cranes
DEFENSE FEDERAL ACQUISITION REGULATIONS (DFAR)

DFARS 252.211-7003 Item Identification and Valuation 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
C37.20.1
IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear

C62.11
IEEE Standard for Metal-Oxide Surge Arresters for Alternating Current Power Circuits
JOINT INDUSTRIAL COUNCIL (JIC)

H-1-1973
Hydraulic Systems

NATIONAL ELECTRICAL MANUFACTURERS' ASSOCIATION (NEMA)
ICS 1
Industrial Control and Systems

ICS 1.1
Application, Installation and Maintenance of Solid State Control 

ICS 2
Industrial Control Devices, Controllers and Assemblies

ICS 3
Industrial Systems

ICS 6
Enclosures For Industrial Control and Systems

ICS 9
Industrial Control and Systems Power Circuit Accessories

LI 1
Industrial Laminated Thermosetting Products

LS 1
Low Voltage Surge Protective Devices

MG1
Motors and Generators

250
Enclosures for Electrical Equipment (1000 Volts Maximum)
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA  70
National Electrical Code
NFPA 70E
Standard for Electrical Safety in the Workplace

NFPA 780 
Standard for the Installation of Lightning Protection Systems
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA)
Title 29 CFR, Part 1910
SOCIETY OF AUTOMOTIVE ENGINEERS, INC. (SAE)
J386
Operator Restraint System for Off-Road Work Machines

J429
Mechanical and Material Requirements for Externally Threaded Fasteners

J995
Steel Nuts

STEEL STRUCTURES PAINTING COUNCIL (SSPC)
PA-2
Measurement of Dry Paint Thickness with Magnetic Gages
UNDERWRITERS LABORATORIES (UL)
595
Marine-Type Electric Fixtures

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

Title 40 CFR, Part 89
Control of Emissions from New and In-Use Non-Road Compression-Ignition Engines at or Above 37 KW
1.1.1 International Codes
BRITISH STANDARDS (BS)

BS 7608
Code of practice for fatigue design and assessment of steel structures

CONFORMITE EUORPEENE (CE)

2006/42/EC
Machinery Directive

73/23/EC
Low Voltage Directive

89/336/EC
EMC Directive

DEUTSCHES INSTITUT fur NORMBURG (DIN)

DIN 15072
Crane, tread profile of crane rail wheels and table of rails for different wheel diameters

DIN 536
Crane Rails

DIN 16783
Ultra-high molecular weight polyethylene moulding materials

DIN 6914
High-strength hexagon head bolts with large widths across flats for structural steel bolting

DIN 17200
Carbon Steel Grades
DIN 18800
Structural Steelwork

DIN 15018
Crane, steel structures, verification and analysis

FEDERATION of EUROPEAN MATERIAL HANDLING (FEM)
FEM 1.001
Rules for the design of hoisting appliances

FEM 1.004
Recommendation for the calculation of wind loads on crane structures

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO 9001
Quality Systems-Model for Quality Assurance in Design, Development, Production, Installation, and Servicing
INTERNATIONAL SOCIETY of AUTOMATION (ISA)
ISA
Hydraulic Systems

SWEDISH STANDARDS (SIS)
SSPC SP 6-63
Commercial Blast Painting

SSPC PA
Shop, Field

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)
60204-32
Safety of Machinery – Electrical Equipment of Machines, Part 32
60034-14
Rotating Electrical Machines 
1.1.2 International Codes not Referenced

The crane Contractor may select other DIN, FEM, JIS, ISO or BSI codes as applicable as the basis of crane design in lieu of the referenced codes, provided the Contractor can show, by certification or industry publications, that these codes are equivalent to (meets or exceeds) the codes, with the exception of AISC, ASTM, AWS, NEMA, NFPA, and OSHA which shall govern in any case.  If the Contractor selects one of these codes for design of the cranes, the Contractor shall provide three current English language copies of the code, within 30 days after contract award.  Once a code is selected for design, it shall be used for all portions of the cranes.
1.2 System Description

The intent of this specification is to procure two rail-mounted Ship-to-Shore Container Cranes, built to the design drawings of United States registered professional engineers, to be located at Military Ocean Terminal, Concord (MOTCO), Concord, California.  
Crane capacity shall be 60 long tons below the spreader and the cranes shall be able to reach 13 containers across.  The cranes shall be equipped with a luffing boom and mechanized spreader capable of lifting both single and twin 20 foot (6.1 m) containers and 40 foot containers.  The cranes shall be designed, fabricated, assembled, facility tested, delivered, installed, inspected, field tested, and made ready for use in accordance with this specification.  
1.2.1 Design Requirements

The cranes shall, as a minimum, conform to the requirements of the Machinery Directive 2006/42/EC, the Low Voltage Directive 73/23/EC and the EMC Directive 89/336/EC.  The elevator, machinery house service crane and load beam shall bear the CE mark as part of the overall CE certification for each crane.
Basic crane design shall be a twin box girder with a rope towed trolley with catenaries. The hoist machinery shall be enclosed in a separate machinery house.  The machinery house shall include separate rooms for the hoist machinery and all electronic equipment.  The electronic control room shall be climate controlled.  Entrance and egress to the cranes shall be via both a stairway and elevator on the landside leg.
The cranes shall be equipped with a spreader capable of lifting a single 20 foot container, twin 20 foot containers and a single 40 foot container.  Crane shall have a means of stowing hatches on the landside of the crane within the back reach of the boom.  Provisions also shall be made to lift other cargo using temporary slings.
The crane shall be designed to operate in an outdoor, corrosive marine environment with an ambient temperature range of 20°F to 110°F.
Each crane shall have a crane number independent of the manufacturer’s serial number.  One crane shall be numbered 2011-001 and the other shall be numbered 2011-002.

The main characteristics of the cranes are as follows:

	Capacity
	134,400 lbs below the spreader

	Rail Gauge
	80 feet

	Minimum Outreach
	Ability to service container vessels with a maximum of 13 containers across

	Minimum Lift Height, Dock to Below Spreader
	100 feet

	Minimum Lift Below Wharf Level
	35 feet

	Gantry Width
	The cranes shall be sized for single bay separation.  See Appendix D for ships serviced.

	 Minimum Inside Clear Height


	60 feet

	Maximum Allowable Wheel Loads


Seaside Operating


Landside Operating


Seaside Non-Operating


Landside Non-Operating
	150,000 lbs per wheel

155,000 lbs per wheel

140,000 lbs per wheel

195,000 lbs per wheel

	Rail Elevation 
	Landside rail is 4 in higher than Waterside rail




1.2.2 Performance Requirements

Performance requirements for the cranes shall be as follows:

	Minimum Hoist High Speeds:

No Load


Rated Load
	490 feet / minute

250 feet / minute

	Hoist Acceleration/Deceleration

No Load


Rated Load
	4 sec

2 sec

	Minimum Trolley High Speed:

Rated Load
	600 feet / minute

	Trolley Acceleration/Deceleration

Rated Load
	5 sec

	Maximum Boom Hoisting Time
	5 minutes

	Minimum Gantry Travel High Speed
	150 feet / minute

	Minimum Gantry Acceleration
	6 sec


1.2.3 Unique Identifier Tags

The contractor shall assign unique identifiers to the container crane and the in house service cranes in accordance with DFARS 252.211-7003.  The Unique Identification Tags shall be attached to the outside of the main electrical disconnect panel of the respective crane.

1.2.4

1.3 Submittals

The Contractor shall submit to the Contracting Officer all items of technical documentation listed hereinafter.  The Contractor shall ensure that all submittals are entirely legible and suitable for reproduction.  The content, number of copies, time of submission, and distribution shall be in accordance with Exhibit A of this specification and as specified below.  Compliance with the requirements of this specification will be determined by a review of the design and construction submittals by the contracting officer and by field inspection and testing.
All crane documentation and submittals shall be in English.  Units shall be in U. S. Standard Units or SI Units .  

All applicable submittals shall also be provided for the machinery house service crane and any associated lifting gear.

The submittal transmission documents shall clearly identify CDRL Item Number, crane number and title as a minimum.

SD-01 Preconstruction Submittals

Prior to construction, the Contractor shall submit the following.

SD-01.S Schedule

The Contractor shall submit a schedule which identifies key milestone events in the design, fabrication, and installation of the crane acquisition.  At a minimum, the schedule shall include the following:

a. Post Award Conference

b. Initial General Arrangement and Design Submittals

c. Government Review of First Design

d. Second General Arrangement and Design Submittals

e. Government Review of Second Design

f. Third General Arrangement and Design Submittals

g. Government Review of Third Design

h. Fabrication Initiation

i. Fabrication Completion

j. On-Site Pre-Installation Conference

k. Government Witnessed Shop Test

l. Contractor Site Mobilization

m. New Crane Installation

n. Government Crane Inspection

o. Field Acceptance Test

p. Crane Acceptance

q. Contract Completion Date

r. Receipt of Final O&M Manuals

s. Completion of Warranty

SD-01.Q Quality System

The Contractor shall submit, prior to fabrication, the written quality control plan for review.  The plan shall be followed throughout the contract; any changes shall be submitted to the Contracting Officer.  As a minimum, the plan shall include the following:
a. Incoming materials, consumables and machinery

b. Traceability of material

c. Lofting, cutting, fit-up, welding, forming and dimensions of structural materials

d. Welding and inspection procedures

e. Welding and inspection personnel qualification and certification

f. Welding and inspection equipment maintenance and calibration

g. Heat treating, stress relieving and other special treatments

h. Machining, finish surfaces, painting and bolting

SD-01.I Inspection Specification

Prior to completing the design and before commencing fabrication of the cranes, the Contractor shall prepare, submit, and obtain the Contracting Officer's approval for inspection specifications.  The Contractor shall write inspection specifications for mechanical and electrical components and structural assemblies. During fabrication the approved inspection specifications shall be utilized by the Contractor’s QA personnel to document various measurements and inspections, the partially completed inspection specifications shall be submitted to the Contracting Officer on a monthly basis for review. Submit completed inspection specifications under EXHIBIT A, "Reports, Tests, and Inspections" upon completion of the contract.

SD-02 Drawings

The contractor shall submit for approval the drawings and catalog cuts listed below via an electronic submission.  Design drawings shall include a registered professional engineer’s original seal and dated signature.  As-built drawings shall bear a complete title block with a permanent drawing number, a registered professional engineer’s original seal and dated signature.  Drawings within each category (such as structural, mechanical, etc.) shall be numbered consecutively.  Each component shall be represented in assembly and subassembly drawings and shall include an integral Bill of Materials or shall be followed by a consecutively numbered drawing with the applicable Bill of Materials.  There shall be no proprietary notes on any drawing.  All drawings shall be created for viewing in AutoCAD 2010 with a drawing file format of .dwg or .dxf., and a separate copy viewable in Adobe Acrobat as a bookmarked portable document format (.pdf).. An index for all drawings provided shall be included.  

NOTE: Applicable drawings listed below shall also be included for the elevator system and machinery house service crane.

SD-02.G General Arrangement Drawings

The crane assembly and each major component shall be shown in plan, elevation, and end views.  All major features of the crane shall be shown including: clearances, dimensions, lifts, speeds, maximum wheel loads and power supply.  The machinery house general layout shall include general locations of major components such as: brakes, motors, speed reducers, gear boxes, walkways, and control panels (including size).  The type of structural bolted connection shall be specified on the drawing.  In addition, calculated weights shall be shown for the completely assembled crane and for each major component.  

SD-02.S Structural Drawings

The structural design drawings shall show the fabrication details, weldments, fastener joint details, Bill of Materials and location and size of all structural members. The fabrication details shall clearly show the size, section, material grade and location (dimensions) of all members; all geometry necessary for layout; elevations; centers and offsets; camber requirements; and joining requirements between elements of built-up elements. Other critical information that shall be provided on the structural design drawings includes the welded-joint configuration. Fastener Joints - Structural joints designed as slip critical shall be labeled as slip critical on drawings.  All other structural joints shall be labeled and the required  tensioning methods provided. All members required for fabrication shall be shown on drawings and shall be labeled tocorrespond with the Bill of Materials.

Structural drawings shall be provided for the following as a minimum:

a. Trolley Frame

b. Machinery house layout, foundation and support for all components

c. Counterweight

d. A-Frame

e. Gantry

f. Boom

g. Storm tie-downs

h. Operator’s Cab
i. Quay layout
j. Operator vision drawing

k. End Stops 

l. Walkway and Ladder Fabrication

m. Crane transport and offload, including bracing

SD-02.E Electrical Drawings

The drawings shall at a minimum include:

a.
Complete schematic diagram with narrative of any special description of operation. All components shown on schematics shall have labels that correspond to the nameplates that will be on the cranes. Wiring type, size, and temperature ratings shall be included on schematic diagrams.  All optional equipment not installed on the crane shall be removed from the schematic diagrams. Locations of contacts and coils shall be cross-referenced to each other within the schematic diagrams. For components with adjustable settings, final settings shall be shown on the schematics.
b.
Motor nameplate data (including all information called for in NFPA 70, Section 430.7(A) items 1 through 7)

c.
Rating and types of over-current protective devices 

d.
Complete assembly (wiring) diagrams including a component material list showing all electrical components used on the crane.  These drawings shall show the layout of electrical equipment on the crane, including control panel enclosures, motors, brakes, limit switches, conduits, and conductor systems.

e.
Layout diagrams for all operator’s stations and cabs showing component placement.
f.
Power demand, power factor and harmonics data

g.
List of used symbols and designations

h.
Grounding system, earthing system and lightning protection

i.
Communication drawing of the Programmable Logic Control (PLC) system and the Crane Management System (CMS)
j.
Electrical/PLC room layout diagrams.
k.
Panel layout diagrams.
SD-02.M Mechanical Drawings

a. Drive arrangements (including assembled components)

b. Reeving diagram for hoists and trolley, including catenaries

c. Travel trucks

d. Travel wheels

e. Hydraulic systems diagram and schematic
f. Pneumatic system

g. Lubrication drawing showing lubrication points

h. Jacking arrangement

i. Gear documentation
j. All drums

k. Sheaves

l. Trolley assembly

m. Wheel axles 

n. Custom shafts and pins
o. Base mounted component and coupling bolt torque values.  Torque tables shall be its own drawing page and values shall consider any lubrication and/or washer types used.  This drawing page shall include the mechanical arrangement and location of each bolt listed.

SD-02.D
Detail Shop Drawings

Drawings showing all the information necessary for the fabrication of all parts of the cranes (except the air compressor, electrical components, and standard commercial purchased assemblies).  The drawings shall specify member sizes, dimensions with tolerances, surface finishes (roughness symbols), complete material designations, heat treatments, material hardnesses, ultimate tensile strengths, welding symbols, complete gear data, etc., as applicable.  The drawings shall specify complete information as to the location, type, and extent of all welds.  In welded joints where it is important to control shrinkage stresses and distortion, the sequence and technique of the welding process shall be shown.  Postweld heat treatment (such as stress relieving) of high strength steel parts, if employed, shall be recorded on the drawings.  Provide ASTM or AISI equivalent designations for non-USA products along with hardening, annealing, or quenching requirements.
SD-02.F
Field Notification of Revision (FNR)

During fabrication, erection and testing, the contractor shall maintain two sets of prints which will be marked to show modifications required on the drawings so that they accurately reflect the actual condition of the crane at the time the crane is offered for acceptance.  Each modification shall be documented in a FNR report.  The FNR shall list the drawing number, the department issuing the FNR, name and signature of the contractor representative authorizing the FNR, date, crane number, a sequential FNR number, reason for the FNR, and a description of the change.  Attached to the FNR shall be the marked up drawing or a copy of the affected area of the drawing with the changes noted.  All FNR’s must be submitted to the Government.

SD-03 Product Data

Manufacturer’s catalog data shall be provided for all major components of the container cranes and the machinery house cranes.  The catalog cuts shall be marked-up or supplemented with additional sheets to clearly identify the model or size, selected options, features, and/or modifications to demonstrate compliance with specification requirements.  Catalog cuts which show modifications beyond the standard options and all supplemental pages shall bear original signatures and dates of the equipment manufacturer’s authorized representative.  Each catalog cut and each supplemental sheet shall clearly identify the item to which it applies.  All catalog cuts shall be submitted in one file viewable in Adobe Acrobat and bookmarked as to the location of each catalog cut. In accordance with Exhibit A, the Contractor shall submit for approval the catalog cuts listed below:
NOTE: Applicable catalog cuts listed below shall also be included for the elevator system and machinery house service crane.

SD-03.M Mechanical Product Data

SD-03.M1
Speed Reducers

SD-03.M2
Brakes

SD-03.M3
Packaged Hoist (machinery house service crane)
SD-03.M4 
Bearings

SD-03.M5
Couplings

SD-03.M6
Load Blocks

SD-03.M7
Spreader

SD-03.E Electrical Product Data

SD-03.E1 
Variable Frequency Drives and Data Recorders (including Dynamic Braking Resistor and Reactor selection)
SD-03.E2  
Motors

SD-03.E3
Electrical Enclosures

SD-03.E4
Runway Electrification and Collectors

SD-03.E5
Limit Switches

SD-03.E6
Trolley Electrification

SD-03.E7
Warning and Pilot Devices

SD-03.E8
Encoders

SD-03.E9
Disconnect Switches

SD-03.E10 
Fuses and Circuit breakers

SD-03.E11
PLCs

SD-03.E12
Lighting

SD-03.S Structural Product Data

SD-03.S1
Bumpers and End Stops 

SD-03.S2
Travel Trucks (including Drive Units)

SD-03.S3
Rails
SD-03.S4
Painting system

SD-03.S5
Lift Points

SD-04
 Design Data


These calculations shall demonstrate compliance with all design requirements of this specification.  Calculations will not be approved if their evaluation/review is dependent on data or information not previously approved. All variables shall be listed and defined at the beginning of each calculation section and variables shall be in accordance with required references. Drawings shall include complete information so that they may be approved without reference to detail (shop) drawings.
SD-04.S Structural Calculations

SD-04.S1
Stability calculations 
SD-04.S2
Wind load calculations
SD-04.S3
General load cases stress and buckling calculations for main structural members
SD-04.S4
Fatigue calculation

SD-04.S5
Tie down forces

SD-04.S6
Structural response of cranes during shipping

SD-04.S7
Stresses in cranes and quay due to loading and unloading of the cranes
SD-04.S8
Sea fastening calculations

SD-04.S9
First 2 natural modes of vibration, proving no danger of resonance in the trolley girder direction

SD-04.M Mechanical Calculations 

SD-04.M1 
Fatigue strength of reducer shafts and bearing life
SD-04.M2 
Mechanical drive calculations including motor sizing, rope calculations and sheave bearings
SD-04.M3
Gearbox calculations including classification, gear strength and durability, shaft size and fatigue and bearing life
SD-04.M4
Trim, List, Skew calculations

SD-04.M5
Snag-Load calculation

SD-04.M6
Custom shaft calculations including fatigue and bearing life

SD-04.M7
Dynamic Capacity Verification (if required)

SD-04.M8 
Brake selections calculation, including all scenarios presented in paragraph 2.3.29
SD-04.M9 
Coupling selections calculations

SD-04.M10 
Wheel load calculations, including bearing life

SD-04.E Electrical Calculations

SD-04.E1
Motor sizing (Minimum required horsepower for each drive motor)
SD-04.E2
Overcurrent protection

SD-04.E3
Conduit fill calculations (using tables from NFPA 70, Chapter 9 or manufacturer’s data sheets).   Grounding conductors shall be included in the calculations.
SD-04.E4
Protective device coordination study showing proper coordination for any overcurrent devices that have the same rating as another overcurrent device upstream.
SD-04.E5
Lighting calculations demonstrating specified illumination level (if applicable)
SD-04.E6
Shore power

SD-05
 Test Reports

The following reports, outlines, and plans shall be submitted in accordance with Exhibit A.

SD-05.1 Status

The Contractor shall submit monthly status reports and updated project schedules. The monthly status reports shall discuss long lead time material issues, fabrication progress, open issues awaiting Government responses, plans to minimize any identified delays, and a forecast of key event completion with information supporting delay of incomplete key events. 
SD-05.2 Hook and Nut Non-Destructive Test (NDT) Report

SD-05.2.1
The Contractor shall provide a certification that the NDT vendor meets the requirements of ASTM E543.  The certification shall be current, within one year of 
the date the NDT was performed.  
SD-05.2.2
The Contractor shall submit for review the NDT vendor’s procedures, including technique sheets specific to the types, shapes, and size of the parts being examined (e.g., shank hook, eye hook, duplex hook, eye bar, nut).  For the magnetic particle method, the procedures shall adequately describe the orientation of the hooks, nuts, or pins with the magnetizing equipment.  Procedures must bear the approval of an independent SNT-TC-1A qualified Level III examiner.

SD-05.2.3
Prior to performing any operational testing of the cranes, the hook and hook nut shall be inspected by the magnetic particle method over their entire surface area in accordance with ASTM A 275 with the following restrictions: DC yokes (including switchable AC/DC yokes used in the DC mode) and permanent magnet yokes shall not be used; automatic powder blowers or any other form of forced air other than from a handheld bulb shall not be used for the application or removal of dry magnetic particles; arc strikes shall be removed; and equipment ammeters shall have an accuracy of 
[image: image2.wmf]±

5 percent of full scale (equipment ammeter accuracy other than that stated is acceptable provided the magnetic particle method procedure states that a magnetic field indicator is used to establish and verify adequate field strength for all aspects of the inspection).  If NDT cannot be performed on surfaces inside holes, those surfaces shall be visually inspected to the maximum extent practical.  Acceptance criterion shall be no linear indications greater than 1/16 inch.  The NDT report shall be provided to the Government and shall be traceable to the unique ID number of the hook and nut.

SD-05.3 Charpy V-Notch Testing 

The contractor shall submit test reports showing that required material meets Charpy V-Notch requirements.

SD-06 Certificates

All certifications shall be dated and shall bear the original signature (above the printed name) of the authorized representative of the Contractor or the manufacturer of the items or equipment being certified.  Each certification shall clearly identify the crane, the drives, components, and location (as applicable) to which it applies:

SD-06.1 Wire Rope

The Contractor shall provide the wire rope manufacturer’s certification that the rope meets the published breaking strength of samples taken from reels and tested.  The certification shall show the published breaking strength, the actual breaking strength of the sample taken and be traceable to the hoist, crane and  reel.

SD-06.2 Periodic Overload Testing

The Contractor shall certify the cranes are capable of being load tested semi-annually up to 131.25% of the rated capacity without any detrimental effects.

SD-06.3 Rail Alignment
Measurement reports of trolley rail alignment and machinery house rail alignment.

SD-06.4 Hazardous Material

The Contractor shall certify that the cranes contain no asbestos, lead paint, Polychlorinated Biphenyl’s (PCB’s), or elemental mercury.  

SD-06.5 Loss of Power Test

The Contractor shall certify that the hoist loss of power test as identified in Appendix C can be performed without any detrimental effects to the crane.  

SD-06.6 Coupling Alignments

Contractor shall submit coupling alignment data records with certification that the alignment of all shafting connected by means of flexible couplings are within manufacturer’s installation tolerances.  Coupling alignment acceptance criteria shall be included with the measured data.
SD-06.7 Hook and Hook Nut Proof Test

Contractor shall submit certification that hooks and hook nuts have been proof tested and satisfies the acceptance criteria of ANSI B30.10.

SD-06.8 Welding Certifications   

The Contractor shall provide a certificate stating that all welders, welding operators, weld inspector(s) and welding procedure (qualification) meet the requirements of AWS D1.1 and D14.1, where referenced, for all work performed in manufacturing these cranes.  

SD-06.9 Design Review by Professional Engineer

The Contractor shall provide a certificate signed by the professional engineer stating that they have completed a review of the initial crane design.  The certificate shall indicate the name, state of licensure and license number of the professional engineer.

SD-06.10 Quality Control Test Results

SD-06.10Q1
Weld inspection reports and weld traceability reports for main structural welds and welds on fracture critical members

SD-06.10Q2
Measurement reports showing the straightness of main structural members before erection

SD-06.10Q3
Dimension test report for all main structural members

SD-06.10Q4
Material certificates

SD-06.10Q5
Paint thickness report
SD-06.10Q6
Contractor random sample testing

SD-06.10Q7
Hoist drum shell thickness report

SD-06.10Q8
Alignment of the assembled and mounted drum

SD-06.10Q9
Alignment of gantry and trolley wheels

SD-06.11 Unfired Vessel Certification for Boilers and Air Tanks

Pressurized vessels shall be tested and certified in accordance with 29 CFR 1910.6 (g). Certificate of Compliance for each item shall be submitted.
SD-07 Manufacturer’s Instructions

SD-07.1 Pre-Shipment Test Procedure

The Contractor shall develop and submit a pre-shipment test procedure that will demonstrate operation, performance, and safety of the cranes.  The test procedure shall be submitted and approved prior to conducting the pre-shipment test.  As a minimum, the test procedure shall conform to those requirements specified in Appendix B of this specification.  

SD-07.2 Crane Installation Plan

The Contractor shall prepare detailed plans for crane partial disassembly, on-loading onto the transportation, restraining the cranes and crane components, protecting the cranes and crane components, off-loading the cranes on to the wharf and any required reassembly. 

The installation plan at the facility shall include the cranes and equipment used for the installation and erection, required berthing and laydown areas, allowable ground loading for the wharf where cranes will be used and laydown areas.  The lifting plan shall also include a general lifting and rigging plan.  The center of gravity for lifted components shall be identified on the plan.  Synthetic slings are not allowed for choking or sweeping.  
NOTE: On site changes of the plan are not allowed without review by the Contracting Officer. 

SD-07.3 Accident Prevention Plan (APP)

The APP shall be prepared in accordance with Appendix E (Safety), and Exhibit A and B and shall be submitted for review and comment by the Contracting Officer. 

SD-07.4 Training Course Outline

The Contractor shall prepare and submit to the Contracting Officer for approval, a training course outline. The outline shall contain enough detail for the Government to determine that all topics are adequately covered as prescribed in section 3.7 of this specification. 

SD-07.5 Transport Manual

The contractor shall submit a transport manual detailing the work involved in the transport and delivery of the crane.  The plan must be submitted prior to the pre-delivery meeting, and shall contain the following:

a.
Final stowage plan

b.
Final dunnage plan showing proposed blocking and sea-fastenings

c.
Final loading/unloading sequence and schedule

d.
Loading and unloading locations and support arrangements

e.
Final stability calculations for intact stability during voyage under conditions of a “beam wind” as defined below.

f. 
Computer sea-keeping analysis to predict motion responses for the intended route and time of year.  Analysis should include the inertial and gravity forces acting on the cargo center of gravity for the six degrees of freedom (i.e. roll, pitch, yaw, heave, surge, and sway). 

g. 
Design forces on sea-fastenings and crane structure (derived from the sea-keeping analysis plus an assumed “beam wind” as defined below.

h.
Cribbing/blocking pressures (based on sea-keeping analysis)

i.
Shipment of cranes via a barge is prohibited.

i.
Analysis showing maximum sustained sea state which the loaded vessel and cargo can withstand.

j.
A description of the method used to perform a check of the sea-fastenings at least once each day (24 hour period) while in transit. 

*beam wind = the greater of the maximum wind by weather routing multiplied by a 1.21 wind gust factor, or, if no weather routing is specified, assuming a standard 86.8 knot wind.

SD-08 Manufacturer’s Field Reports

SD-08.1 Brake Adjustment Records

The Contractor shall provide a brake adjustment record for each brake. The record shall include the location of the brake, the brake manufacturer, model number, serial number, the manufacturer’s required settings and dimensions with tolerances, the actual setting and dimensions, and inspector’s initials. The record for each brake shall include the minimum allowed brake lining thickness. The record for each shoe brake shall include the brake manufacturer’s contact criteria and that it has been satisfactorily met.  

SD-08.2 Pre-Shipment Test Deficient Items List

Upon completion of the government witnessed pre-shipment test and inspection of the cranes, a list of deficient items will be compiled and attached to NCC Form 08-002 and signed by the Contractor, Contracting Officer’s Representative, and activity representative (if applicable) and forwarded to the Contracting Officer.

SD-08.3 Pre-Shipment Test Record

Upon successful completion of the pre-shipment test for the cranes, the Contractor shall submit records of all test data.

SD-08.4 Field Test Procedure
The Contractor shall develop and submit a Field Test procedure that will demonstrate operation, performance, and safety of the cranes.  The test procedure shall be submitted and approved prior to conducting the pre-shipment test.  As a minimum, the test procedure shall conform to those requirements specified in Appendix C of this specification.  

Each test in the procedure shall clearly states testing steps and expected satisfactory result.

SD-08.5 Boom Alignment Recording Method

The detailed procedure for measuring boom alignment and reporting the results shall be submitted 30 days prior to the making the measurement.
SD-09 Operation and Maintenance Data

The Contractor shall submit the operation and maintenance manual to the Contracting Officer for review.  The operation and maintenance manuals shall include a table of contents for operation instruction, preventive maintenance, parts information, drawing list, supply list, catalog cuts, photographs, and calculations.  The body of the technical manuals shall include the following: Contractor’s detailed written procedures, operation instructions, preventive maintenance information, drawings, parts information, supplies needed, catalog cuts, photographs, and calculations.  Maintenance information shall include recommended maintenance procedures and manufacturer’s installation and maintenance manuals (for purchased components) and lubrication instructions.  Operation information shall include detailed crane operating and safety instructions.  Parts information shall include all information on all Contractor-designed parts, all purchased sub-assemblies and components including the manufacturer’s part number.  The information shall be broken-out to the smallest replacement part.  Within these sections the following information shall also be included: 

a.
Maintenance and programming instructions for the drives.

b.
Maintenance instructions including maintenance, alignment, adjustment, and calibration instructions for commercial components and parts lists.

c.
Operating instructions and special precautions for starting/stopping, operation, and safety.

d.
Preventive maintenance instructions including location of lubrication points, type of lubricant to be used, and the frequency of lubrication, which shall agree with the lubrication drawing provided.

e.
Recommended spare parts list.

f.
A complete listing of all control system parameters with an explanation of their functions.  

g.
Procedure for change out of spreader and lifting attachments

SD-10 Closeout Submittals

SD-10.1 Drawings on CD-ROM

The Contractor shall provide the cranes’ as-built drawings on CDs viewable in AutoCAD 2010.  The file shall be in .dwg or .dxf format and a separate copy in Portable Document Format (.pdf).  The as-built drawings shall be submitted to the Government following final Government acceptance of the cranes.  The CDs shall include an index of the drawings.

SD-10.2 Operation and Maintenance Manuals

The Contractor shall provide the operation and maintenance manuals on CDs and hard copies following final Government acceptance of the manuals for the cranes.  The manuals shall be in Portable Document Format (.pdf).  The manuals shall be indexed using bookmarks in Adobe Acrobat.

SD-10.3 Control System Parameter Record

After the cranes have passed the final field test, the Contractor shall complete a control system parameter record for the cranes.  The record shall include the contract number, Contractor’s name and address, date; all control system parameters and their final settings.  Each control system parameter shall be designated as either used or unused.  

SD-10.4 Product Data
Electronic submission of catalog cuts shall be submitted as one unit with a cover sheet containing a title block and index sheet identifying individual catalog cuts.  Ensure each page is numbered and identified to allow proper filing if separated or if provided in .PDF format linked book marking is acceptable vice page numbering.  The minimum sections for indexing shall be the sections required by this specification.

1.4 
Quality Assurance
Quality Control (QC)xe “Quality Control”

xe “Controls” shall be the responsibility of the Contractor.  Any inspectionxe “Inspection” performed by the Government shall be only as verification of the Contractor’s own program and is not to replace any portion of the Contractor’s program.  Inspectionxe “Inspection” and acceptance by the Government’s representative of any component of the cranes shall in no way relieve the Contractor of his responsibility for complete compliance with these specifications.  Inspectionxe “Inspection” by the Government’s representative will be performed in such a manner as to not unnecessarily delay the work.  The Government shall not be restricted from photographing or video filming work in progress.
1.4.1 
Government Inspections
The xe “Inspection”Government will audit the Contractor’s QC and perform inspections of the cranes during fabricationxe “Fabrication” and erectionxe “Erection”.  These inspectors shall have free access to the mills or shops of the Contractor and his subcontractors or vendors and their drawingsxe “Drawings (See also Shop Drawings)” and specifications.  Workmanship xe “Joints”may be inspected by the Government’s representative using procedures deemed appropriate.
The Contractor shall notify the Government when any component or sub-assemblyxe “Assembly” is ready for inspectionxe “Inspection”.  If any sub-assembly of the cranes should be assembled by the Contractor without such notification or without affording the Government reasonable opportunity to inspect all of its components, the Government shall have the right to require the Contractor to remove or disassemble, in whole or in part, that assembly so proper inspection of its components can be made.  The Contractor shall bear the cost of such removal, disassembly and reassembly, and no extension of time shall be granted because of the increased work required.

Any work, materialxe “Material” or equipmentxe “Equipment”, whether or not in place, not conforming to these specifications will be considered defective and will be rejected by the Government’s repre​sentative.  Work performed from drawingsxe “Drawings (See also Shop Drawings)” or revisions which have not been signed or initialed by the Contractor’s responsible engineer will not be inspected and will be considered rejected.  However, the Government has no obligation to exercise such authority, and the Contractor shall remain fully responsible for the completion of his work as specified.  In the event that retest and re-inspection are required due to defective work, the cost of the retest and re-inspection will be at the Contractor’s expense.  Inspectionxe “Inspection” and acceptance by the Government’s representative of any component of the cranes shall in no way relieve the Contractor of his responsibility for complete compliance with these specifications.  
Included in the contract, the Contractor shall furnish to the Government representative while on-site at each fabricationxe “Fabrication” site, a private, heated and air conditionxe “Air Conditioning”ed office (14 sq. metersxe “Meter” min.) equipped with a lockable desk, chair, table for drawing layout (1200 x 2400 mm  min.), lockable file cabinet, hanging plan holder, telephone, electrical powerxe “Power”, and complete set of drawingsxe “Drawings (See also Shop Drawings)” including shopxe “Shop” clarifications.

At the Contractor’s facility, telephone, fax, and reproduction services shall be made available for the use of the Government’s representative.

1.4.2 
Contractor Quality Control

The Contractor and all major subcontractors shall have a quality system that shall be certified by an ISO accredited third party registrar to meet the requirements of ISO 9001, or the Contractor’s quality system shall address each of the elements of ISO 9001.

1.4.3 
Process Control Audit
The Contractor shall conduct periodic unscheduled monitoring to assure that performances of the following operations are in accordance with the appropriate documents, procedures, specifications, and/or standards:

a.
Welding

b.
Assembling with high strength bolts

c.
Painting

d.
Installation and connection of electrical wiring/hydraulic piping and hoses

Maintain records by showing date, process observed, any discrepancies noted, and, if required, corrective action taken

1.5 
Regulatory Requirements (FAA, OSHA)
All personnel areas, ladders, walkways, etc. shall meet applicable OSHA standards.  Approvals and crane markings and lighting on the top A-frame and boom tip shall meet Federal Aviation Administration (FAA) requirements.
1.6 
Meetings

1.6.1 
Post-Award Meeting

The Contractor shall attend a post-award conference that may be held at the fabrication site, Military Ocean Terminal Concord or via teleconference. This conference will cover design submissions, pre-shipment testing, shipping, site mobilization, erection dates, Exhibit A submissions, Accident Prevention Plan, crane installation plan, roles and responsibilities of the entities involved and the schedule.  Meeting minutes shall be prepared by the Contractor and reviewed by the Contracting Officer.

1.6.2 
Design Review Conference

The Contractor shall attend a Contracting Officer conducted design review conference that will be typically held at the installation site.  The contractor shall be prepared to present a discussion of, among other items, the general arrangement, preliminary crane stability and maximum wheel loads, selection of components for commonality, failsafe devices and features, ease of maintenance, and design factors utilized.  The purpose of this presentation is to identify and resolve problems early in the design phase.
1.6.3 
Pre-Installation Conference

The Contractor shall attend a Contracting Officer conducted pre-installation conference that will be typically held at the installation site.  This conference will allow the crane Contractor and any sub-Contractors, the Contracting Officer, and MOTCO, Concord, California the ability to review any necessary precautions to insure a safe and accurate installation. Meeting minutes will be prepared by the Contractor and submitted for review and approval by Contracting Officer in accordance with Exhibit A.
1.7 
Delivery, Storage and Handling

The cranes are to be fully erected in the Contractor’s facility and tested prior to shipment.  The cranes may be partially disassembled to achieve transportation height.  Partial disassembly shall minimize impactxe “Impact” of the tested status of the cranes.

The Contractor shall suitably restrain the cranes and crane components during shipment so as to avoid damage to the cranes and crane components.  The Contractor shall protect components to minimize damage and corrosionxe “Corrosion” during loading, shipping and unloading operations.

The Contractor shall prepare calculations and detailed plans for crane partial disassembly, on-loading onto the transportation, restraining the cranes and crane components, protecting the cranes and crane components, off-loading the cranes on to the wharf.  These procedures shall be submitted to the Contracting Officer.
1.8 
Existing Conditions

Prior to installation, the installation site shall be inspected by the Contractor and a representative appointed by the Contracting Officer to document the condition of all existing construction and record any existing damage.  Upon completion of the work, the Contractor and the appointed representative shall again inspect the installation site to determine the extent of any damage that may have occurred as a result of work performed under this contract.  Any damage to the installation site as a result of either crane installation and/or testing shall be the responsibility of the crane Contractor under this contract.
1.9 
Contractor Requested Engineering Changes
All Contractor requested engineering changes must be submitted to the Contracting Officer on the “Contractor Change Request Form” (NCC Form 07-001). The “Cost Worksheet” (NCC Form 07-001A) needs to be attached to any engineering changes.  The forms are available at http://navfac.navy.mil/navfac_worldwide/specialty_centers/ncc.html  under the “downloads” page.

1.10 
Warranty

See section I of the contract for warranty information.

1.11 
Spare Parts

The contractor shall provide a list of recommended spare parts with current pricing for estimated three years of operation.
1.12 
Special Features
Listed below are features required by this specification that are considered to be beyond a basic crane.  This list is only intended to highlight certain features, it is for reference only and is not all inclusive of the requirements of the specification.
	Spec Paragraph
	Feature

	SD-01.Q
	Quality system

	SD-02
	Elevator drawings and product submittal

	SD-02
	Machinery house service crane drawings and product submittal

	SD-02.S
	Structural drawings

	SD-02 S a.
	Drawing showing color scheme and markings

	SD-02.E
	Electrical drawings

	SD-02.M
	Mechanical drawings

	SD-02.D
	Shop drawings

	SD-04.S
	Structural calculations

	SD-04.M
	Mechanical calculations

	SD-04.E
	Electrical calculations

	SD-05.2
	Hook NDT

	SD-05.3
	Charpy V-Notch test report

	SD-06
	Certifications

	SD-07.1
	Facility test procedure

	SD-07.2
	Crane Installation Plan

	SD-08.4
	Field test procedure

	SD-10.3
	Control parameter record

	1.2.1
	Rail elevation difference

	1.2.1
	80 foot rail gauge

	1.5
	FAA markings

	2.2.16.2
	Waterside of waterside travel truck dimensions

	2.3.12
	Trolley with catenaries

	2.5.4
	Machinery house with separate compartments

	2.5.3
	Personnel elevator with certification from North Carolina

	2.5.7.2
	Insulated link on load beam hook

	2.5.17
	Test weights

	2.5.16
	Scale Models


PART 2.0 PRODUCTS

2.1 
Materials

Materials shall be as specified herein.  Materials not specified shall be suitable for the service intended only after review and approval by the Engineer of Record (EOR).  Use of international equivalent to the specified materials shall require approval from the Contracting Officer.  All materials shall be new and unused and shall be suitable for exposure to the marine environment and the temperatures defined in this specification.  Materials shall be free from all defects and imperfections which might affect the serviceability or appearance of the finished product.  Finished materials shall, at all times, be kept clean, protected from damage, and free from scale, rust, and contamination.  Cast or wrought aluminum will not be permitted for structural or machinery applications.  Structural steel members required by calculations to have theoretical web, flange, or leg thicknesses less than 0.3125 inch shall have an actual design thickness equal to the theoretical thickness plus 0.062 inch and shall not be less than 0.125 inch thick.

2.1.1 
Ductile Materials

Unless where specifically required, all non‑redundant components directly supporting the load shall be of ductile materials.  These components include, but are not limited to all hoist drive gear reducer housings, motor frames and end bells, flanged adapters, and brake wheels and discs.  For the purposes of this specification ductile is defined as having a minimum elongation of 5% in 2 inches.  Furthermore, all shafts, keys, gears, torque carrying coupling components, and wire rope drum shall be steel.

2.1.2 
Structural Steel

Structural steel shall conform to material requirements section of the AISC Specification, except as modified in this section.

  (a)
Structural steel subjected to a calculated tensile stress, except stairs, ladders, platforms and walkways shall conform to ASTM A709/A709M, including supplementary requirements:

- S2, Frequency of Tension Tests

- S83, Non-Fracture-Critical, T, Material; Toughness Tests and Marking

- S84, Fracture-Critical, F, Material; Toughness Tests and Marking

- S93, Limitation on Weld Repair

- S14, Bend Test

and to ASTM A6/6M, including supplementary requirements:

- S18, Maximum Tensile Strength (Grades 50 and 50W).

(b)
Rolled shapes, plates, and bars shall be tested in accordance with ASTM A673.

(c)
Structural steel conforming to ASTM A36, A242, A572 (Grades 42, 50, and 60), and A588 is acceptable for non-fracture critical members if it meets the requirements of item (e).

(d)
Spreaders shall be manufactured of ASTM A709 or T-1 steel.  T-1 steel and high strength quenched and tempered alloy steels are not acceptable for any other structural members.

(e)
Structural steels shall be selected, to the greatest extent possible, which can be welded using E70XX electrodes and the shielded metal-arc process.  Drawings shall clearly identify all welds.

Structural steel made to another specification may be substituted for ASTM A709 providing it conforms to the specified requirements of ASTM A 709 and the other requirements of these specifications.
2.1.3 
Structural Pipe

Structural pipe shall conform to ASTM A53, types "E" or "S", Grade B; ASTM A106, Grade B; or API 5LX Grade 42 or Grade 52.  Minimum pipe wall thickness, after accounting for the effects of fabrication tolerances, shall be used in all calculations.

2.1.4 
Structural Tubing

Structural tubing shall conform to ASTM A500, A501, or A618.  Plates, rolled sections and tubes shall have a minimum thickness of 8 mm unless otherwise noted.

2.1.5 
High Strength Bolts, Nuts and Washers

2.1.5.1
Structural Bolted Connections

Major structural bolted connections shall be designed and installed in accordance with AISC Specification for structural joints using ASTM A325 or A490 high strength bolts. All structural bolted connections shall be pretensioned.

2.1.5.2
Mechanical Bolted Fasteners

All high strength bolts, nuts, and washers shall be of U. S. manufacture, shall be plain (non-coated), and shall be permanently marked (by embossing or indentation) with the ASTM or SAE designation, grade, and manufacturer's identification.    Bolt and nut threads shall be matched (oversize tapping shall not be permitted).  Hardened washers shall be used under the element being turned.  All mechanical connections shall conform to the requirements described above with the exception that SAE J429 (Grade 5) bolts and SAE J995 (Grade 5) nuts shall be used in lieu of ASTM A325 bolts and ASTM A563 nuts.  Barrel couplings (if provided) shall be attached to the drum using SAE J429 (Grade 8) bolts.  All SAE Grade 5 nuts shall be provided with nylock inserts or elastic type stops.  A table shall be provided, for mechanical connections, specifying bolt installation torque for all sizes of fasteners and their respective preassembly condition (i.e. as received, lubricated with specified lubricant).  All bolts in mechanical connections shall have adequate thread lengths so that a minimum of two threads are showing, from the outside face of the nut, after torquing.

2.1.6 
Aluminum Castings

Aluminum castings shall not be used.

2.1.7 
Iron Castings

Iron castings shall not be used, except as specified otherwise.  Brake wheels shall be of ductile cast iron conforming to ASTM A536.  Electro-mechanical brake components and trolley and gantry travel drive gear reducer housings may be ductile cast iron.  Ductile cast iron, where permitted, shall conform to ASTM A536, Grade 60-40-18, 65-45-12, or 80-55-06.  Test coupons shall be cast in accordance with ASTM A536 and tested to verify that tensile, yield, and percent elongation meet the requirements for the grade of iron used.  Hydraulic brake components, except brake wheels, may be of gray cast iron conforming to ASTM A159, any grade.

2.1.8 
Steel Castings

Mild to medium strength carbon steel castings shall conform to ASTM A27.  High strength steel castings shall conform to ASTM A148, Grade 80-40, 80-50, or 90-60.  Steel castings shall not be used in any structural or structural-mechanical applications.  The maximum size of steel castings shall be limited to 1,000 pounds.

2.1.9 
Steel Forgings

Steel forgings shall conform to ASTM A668, Classes A through F for medium carbon steel or, Classes G through N for alloy steel.

2.1.10 
Bronze Bushings and Thrust Washers

Bronze bushings and thrust washers shall be of high-leaded tin bronze Copper Alloy UNS Number C93200, C93700, or C93800; or aluminum-bronze Copper Alloy UNS Number C95200, C95300, or C95400.  The castings shall be made in accordance with ASTM B148, B271, B505, or B584.

2.1.11 
Steel Bars of Special Quality

Hot rolled steel bars, up to and including 5 inch diameter stock, shall conform to ASTM A576, grade designation as applicable, or to ASTM A434, class as applicable.

2.1.12 
Steel Bars of Standard Quality

Cold finished carbon steel bars shall conform to ASTM A108, grade designation as applicable, or to ASTM A434, class as applicable.

2.1.13 
Alloy Steel Bars

Hot rolled or cold finished, quenched and tempered alloy steel bars shall conform to ASTM A434, class as applicable.

2.1.14 
Welding Materials

All welding electrodes shall comply with AWS D1.1, except as follows:

(a)
For the shielded metal-arc process, only low hydrogen type covered electrodes shall be employed.  Type E70XX electrodes shall conform to AWS A5.1. Type E80XX, E90XX, E100XX, E110XX, and E120XX electrodes shall conform to AWS A5.5.

(b)
Low hydrogen type covered electrodes shall be purchased in hermetically sealed unit containers.

(c)
For the flux-cored welding process, electrode type shall be E70T-1 or E70T-5 conforming to AWS A5.20.

2.1.15 
Charpy V-Notch Impact Requirements
Test bars orientation shall be transverse to the direction of final rolling unless longitudinal orientation is approved by the EOR.

Fracture critical members shall have a Charpy test performed for each heat.  Samples for non-fracture critical components shall be selected and tested at random.

Steel bars, pipes, tubing and alloy steel bars used for structural applications shall have their fracture toughness tested in accordance with ASTM A673. 

Structural steel in fracture critical members shall have a fracture toughness of not less than 25 foot-pounds at 40 degrees F.  Material thickness greater than 2 inches and less than 4 inches, which is to be joined in a welded connection, shall have a fracture toughness of not less than 30 foot-pounds at 40 degrees F.  
Structural steel in non-fracture critical members shall have a fracture toughness of not less than 15 foot-pounds at 40 degrees F.  Material thickness greater than 2 inches and less than 4 inches which is to be joined in a welded connection shall have fracture toughness of not less than 20 foot-pounds at 40 degrees F.

Steel casting and alloy steel forgings for mechanical components shall have their fracture toughness tested in accordance with ASTM A370.

Mechanical components shall be designed to good notch toughness practices using fine grained steels.  The Contractor’s responsible mechanical engineer shall determine the required fracture toughness.  However, the minimum Charpy values in the direction of principal stress shall be at least 15 foot-pounds at 40 degrees F.
2.1.16 
Material Traceability

The Contractor shall maintain material certifications and traceability for structural steel, except stairs, ladders, platforms and walkways, and all load bearing mechanical parts from the prime mill source through all manufacturing processes to and including each finished part.  For these items, material certifications shall include reports of material chemistry, mechanical properties, and Charpy V Notch values.   If original mill test reports and certificates for supplementary processes and tests are traceable and provide the required information, this data may be submitted to the Government.  A copy of these reports shall be submitted for Government review.
The Contractor shall test random samples to verify the original mill test reports and shall submit these results to the Government.  Material obtained directly from a mill usually needs less verification than material obtained from secondary sources.  The Con​tractor's quality controlxe "Quality Control"

xe "Controls" department shall determine the degree of verifi​cation needed to assure mill certificate reliability

2.2 
Structural Design

2.2.1 
General Requirements

The requirements specified herein are applicable to all portions of the crane structure including the gantry frame, travel truck frame, main beam, boom, trolley structure, machinery house and related framing, engine house and related framing, machinery support structures, fixed length and telescoping spreaders, load beam, connecting pins between structural parts, and all stairways, walkways, platforms, and ladders.

Structural design, materials, workmanship, fabrication, and erection shall be in accordance with AISC and AWS specifications except as specified otherwise herein.  Provisions for cyclically loaded structures shall take precedence.  Structural components shall be designed to minimize stress ranges and stress concentrations to mitigate the effects of metal fatigue.

All structures of the crane shall be designed in accordance with the stress, loading and operating criteria in this specification, except as modified by their respective paragraphs.

The sill beams, legs and portal beams shall form a continuous rigid frame.  The connections between these members shall be welded or connected by high strength bolts and be capable of resisting all six components of force.  It is preferred that both the waterside and landside legs of the cranes be straight.

Cover plates and back-to-back angles or channels shall not be used.  Exterior surfaces of structural components shall be accessible for maintenance.  Wire rope or strand shall not be used for structural members.  Flattening or crimping of tubing will not be allowed unless approved by the Contracting Officer.

The interiors of all members, large enough to crawl through, shall be provided with weathertight access hatches (openings) with bolted and gasketed steel covers to allow access for inspection and maintenance.  These openings shall be provided with continuous internal passageways with ladders or walkways and lights.  Areas that are too small for access shall be seal welded (inspection of the interior before closing is necessary).  Sealed members shall be pressure tested at 1.5 psi gage pressure using soap film to demonstrate air tightness.  These sealed members shall be designed to resist the test pressure without yielding.  Stresses developed by a 20 degree C temperature change of the entrapped air shall not exceed 0.10 times the basic allowable stresses.

The structure shall be capable of following occasional rail-track deviations which exceed the specified maximum rail-track deviation as given in FEM 1.001.  In such case buckling or yielding of any structural component shall not occur.

Supporting structure of gantry and trolley bumpers shall be designed for the calculated load in bumper direction and an additional load perpendicular to the bumper direction of a magnitude of 10% of the calculated bumper load. 

Pockets where water or dirt may collect shall be avoided.  Where unavoidable pockets are formed, drains shall be provided so that water will drain in all positions.

A design life of 40 years shall be assumed.  The assumption of a design life does not necessarily mean that the structure will no longer be fit for its purpose at the end of that period or that it will continue to be serviceable for that length of time without adequate and regular inspection and maintenance.

2.2.2 
Fracture Critical Members

Fracture critical members (FCMs) or member components, are tension members or tension components of members whose failure would be expected to result in collapse of the crane, collapse of the trolley, or dropping the load (or a combination).  Tension members or tension components include those portions of a flexural member that are subject to tension stress.  Examples of FCMs are stays and the tension flanges of the trolley girder, boom, and trolley girder support beams.  The responsible Structural Engineer (EOR) shall determine which member or member component(s) is/are in the FCM category.  All FCMs shall be identified on the drawings.  FCMs shall be accessible for periodic structural inspections.  Non-fracture critical members shall be accessible where practical for periodic structural inspections.  For FCMs, in-plane longitudinal stresses shall be carried through a welded joint by a full penetration butt weld, i.e. complete joint penetration weld.  The butt weld shall be completed by fillet weld reinforcement on both faces of leg length at least equal to one fourth the thickness of the connected plate but not less than the minimum fillet weld size specified in AWS D1.1.  The plate running through shall be checked before welding for laminar rolling flaws and after welding for lamellar tears.

2.2.3 
Members Subject to Buckling

The design of columns, beam columns, frames and beams subject to lateral buckling shall be in accordance with the AISC, FEM 1.001, or DIN Specification.  The design of flat plates, curved plates, and plate stiffeners shall be in accordance with a recognized method that considers the combined effect of shear, compression and flexure.  The effects of biaxial stresses shall be included.  Criteria given in DIN, FEM 1.001.  

For all structural plates, the ratio of the minimum clear dimension, b, to thickness, t, shall not exceed 60, i.e. 60 ≥ b/t.

Tension field action may be included for evaluating pure shear resistance during overload and stowed conditions, provided the tension field shear panels are designed for a factor of safety against collapse of at least 1.25.  Tension field panels shall be assumed to have zero capacity to resist bending, bearing or axial stress.

2.2.4 
Welding

The crane structure shall be primarily of welded construction. The gantry frame structure shall consist of sections, box or tubular members.  The rail girders shall consist of box members.  All members shall have continuous flange to web welds.  Stitch or intermittent welds are not allowed.  Full penetration welds shall be used for welded connections which are loaded transversely.  Welding procedures and design analysis shall be in accordance with AWS D1.1, except as specified otherwise herein.  Section 8 (Statically Loaded Structures) of AWS D1.1 shall not apply. The use of intermittent fillet welds for connecting diaphragms and stiffeners shall conform to the requirements of AWS D1.1 Section 9.21.3 and AWS D14.1 Section 4.6.  Welding of sheet steel shall be in accordance with AWS D1.3.  Weld symbols shall be in accordance with AWS A2.4.  Field welding of major structural components and assemblies, at the erection site, shall be prohibited.  Field welds for the attachment of stairways, walkways, platforms, ladders, conduits, and other minor attachments are acceptable.  “Wrap Around” weld details are prohibited.  

2.2.5 
Gantry Structure

The gantry structure shall consist of welded steel box girder construction for the legs, sills, portal beams, boom support girders, and A-frame.  The gantry shall meet all the requirements for clearances and stability as specified herein.  The gantry shall be equipped with continuous internal passageways with ladders or walkways and lights necessary for inspection and maintenance work.  All field splices shall be bolted.  Major exterior bracing and support structures shall be fabricated of pipe, square tube, or box sections of appropriate size and cross section.  Interior support and minor exterior support structures may be of any suitable cross section such as pipe, square tube, angle, channel, or wide flange beam.

2.2.6 
Main Beam

The main beam configuration shall be a twin box girder design.  The main beam shall provide support for the machinery house, hoist drive mechanisms, and electrical equipment.  The main beam shall be fully equipped with all the necessary trolley rails, wire rope guides, supports for the trolley structure carrying the live load, and shall be equipped with removable weathertight access hatches to allow inspection of the interior of the beams.

2.2.7 
Boom

The boom shall be of welded steel construction with bolted field splices.  The field splices shall be located, so far as practical, to avoid areas of maximum bending moment and areas of stress reversal.  Welded field splices shall not be permitted.  The boom configuration shall be a twin box girder design.  Adequate provisions shall be made to ensure lateral stability of the twin box girder design.  The boom shall be hinged connected to the gantry frame at the heel end and shall be provided with a wire rope hoisting system for lifting the entire boom structure into a minimum 80o vertical position (stowed), to clear a ship's structure. In the lowered, load handling position, the boom shall be supported by the pendants (boom hoist falls slack) at the outer end and shall have provisions for supporting the boom at the hinge end.  An auxiliary pin/structure shall be designed to provide support for the boom in the case of hinge pin failure.  The boom shall be equipped with means to prevent trolley traveling pass the hinge area when in stow position.
The boom shall be fully equipped with all the necessary trolley rails, wire rope guides, supports for the trolley structure carrying the live load, and boom hoist operations.  Rail splices shall be welded.  The boom in the operating position shall be supported by hinged pendants. With the boom in the ship clearance and stowed position the hinged pendants shall be restrained in the lateral (gantry travel direction) by flared gather devices.  The inside surfaces of the gather devices shall be lined with replaceable Ultra High Molecular Weight (UHMW) blocks to protect the painted surfaces.  The pendants shall utilize articulated steel link bars or structural tubing and all pin joints shall be equipped with bushings.  The boom structure shall be equipped with removable weathertight access hatches to allow inspection of the interior of the boom.  Walkways shall be provided, extending the full length of the boom, affording access from the top of the boom to all parts requiring service and maintenance.  Walkways and ladders shall also be provided to afford access to the operator's cab at any location throughout its range of travel.  Inspection platforms shall be provided for the trolley cable carrier system at the backreach and boom hinge pin.  

2.2.8 Connections

Connections shall provide a ductile structure capable of withstanding yielding without brittle failure. Transitions shall be gradual.  Changes in thickness or width shall be achieved using tapered or curved surfaces.

Connections shall be designed to resist artificial local loads imposed by a stress equal to the average of the allowable and the calculated stress, but they shall be designed for not less than 75% of the allowable strength of the member.  Notice that whenever the calculated stresses are less than 50% of the allowable stress, the 75% requirement applies.

Welded joints are preferable.  Stresses at weld throats shall be calculated as the vector sum of the individual stresses applied to the weld throat.  For fatigue design when calculating the stress range, the vector difference of the greatest and least vector sum stress may be used instead of the algebraic difference.

Bolted joints will only be allowed when specifically approved by the Contracting Officer upon Contractor’s proposal.  Bolted structural connections shall be made in accordance with AISC "Specification for Structural Joints Using ASTM A325 or A490 Bolts” using 0.9 times AISC allowable values.  Structural bolt groups shall have one bolt size per group.  Bolts governed by fatigue strength shall comply with ASTM A325.  Prying action due to distortion of the connection details shall be considered.  All bolted and welded connections shall be accessible for inspection.  Welds and bolts shall not share the load in any joints.  The coefficient of friction shall be determined in accordance with "Allowable Stress Design Specifications for Structural Joints Using ASTM A-325 or A-490."    Structural joints designed shall be labeled on drawings.  
2.2.8.1 Pin Joints (Pinned Connections)
All pinned joints in the forestays, backstays, and similar members shall include aluminum bronze bushings or other equivalent manufactured bearings at all rotating bearing surfaces.  All pin joints shall be designed assuming at least one bearing surface rotates. All bearing surfaces shall be lubricated. Pins shall not be used to resist forces that reverse during normal operating conditions.

Structural pins shall be positively retained at both ends using either of the following methods:

1) Pins shall be provided with one or two keeper plates, as applicable, or 

2) End plates fastened to the end of the pin

Where keeper plates are used pins shall have machined grooves around the circumference of the pins to engage the keeper plates.  This configuration will prevent axial movement of the pin while allowing some rotation of the pin.

2.2.8.2 Boom Hinge

The boom hinge (a mechanical structural connection) shall be one of the following arrangements:

1)
The boom shall pivot on two accurately aligned in-line hinges or equalizer joints composed of forged steel pins, bronze bushings, and thrust washers if the bushings are flangeless.  The pins shall be securely locked against rotation or axial movement.

2)
The boom hinge pins (forged steel) shall each pivot on a spherical plain radial bearing.  The bearings shall be of corrosion resistant steel and the outer rings shall be lined with a low friction wear surface.  Steel retaining rings may be used to retain the bearing outer rings but are not permitted elsewhere.  Means for bearing lubrication shall be provided.  The bearing design and installation shall be in accordance with the bearing manufacturer's recommendation. 

The hinges and pins shall be designed in accordance with the load cases in section 2.2.22.  The boom hinge shall be provided with an auxiliary pin/structure which shall prevent the boom from falling in the event of boom hinge pin failure.  The auxiliary pin/structure shall be designed to resist vertical and lateral loads for all cases.

The hinges and pins shall be designed to transmit the load for any case of loading and any boom configuration without incurring overstress or wear, and shall function smoothly.  Hinge pins shall be machined from forged steel stock, hardened at bearing surfaces (if applicable), and provided with appropriate grease fittings.

2.2.9 
Pendants

The pendants shall be constructed of flat plates or structural tubing with the ends welded closed.  Flattening or crimping of tubing shall not be allowed.  The pendants shall fully support the boom in the lowered position without relying on support from the boom hoist wire ropes.  The pendants shall be hinged in a manner to avoid interference with any part on the crane. When the boom is raised the pendants shall be designed to fold and be stowed in a rack or saddle like structure on the boom.  The pendants shall be designed in accordance with designed stresses, loading and operating conditions.  

2.2.10 
Trolley Structure

The container trolley shall be of the fleet-through type with the hoist sheaves supported on a welded steel structural frame carried on steel wheels with replaceable axles.  The trolley shall be an all welded structural steel frame with box section side members for the support of the wheel and axle assemblies.  The deck shall be covered with galvanized industrial platform grating secured by welding.  The trolley shall support the headblock, spreader or load beam, wire ropes, sheaves, and the operator's cab.  The trolley shall be capable of hoisting and traveling with rated load between the legs and in the backreach area.  The trolley shall be stable when subjected to hoist stall.  A positive means shall be provided to prevent trolley wheels from lifting off the rails.  Wheel and sheave assemblies and machinery on the trolley shall be accessible to the service crane for removal and lowering to the wharf.  The trolley operator’s walkway shall be accessible from the top of the trolley girder and the boom with the trolley in any position.

The design of the trolley shall include the following provisions:

(a)
Frame shall have sufficient torsional flexibility to allow the individual wheel reactions to equalize and share the load

(b)
Horizontal removal (parallel to rail) of wheel and axle assemblies to facilitate repair or replacement

(c)
Drop lugs to support the trolley and limit the drop to 0.5 inch if an axle fails and protection feature to prevent the trolley falling in the event of a broken wheel or axle

(d)
Jacking lugs to allow axle replacement at any point of trolley travel

(e)
An umbilical cable and cable reel for connecting power and controls to the spreader

(f)
A cable chain system for connecting power and controls to the trolley

(g)
Bumpers

(h)
Ladders and service platforms
(i)
Sweeps that project in front of the leading wheels extending below the rail head and designed to remove debris from the rail
The trolley shall be equipped with a stowed position locking device which will secure the trolley for stowed wind condition.  The locking device may be of any reasonable configuration, manually engaged and shall be positive, failsafe in design, and interlocked with the trolley drive.  The location of the trolley locking device shall be readily accessible to permit the operator to manually engage or disengage the lock.  The trolley stowed position shall be near the landside gantry leg with direct access from the elevator to a platform adjacent to the trolley. 

2.2.11 
Trolley Rails

Container trolley rail shall be selected and installed in full compliance with FEM 1.001.  The Contractor shall select the trolley rail size to allow maximum calculated trolley wheel load.  Rails shall be of DIN or ASCE specifications.  The container trolley rail and wheel system shall be designed to eliminate jamming, binding, and excessive skew.   Only crane rails, i.e. rails specifically designed for high wheel loads, with thick webs shall be used.  Trolley rail shall be equivalent to ASTM A-759 and shall be heat-treated to 320-390 BHN.  Rail shall be installed by continuous welding or by rail clips or equivalent and may be bolted to the structure to a continuous rail support beam, with support beam centered directly beneath the rail centerline.  Rail sections shall be joined with complete penetration welds and ground smooth to accurately machined templates.  Rail creep and thermal considerations (during fabrication and during operation) shall be taken into account.  Welding of rails directly to boom or main beam is not permitted.  

The rail joint at boom hinge pin shall be beveled in a vertical plane at 45 degrees to the rail centerline; joint gap shall not exceed and shall be aligned to 1/32 inch to produce smooth trolley travel at this point.  The rail sections on each side of the hinge shall be supported directly on machined surfaces of the trolley rail support beam to prevent vertical movement of one with respect to the other.  The rail supports shall be designed to transmit maximum wheel load across the rail joint and shall not affect the load on the hinge bearing.  The rail sections on either side of the boom hinge joints shall be joined to the trolley rails by welding at least 4 inches (100 mm) away from the vertical plane of the closest hinge in the trolley travel direction.  The rail base and mounting surface shall be painted before rail installation.  The supporting structure shall be as rigid as possible and shall support the rail as close to the hinge point as practical.

2.2.12 
Machinery House

Weatherproof machinery house shall be constructed of structural steel shapes and cladding for the walls and roof.  The walls, roofs, and support framing shall be designed for the stowed wind load.  The roof structures shall be designed to support a uniform live load of not less than 20 psf, plus a 200 pound load over a 12 inch by 12 inch area anywhere on the structure, plus dead load.  The roof shall be sloped to drain in two directions at not less than 1/2 inch fall per 12 inches of horizontal distance.  Floor structures shall be designed, as a minimum, to support a uniform live load of not less than 150 psf, plus a concentrated load of 1,000 pounds temporarily acting over a 12 inch by 12 inch area anywhere on the floor, plus dead load.  The crane structure supporting the base shall be designed for not less than 150 percent of the loads imposed by the sum of all machinery in the space.  All permanently installed equipment mounted on the floor shall be included in dead load calculations.  A structural bedplate that directly supports hoisting equipment and other mechanical equipment shall be designed for impact and vibratory loads.  The maximum allowable stresses shall be 100 percent of AISC allowable except the case of the stowed wind load which shall be 133 percent of AISC allowable.  Deflection of roofs, walls, and floors shall not exceed 1/180 of span under live loads.  The house shall be suitably framed and of sufficient strength to support the operation and load testing of a service crane capacity.  The house shall be constructed of welded or bolted structural steel framing with ribbed or corrugated metal cladding of not less than 18-gauge steel.  The cladding seams and connections to the structural steel shall be continuous welds.  The floors shall be of anti-slip plating, not less than 5/16 inch thick, and welded in place.

2.2.13 
Boom Control Station

Operating and indicating devices for the boom hoist control shall be installed in a location that provides the operator with an unobstructed view of the boom, boom hoist ropes, boom stops, pendants, and boom latches through the total raising and lowering of the boom. 
2.2.14 
Access Structures
Stairs, ladders, platforms and walkways shall be provided to make the crane readily accessible.  This shall include, but not be limited to, access to all lighting assemblies, wheel and sheave assemblies, structural inspection points, lubrication points, load cells, structure entry points, electrical junction boxes, cable trays or ladders, trolley cable chain system, cab washing platforms and rope dead ends.  Ladder or stairway access shall be provided to both portal tie beams.  Access shall be provided around and through the machinery houses, as well as to the roof.  Connections to the structure shall allow for the deflection and thermal expansion of the structure.

Except as specified herein, access structures shall comply with all OSHA regulation 29 CFR parts: 1910.23 Guarding Floor and Wall Openings and Holes (ANSI A12.1); 1910.24 Fixed industrial stairs, including Table D-1 (ANSI A64.1); and Fixed ladders (ANSI A14.3).  The arrangement for access structures shall be such as to avoid the possibility of a person being injured or crushed between the moving and fixed structures.

Access from ground to elevator platform shall be by stairs.   As general, stairs, ladders and platforms are located outside the structure.  All access gates shall be gravity closed type with heavy duty stainless steel spring and an automatic positive latching system.  The minimum passageway shall be the minimum dimension required by OSHA.  Access changes in elevation shall be by stairway.  Stairway access to the crane from ground level to the machinery house and operator's cab shall be mounted on the landside leg same side with the elevator.  At ground level, personnel guards shall be installed to brush aside inattentive personnel in the way of the stairway during gantry travel operations.

A washing platform shall be provided at the extreme rear of the trolley travel to facilitate washing all exterior operators’ cab windows.  The platform shall be reached by walkways and ladders or stairs.  An access walkway shall be furnished for the full length of the boom and trolley girder for direct access to the operator's cab at any position of trolley travel.  Walking surfaces of the horizontal girders shall be covered with a non‑slip compound applied to bare metal before any rusting occurs.  Main horizontal girders used for access shall be equipped with handrails on both sides.  Openings in handrails shall be equipped with safety chains.  Removable access hatches shall be equipped with handrails on both sides.  Handrails and stanchions shall be solid bars or shapes.  Fasteners shall be galvanized or stainless steel, as applicable.  Where horizontal surface of a girder are used as walking surfaces, that surface shall be covered with a non-skid surface.

Stairways, walkways, and platforms shall be of expanded metal or serrated grating, hot dipped galvanized, heavy duty steel rectangular grating and at least 1/4 inch thick material.  Grating panels must be saw-cut where cutting is necessary and shall be bolted into position.  No welding or torch cutting of galvanized gratings shall be permitted.  Galvanizing which has been damaged or removed to expose the base metal shall be recoated.  Bolts and retaining clips shall be secured by a locking device.  Tread noses on stairs shall be of a standard round nose anti‑slip type.  
2.2.15 
Counter Weight (Ballast)

The Contractor shall furnish and install the ballast which may be required for stability of the crane as defined in paragraph 2.2.23.  Acceptable ballast materials include plain concrete, concrete with uniformly distributed scrap metal, or steel plate.  Bulk materials (such as ores) or earthen materials (rock or gravel), or liquids are not acceptable.  The ballast shall be enclosed in a weatherproof steel box and seal welded.  The steel box may be a primary structural member such as the sill beam, but shall not be in contact with the sill beam/gantry leg connections, which must remain accessible.  If the steel ballast box is a separate component from the crane structure it shall not interfere with bollards, cleats, or utility risers on the pier.  Placement of ballast shall not obstruct or conceal critical structural components such as splice plates and thereby prevent periodic inspection.  The ballast box shall be sufficiently rigid so as not to dent, bulge, or sag when fully loaded with ballast material.  If the ballast material is poured concrete, then the box shall be designed for hydraulic pressure of the uncured concrete.

2.2.16 
Equalizer Girders and Travel Trucks

2.2.16.1 Equalizer Girders

The equalizer girders and travel trucks shall be sealed (airtight) welded box construction with properly spaced and sized diaphragms and stiffeners.  Each equalizer girder and travel truck shall be equalized about a horizontal gudgeon assembly to provide equal distribution of wheel loads.  Gudgeon assemblies shall consist of a pin, radial bronze bushings, thrust washers (if applicable), and bushing housing.  Portions of equalizer girders and travel trucks which provide housings for bushings shall be thickened and reinforced with diaphragms and stiffeners.  Gudgeon pins may rotate relative to the stationary radial bushings and housings or may remain stationary relative to rotating radial bushings and housings.  Gudgeon assemblies shall be joined by means of a structural frame (i.e. a saddle).  The system of equalizer girders and travel trucks shall be capable of resisting vertical and lateral loads for all load cases in Section 2.2.  

Equalizer girder design shall provide ready access to all components of the travel drive mechanism for lubrication, inspection, and replacement.  Equalizer girders shall be provided with jacking pads and shall have the jacking points marked as such.

2.2.16.2 Gantry Travel Trucks

The travel truck structure shall provide a rigid and level mechanism support for all travel drive components.  All travel trucks shall be identical or opposite hand copies of their counterparts on the other rail, and all corresponding trucks shall be interchangeable.  Spacing between all wheels on any corner shall be equal and shall be sufficient so as not to exceed the maximum specified wheel loads.  The maximum wheel load shall be determined considering the conditions of dead load and live load including eccentricity at maximum outreach, maximum backreach, and all points in between.

Travel trucks shall be designed so that they may be disconnected/removed and that all wheels and gearing may be removed without disconnecting or removing the truck frames from the crane.  Equalizer girders and travel trucks shall be attached to the crane in such a way that the crane can be jacked up vertically without equalizer girders or travel trucks coming apart or being dislodged.  The main equalizer girder connection at the gantry (four total), above the main pin, shall be designed and fabricated to permit the entire corner travel truck assembly to be bolt-attached either parallel to the crane rail or 90 degrees to the crane rail.  [This feature shall be designed to permit future movement of the crane on its own wheels in a direction perpendicular to the crane rail (utilizing temporary rails) to facilitate repairs, modification, or relocation.]

Each travel truck shall be provided with a safety drop block which shall limit its drop to 1 inch and support it in the event of axle or bearing failure.  Rail sweeps shall be provided on both ends of each gantry truck per corner (a total of 8) to remove obstructions from the path of the crane (pushing them to the inside).  Other than the wheels, rail sweeps, lightning protection rail shoes and drop blocks, all parts of the truck assemblies shall be at least 3 inches (75 mm) above the top of the rail and shall be at least 2 inches above the top of the pier deck.  Gantry travel trucks shall be equipped with rail guards or wheel fenders that cover or enclose the exposed portion of the wheels and extend to the clearance above the top of the pier deck.  
A one inch (25 mm) diameter flexible personnel safety cable loop shall be provided at the ends of the extreme trucks waterside and landside.

Nylon blocks shall be provided on the outside of each corner of the gantry that ride on the rail to wipe debris from the rail.

The waterside of the waterside travel trucks must be kept to a width of 3 feet from the rail center (including float) to a height of 6 feet above the wharf level.

2.2.16.3 Gantry Travel Wheels

Wheels shall be mounted in equalized trucks connected by equalizer girders to ensure that the gantry corner loading is equally distributed to all wheels.  Wheel axles shall be of the rotating type, with each end supported by an antifriction bearing.  The bearings shall be retained in steel housings which are positively located (interlocked) in seats/notches in the truck frames.  The bearing housings shall be bolted to the truck frames or shall be split, with one half welded to the truck frame and the other (cap) bolted to it.  Bolted on axle bearing housings shall fit closely and bear in structure bore so that mounting bolts are not subjected to shear.  The bores in the travel truck structure shall be machined in a manner which will result in the planes of the travel truck wheels being parallel to each other and perpendicular to the axis of all axles and pins.  

2.2.17 Stowed Wind Condition Tie-Down Devices

The crane shall be provided with stowage brakes and tie-downs for securing against the wind speeds and the resulting forces as stipulated in paragraph, Stowed Configuration Boom Raised, without Tie-Downs, load condition (a).  The allowable design stresses shall conform to the requirements of this specification.  The tie-downs shall be designed, detailed, and located to fit the pier anchorages.  Drawings showing the locations of the pier anchor sockets and pier padeyes will be furnished by the Contracting Officer.

2.2.17.1 Stowage Brakes
The cranes shall be equipped with hydraulic actuated rail brakes of sufficient capacity to hold the crane in the stowed wind condition defined by the calculations section.
2.2.17.2 Tie-Down

One tie-down of either forged steel turnbuckles or steel bars/links shall be mounted on each corner of the gantry for securing the crane to pier pad-eyes provided by the Government.  All hardware such as sockets, thimbles, clamps, turnbuckles, and clevises shall be provided by the Contractor.  The tie-downs, including all hardware, shall be hot-dipped galvanized.  The uplift created from the hurricane forces shall be limited to 180 kips per wharf anchorage.  Pad-eye connections to the gantry shall be adequately reinforced and designed for the leg uplift forces described above.  The allowable stresses on the steel bars/links shall be 90 percent of yield strength and the stress on the turnbuckles and other hardware shall not exceed 90 percent of the ultimate load.  The tie‑downs shall be stowed on the lower gantry structure in a rack or other approved stowage arrangement, which will not interfere with ladders or the gantry clearances.  When the tie-downs are connected to the pier anchorages, limit switches shall be activated to preclude the energization of the gantry travel motors.

The design of the tie downs shall be such that one person without tools or additional equipment can attach all tie downs on a crane to the mating wharf embedded attachments within 30 minutes.  Similarly, the tie downs can be unattached and the crane made ready for gantry travel by one person without tools or additional equipment within 30 minutes.
2.2.17.3 Locking Pins

The crane shall be provided with locking pins for the stowed position.  The locking pins shall be designed to resist stowed wind forces.  Locking pin design shall be coordinated with the pier designer.
2.2.18 
Boom Hoist Failure Prevention

The boom structure shall be designed for hoisting with one set of falls on the event the other set fails.  The design load shall include the effect of shock loading due to one rope breaking.  The allowable stress shall be 1.5 x basic allowable stress.

2.2.19 
Gantry Frame Deflections and Stiffness

Lateral deflection perpendicular to boom shall be ≤ h/240, h = vertical distance from rail to connections between the main girder to the transverse girder.   Lateral deflection parallel to the boom shall be 300% of Trolley Lateral Load (LATT) ≤ h/1400.  Torsional rotation of boom girder measured at boom tip with Live Load, including Eccentricity (LLE) at maximum outreach shall not exceed 0.15 degree.  
Frame stiffness shall be evaluated by applying design lateral forces Gantry Lateral Load (LATG) and three times Trolley Lateral Load (LATT) non-concurrently and calculating horizontal displacement at the trolley girder support connections.  The structural stiffness of the gantry frame shall be adequate for proper operation of the crane for all design load cases.  Ratio of the natural period of the gantry frame in the trolley travel direction and the natural period of the hanging load shall be designed to prevent the frame from experiencing magnified dynamic displacements due to trolley motion.  The natural period of the first mode of vibration in the direction parallel to the trolley shall be less than 1.5 seconds.

2.2.20 
Camber

The trolley runway shall be cambered so the trolley path is approximately level when the trolley travels from the maximum backreach to maximum outreach.  The cambered amount shall be equal to the dead load deflection plus 1/2 of the live load deflection.
2.2.21 
Design Loads

The crane shall be designed taking into account the prescribed load cases which are comprised of various design loads.  Loads due to temperature effects, erection stresses, and other loads based on the Contractor's experience shall be included in the analysis if they cause significant stresses.  If analysis indicates loads larger than what is specified herein, the larger loads shall be used.  The design loads shall be defined as follows:

(a)
Dead Load (DL).  A load of constant magnitude which acts permanently on the structure including the weight of the crane's structure and all permanently attached equipment (trolley not included.)

(b)
Trolley Dead Load (TDL).  A load of constant magnitude which is part of or moves with the trolley, but excluding the weight of the headblock and spreader (if equipped).

(c)
Live Load, including Eccentricity (LLE).  The load which hangs from the trolley, including headblock, spreader, wire ropes, sheaves, and the lifted container with its contents.  The weight of a fully loaded container shall be taken as 145, 600 pounds and shall be applied  eccentric to the geometric center of the container.  Structural and mechanical components shall be designed to accept a 10 percent eccentricity of container center-of-gravity in the longitudinal and transverse directions (4.5 feet on a 45 foot long and 0.8 feet on an 8 foot wide container).

(d)
Live Load (LL).  The load which hangs from the trolley, including headblock, spreader, wire ropes, sheaves, and the lifted load.  The lifted load shall be taken as the rated capacity and shall be applied concentric to the geometric center of the head block.  

(e)
Spreader Live Load (LLS).  The weight of headblock, spreader, wire ropes, and sheaves.

(f)
Average Live Load (LLA).  The load which hangs from the trolley, including headblock, spreader, wire ropes, sheaves, and 75 percent of rated capacity. This load shall represent the average lifted load that is handled by the crane during its lifetime and shall be used for calculation of fatigue stress ranges.

(g)
Load Beam Live Load (LBLL).  The load which hangs from the trolley, including headblock, load beam, wire ropes, sheaves, and the rated load of the load beam.  The rated load shall be applied concentric to the geometric center of the load beam.

(h)
Trolley Lateral Load (LATT).  The load imposed on the crane or any of its components due to trolley acceleration or deceleration.  The load shall be the greater of actual calculated forces resulting from motor acceleration or braking deceleration, but not less than 0.10 (TDL + LL) parallel to the travel direction, and 0.025 (TDL + LL) perpendicular to the travel direction.

(i)
Gantry Lateral Load (LATG). The lateral forces developed due to gantry travel, parallel to the travel direction, shall be 1.5 times the maximum inertia force that can be developed due to acceleration or deceleration but not less than 0.05 times all the weights on the crane.  A simultaneous lateral force perpendicular to the travel direction shall be 0.25 times the lateral force parallel to the travel direction.

(j)
Impact Forces due to Vertical Acceleration of Load (IML).  Impact shall be taken as 0.10 (TDL), plus 0.30 (LL) for basic service conditions on the boom and supports, main beam, and trolley structure, and 0.10 (DL), plus 0.15 (LL) on the gantry.

(k)
Skewing Forces (SK).  Forces imposed on the structure due to irregularities in travel speeds, accelerations of mechanical drive components, and from physical condition of rails.  Skewing forces shall be considered acting horizontally at right angles to the railhead, forming a skewing couple, and shall be taken as 5 percent of the trolley or gantry vertical wheel loads.

(l)
Collision Forces (COLL).  Forces resulting, while traveling at 100 percent of rated speed but with the power off, from the collision of gantry bumpers with their end stops or another crane or the trolley bumpers with their end stops.  Deceleration due to collision bumpers may be considered.  Assume no braking and omit the live load.

(m)* Operating Wind Load (WLO).  The load imposed on the crane due to a wind speed of 55 miles per hour.  The resulting 7.75 psf dynamic pressure shall be applied in the most adverse horizontal direction.

(n)*
Stowed Wind Load (WLS). The load imposed on the crane due to a wind speed of 84 miles per hour.  The resulting 18 psf dynamic pressure shall be applied in the most adverse horizontal direction.

(o)*
Hurricane Wind Load (HWL).  The load imposed on the crane due to a wind speed of 140 miles per hour.  The resulting dynamic pressure shall be applied in the most adverse horizontal direction.
NOTE: *The wind loadings listed above include an allowance for wind gusts, but does not account for shape factors.  Shape factors shall be determined from a recognized engineering standard or code.  For example the FEM 1.001 and FEM 1.004, or ASCE, Task Committee on Wind Forces, paper 3269 "Wind Forces on Structures" are acceptable standards.  The Contractor shall determine the engineering standard or code, in selection the shape factors, and provide three copies within 30 days after contract award. (To Contracting Officer)

The dynamic wind pressures indicated above shall be multiplied by a height correction factor for those portions of the structure higher than 30 feet above the rails.  The height correction factor (Ch) shall be determined using the following formula:





eq C\S\do4(h)=(\F(h,30))\S\up4(\F(2,7))
Wind load calculations shall include the appropriate shape factor multiplier times the projected area (exposed area) times the dynamic pressure loading times the height correction factor.  (A shape factor multiplier less than what was determined above may be used provided a wind tunnel test clearly demonstrates that a lesser value is appropriate.  Such testing shall include angled wind effects on an accurately scaled model of the proposed design with equivalent wind load.)

(p)
Snag Force (SNG).  Forces resulting from full impact of headblock and empty spreader traveling at maximum hoist speed and becoming snagged in ship's cell guide or on ship's structure or being two-blocked against the underside of the trolley.

(q)
List (LIST).  The effect of plus or minus (±) 3 degrees list of the spreader and rated load.

(r)
Trim (TRIM).  The effect of plus or minus (±) 2 - ½ degrees trim of the spreader and rated load.

(s)
Earthquake Load (EQ).  The crane shall be designed as a ductile steel frame according to one of the following codes:  UFC 3-310-04,  ASCE 7-, or from another widely recognized code.  Regardless of the choice of codes the seismic design calculations shall be presented to permit an efficient review by the Contracting Officer.
2.2.22 Design Loading Conditions

The design loads defined above shall be combined in the following combinations with simultaneous operations occurring in the most adverse directions.  When analysis includes secondary effects caused by elastic deformation of the structure or joint rigidity, allowable stresses may be increased by a factor of 1.2 providing the structure conforms to the allowable stress requirements when secondary effects are neglected.  For fatigue analysis, secondary effects shall be included and there shall be no increase in the allowable stresses.  Unless otherwise specified, all load cases (combinations) for which wheel loads to be calculated as shown below shall be analyzed on the following basis:

(a)
Boom shall be in the most adverse position.

(b)
Trolley and live load shall be positioned in the most adverse position (maximum outreach or maximum backreach).

(c)
Horizontal forces shall be applied to the structure in the most adverse direction.

(d)
Angled wind effects shall be considered.

2.2.22.1 Basic Operating Conditions:

NOTE: All of the load cases listed below shall be analyzed for elastic limit and buckling considerations.  The allowable design stresses shall be 90 percent of AISC allowable stresses.

(a)
DL + TDL + LLE + LIST + TRIM + LATG + SK

(b) 
DL + TDL + LLE + IML + LIST + TRIM + LATT + SK + WLO

(c) 
DL + TDL + LBLL + IML + WLO (NCC Note – Load Beam may disappear)
2.2.22.2 Overload Conditions:

NOTE:
All of the load cases listed below shall be analyzed for elastic limit and buckling considerations.  The allowable design stresses shall be 135 percent of AISC allowable stresses

(a)
DL + TDL + LLS + SNG + WLO

(b)
DL + TDL + LL + LIST + TRIM + COLL + WLO

(c)
DL + TDL + LL + EQ

2.2.22.3 Stowed Condition (boom is raised to the up position, trolley is stowed, and spreader is lowered to the ground) 

NOTE:
All of the load cases listed below shall be analyzed for elastic limit and buckling  considerations.  The allowable design stresses shall be 126 percent of AISC allowable stresses (trolley stowed position shall be near the landside gantry leg).

(a)
DL + TDL + WLS

(b)
DL + TDL + HLS (Crane in hurricane tie-down condition)
(c)
DL + TDL + EQ

2.2.23 Fatigue Design

2.2.23.1 Fatigue Design Criteria

Stress-carrying structural elements shall be designed for fatigue in accordance with the AISC Specifications (Appendix K), FEM 1.001, BSI, or a recognized code on fatigue design.  The Contractor shall submit to the Contracting Officer for approval, a detailed description of the method to be used for fatigue design.  The crane shall be designed for a loading condition of over 2,000,000 cycles.  This loading condition shall be applied to all components of the crane.  One loading cycle is defined as lifting the container from the pier, travel the trolley and set the container on the ship, hoist the empty spreader and return to the pier, and set the spreader on the next container; or the reverse of the above.  Extent of trolley travel is to be taken from the centerline of the rail gauge to 75 percent of the maximum outreach, which shall be measured from the waterside rail.  In addition, the average live load shall be used in the fatigue calculations.  Secondary effects caused by elastic deformation of the structure shall be included with no increase in the allowable stress.  For fatigue analysis, secondary effects can be excluded if they can be reasonable deemed negligible based on engineering judgments.

Cumulative damage shall be evaluated for the normal operating conditions detailed in this section.  For the gantry frame and boom, only fluctuating stresses due to variations in the lifted load and the trolley motion need be considered.  The effects of dead load, wind load, gantry travel, and raising and lowering of the boom may be neglected.

2.2.23.2 Fatigue Loading Condition

Note:
The allowable design stresses shall be 100 percent of AISC allowable stresses.

(a)
DL + TDL + LLA + LATT

2.2.24 Stability

The crane shall be analyzed for stability in the operating configuration (with the boom horizontal) and in the stowed configuration (with the boom raised) under the following load conditions.  Angled wind effects shall be included for WLO and WLS:

Note: The stability factor is defined as the ratio of the resisting moments to the overturning moments about the tipping line.

2.2.24.1 Operating Configuration - Boom Horizontal

The crane shall have a minimum stability factor of 1.05 at maximum outreach and at maximum backreach with the following loads:

(a)
DL + TDL + 2 LL + WLO

(b)
DL + TDL + 2 LL + COLL (trolley end stop collision at rated speed)

(c)
DL + TDL + 2 LL + COLL (gantry end stop collision or another crane) 

(d)
DL + TDL + LL + EQ

Note: No legs allowed to lift off the rail in cases (a) or (b).  One leg allowed to lift off the rail in cases (c) or (d).

2.2.24.2 Stowed Configuration - Boom Raised, without Tie Downs

The crane shall have a minimum stability factor of 1.25 with the trolley stowed and the following loads:

(a)
DL + TDL + LLS + WLS

(b)
DL + TDL + LLS + EQ

Note: One leg allowed to lift off the rail in cases (a) or (b).

2.2.25 Allowable Design Stresses

The allowable design stresses, used to design the structural components, (structural steel, high strength steel, high strength bolted connections, and weld metal), shall not exceed the following: 

(a)
The percentage of AISC allowable stresses are indicated above for each loading condition.

(b)
The same percentages used to determine AISC allowable stresses, for  each loading condition, shall be applied to the allowable unit stresses listed in AWS D1.1, Section 9 (Dynamically Loaded Structures) for all weld designs (including base metal).  The yield and ultimate strengths of the weld metal shall not be less than the base metal. (Note:  AWS D1.1 paragraphs 9.4, 9.5, and 9.6, referenced in 9.3, do not apply).

(c)
The basic allowable bearing stress, based on projected area, on pins shall be 0.4 times the yield stress for rotating pins and 0.8 times the yield stress for non-rotating pins.  For equalizer pins the basic allowable bearing stress shall be 12.0 ksi. 

(d)
The design of columns, beam columns, frames, and beams subject to lateral buckling shall be in accordance with the AISC Specification.  The design of flat plates, curved plates, and plate stiffeners shall be in accordance with a recognized method that considers the combined effect of shear, compression, and flexure.  The Contractor shall submit to the Contracting Officer for approval, a detailed description of the method to be used in the design of plates subject to buckling.  AISC and AISE shall not be used since these codes ignore the combined stress effects.

Tension field action may be included for evaluation of pure shear resistance during overload and stowed conditions, provided that the tension field shear panels are designed for a factor of safety against collapse of at least 1.25.  Tension field panels shall be assumed to have zero capacity to resist bending, bearing, or axial stress.

The equivalent stress, fe, for members subjected to combined shear and axial stress and/or bending stress at a point shall be taken as
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where: fx and fy are orthogonal axial stresses (tension is positive, compression is negative) and fxy is shear stress.

2.2.26 Calculations

The effect of the horizontal forces parallel and perpendicular to the rails shall be included in the calculation of truck and equalizer forces.  Load paths shall be developed for all details.  The calculations shall contain free body diagrams showing these load paths.

Special calculations shall be made for members in series.  Fracture critical members (FCMs) in series shall be verified to have the design reliability of at least 0.977.  A single FCM subject to the design (allowable) cumulative damage has a reliability of 0.977.  If two or more members are in series as links of a chain, the combined reliability of the series of FCMs, the series of links, is the product of the reliability of each link.  For example, if there are three links with reliabilities of 0.990, 0.999, and 0.991, the combined reliability would be 0.990 x 0.999 x 0.991 = 0.980. Notice, if the ratio for each link is 0.40 or less, the series effect is negligible.
2.3 Mechanical Design

2.3.1 General Requirements

Mechanical parts shall be designed to withstand all possible combinations of loading with appropriate durability and safety factors.  The design classifications and allowable stresses of the mechanical components shall be in accordance with FEM 1.001.  The FEM classification of other mechanisms shall be determined by the Contractor in accordance with the required operating conditions and the lifetime intent.  The selected classifications shall be submitted to the Contracting Officer for approval.  Mechanical parts shall have thermal ratings as required by the duty cycles defined in this specification. 

Mechanical drive mechanisms shall be fully capable of operating the crane in conjunction with the electric motors at the specified loads and speeds, with ease, safety, and a minimum of noise and vibration.  The drive mechanism designs shall provide for easy assembly, adjustment, repair, and disassembly of components, subassemblies, and assemblies.  Mechanical components, subassemblies, and assemblies shall be readily accessible for inspection, cleaning, and lubrication.  Crane components considered to be mechanical for design purposes shall be shafts, axles, gear reducers, open gearing, keys, bearings, bushings, drums, wire ropes, headblock, re-reeving device, load hook, brakes, sheaves, travel wheels, couplings, pins, bumpers, seals, and the hydraulic system.  The trolley described in this section refers only to the trolley that runs on the main beam and boom. 

Stresses and ratings, except as modified herein, shall be computed using the combination of the following, which results in the most conservative design:

(1)
Dead and rated hook/spreader loads considering a 10 percent eccentricity of container box center-of-gravity.

(2)
 The full‑load rated speed of the driving motor

(3)
 The 60‑minute rated torque or hp of the driving motor multiplied by service factors of 1.0 for hoist, 1.5 for travel drive mechanism, and 1.25 for trolley drive mechanism, 

(4)
The SNAG Force, and 

(5)
The drum flange caliper disc braking force, with rated load at rated speed, at the time of mechanical drive train failure.  

All hoist drive components shall be designed for motor torque or hp (the line pull off drum, for drum and related component calculations, shall be taken to be that necessary to balance torque due to full rated motor torque).  Nominal design full load speeds of all motions shall be as specified.  Friction drives are not permitted.  All weldments, including gear reducer housings, drums, gears, and similar fabricated mechanical components shall be stress relieved prior to finish machining.  Steel retaining rings may be used on brakes, but shall not be used on or in conjunction with any other mechanical elements.  

Electrical-mechanical components of the crane shall be sized and designed in accordance with the applicable requirements of NEMA ICS 9 PART 1, AISE Standard No. 11, and to the specific requirements of this section.

2.3.2 Safety Factors

Unless otherwise specified, all mechanical components, including fasteners, shall be designed for a factor of safety of no less than 4.0 and 5.0 based on material yield and ultimate strengths respectively.  The stresses incurred from the snag force shall be less than the yield strengths of the material of mechanical components.  Shafts and axles subjected to reversed or fluctuating loads shall be designed to provide a fatigue factor of safety of not less than 1.5.  Impact, shock, vibration, or acceleration need not be considered in the stress/safety factor computations.

2.3.3 Alignment 
All base‑mounted motors, gear reducers, brakes, and pillow blocks shall be locked in proper alignment, both longitudinally and laterally, after adjustment, shimming, and fastening, with appropriately sized dowel pins or shear bars.

2.3.4 Drive Mechanisms

2.3.4.1 Main Hoist Drive Mechanisms

The main hoist machinery shall be mounted on a single rigid base located in the frame mounted machinery house.  The hoist shall include trim, list, and skew devices.  The trim, list, and skew adjusting devices shall be electrically powered, shall operate on the upper sheaves of the reeving system, and shall be controlled from the operator's cab.  

The hoist shall have a minimum of two electro-mechanical type brakes and each drum shall have a caliper disc brake acting directly on it.  Removal of a disc shall not require moving motors or reducers.  The idler end of the drums shall be supported by a self-aligning, anti-friction bearing mounted in a pillow block split on the bearing centerline.

The hoist shall be designed to allow removal of the motor, electro-mechanical brake, and drum caliper brake without requiring removal of the hoist drum(s).  Each individual drive component shall be capable of being lifted vertically to clear other components and lowered through the removable or fold-up floor panels in the machinery house floor. 

2.3.4.2 Boom Hoist Drive Mechanisms

The boom hoist shall support the boom in the stowed and maintenance position.  Boom ropes and reeving structure shall be designed for all load conditions.  The boom hoist machinery shall be mounted on a single rigid base located in the machinery house.  The boom hoist shall have a minimum of two electro-mechanical type brakes.  The drum shall have a caliper disc brake acting directly on it.  The hoist shall be designed to allow removal of motor, electro-mechanical brake, and drum caliper brake without necessitating removal of the hoist drum.  Each individual drive component shall be capable of being lifted vertically to clear other components and lowered through the removable or fold-up floor panels in the machinery house floor.

The maximum overhung loads on the reducer and coupling due to failure of one set of boom falls and the setting of the rope drum brake shall be approved by the reducer and the drum coupling manufacturers.  No damage is allowed.

2.3.4.3 Trolley Drive Mechanisms

The trolley shall be propelled by two sets of tow ropes symmetrical about the centerline of the crane in the trolley travel direction.  Each tow rope shall be continuous from the trolley drive drums around frame turning sheaves to equalizer sheaves on the trolley and returned to the drum.  The ropes shall be clamped on the trolley except when re-reeving.   The tow ropes’ drive shall be mounted on a single rigid base located in the machinery house and shall consist of a motor and brake driving machined grooved drums through an enclosed base mounted helical gear reducer.
Hydraulically operated tow rope tensioning shall be provided and shall maintain proper rope tension during normal operation and compensate for unequal rope stretch.  The trolley rope tensioner shall be designed to prevent slack rope or over tensioned rope during maximum trolley acceleration and deceleration.  The tensioner shall be designed with 20% spare stroke and capacity.  The tensioning device shall be designed for continuous operation.  The tensioning device shall be located in the backreach of the crane.  Normal access to the cab shall be considered with any boom position and any tensioner cylinder position.

2.3.4.4 Emergency AC Drives
The main hoist, trolley rope drive and boom hoist machinery shall be provided with permanently installed or removable emergency AC motor drive machinery that can be coupled to the existing machinery by means of an installed manually actuated, quick disconnect coupling.  The coupling shall be equipped with a positive means to remain engaged or disengaged.  A permissive limit switch will only allow normal machinery operation when the coupling is disengaged. 
2.3.4.5 Gantry Travel Drive Mechanisms

Each travel truck shall be provided with a gantry travel drive mechanism.  The gantry travel drive mechanism shall drive one wheel of the two wheeled trucks and be mounted on the inboard side or above the travel truck.  All wheels, driven and idler, shall have brakes.  The brakes shall be sized to withstand the greater force of WLS or WLO.  The connection between the reducer hollow output shaft and axle shall either be a spline or a compression sleeve.  Motors and electro-mechanical disc brakes may be flange mounted to gear reducers which are bolted to truck frames.  Drive components shall be located within the width of the sill beam.  If drive components are subject to damage from vehicular traffic, they shall be protected.
2.3.4.6 Drive Mechanisms Supports

Each drive mechanism shall be supported on a bedplate.  Each bedplate shall be a substantial one-piece foundation and shall be fastened securely by means of high strength bolts conforming to ASTM A325.  Supporting surfaces for motors, gear reducers, brakes, bearing housings, and similar machine components shall be machined in place.  All welding, except that for attachment of alignment devices, shall be completed on all parts of the mechanism bedplates prior to machining of surfaces.  All motors, gear reducers, brakes, bearing housings, and similar components shall be held in alignment with shear bars or dowel pins used in pairs.  Shear bars shall be securely welded to the bedplates after final alignment is complete.  When the drive mechanism component securing fasteners are subjected to calculable shear loading the shear bar shall be designed to resist the entire applied shear load, neglecting the load resisting effect of friction and/or bolts.  Shims may be used for alignment perpendicular to the bedplates.  Shims shall be standard pre-cut, slotted, stainless steel.  The shape of the shims shall be full perimeter and the slot widths shall approximate the mounting bolt diameters.

2.3.5 Shafts, Axles and Pins

Shafts, axles, and pins shall be forged or hot rolled steel.  Wheel axles and shafts subjected to reversed loading shall be designed for a safety factor of not less than 1.5 based on fatigue strength.  The reliability factor (Kc) shall be taken as 0.753.  However, if the minimum ultimate tensile strength of the steel is used in calculating the endurance limit, the reliability factor (Kc) may be taken as 1.0.  The duty cycle factor (Ke) shall be taken as 1.0.  For calculation purposes, the mechanical (physical) properties of all heat treated or surface hardened shafts, axles, and pins shall be based on the interior or core of the section.  Shafts and axles shall be designed to avoid large or sharp changes of section, and such changes as are made shall be provided with large fillets or stress reducing grooves.  Extreme press or shrink fits shall be avoided to prevent stress concentrations.  Shaft diameter at each coupling seat shall be not less than 90 percent of the shaft diameter at adjacent bearing seat.  Gear seats shall be close to bearings in order to reduce the effects of deflections.  Except as otherwise permitted, shafts and axles shall be machined at bearing, gear, wheel, and coupling fits.  All sheaves and rocker pins shall be positively retained at both ends using either of the following methods; 1) pins shall be provided with one or two keeper plates, as applicable, or 2) end plates fastened to the end of the pin.  The pin and keeper plate arrangement shall have a machined groove around the circumference of the pin to engage the keeper plate.  Sheave pins shall be drilled to provide a separate lubrication passageway to each bearing or bushing.  Shafts supported by two or more bearings shall be connected by a flexible coupling.
2.3.6 Gear Reducers

All gear reducers shall be the standard catalogued products of manufacturers regularly engaged in the production of this type of equipment for commercial applications.  Selected gears and bearings shall be capable of absorbing overloads due to either the snag load or the motor stall torque load without incurring plastic deformation of the gear teeth or the rolling elements or the raceways of the bearings.  Carburized gears shall be made from alloy steels, such as AISI 4320 or AISI 4820, with sufficient hardenability to obtain both good case and core properties.  Impact strength, notch sensitivity and ductility shall be considered.

Gearing shall conform to ANSI/AGMA 6013 and 6109, as permitted, and to the requirements of ANSI/AGMA 2015 for gear quality A2-A5 or better.  Gears shall be rated for durability and strength in accordance with ANSI/AGMA 2001 or ANSI/AGMA 2003 as applicable for the appropriate loads specified in this specification.  Gear accuracy shall conform to the requirements of ANSI/AGMA 2009 or ANSI/AGMA/ISO 2015.  Single helical gears shall meet ISO grade 6 or better.  Bevel gears shall meet AGMA accuracy grade B6 or better.

Each gear reducer shall be provided with a permanently attached nameplate containing the name of the manufacturer, reduction ratio, rated speed, rated capacity (horsepower), service factor, date of manufacture, model number, and recommended lubricant. 

Gearing shall be helical, herringbone, or spiral bevel type, except that the last stage of the hoist drive mechanism reducers may be spur type and worm gears may be used in accordance with section 2.3.6.2.  All gears and shafts shall be steel and shall be hardened.  All gear reducer housings shall be of fabricated or cast steel except that trolley and gantry travel drive mechanism reducer housings may be ductile cast iron or cast aluminum. 

Minimum bearing L-10 lives shall be not less than those specified in paragraph 2.3.7 and shall be based on applicable service factors.  Minimum pitting resistance service factors for the hoist, trolley, and gantry travel drives shall be taken as 1.5.  In addition, in the gantry travel drive mechanisms, where the reducer hollow output shaft is connected to the wheel axle by either a spline or compression sleeve, the effect of axle deflection shall be considered in the design of output shaft bearings.  Shaft seals shall be spring-loaded dual lip type.  

All gears shall be oil-bath lubricated and totally enclosed in welded steel or cast steel housings.  The housings shall be horizontally mounted and shall be flanged and split on the horizontal shaft plane, and shall employ a flat metal-to-metal joint maintained oil-tight without gaskets.  Gantry reducers may have a vertical split line where the Contractor can demonstrate that leakage can be prevented.  The housings shall be designed and constructed to prevent harmful distortions resulting from the transmitted loads or dynamic deflections of the crane structure.  Housings shall be equipped with breathers, oil level sight gages, and drain ports.  All breathers and drain ports shall be of a design that precludes foreign material from being introduced into the gearcase.  All gearcases shall be provided with a convenient means of lubricant level indication and draining.  All base mounted reducers shall have a ball valve to facilitate draining. The drain ports shall have sufficient access for draining, or shall be piped to a clear position to permit oil to be drained without requiring disassembly of any drive mechanism component.  Shaft bearings shall be lubricated with a continuous supply of oil during operation.  Troughs which direct splashed oil into each bearing are acceptable.  Provision shall be made to maintain partial submersion of the lower rolling elements of each bearing during extended idle periods.  Removable, gasketed inspection covers shall be provided in the housings for direct visual inspection of the full face width of all gear meshes.  The inspection openings shall be a minimum of three-quarters of the gear face width.  Jackscrews, lifting lugs, eyebolts and joint alignment dowels shall be provided to facilitate disassembly and reassembly of the housings.

All reducers shall be base mounted except gantry travel drive reducers which may be base, side, or flange mounted.  Base mounted reducers shall be horizontally mounted and shall be taper shear blocked or doweled to their base frame.  Gantry travel drive reducer hollow output shafts shall be designed with puller grooves or other similar design concept to provide for easy disassembly of gear reducers from wheel axles.

2.3.6.1 Open Gearing (if applicable)

Open gearing shall be of the 20 degree full depth involute spur type, designed and rated in accordance with AGMA 908 and ANSI/AGMA 2001 and shall conform to the requirements of ANSI/AGMA 2015 for gear quality A2-A5 or better.  Life and reliability factors (i.e. CL, KL, CR, KR) as defined in AGMA 2001, shall be assumed to be equal to 1.0 in determining gear bending strength and pitting resistance ratings.  No rating shall be higher than the bending strength rating, and when the pitting resistance is lower than the bending strength rating, the gear set rating shall be defined as the pitting resistance rating plus 50 percent of the difference between the bending strength and pitting resistance ratings.  Gear ratings shall equal or exceed the required design horsepower as specified for the applicable drive mechanism. Gearing shall be capable of absorbing overloads due to snag force without incurring plastic deformation of the gear teeth.  Gears shall be through hardened.  Pinions shall either be through hardened or case hardened.  Bores shall be finish machined or ground to size after heat treating.  Pinions and gears not integral with shafts shall be press-fitted and locked to shafts with keys or splines.  The thickness of pinion hubs shall not be less than the depth of the teeth.  Split gears shall not be used.  Each drum gear (if applicable) shall be press-fitted on one end of the drum barrel and bolted to a flange with SAE J429 Grade 5 bolts with SAE J995 Grade 5 nuts and hardened steel washers.

All hoist drum gear-pinion sets (if used) shall be enclosed in protective sheet steel covers.  The covers shall fit closely around shafts and drum barrels which project through the covers.  Inspection openings and means for greasing shall be provided and covered with gasketed, tight fitting, spring-closed doors with latches.  

2.3.6.2 Gearmotors

Gearmotors may be used for the re-reeving devices and gantry drive.  All gearmotors shall be the standard products of manufacturers regularly engaged in the production of this type of equipment for commercial applications.  All gears, shafts, and housings shall be steel except for gears of worm gear sets may be bronze.  Worm gears shall be overhauling (non-self locking). Gearmotors shall be designed to permit inspection of gears and the removal of any gear, shaft, or bearing assembly.  Gearmotors shall be selected for Class II service per ANSI/AGMA 6109.  Only antifriction bearings with L-10 lives not less than specified in paragraph 2.3.7 shall be used.

2.3.7 Bearings

All bearings shall be of the antifriction type except where specifically permitted or required otherwise.  No bearing or seal shall be used that is not in standard stock or part of a regularly scheduled production run available in the U.S., Europe, or Japan.  Maximum bearing load under any condition shall not exceed 125% of the basic static capacity of the bearing.  Spherical plain bearings shall be maintenance free.  Allowable load computations for antifriction bearings shall be in accordance with published engineering data of the bearing manufacturer.  Antifriction bearings, except hook bearings, shall be selected for dead load, direct reactions of the hook/spreader load (applied as a dead load), torque reactions, and lateral loads.  Loads and reactions shall be reduced to percentages not less than as shown in Table I, with normal impact, shock, and similar loadings omitted.  Bearing loads due to snag forces shall not exceed the static load ratings of the bearings.  Antifriction bearings shall be designed for the speeds resulting from operation of the drive motor at its specified time rated speed, and shall provide not less than the number of hours of L‑10 life shown in the table below.

	TABLE I - BEARING LIFE REQUIREMENTS

	Motion
	L-10 Life, hours
	Percent of Maximum Load

	Main Hoist, including Sheaves Bearings
	25,000
	75

	Trolley Drive and Trolley Wheels
	25,000  
	75

	Boom Hoist, including Sheaves
	15,000
	75

	Gantry Travel
	15,000
	100

	Re-reeving Device
	15,000
	75


Hook bearings shall be of the thrust type with tapered or cylindrical rollers. The hook thrust bearings shall be designed so that 150 percent of maximum design load shall not exceed the static load rating of the bearing.  The static load ratings of the bearings shall be modified as required by any bearing manufacturer mandated safety factors.  

Pillow blocks shall be split on the bearing centerline.  Housings which may not be split shall be designed to facilitate shaft and bearing removal.  Pillow blocks or bearing cartridges made of cast iron shall not be used.  Bearings and housings shall be sealed by caps or spring loaded lip-garter type seals, and except for reducer bearings, provided with pressure grease lubrication.  Bearing housings shall have removable end caps to allow periodic inspection of the shafts by non-destructive methods.  Bearing housings shall be secured to the supporting structure with four bolts.  Bearing housings shall be fastened with SAE J429 Grade 5 bolts with SAE J995 Grade 5 nuts and hardened flat washers.  If the hole is slotted a 5/16 inch thick (minimum) plate washer shall be provided.  Bearing housing bores and shaft seats shall be of the diameter and tolerance recommended by the bearing manufacturer.  Fits between bearings and their corresponding shafts and housings shall be per ANSI/ABMA 7, Shaft and Housing Fits for Metric Radial Ball and Roller Bearings, or the bearing manufacturer’s recommendations.

All bearings shall have inner races.  All axles and shafts subject to axial loading or thrust from deflection of bearing supports or shafting shall have one fixed and one floating bearing.  Inner and outer races of fixed bearings shall be positively clamped to shaft and in the housing, respectively.  Inner races of fixed and floating bearings shall be clamped by means of a tapered bore assembly or an end cap secured with not less than three cap screws with heads wired together, retained utilizing the bearing manufacturers' guidelines.  The complete tapered bore bearing assembly shall be provided by and installed in accordance with the recommendations of the bearing manufacturer.

Each sheave shall have two widely spaced ball bearings, two widely spaced cylindrical roller bearings capable of taking thrust, or one double row non-adjustable tapered roller bearing.  The lead sheave’s RPM in a reeving system shall be used in sizing all sheave bearings of the system.  Sealed-for-life bearings shall be used on secondary systems, where applicable, to keep the number of lube fittings requiring maintenance to a practical minimum.

For anti-friction bearing assemblies where the bearings may need to be removed, and where such bearings are to be reused, the shaft or bearing mounting design shall allow removal of the bearings with no load transferred through the rolling elements of the bearing.

2.3.8 Drums

Wire rope drums shall be fabricated of seamless steel pipe, welded rolled structural steel or centrifugally cast steel with a solid through shaft or stub shafts with double end diaphragms.  The drums (including stub shafts, if applicable) shall be one-piece steel weldments, finish-machined after all welding is completed.  Stub shafts or hubs for a through shaft shall be set in and welded to two widely spaced diaphragms, or one diaphragm with not less than six stiffeners radiating from stub shaft or hub to drum barrel.  In lieu of the through shaft or stub shaft, the drums may be coupled to the gear reducer output shaft by means of a barrel coupling.  A secondary means of restraining the drums shall be provided so that the drum caliper disc brakes will still engage in the event of a barrel coupling failure.  If more than one wire rope drum is provided for the main hoist, the drums shall be integrally connected to one another to ensure that all four corners of the spreader are raised and lowered evenly.  Splash guards shall be provided between drums and the motors and brakes if they are next to each other.

Drum design shall preclude surface damage of the rope grooves due to rope pressure.  Drums shall have a pitch diameter not less than 40 rope diameters for the main hoist and trolley drives and 30 rope diameters for the boom hoist.  Drum shell material shall be 50,000 psi (345 MPa) minimum yield strength.  Rope grooves shall be accurately machined, with continuous groove profiles.  Grooves shall be smooth and well rounded, and shall have a depth not less than 0.4375 times the rope diameter, and a pitch of not less than 1.125 times the rope diameter, and a radius 1/32 inch larger than the rope radius.  Design of the drum shell thickness beneath the grooves shall allow for rolling or casting tolerances.  The net thickness under the groove shall not be less than the rope diameter unless approved by the Contracting Officer.  After machining the rope grooves shall be hardened to a minimum of 280 BHN.  The rope grooves shall be machined to a 6.3 micron finish.

Drums shall have machined helical grooves.  The wire rope shall be spooled in one layer, with three unclamped full dead wraps remaining on the drums when the rope is fully payed out for normal operation and with three empty grooves remaining on the drums when all the rope is fully wrapped.  All drums shall have flanges at each end.  Flanges shall be at least 2 inches (25 mm) thick and shall have an outside diameter of at least two rope diameters greater than the pitch diameter of the drum.  Drums shall be stress relieved before machining and shall be statically balanced.

Rope dead end connections shall be anchored to drums and shall be designed to develop 100 percent of the wire rope breaking strength.  Each rope dead end shall be easily removable from the drum anchor point.  Drum gears (if used) shall have a flange which shall be through bolted to its drum end flange.  The drums shall not be stressed in combined crushing and bending in excess of 20 percent of the drum barrel ultimate tensile strength.  Drums shall also be analyzed to ensure that the external pressure applied by the wire rope does not exceed 20 percent of the collapse pressure as determined by:




eq P\S\do4(c)=\F(2.6E(\F(t,D))\S\up4(2.5),\F(L,D)-0.45(\F(t,D))\S\up4(0.5))


Where:

Pc = collapse pressure, psi

E = modulus of elasticity, psi

t = drum thickness under grooves, inches

D = drum tread diameter, inches

L = drum length between diaphragms, inches

The external pressure exerted by the single layer of wire rope shall be determined by:





eq P\S\do4(t)=\F(2T,Db)



Where:

Pt = external pressure on drum, psi

T = drum line pull, pounds

D = drum tread diameter, inches

b = pitch of grooving, inches

Welds carrying drum driving torque shall not be stressed in shear due to combined torsion and bending in excess of 6,000 psi and, if weld is of the fillet type, the weld size shall not be less than that specified in AWS D1.1 based on material thickness.   Drum end assembly welds subject to stress reversal or fluctuation shall be designed for 2,000,000 cycles based on the allowable fatigue stress.

2.3.9 Wire Ropes

The maximum rope load or drum line pull shall be computed in accordance with the following formula:




eq P=\F(W(1.04)\S\up4(\F(S,2))(.02),(1.04)\S\up4(\F(N,2))-1)


Where:

P = drum line pull, pounds

W = total weight supported, pounds

S = number of running sheaves in system

N = number of parts of line supporting load

NOTE: The above formula is for a double reeved system.  For the main hoist two drum, having four lines coming from the drums, W is 1/2 the total weight being supported by each half of the reeving system.

The drum line pull shall be divided into the minimum nominal breaking strength of the wire rope to obtain a wire rope factor of safety of not less than 5.0.  Main hoist wire rope factor of safety should consider expected load from a 10 percent eccentricity of container box center-of-gravity.  The load shall be assumed to be equal on the ropes supporting the four corners of the spreader.  The ropes supporting the four corners of the spreader shall not be equalized.  Hoist wire ropes shall be uncoated, preformed, extra improved plow steel, 6x36 construction with an independent wire rope core, right and left regular lay, and shall conform to the applicable requirements of  ASTM A1023/A, type and class as appropriate.  Length of the hoist ropes shall be sufficient to allow the spreader to reach its lowest specified position with at least three full wraps of each rope, leading from drum(s), remaining on drum(s).  Wire rope shall be not less than 1 inch nominal diameter.  Wire ropes shall be lubricated in the manufacturing process and shall be coated with a heavy wire rope grease prior to post delivery testing at the final destination to eliminate the possibility of corrosion.  Rope dead end connections, other than at drums, shall be of the forged steel speltered socket type filled with zinc or resin.  Speltered sockets shall use zinc not lower in quality than "high grade" as specified in ASTM B6.  Resin used in sockets must be previously approved by the Contracting Officer.  All end connections shall be fabricated in accordance with the rope manufacturer's recommended practice.  All dead end connections shall develop 100 percent of the rope breaking strength.  Running ropes shall be reeved without reverse bends, except that reverse bends shall be permitted at drum.

2.3.10 Reeving

2.3.10.1 Main Hoist Reeving

The effect of WLO in all horizontal directions shall be considered in designing clearances for the wire rope systems.  Each main hoist rope shall be continuous from the drum through the headblock sheave and back to the drum.  The midpoint of each rope shall be secured at the boom tip.  The rope attachments at the boom tip shall be capable of releasing to allow re-reeving from the machinery house.  Sheaves or rollers required for re-reeving shall be permanently mounted and shall have a minimum diameter of 12.5 times the wire rope diameter.

The reeving geometry shall be such that the outer ropes of the assembly between the trolley and head-block shall be stationary during hoisting.  The hoist reeving geometry shall be symmetrical about the centerline of the crane in the trolley travel direction.  The main hoist reeving shall be capable of holding the load if one of the four falls fails.  The factor of safety may be reduced; however, the rope size does not need to be increased for this condition.

2.3.10.2 Boom Hoist Reeving

The boom hoist reeving shall include two independent, equalized sets of falls, either of which shall catch the boom without damage in the event of failure of one set and safely raise or lower the boom to a secure position.  The independent sets of reeving shall be from one rope which shall lead from the hoist drums to the gantry frame top, then to a multi-part reeve-up between the boom and gantry frame top, then to a clamp or clamps to the other multi-part reeve-up and back to the hoist drum.  The re-reeving concept shall be approved by the Contracting Officer.

A means shall be provided to equalize the loads between the two falls.  Equalizing means shall be approved by the Contracting Officer.  A means shall be provided to re-reeve the boom hoist from the re-reeving device, if provided.  All fair leads, snatch blocks, and other devices required by the reeving scheme shall be provided and stored in each crane.  The re-reeving sheave or sheaves at the boom hoist rope dead end attachment (rope mid point) shall be permanently mounted.

Rope guides shall be provided at the boom hinge to guide and control the main hoist and trolley drive ropes during boom raising and lowering and under all ship clearance, maintenance and stowed load conditions.  As an overload condition, the guides shall be designed for the inadvertent application of rated load to the ropes.

2.3.10.3 Trolley Reeving

The trolley shall be propelled by two sets of tow ropes symmetrical about the centerline of the crane in the trolley travel direction.  Each tow rope shall be continuous from the trolley drive drums around frame turning sheaves to equalizer sheaves on the trolley and returned to the drum.  The ropes shall be clamped on the trolley except when re-reeving.  

2.3.11 Fleet Angles

Fleet angles of wire rope shall not exceed the following:

- To drums: 2-1/2 degrees to the axis of grooving at the point of tangency.

-  To sheaves with constant fleet angle or where the fleet angle does not pass through zero degrees near the midpoint of normal travel: 2-1/2 degrees.

- To sheaves where the fleet angle varies about equally either side of zero degrees during normal travel: 3 degrees.

- The fleet angle between the trolley and headblock sheaves may exceed 3 degrees when the headblock is within 10 feet of its highest position but shall neither exceed 3.5 degrees nor the rubbing angle of the sheave groove.

2.3.12 Catenary Rope Support System

The horizontal hoist ropes and trolley tow ropes to and from the trolley shall be supported on UHMW polyethylene guide sheaves positioned at approximately 65 feet (20 m) intervals.  The support sheaves shall be a minimum of 1 foot (300mm) pitch diameter and rotating on anti-friction bearings with seals.  The trolley shall be equipped with hoist and trolley rope pickup and lay down sheaves and diverting sheaves as well as the hoist sheaves.  The trolley tow rope pickup and diverting sheaves may be sized as equalizer sheaves.  The tangent point distance between each sheave in each hoist rope system on the trolley shall not be less than 6 times the hoist rope lay spacing (pitch).  A hoist and trolley rope guidance system shall be provided between the guide rollers such that should a rope be displaced laterally due to gantry travel direction forces, it will automatically be guided back onto the support rollers when the ropes are again tightened

2.3.13 List, Trim and Skew Adjustment

For controlling the rotation of the spreaders about any of the three principal axes to accommodate the ship's list, trim, and skew the crane shall be provided with mechanisms to adjust the trim and list of the spreader system to ± 3 degrees from horizontal, and a mechanism to adjust the skew about a vertical axis to ± 3 degrees.  With the eccentric load on the spreader, list and skew shall be limited ± 2 degrees, trim shall be ± 3 degrees.  These mechanisms shall be powered and independently controlled from the operator's cab. Trim, list, and skew positions shall be indicated in the Operator Interface Panel.  Each mechanism shall have a positive means to maintain the selected spreader position under all operating conditions, and the main hoist stall condition.  Travel time from center to maximum list, trim, or skew shall be between 5 and 10 seconds.  A means shall be provided to allow the operator to independently zero each micro motion, or alternatively, at his option, to zero all motions at once.

The adjustments shall be accomplished by providing either hydraulic cylinders or power-driven turnbuckles on the sheaves located in the backreach of the crane, or by means of a multifunction hydraulic system to be located on the main beam near the trolley backreach.

The control of the devices shall be from the operator's cab using a 3-position toggle switch spring loaded to return to center.  The devices shall have a readout, visible to the operator, which indicates the midpoint and travel positions. 

The maintenance person shall be capable of establishing a new “spreader home” position within a rope position of +/- 6 inches (150 mm).  Cylinder stroke shall be sufficient to accommodate the extreme combination travel of trim, list, skew, and homing in addition to the snag stroke.

2.3.14 Headblock

The Contractor shall be responsible for the interface between the headblock and the spreader.  The Contracting Officer requires detailed input into the design to insure the operation and maintenance requirements meet its needs.

The headblock weight shall be sufficient to allow stable controlled hoisting, lowering and trolleying anywhere between the crane legs without a spreader or cargo beam.  The centerline spacing of the side rope falls shall be approximately 18 feet (5,500 mm) but in no case less than 16 feet (4,880 mm).  The headblock shall be designed for quick manual connection to the telescoping spreader.  The connection between the headblock and spreader shall be designed for the specified load combinations including list, trim, snag, eccentricity, impact and trolley acceleration forces.  Connection between the headblock and spreader shall be by twistlocks the size and orientation of which will be site specific.

The headblock structure shall comply with Section 2.2.  In addition, the accelerations, both vertically and horizontally, imposed on the headblock from the spreader contacting containers or the ship’s structure (cell guides) shall be a minimum of 10 times gravity or the manufacturer’s recommendation, whichever is greater.  The headblock shall consist of a sturdy structural frame suspended by four sheaves, a cable‑gathering tub, and quick‑connect/quick-disconnect fittings to mate with the telescoping spreader and the load beam.  The headblock shall not exceed 19 feet (5,790 mm) in length and 7 feet (2,150 mm) in width.  Outside surfaces shall be smooth and without discontinuities to prevent snagging on adjacent containers, cell guides or other structures.

The headblock shall be designed with hoist blocks and guarded sheaves that are reeved into the main hoist.  The headblock shall be provided with a personnel platform with adequate headroom and floor space for four standing men (man cage), and shall be constructed of steel grating, complete with safety railing and toe guards.

The four suspension sheaves shall be widely spaced to tolerate a 10 percent eccentricity of container center‑of-gravity.  The quick‑connect/quick-disconnect fittings shall be either four twistlocks or four horizontal pins designed for easy manual operation and shall have a means of being locked in the engaged position.  Pins shall have a substantial taper on the mating end to ease engagement.  The sheaves shall be totally enclosed except for wire rope slots and drain holes.  The enclosures shall prevent the wire ropes from leaving the sheave grooves and shall be removable without unreeving.

Locking devices shall be provided at each point of connection to the spreader.  Electrical interlocking shall be provided which prevents hoisting of the headblock unless all the locking devices are fully engaged or fully disengaged.  Power shall be supplied from the trolley junction box through the headblock to the spreader by means of a multi-conductor electrical cable as specified in Section 2.4.

The headblock shall be provided with a connector that mates with the spreader power cable and is wired to bypass the spreader interlock circuits to allow hoist operation with the headblock only or with the headblock and cargo beam.

2.3.15 Sheaves

Wire rope sheaves shall be machined from forged (rolled) steel or cast steel with rope groove contour per the AIST Technical Report 6.  Rims (flanges and treads) shall be hardened to not less than 320 BHN and the sheaves shall have at least two holes in their webs to facilitate handling.

Running sheaves shall have a minimum pitch diameter of 30 rope diameters for the main hoist and trolley drives and 24 rope diameters for the boom hoist.  The groove depth shall be not less than 1.15 times the rope diameter and the groove angle between the flanges shall be 30-40 degrees.  Sheaves shall have substantial, close-fitting guards around the rope contact area, which shall prevent the rope from leaving the sheave groove under any condition of slack or bouncing rope and shall be so arranged that the rope can not become pinched or snagged between the sheave and fixed guards or other fixed items should the wire rope be forced from the sheave groove.  These guards shall also be used to retain grease or oil thrown off the wire rope during operation.  The guards shall be removable for cleaning. 

Sheaves shall be designed so that the complete assembly including bearings and pins can be removed as a unit.  Sheaves which are not within reach of a service platform should have a lubrication line extended to a remote lube block.  Machined steel guides, and/or rollers with guards shall be provided at strategic points to prevent ropes from contacting, wearing, or hanging on structural members.  The pitch diameters of these rollers shall be not less than 5 times the rope diameter.  The rollers shall be equipped with anti-friction bearings and grease fittings on each bearing block with remote grease station, if device is not readily reachable.  Width of rollers shall be sized to accommodate full range of lateral rope movement from the spooling process.

Sheaves and bearings within a system shall be interchangeable, whether stationary, idler or part of a block.  Sheaves shall be equipped with non-adjustable tapered roller bearings with seals.

If the sheave axles are mounted more than 15 degrees from the horizontal plane, running wire rope shall be supported by auxiliary sheaves with a pitch diameter of at least 10 times the rope diameter to prevent the wire rope from jumping off the sheaves.  Ropes shall maintain contact with the auxiliary sheaves at all times.

2.3.16 Gantry Drive

Gantry drive shall provide adequate traction and power under normal operating conditions to include acceleration and deceleration with and against the specified operating wind.

Each drive shall be self-contained within its drive truck and the drive shall consist of an electric motor with an electrically released fail-safe operational brake driving through totally enclosed, oil-lubricated, helical and/or spiral bevel gearing with one motor with brake driving one wheel.  At least 50% of the wheels at each corner shall be driven and all wheels shall be equipped with operational brakes.  Drive components shall be protected against damage by vehicular traffic and shall not extend beyond the width of the sill beam.
2.3.17 Wheels

Gantry wheels, container trolley wheels shall be double flanged and rolled‑to‑shape or roll-forged to provide properties in congruence with ASTM A504 and rim toughened to 320 BHN minimum.  Wheels shall be carried on anti-friction bearings. 
Maximum allowable wheel load in pounds (considering dead load plus rated load only) for trolley and gantry travel wheels shall be in accordance with the following equation:

Maximum allowable wheel load = K x W x D

Where:


K = 1400


W = Effective width of railhead in inches (width of top of head minus head corner radii)


D = Wheel tread diameter in inches

All travel wheels shall have cylindrical treads.  Fillet radii between tread and flanges of wheels shall be 1/16 inch less than corner radius of rail head.  Outside diameter of wheel shall be from 1‑1/2 inches to 2‑1/4 inches greater than tread diameter.  Nominal flange thickness shall be not less than 7/8 inch.  Trolley wheel treads shall be equal to the width of the railhead + 1/2 inch.  Gantry wheel treads shall be equal to the width of the railhead + 3/4 inch. 

All travel wheels shall have hardened treads, ground or machined true to diameter and width.  Driving wheel treads shall be matched within 0.001 inch per inch of diameter, but not exceeding 0.010 inch. Trolley wheels driven by one motor shall be matched within 0.002 inch.  Wheels shall be pressed on rotating axles, and driving wheels shall be keyed to the axles.  Gantry wheel treads shall be turned to a true surface and shall be within plus or minus 0.005 inch of the nominal diameter.  Gantry wheel width shall be sized for ASCE 175 pound crane rail.  Wheel axles shall be finished all over and pressed or shrunk into wheels.  The wheel/axle assemblies shall be designed so that the complete assembly including bearings and axles can be removed as a unit.

Side guide rollers shall be provided at all 4 corners of the trolley.  The size of the rollers shall be determined by calculation but shall be at least 50% of the trolley wheel diameter.  The guide rollers shall rotate on anti-friction bearings and seals sized for the continuous application of the specified trolley skew load.  Side rollers shall have the same material as that of the other wheels and with the treads heat-treated to a minimum of 320 BHN.    
2.3.18 Couplings

Except for drum barrel couplings, couplings shall be flanged steel with exposed bolts and shall be flexible gear type with spherically crowned teeth and shall transmit only torque.  

Coupling ratings shall be not less than that determined by the coupling manufacturer's published selection method, based on the operating speed, design horsepower, and the coupling manufacturer's published service factor.  Based on the manufacturer's catalog rating and the transmitted load for load combination LLE, main hoist couplings shall have a service factor of at least 2.0.  Gantry and trolley couplings shall have a service factor of at least 1.5 based on operating load combination.  Boom hoist couplings shall have a service factor of at least 2.0 for the maximum transmitted load during the hoisting cycle.  

Drum barrel coupling shall be used in connection between the hoist reducer output shaft and drum flange.  Barrel couplings shall be the standard catalogued products of manufacturers regularly engaged in production of this type of equipment for commercial applications, specifically designed and rated to transmit combined shear and torque loads.  The rating and required service factor for the combined loading shall be verified by published catalog information.  Barrel couplings shall be grease lubricated and bolted to the drum flanges in accordance with the manufacturer's recommended practice.

All couplings shall be steel and mounted with keys.  All couplings shall be located immediately adjacent to a bearing and shall be interference fitted and keyed to shafting.  Couplings between closely spaced bearings shall be of the full flexible type.  Couplings for floating shafts and for shafts of lengths more than 16 shaft diameters shall be of the half flexible type.  Couplings shall be enclosed and sealed to retain the lubricant under both dynamic operating and static conditions.  Brake wheel couplings shall meet coupling requirements specified within this specification and have the brake wheel attached to the driven hub.

Couplings in areas of normal personnel access shall be covered with suitable removable cover guards with access openings for lubrication.

2.3.19 Keys and Keyseats

All key‑keyseat assemblies shall be of the parallel type, conforming to ANSI B17.1, Class 2 fit and other applicable requirements herein.  Keys shall be cold‑finished low carbon steel key stock or heat‑treated alloy steel.  Keys and keyseats shall be dimensioned, with tolerances, on the applicable drawings.  Keys shall be machined or ground to size, or selective fitting may be employed for keys of cold‑finished low carbon key stock, to provide the required tight fit in the keyseats.  Heat‑treated key stock shall be sufficiently oversized to allow for cleaning and truing the surfaces by grinding.  When designing the assemblies, the ultimate shearing strength shall be taken as equal to 70 percent of the ultimate tensile strength of the material.  The shear yield strength and compressive yield strength shall be taken as equal to 60 percent and 100 percent respectively, of the tensile yield strength of the material.  Surface compressive stresses on keyseats sides in shafts or axles and hubs of mating components shall also be calculated on the above basis to account for differences in materials.  Commercial items such as motors and reducers shall be furnished with standard keys; keys shall be checked for Class 2 fit at assembly.  Key stock or bar utilized shall be properly selected to permit machining to required Class 2 tolerances.  Key-keyseat assemblies shall be designed so a loose key cannot become disengaged from the keyseat.

2.3.20 Bumpers and End Stops

Travel trucks and trolley side frames shall be provided with elastomeric or hydraulic type bumpers.  Bumpers shall meet all applicable provisions of ASME 30.24, except as modified herein.  Gantry and trolley bumpers shall be designed to absorb the travel energy of the crane and trolley, respectively, when striking end stops at 100 percent of rated travel speed (power-off) and without load when traveling in either direction without structural or mechanical damage to the crane or trolley.  Bumpers at the four corners of the gantry shall be of sufficient energy absorbing capacity to prevent damage when one crane meets another, considering both cranes at full speed under power without load.  Gantry bumpers when fully compressed shall extend at least three inches (75 mm) beyond any part of the trucks.  The rate of deceleration from the indicated travel speeds for all bumper types shall not exceed 16 ft/sec2 (4.9 m/sec2).  The design of all bumpers shall be based on a power‑off condition and shall not include the live load nor the spreader, if free to swing.  Gantry bumpers shall be located vertically above the rail centerlines to contact the Government furnished end stops.  Bumpers shall squarely match end stops.  All bumpers shall be capable of being easily disassembled, and shall be provided with safety cables to prevent parts from dropping to the ground.  Bumpers shall be mounted in a manner which precludes shear in attaching bolts.  

Trolley end stops shall be provided at the limit of trolley travel, and shall squarely match the trolley bumpers.  Retracting safety stops on the trolley runway at the landside of the boom hinge shall contact the trolley bumpers and prevent passage of the trolley to the waterside when the boom is in its stowed position.  The safety stops shall be actuated by positive mechanical linkage(s) to the boom.  The safety stops shall be designed to the same criteria as the trolley end stops.

Energy adsorbing bumpers and end stops shall be provided at the upper limits of boom travel.  These boom bumpers shall be capable of stopping the boom at full speed in the event of failure of the slow-down and normal up-stop limit switches, without structural or mechanical damage.

The effects of reeving geometry and WLO shall be considered in the design of bumpers and stops.

2.3.21 Snag Control

Snag control shall be provided to limit mechanical and structural loads to their design limits.  A convenient means shall be provided for maintenance personnel to periodically field-verify pressure setting of relief valves.  The snag control device shall have the following features:

(a)
Be hydraulic and absorb energy by fluid flow over relief valves or by a functionally similar hydraulic circuit.

(b)
Powered reset after a snag incident.  Replacement of parts, manual adjustment or manual charging of an accumulator does not meet the intent of this requirement.  Resetting shall be by keyed switch located in the electrical room and at the gantry station.  

(c)
Automatically compensate for internal leakage.  External leakage is not acceptable.

(d)
Meet all the requirements of the hydraulic section of this Specification.  

Snag analysis shall consider the activating time of relief valves. Response time shall be certified by the valve manufacturer.  Snag device shall be set not to trip for any rope load less than 125% of any operating rope load including design impact and eccentricity.  In addition to the Operating Conditions shown in Section 1, the “high fifth wheel” condition shall be considered.  The snag analysis shall investigate all possible snag load combinations to ensure sufficient energy absorbing capabilities.  The minimum snag and two blocking cases to be investigated are:

(1)
Two blocking empty spreader and headblock at the full speed; spreader at maximum trim and list.

(2)
Jamming in Ship’s cell, 60 feet (18 m) above gantry rail elevation, of a full speed empty spreader and headblock for both of the following occurrences:



- One side only jams, two hoist ropes snag.



- Both sides jam, four hoist rope snag.
The Contractor shall determine the suitable location for the snag device either at the trolley or at the backreach.

2.3.22 Slap Blocks and Deflector Rollers

Replaceable UHMW polyethylene slap-blocks shall be provided to prevent bouncing wire rope from premature wearing or from damaging other components.  All UHMW material shall comply with ASTM D4020.  In addition to the ASTM requirements, the UHMW material shall have a density in the 0.929 to 0.939 G/CC range and an Intrinsic Viscosity (IV) value greater than 24.  The material shall be UV protected for its expected life.

UHMW rollers or sheaves with anti-friction bearings and seals shall be provided as necessary to prevent running wire rope from contacting any obstruction.  For intermittent contact with sagging running wire ropes, individual interchangeable UHMW polyethylene discs rotating directly on polished stainless steel shafts or individual interchangeable sealed antifriction bearings shall be used.  Sheaves shall be machined from solid UHMW materials and provided with anti-friction bearings and seals.  Sheave and roller inertia should be considered to insure that slippage does not occur while the rope accelerates the sheave or roller.

2.3.23 Drip pans

The crane shall be designed to preclude leakage of lubricants onto the lifted loads or the floor.  Equipment or components, which cannot be made leak-proof, shall be fitted with suitable steel drip pans or shall have the foundations seal welded to create a dam.  Drip pans shall be installed under all drive machinery.  The drip pans shall be designed to permit easy removal of collected lubricant.  The floor space under wire rope drums shall be provided with removable drip pans to catch excessive grease or oil from the wire ropes.  The drip pans shall be removable for cleaning.  The drip pans may be made up of multiple individual segments if required for ease of handling.  The pans shall not be bolted.

All hydraulic power units will have catch basins to collect leakage from the power unit and its components.  The basin shall be sized to a minimum of 10% of the reservoir's volume.  Catch basins shall be fitted with manual valve equipped drains.  The drains shall either be accessible from crane walkways, machinery decks, the wharf, or from the trolley.  Space shall be provided for a container to accept the drained fluid.  Where the catch basin is compartmentalized, the various compartments shall be piped together to form a single drain 

2.3.24 Surface Finishes

Finish roughness height ratings in micro‑inches shall be in accordance with the table below.  Any finer surface will be acceptable.

Item/Location




      Maximum Rating (micro-inches)

Bearing inner race seats





  63

Bearing housing bores fixed outer race



125

Bearing housing bores floating outer race


  63

Rubbing surface of bushings

(including flanges) and thrust washers



  63

Pins in bushings





  32

Bores of gears, couplings, and wheels



  63

Seats for gears, couplings, and wheels



  63

Wire rope grooves (on drum and sheaves)


125

Keys and keyseats





125

Surfaces in contact with synthetic seal lips

(with no machine lead)





  16

Surfaces in contact with felt strip seals



  63

Gears (working surfaces and root fillets)



  63

Brake wheels (working surfaces) 

         brake manufacturer's standard

In general, all shafts, axles, pins, or bore surfaces not specifically identified herein shall be finished to 125 micro-inches or finer.

2.3.25 Seals

Oil seals, except in travel drive gear reducers, shall not be submersed in oil baths.  Except as otherwise permitted herein, all through shafts shall be sealed with spring‑loaded synthetic dual lip seals, suitable for the rubbing velocity and lubricant provided.  Running sheaves shall be equipped with synthetic lip seals.  Oil seals shall be oriented to retain the lubricant.  Grease seals shall be oriented to permit fresh grease to pass between the bearing rolling elements and flow out past the lip seal.  Wheel axle bearings and drum pillow block bearings may be provided with labyrinth type seals.  The labyrinth seals shall contain at least three annular grooves, each having a depth of 3/16 inch, width (at widest point) of 1/8 inch, and an included angle between the sides of grooves equal to 30 degrees.  Distance between centers of grooves shall be 3/16 inch.

If provided, all drum gear covers shall be equipped with felt seals contacting properly finished surfaces on the drum barrels.  The felt seal strips shall be readily replaceable.

2.3.26 Lubrication

The crane shall be designed to minimize both the number of lubrication points and the required frequency of lubrication.  All points on the crane requiring lubrication shall be easily accessible from the structure, service platforms, or walkways, or shall have extensions with approved pipe and fittings to accessible locations.  Lubrication means shall be provided for all moving parts which require lubrication and shall be accomplished using flexible heavy duty hose.  Oil lubricated gears shall be lubricated by means of at least one gear of each mating set dipping into the oil reservoir or by splash, except that gears which are remote from the free surface of the oil shall be lubricated by means of a pump discharging oil onto the gear teeth.  Only one size and type of lubricating fitting shall be used.    

Wherever practical, oil pumps shall be driven by the gear reducer input (high speed) shaft and shall be of the reversible type capable of maintaining the same oil flow direction and volume while being driven in either direction.  Pumps shall be driven at sufficiently high speed to provide adequate oil to gears and bearings for proper lubrication.  Electric motor driven pumps may be used when the input shaft speed is too low at any operating condition to ensure adequate oil flow.  In such applications, the electric motor/pump shall be energized whenever the drive mechanism brakes are released.  Slow‑speed grease lubricated gears, where permitted, shall be lubricated with grease of the adhering type.  Bearings shall be oil or grease lubricated as best suits the application.  Oil lubricated bearings in gear cases shall be positively lubricated by means of an oil bath.  Bearings remote from the free surface of the oil shall be provided with an assured path of oil flow by means of troughs or pumps as specified hereinbefore.  Grease lubricated bearings shall be lubricated through an individual passageway to each bearing.  Each passageway shall be fitted with a pressure lubrication fitting conforming to MIL‑F‑3541.  Completely sealed bearing housings, in which seals are oriented to retain lubricant, shall be provided with pressure relief fittings.  Each lubrication fitting and relief fitting shall be located so that when fresh grease is inserted, the grease will pass through the bearing.  All lubrication fittings shall be recessed or shielded for protection.

2.3.27 Fits  

All gears, pinions, wheels, and couplings shall be interference fitted to shafts or axles, as applicable, in addition to being keyed as specified.  Interference fits shall conform to the force fit requirements of ANSI B4.1 for medium drive fits (FN2), unless the material, length of engagement, or imposed loading dictates otherwise. The drum gears (if applicable) shall be mounted on the drum barrels with a locational interference fit (LN2-LN3).  Bearings and seals shall be fitted in accordance with the manufacturer's recommendations.  Bushing press fits shall be in accordance with the bushing manufacturer's recommendation.

2.3.28 Hydraulic Systems

Hydraulic systems shall not be used except for selected auxiliary functions to support crane operation.  The hydraulic systems shall be designed in accordance with JIC Hydraulic Standards and shall meet the requirements and recommendations of the Instrument Society of America (ISA).  All equipment and components shall be standard products of manufacturers regularly engaged in the manufacture of such products and the systems shall be designed for use with petroleum base hydraulic fluids.  Electrical, mechanical and hydraulic components and fittings used in the hydraulic systems shall be procured from readily available U.S. stock.  The hydraulic systems shall be failsafe such that no unintentional operation of hydraulic equipment can occur because of electrical power loss or recovery.

Pumping and control units shall be products of the same manufacturer.  The systems shall be designed and rated for not greater than 3,000 psig continuous operating pressure with no component used in excess of the original manufacturer's regular catalog rating.  Normal operating pressures shall not exceed 75 percent of the system rated pressure.  Plastic hoses, flexible hoses, and tapered pipe threads on connections shall not be used.  All equipment and components shall be "through‑bolt" mounted with corrosion resistant steel fasteners.  Blind tapped holes shall not be used.  Rigid piping shall not be used to support valves or pumps.  Rigid piping shall be suitably supported to prevent any detrimental vibrations.  Hydraulic tubing shall be stainless steel.  Hydraulic piping and tubing shall be in accordance with the requirements for hydraulic fluid conductors.  Valves shall have solenoids immersed in oil with an indicator lamp to indicate electrical function and provision for external mechanical override.  Valves shall be surface mounted and supported with an "O" ring seal and shall have the manufacturer's name, serial number, and type of operation stamped on the main valve body, or on an attached corrosion resistant nameplate.  Relief valves, bypass valves, and air bleeding valves shall be provided as necessary to protect the system from pressure surges, cavitations, entrapped air, and other detrimental effects.  All systems shall be protected with 10 micron dual filters with readily replaceable filter elements.  Filters utilizing earth or clay shall not be used.  Filters shall be sized to obtain, with clean elements, the maximum fluid flow encountered under operating conditions at the lowest viscosity and the lowest temperature.  Pumps and motors shall be mounted on common steel bedplates and shall be connected with flexible couplings protected by detachable safety guards.  Cylinder rods shall be hard chrome plated steel or stainless steel.  Cylinder operators shall be provided with ball check quick‑disconnect fittings at the cylinder ports.  All valves shall be sub‑plate mounted with "O" ring seals on the sub‑plate.  The hydraulic fluid tank shall be adequately sized for volume and thermal requirements of the system.  The tank shall have interior baffles and anti-humidity heaters.  An oil temperature reservoir gage shall be provided.  A breather with a 10 micron minimum rating filter shall be installed at a high point on the reservoir.  There shall be a drain valve to drain all oil from the reservoir.  There shall be a removable magnetic plug and check valve.  A sight glass shall be located to show a minimum and maximum reservoir fluid level.  Only fire resistant petroleum hydraulic fluid shall be used and it must be one approved by the manufacturer of the hydraulic components.

Hydraulic control valves shall be mounted on drilled or laminated manifolds wherever possible.  Manifolds shall be steel or stainless steel.  Aluminum manifolds shall not be used.  Piping connections shall be made by SAE 4 bolt welded flange or 0-ring welded union fittings.  Tubing connections shall be bite type fitting or 37 degree flared fitting.  Tapered pipe thread connections shall be avoided wherever possible.  Pipe threads shall not be used without approval.  Where used, tubing and tube fittings shall be stainless steel.  Pipe shall be stainless steel.  Hose connections shall be SAE 0-ring port, SAE O-ring split flange, 0-ring union connection or 37 degree flared connection.  Hydraulic piping, tubing and hoses shall be standard sizes available in the USA.  Hydraulic hoses shall be UV protected.
2.3.29 Brakes

Each brake shall be capable of stopping its respective drive under all operating and emergency conditions from maximum speed to zero unaided by motor regeneration, and independently hold the test load.  Each brake shall be provided with a release mechanism that is self‑return to ON so that it may be partially and completely released by hand.  Screw type, maintained OFF, release mechanisms are not permitted or each maintained manual release shall have limit switch indication for control inhibit of that motion.  If gantry motor brakes automatically apply following a manual release, this feature can be omitted from the gantry brakes.  All brakes shall have interlocks to indicate positive release.

Main hoist and boom hoist brakes shall release only after motor torque has been proven by their respective hoist drive systems. Automatic regenerative braking shall be provided for all drives when reducing speed before electro-mechanical brake setting.  In case of power interruption, all energized brakes shall set instantaneously.  All brakes shall have means for easy adjustment.  All enclosed electro-mechanical disc brakes shall have heaters.  All brakes shall be provided with means to compensate for lining wear.
Each brake shall have the energy absorption capacity to bring the function under the rated load to a complete stop from full speed under emergency stop conditions.  All the energy shall be absorbed by the brakes alone.  No energy shall be assumed to be absorbed electrically or by any other means.  The brake shall remain operable following such an event.  Brake response time from loss of power shall be considered. 

(a)
For main hoist the combined energy absorption capability of the hoist brakes shall be sufficient to stop a runaway rated load traveling at the speed that trips the overspeed switch initiating an emergency stop

(b)
The boom hoist motor brake shall have the thermal capability to stop and hold the boom at maximum boom hoist load at overspeed trip speed two times in succession under emergency stop conditions without assistance from the drum mounted brake. 

(c)
The trolley brake shall have the thermal capability to stop the trolley from rated speed with rated load at maximum height with a following WLO two times in succession under emergency stop conditions. 

(d)
The gantry motor brakes shall have the thermal capability to stop the gantry (with the boom in any position) from rated speed with a following WLO once under power off emergency stop conditions (without the aid of any wheel or rail brakes).  Each brake enclosure shall be of watertight construction.  Brakes shall set after an adjustable time delay.

(e)
Brakes shall have the capability to stop the trolley or gantry travel within a distance in feet (meters) equal to 10 percent of rated load speed in fpm (mps) when traveling at full speed with rated load.
2.3.29.1 Electro-Mechanical Brakes

Electro-mechanical brakes shall be spring applied, electrically or hydraulically released.  
There shall be one electro-mechanical brake on each input shaft for the boom and main hoists.  Each shall be rated for  minimum of 150 percent of rated motor torque or dynamically rated to at least 100% of the rated load hoisting torque, whichever is greater.  Rated motor torque shall be defined as being that calculated using the motor nameplate rated horsepower and speed values based on the time rating.  Brakes shall not contact the brake wheels or discs except when the brakes are applied.  Electro-mechanical brakes in the hoist drive mechanisms shall be arranged so that they may be released by hand and allow the load or the boom to gradually descend by gravity.  Hand release mechanisms shall be provided with each electro-mechanical brake in the hoist drives.  Electro-mechanical brakes, except brake wheels and shoe linings shall be of all steel construction; including shoes, shoe levers, armatures, pull rods, torque springs, bases, etc.  Brake wheels and housings shall be ductile cast iron conforming to ASTM A536.  Brake linings and friction discs shall be of non-asbestos material.

One electro-mechanical brake, rated minimum at 125 percent of rated motor torque, shall be provided for each of the gantry's travel drive motors and for the motor in the trolley drive mechanisms.  Gantry and trolley brakes shall be adjustable down to 50 percent of their torque ratings.  
Gantry travel disc brakes shall also be sized to stop and hold the crane under operating wind load condition without the use of the rail brakes.  Electro-mechanical brakes, except for friction discs and brake housings, shall be of all steel construction.  Disc brakes shall be flange mounted to their respective drive motor housings.  Disc brakes and motors shall not have common housings.  The flange mounting of more than one disc brake unit to an individual drive motor will not be permitted.  Gantry drive brakes shall be protected by dust-tight enclosures with provisions for easy inspection, adjustment, or replacement of the discs and all other brake components.

2.3.29.2 Hoist Caliper Disc Brake System

Each hoist drum shall be provided with a fail-safe disc brake mechanism mounted on the drum flanges.  The caliper disc brakes shall be spring applied and hydraulically or electrically released.  The brake shall be capable of stopping the drum at any point in its travel without assistance from overspeed condition.  The controls shall cause the brake to remain released under normal container handling operations.  Brakes shall set immediately upon loss of electrical power, activation of emergency stop, and overspeed condition.  The brake shall be run-in during facility testing until the lining is seated and the coefficient of friction stabilizes.  Additionally:

(a)
All metal components shall be steel; except for the brake housings, which may be ductile cast iron conforming to ASTM A536.

(b)
The design shall permit adjustment of the pad-flange clearance on both sides of the flange for the proper gap within the limits of allowable friction pad wear.

(c)
The springs shall be arranged to provide a relatively constant torque level within the limits of pad-flange clearance adjustment and the allowable pad wear.

(d)
The design shall permit easy replacement of the pads.

(e)
The pad material shall be free of asbestos.

(f)
The pad material shall have a temperature limit (prior to fade) of at least 600 degrees Fahrenheit.  (Fade shall be defined as the point at which the friction pad material coefficient of friction is reduced by more than 10 percent.)

(g)
The design shall include readily visible pad wear limit indicators.

(h)
The design shall provide automatic centering and load equalizing on the brake flange, either by fully floating friction pads or floating housing.

Brake flanges shall be machined from one piece of plate steel conforming to ASTM A242, Type 1, or ASTM A588.  The brake flanges shall be bolted to the hoist drums using SAE J429 Grade 5 bolts with (if used) SAE J995 Grade 5 self locking nuts and hardened steel washers and shall be provided with a centering shoulder register to ensure concentric installation. The surface finish shall be in accordance with the brake manufacturer's recommendations.  A means shall be provided for periodically conditioning all caliper disc brake pads and flanges.

Each disc brake mechanism shall have a torque rating not less than 150 percent of the full (rated) load hoisting torque at the point of brake application.  The main hoist disc brake mechanism shall be designed based on the energy which would have to be absorbed and dissipated during an emergency stop, resulting from a main hoist drive train failure, occurring while lowering at rated capacity/rated speed condition.  The boom hoist disc brake mechanism shall be designed based on the energy which would have to be absorbed and dissipated during an emergency stop, resulting from a boom hoist drive train failure occurring with boom near horizontal while lowering at rated speed.  The contribution of the other brakes in the hoist system shall not be considered.

2.3.29.3 Dynamic Capacity Verification 
2.3.29.4 Each caliper disc brake mechanism shall be tested to demonstrate that it will meet the capacity and operational characteristics specified.  The drive trains need not be disconnected for these tests.  A combination of test data and calculations may be used to demonstrate compliance.  If calculations are used, the formulas shall be approved prior to use.  The required test data to establish firm correlation between the calculated and actual behavior; for the main hoist drive, will be obtained with the equivalent inertia of the spreader rated load and 25, 50, 75, and 100 percent lowering speeds; for the boom hoist drive, will be obtained with the weight of the boom near horizontal and lowering at rated speed.
2.3.30 Boom Latch Mechanism

A manual lock pin shall be provided to lock the boom in the fully raised, maintenance mode position for maintenance purposes.  The pin system shall be designed for the maximum stowed loads.  A lock pin storage socket with sensors shall be provided so that the boom hoist cannot be operated unless the lock pin is in the storage socket.
2.3.31 Bushings and Thrust Washers

All bushings and thrust washers shall be high-leaded or aluminum bronze cast in accordance with ASTM B271, B505, or B584 Copper Alloy UNS Numbers C93200, C93500, C93700 or C93800.  Boom hinge bushings (if applicable) shall be in accordance with ASTM B148 Copper Alloy UNS Numbers C95200 or C95300.  

Exposed ends of bushings shall either be flanged or provided with thrust washers at each end.  Wall thicknesses of bushings, flanges, and thrust washers shall be not less than 1/16 of the finished bore but they need not be greater than 1/2 inch.  The grease grooves shall be not less than 1/4 inch wide, not less than 1/8 inch deep, and shall extend not closer than 3/8 inch to the edge of the chamfer.  All grease groove edges at the bore rubbing surface shall be rounded to 0.005 to 0.015 inch radius.  Bushing bore to shaft/pin clearance shall be in accordance with the manufacturer's recommendations.

All bushings shall be press fitted into their housings in accordance with the manufacturer's recommendations except where specifically noted otherwise.  Bushing/pin clearances shall be in accordance with the manufacturer's recommendations.  Each bushing, in addition to a press fit, shall be mechanically locked to the supporting structure (bonding is not acceptable).  Bushings, flanges, and thrust washers shall be sized to limit the maximum bearing pressure (based on the projected area) to 20 percent of the alloy yield strength.  The load distribution resulting from transmission of bending moments through gudgeon bushing pairs shall be considered to be linearly increasing along the length of each bushing (i.e. triangular load distribution).

2.3.32 Pins

Pins which mate with high-leaded or aluminum bronze bushings shall be forged or hot rolled steel with the exception of the boom hinge pins which shall be forged steel.  The pin hardness shall be not less than 300 BHN and at least 100 BHN points harder than the mating bronze alloy.  All pins and shafts shall be positively retained at both ends.

If used, steel to steel equalizer pin bearings in trucks, equalizer beams and stays shall have 50 BHN points difference between pins and housings with the pin being harder.  See Section 2.2 for allowable bearing stress.  Pin diameters shall be reduced in internal nonbearing areas to facilitate removal.  The four bearing areas shall be fine shot blasted and lubricated with grease prior to assembly.  Pins shall have annular grooves at the midpoint of each of the four bearing areas and each groove shall be independently lubricated by means of a high pressure grease fitting.  Pin keepers shall not restrain pin rotation.
2.4 Electrical Design
2.4.1 General Requirements

The electrical installation shall provide reliable powerxe "Power" for the rapid precise handling of containersxe "Container" in continuous loading and unloading operations. 
Installations, material, and all electrical work shall comply with the latest versions of the National Electrical Code (NEC) or IEC 60204-32 Safety of Machinery-Electrical Equipment of Machines, Part 32, Requirements for Hoisting Machines (whichever is more stringent) and local regulatory body requirements. Grounding shall be in accordance with NEC or IEC 60204-32. Communication control networks shall be by approved standard industry product. Electrical schematics and drawings shall comply with applicable IEC standards, including as a minimum IEC 445 and 617.
The controlsxe "Controls" for the main and boomxe "Boom" hoistsxe "Boom Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)", trolleyxe "Trolley", and gantryxe "Gantry" drivesxe "Gantry Drive"

xe "Drive" shall be AC variable frequencyxe "Voltage", stepless regulated reversing and regenerative over the entire range of speeds. Main hoistxe "Main Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" and trolleyxe "Trolley" xe "Gantry"shall be simultaneously operable at full speed. 
The maximum allowable temperaturexe "Temperature (See also Heat, Thermal)" rise on equipmentxe "Equipment" and wiringxe "Wiring" shall be predicated on an ambient temperature shown in Part 1.  Proper consideration shall be given for solar radiation and heat accumulation in indoor spaces.  Space heaters shall be sized to protect the equipment when out of service.  Adequate consideration shall be given to temperatures within enclosuresxe "Enclosures" and ventilationxe "Ventilation" during operation.
All components of the electrical and electronic installation, including at least motors, brakes, transformers, thyristor conversion assemblies, IGBT conversion assemblies, drive controls, switchgear, circuit breakers, overload protection devices, panels, lights, interlocks, lightning protection, motor control section and switches shall be of standard manufacture by an internationally recognized company. 
The Contractor and the drive system vendor shall make every effort to minimize the variety of devices used in order to reduce the maintenance burden and to minimize spare parts inventories.  Equipmentxe "Equipment" and materialxe "Material" for the same, similar or allied services shall be of the same manufacturer and type and, when of the same rating, shall be interchangeable.  The Contractor shall size components and conductorsxe "Conductor" to suit the demands of the equipment supplied. Where possible, encoders, resolvers, overspeed switches, roller lever arm limit switches, proximity switches, and pressure transducers shall be of identical and interchangeable components.
2.4.2 Power Supply

The main power supply shall be provided from a 4160V, three-phase 60 hertz main distribution transformer.  The power will be supplied via cable going from the transformer to the crane. The main power supply shall supply sufficient power for simultaneous operation of the main hoist, trolley functions at rated speeds with the rated load on the spreader, and ancillary loads.  Enclosed bus works shall be provided for the temporary connection of a hotel power cable to supply limited 480 Volt, 3-phase, 60 Hz power to the crane.  This temporary connection shall be sized based on sum of the KVA ratings of the transformers supplying the lighting and dedicated panelboards. The minimum current capability shall be 125A. The hotel power cable shall be 3-phase plus neutral plus PE. The Contractor shall supply a cable reel for each crane on the outside of the waterside of the gantry that is compatible with the shore power cable which will be provided by the facility wharf contractor, approximately 120’ in length.  Overcurrent protection of the feeder shall be provided; an enclosed circuit breaker shall be provided adjacent to the bus works enclosure for this purpose. The cable shall not be capable of being removed from the power supply until power has been disconnected from it.  The cable shall feed a disconnect switch which in turn feeds the distribution panelboard.  Individual circuit breakers shall be provided in the panelboard for the feeders to each electric drive and to the primary of each transformer supplying the lighting and dedicated panelboards.  A three phase transformer shall be provided to reduce the 480 Volts to 240 Volts for a dedicated panelboard.  Overcurrent protection of the 240 Volt feeder and of the secondary of the transformer shall be provided; a circuit breaker shall be provided for this purpose.  A dedicated panelboard shall be provided for the distribution of power to the elevator and all heaters, battery chargers, smoke detectors, convenience and power outlets, and aircraft warning lights on the crane.  A three phase transformer shall be provided to reduce the 480 Volts to 120/208 Volts for the lighting panelboard.  Overcurrent protection of the 208 Volt feeder and of the secondary of the transformer shall be provided; a circuit breaker shall be provided for this purpose.  The lighting panelboard shall be provided for the distribution of power to all 120 Volt and 208 Volt loads.
Each electrical drive shall be fed from a separate enclosed, dry type, line isolation transformer. Each transformer shall be a type specifically designed for use as a VFD drive isolation transformer and shall have a minimum continuous rating in kVA of 0.722 times the associated motor's (motors') nameplate Amperes, taken as a unit less number.  Furthermore, compliance with IEEE 519 to reduce the harmonic effects at any point in the entire system shall occur. The isolation transformers shall be provided with individual primary fused disconnect switches or vacuum contactorsxe "Starter".
Disconnect switches shall be manually set and mechanically tripped by an “off” pushbutton.  Switches shall be lockable in the “off” position and suitable for Lock-Out Tag-Out (LOTO) protection.
The power factor shall be actively and dynamically regulated, at the crane, to meet the following criteria:
Minimum 0.95 lagging average power factor over 15 minute demand period.
Minimum 0.90 lagging power factor shall be maintained when running the main hoist and trolley at rated load and speed.
Average 0.88 lagging power factor during the acceleration and deceleration period with main hoist and trolley operating simultaneously with rated load.
Minimum instantaneous power factor shall not be less than 0.45 lagging
Power factor regulation shall be stepless and shall not introduce switching voltage transients, line notch transients, or line notch ringing into the power system.  The power factor regulation device shall be capable of dynamically tracking the transient loading of the motion drives.
2.4.3 Enclosures

For outdoor terminal boxes, enclosures, distribution boxes, limit switches, etc., shall have protection rating IP 55, as a minimum. For machinery erected inside, IP 23 (terminal boxes IP 54), at a minimum shall be used.   Motors erected outside shall be resistant to seawater corrosion.  All boxes shall be certified for the protection rating.  (NEMA equivalents in lieu of IP standards shall be acceptable.) Boxes, fasteners, hinges, hinge pins and miscellaneous fittings shall be made of stainless steel. All junction boxes and pull boxes shall be sized to a minimum of IEC or NEC requirements, as applicable, plus 20%.

A stainless steel rain cover canopy shall be provided at all external junction boxes. Panelsxe "Panel" shall be accessible and removable from the front.  Coversxe "Cover" of electrical enclosuresxe "Enclosures" shall be hinged and able to open to fully expose and allow removal of panels and other equipment.  Cover latches shall be provided. Panels which require access more often than once per month, such as the gantry station, shall close and seal using a single lever handle.  Multiple bolt or screw securing is not acceptable for these enclosures. Any panels placed at waterside sill beam shall open to the landside.

The main powerxe "Power" converters and controlxe "Controls" enclosuresxe "Enclosures" located in the enclosed electricxe "Electronics" room shall be open as far as permitted by the NEC.  The panelsxe "Panel" shall be guarded by insulated guardrailsxe "Rail" in front.  The panels shall be suitably supported for crane service.  Transparent insulating covers shall be provided as required to ensure panels are finger-safe, IP 20. 
2.4.4 Wiring
The total voltage drop on both feeders and branch circuits shall not exceed 5 % in accordance with NEC or IEC 60204-32.
All conductors, except for encoder conductors, shall terminate on terminal blocks; there shall be no splices. Encoder conductors shall have a continuous run from the encoder to the drive.  If signal transmission between a drive and encoder is longer than 300 feet, then fiber optic cable shall be used.
Aluminum conductors shall be prohibited and aluminum terminations may be used provided they are rated for use with copper.  Conductors connected to terminal strips shall have ferrules. 
All terminal strips shall be clearly visible and readable from a standing position. Terminals should be color coated for voltage and signal types. 480Volt terminals are to be clearly separated from low voltage terminals using separated DIN rails. When ending a number group and starting a new number group there should be at least 4 spare terminals separating the number groups. All terminal strip locations will be clearly marked at the beginning and end of terminal sections. All junction boxes will have terminal strips.
The Contractor shall provide at minimum 10% sparexe "Spares" terminal blocks for controlxe "Controls" wiringxe "Wiring" 2.5 mm2, or 14 AWG, and smaller, in addition to those provided for spare conductors.  Only one wire shall be allowed to a termination point for control wiring.  Jumpers shall be manufactured by the terminal block manufacturer (wire jumpers shall not be acceptable).
Computer, drive and drive interconnect cabling and programmable controllers shall have 100% sparexe "Spares" communication cablesxe "Cable", having the largest gage wire that is compatible with the hardware used.
Splices will not be permitted in raceways or fittings.  Splices or joints in feeders or branches shall be permitted only in junction and pull boxes or other fittings approved by the NEC or IEC for splices.  Splice length must be made with sufficient spare wire to enable two or more splices to be remade with the same wire in the event of a fault.  Splices in 6.0 mm2, or 10 AWG, and smaller wires shall be cleaned and made mechanically tight with insulated pressure (crimp) connectors applied with manufacturer's recommended tooling.  Spring type connectors (wire nuts) shall not be used.  
Taps and splicesxe "Splice" in wires larger than 6.0 mm2, or 10 AWG, shall be made using compression type connectors and insulated in accordance with NEC or IECxe "Conductor". Wherever a bolted splice or connectionxe "Connections" has an irregular surface which would be difficult to fill tightly with tape, a compound prepared especially for that purpose shall be molded around the jointxe "Joints" or connection to provide a smooth taping surface and prevent the formation of air pockets.
At all motor connections, a grounding strap shall be installed from the motor cable grounds and shields to the motor stand (by-passing the motor bearings).  All variable frequency AC motors, frame size 280 or larger, shall have insulated bearings and insulated encoders.  Provisions shall be made to prevent shaft currents from damaging adjacent machinery.
Use of flexible conduit shall be minimized by placing terminal boxes as close as possible to motors or other equipment.
Gantry wiring shall be on one side of the structure only.  If wiring is on the waterside legs, it shall be on the landside of the leg.  Junction boxes at waterside shall open towards the landside. 

Terminal blocks shall be DIN rail screw type insulated on both sides.  No more than two conductors per termination point.  Minimal distance between the terminal block and the wire tray shall be at least 75 mm. 
Cables, conductors and wire ties must be resistant against sun and radiation (UV-light) and chemical corrosion (ozone).
Cablexe "Cable" entrances to panelboards, junctionxe "Junction" boxes, and other enclosuresxe "Enclosures" exposed to the weatherxe "Weather" shall be from below with a suitable loop in the cable before entry to allow condensation or rain water to collect and run off.  Gravity activated drains shall be provided at the low point of all junction and pull boxes.
Panel wiring from the control or I/O device shall be routed to terminal strips at the edge of the panel for connection of external wiring.
2.4.4.1 Cable Reels

The cable reels shall be monospiral type in complete conformance with these specifications. The reels shall be of 316 stainlessxe "Stainless" steelxe "Steel"

xe "Fabrication". All hardware shall be stainless steel. The enclosurexe "Enclosures" for the slip rings shall be stainless steel. The cablexe "Cable" reels shall be adjustable to handle a cable with the same maximum continuous safe reeling tension rating to that specified with (10% weight per meter and (10% diameter change. The cable reel shall be shock mounted.
There shall be slip ring assembliesxe "Assembly" with brushes and brush holders for the three phases, ground, and ground check.  The slip ring housing shall include a space heaterxe "Heater".  A shatter resistant windowxe "Window" shall be provided in the enclosure for inspecting the ring assembly. 
One ready-to-install slip ring assemblyxe "Assembly", complete with brush holders, brushes and all hardware, shall be provided for each crane.  One complete reel unit and drive unit shall be provided for the project.  Both units shall be designed to “drop in” and be functional with a minimum of time.  Both units shall include the shock mounting. 
The cable reel drive shall be mounted in the electric room and be of the same manufacture and type as the main drive system. The cablexe "Cable" retrieval and payout drivexe "Drive" shall be electrically powered.  The cable reel duty cycle shall be the same as for the main hoist.  The drive shall provide adequate torque and speedxe "Speeds" to follow the headblock at any specified headblock elevation, acceleration and speed and prevent slackxe "Slack" cable or overtension of the cable under any operating condition.  The cable shall be protected against over tension in the event of loss of power, snag or other overload condition.
Upon loss of power while retrieving the cable, the hoist will continue to travel until stopped while the cable reels may stop instantly which may cause slack cable sensor indication.  The control logic shall recognize this and insure that hoist motion is not allowed until the cable is properly tensioned. Under all other operating conditions, the cable shall not be stressed beyond 85% of the cable manufacturer's maximum continuous safe reeling tension rating.
To prevent slack cable or over-tensioned cable, the cable reel position and speed shall be slaved to the main hoist drum position and speed by means of encoder feedback.  Encoder positions shall be monitored and adjusted by inputs from cable tension feedback.  Encoder shall be identical to unit used for main hoist and boom hoist.
A local manual operating station shall be provided for maintenance and start up of the cable reel on the trolley.
Mechanical FEM classification for the cable reel shall be the same as for the main hoist system.
2.4.4.2 Conductors and Cabling

All conductors shall be multistranded copper and comply with NEC requirements. All wiring and cable shall be flexible type.  

Minimum cable conductor cross sections shall be 2.5 mm2, or 14 AWG for power connections, and 1.5 mm2, or 16 AWG for other uses, except as noted in the following.   1.0 mm2 cross section, or 18 AWG, is permitted for screened or shielded cable.   Individual wire sizes shall have sufficient ampacity to carry the circuit load.  Parallel wires shall not be used to meet the circuit current requirement.

Inside cubicles minimum wire size shall be, for 24 Volt systems, 0.5 mm2 wire size or 20 AWG, for 110 to 240 V systems, 1.0 mm2 wire size or 18 AWG, for 380 to 480 V systems, 1.5 mm2 wire size or 16 AWG.

Wire sizes shall be in accordance with NEC or IEC 60204-32, as applicable, except as noted in this specification.  Motor branch circuit conductors shall be sized as to have an ampacity not less than 150% of the motor full load current rating.  Conductor selections shall be selected based on maximum ambient temperature. The ampacity of each conductor shall be derated as prescribed in the IEC or NEC.  Conductors shall be color coded per IEC or NEC to denote phase, ground, neutral, etc. and shall be numbered in addition to the marking sleeves specified in this section.  Runs for control cable shall have minimum 10% spares connected to identified spare terminal blocks.  Cables shall be labeled on both ends of the cable and denoted in the electrical schematics. Trolley cable carrier control cables and cable feed between the trolley and headblock shall have 20% spares.  Spare wire labels shall designate the location of the other end of the wire. 

Outside conductors smaller than 25 mm2, or 4 AWG shall be part of a multiconductor cable.

Special motor cabling shall be installed for variable frequency AC motor drives.   The cabling shall have an insulation rating of 1000 volts minimum and be screened from inverter to motor.  Exact type and cable codes depend on the location and distances of the motors from the power source.  Symmetrical three phase conductors and symmetrical grounds (one per phase) and a copper tape shielding underneath the outer cable covering is required.  Proper termination as per drive manufacturer recommendation shall be adhered to.  Grounding and cabling of the drive system shall be in accordance with the manufacturer’s recommendations. 

Optic fiber cable shall be Multimode, 62.5/125 micro millimeter type.
2.4.4.3 Cable Carrier System

The supply of power and control from junction boxes on the girder to junction boxes on the trolley shall be by means of a cable carrier system rated for outdoor use and corrosion resistant.
All cables shall be specially designed for outdoor cable carrier applications and shall be provided by the cable carrier manufacturer.
Shall be of durable self-lubricating polymer that is UV resistant and have a minimum capable speed and acceleration rate as listed in this specification. The system shall have integrated stainless steel bearings to reduce friction. Sufficient rise protection shall be included.
Cable chain shall run in stainless steel trough, be easily maintainable and protected. The cable carrier trough shall be properly aligned to manufacturer’s specifications. Additionally, a wind shield shall be provided on the outside.
All fittings shall be stainless steel.
The towing arm shall be of floating type to accommodate the offset between trolley and crane structure.
The cable carrier system shall be designed to minimize noise.
2.4.4.4 Optical fiber installation:

All fiber optic shall be glass (no acrylic).
All digital bus communication shall be by optical fiber, except within the electrical room.
Fiber optic runs shall contain at least 100% spare fibers with a minimum of six optical fibers. The only exception is on runs within the electrical house where a minimum of two spare fibers shall be provided.  These runs shall, however, be easily accessible for replacement, if necessary. 
All distribution centers and splicing enclosuresxe "Enclosures" shall be rigidly mounted within panels or into separate junction boxesxe "Panel"

xe "Structure".
Fiber optic connectionsxe "Connections" shall be type ST or mechanical.  Mechanical splices may be used where infrequent disconnections are required, such as fiber replacement.  All fiber optics including the spares shall be terminated.  Spare fibers shall be landed rigidly mounted distribution centers.  All fiber optic wiring shall be supported within 50mm of their termination point.

All fiber optic including spares shall be terminated in a separate patch panel with separate patch cords running to individual devices.
2.4.4.5 Ladders and Cable Trays

To the greatest extent possible, wiring shall be run on ladders or in cable trays.  Use of conduit shall be kept to a minimum.   All internal wiring shall be run on ladders.  The crane structure shall not be used as a raceway.
All wiring external to a control cabinet shall be multi-conductor, jacketed cable.
As far as possible all conduit and cable trays shall be run inside the structural members for maximum protection. 
Flexible conduit shall be synthetic jacketed, spirally wound galvanized steel.   The use of flexible conduit shall be minimized.  Flexible conduit shall only be used to accommodate relative motion between machine components and the structure.  If approved, flexible conduit may be used at structural field joints where it can be shown that prior fit-up is not practical.  Each use of flex shall not exceed 1 meter in length.  

Bulkhead type fittings shall be used for penetrations of sealed and pressure testxe "Pressure Test"ed members.

External cablexe "Cable" traysxe "Tray" shall be stainlessxe "Stainless" steel with cabling shielded from direct sunlight and rainxe "Steel".  External raceways shall be stainless steel.  Internal cable trays and raceways shall be hot-dip galvanized after fabricationxe "Fabrication" or stainless steel.  Cable ladders shall be stainless steel or hot dip galvanized after fabrication.
No wiringxe "Wiring", conduitxe "Conduit", cablexe "Cable" traysxe "Tray", boxes, or other fittings shall be mounted on the landside or waterside faces of the legsxe "Leg", sillxe "Sill" beams, equalizersxe "Equalizer" or trucks or the inside surfaces of the portal tie beam or legsxe "Truck".  No wiring, conduit, cable trays, boxes or other fittings shall be mounted on the inside faces of the trolley girder or boom.  Fittings mounted under the trolley girder support beam shall be fully guarded.  Where practical, wiring shall be located inside the structural frame.
2.4.4.6 Marking and Identification

xe "Drawings (See also Shop Drawings)"Any and all wires or conductors are to be provided with terminal designations. Conductorsxe "Conductor" internal and external to panelsxe "Panel" shall be identified with wire numbers at both ends in accordance with the controlxe "Controls" supplier’s elementary diagrams.  All wires, including shielded cablexe "Cable" for instrumentation control wiringxe "Wiring" and fiber optic, shall be identified by a wrap-around type transparent thermoplastic heatxe "Heat (see also Temperature, Thermal)" bonding film with a tab for cleanxe "Cleanliness" application or slip-on type hot stamped sleeves.  Sleeve type markers shall be restrained from slipping along the wire.  All types of markers shall be mechanically printed with a permanent ink, and heated according to the manufacturer's specification for bonding or shrinking the mark in place. Conductors leaving the motor control panels, AC motorxe "Motor" control center, cabxe "Cab (See also Operator’s Cab)" control panel and operator's consolexe "Console" shall be marked with the conduitxe "Conduit" number in addition to the wire number.  Faded or light markings on the labels will not be accepted.
Colorxe "Color" coding of powerxe "Power" supply conductorsxe "Conductor" shall be consistent.  Where insulation colors are not compatible, colored synthetic tubing or sleeves with a minimum length of 250 mm shall be used at conductor ends and identified with circuit letter and number.
The type of coding for the cables shall be according to IEC 60204-32.

Marking and identification shall be in English.
Electrical equipmentxe "Equipment" shall be supplied with a nameplatexe "Nameplate" immediately adjacent and symmetrical to the equipment.  These nameplates shall carry appropriate inscriptions, or identificationxe "Identification" markings, which will enable the operator and mechanics to form a quick and accurate appraisal of the overall relationship and relative functions of their respective components.  Nameplate shall be in English. 
Nameplatesxe "Nameplate" shall be provided adjacent to all terminalxe "Terminal" boxes.
Nameplatesxe "Nameplate" shall be provided for devices on switchboards to identify function.
Nameplatesxe "Nameplate" shall be provided for all operating and indicating devices.
Nameplatesxe "Nameplate" shall be provided for all transformers, resistor banks, current limiting devices, lighting panelsxe "Panel", etc.
Any special precaution, maintenancexe "Maintenance" or operating instructions shall be included on nameplatesxe "Nameplate" or on a separate plate attached to the equipmentxe "Equipment".
Nameplatesxe "Nameplate" mounted outdoors shall be engraved stainlessxe "Stainless" steelxe "Steel" with filled black letters. 
Nameplates may be engraved white phenolic with black lettering, if located indoors.  Nameplates shall be attached with stainless steel screws.
The designation on markers and nameplatesxe "Nameplate" shall agree with the designation on the drawingsxe "Drawings (See also Shop Drawings)".
2.4.5 Motors and Drives

Motorsxe "Motor" shall be sized based on the theoretical duty cycle with the proposed motors plus the non duty cycle maximum powerxe "Power" requirements which may be imposed at any time.
Motors of frame size 280 or largerxe "Motor" shall have insulated ball bearingsxe "Bearing" and be grease lubricated.  Motors shall as a minimum have Class F insulation and shall be suitable for operation in the ambient environment and increased by the effects of the machinery house. Certified complete factory dynamometer testsxe "Testing" shall be performed on one of each electrical motor designxe "Design".  These tests shall be run at sufficient load to demonstrate the capability of the motor at the maximum torques and speeds required by the theoretical duty cycle or the application. 
Maximum allowable vibration of motors as manufactured and tested in the motor manufacturer’s workshop shall be in accordance with IEC 60034-14, Grade A.
All motors located outside the machinery house shall be totally enclosed.  Inside motors shall be rated IP23 or higher.  Outside motors shall be rated IP55.
There shall be two main hoist motors that are identical, interchangeable and coupled to a common gear box for hoist motion. 
There shall be one drive sized for the hoist that will be shared between the hoist and the gantry. The system will be controlled by a first-come-first-serve contact to ensure only one operation at a time. 
Gantry travel motors shall be covered against mechanical damage caused by falling objects or colliding vehicles. At least two motors shall be equipped with pulse encoders, one on the landside and one on the waterside. A fault in one half of the gantry travel motors shall allow gantry travel with the remaining half of the gantry motors at reduced acceleration at a wind speed of max 28 mph. 
Boom Hoist and Trolley motors shall be identical and sized for the larger requirement. The drive system for the boom hoist will be shared with the trolley and sized for the larger requirement. It will be controlled by a first-come-first-serve contact to ensure only one operation at a time. 
There shall be an emergency drive sized for the largest drive and located between the hoist/gantry drive and the trolley/boom drive that is capable of quick and easy disconnections and reconnections during a drive failure.
All motors shall have heaters and thermal protection sensors.
The controls for the main hoist, boom hoist, trolley travel and gantry travel drives shall be AC variable frequency step-less regulated reversing and regenerative over the entire range of speeds.
Supply to the drive inverters shall be via two or more AFEs, which shall be of identical size and shall be connected in parallel to common DC bus. (AFE: high frequency switching self commutated regenerative IGBT line site converter with adequate filtering)
The controls shall bring the load to a stop on motor torque before setting the brakes.
To avoid long delays of shaft movements after an operator’s command, the magnetization of drive motors shall be kept on for at least 60 seconds after a motion comes to a stop. Shaft movement of the commanded motion shall take place within 300 ms of the operators command with magnetized motors. This response time is to be demonstrated during commissioning.
All drives are to be equipped with a default-actual-value comparison in the drive control. Deviations or disturbances must result in immediate switching off the motor.
Drive parameters shall be readily accessible for monitoring by maintenance personnel from the CMS terminal(s). Changing of parameter settings and full drive’s tracing shall be possible from this computer terminal. Means to edit and store the settings as an archive shall be provided and shall be password protected. 
2.4.6 Emergency Mode

The design of the drive system shall allow emergency operation for the drives in case a single drive inverter or motor fails, as described below. Switching off the faulty part of the system shall be by selector switch in the electrical house. The remaining part of the drive system shall remain operational.
A fault in one of the power supply inverters shall allow crane operation with full speed and load, with non-simultaneous movements of main hoist, trolley travel and/or gantry travel.

The emergency drives shall be capable of raising or lowering the hoist with rated load at 5 feet per minute, travel the trolley with rated load at 40 ft per minute and raise the boom from the operating position to the stowed position or lower the boom from the stowed position to the operating position in one hour.
2.4.7 Controls and Indicating Devices

The details of all control stations, including the operator’s chair shall comply with current industry standards.  
Safety critical functions, such as over-speed and over-travel, shall cause a category-0 stop as per IEC 60204-32 (mechanical stop); non-critical safety functions shall cause a category-1 stop (electrical stop). Only maintenance personnel shall be allowed to reset category-0 stops caused by a safety critical function from the electrical house.
Crane control circuitry shall comply with NEC, IEEE or DIN, as applicable.
Line to line and line to ground TVSS (Transient Voltage Surge Suppression) devices and AC line to line filters shall be installed on the AC line buss.
The main hoistxe "Main Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)", trolleyxe "Trolley" and gantryxe "Gantry" motions shall be controlled by master switchesxe "Switches".  The operator shall be able to increase or decrease the speedxe "Speeds" of the drivesxe "Drive" and alter their direction by moving the master switches in the proper direction.  The acceleration and deceleration shall be limited, automatically, to predetermined adjustable values.  The linear time ramps for the trolley and gantry motions shall be symmetrical with equal acceleration and deceleration times in both directions.  The linear time ramps for the main hoist may be asymmetrical.  All ramps shall have adjustable "anti-jerk" characteristic.  When the operator moves the master switch toward the off position the load shall be slowed electrically.  The speed of all motions shall be infinitely variable from full speed through zero to full speed in the opposite direction.  
The master switches speed/handle throw characteristic shall be programmable to be either linear or an exponential curve.  

The controlsxe "Controls" shall bring the load to a stopxe "Stop" on motorxe "Motor" torque before setting the brakesxe "Brakes".
Brakes for the trolleyxe "Trolley" and gantryxe "Gantry" shall set and the loop contactors open after independently adjustable time delays (0 - 30 seconds) when the master switchesxe "Switches" are returned to the off position.
Boomxe "Boom" controlxe "Controls" shall be from the cab, wharf operating station (located on the water side of the landside gantry leg in the center),xe "Cab (See also Operator’s Cab)" and boom hoistxe "Boom Hoist" control station (located at the boom brake allowing for complete viewing of the boom operation). It shall not be possible to operate another motion during boom operation.
Operating the "up" or "down" shall cause the boom to travel full up or down until stopped by pushing the “up” or “down” button, the end limit switches or encoderxe "Limit Switch"

xe "Switches".  From the operators cab, the operator shall be able to operate the "Boom Up" push-button that will automatically elevate the boom to the shipxe "Shipping" clearance position, then command the boom to return to the operating position with the "Boom Down" push-button.  From the operator's cab, the boom cannot be commanded to raise to or lower from the stowed position.  From the boom hoist control station, maintenancexe "Maintenance" personnel can elevate the boom from the operating position to the ship clearance position and continue to the stowed position by a spring return keyed override or the reverse in the lowering direction.  A boom jam limit circuit shall be included which automatically recalibrates the boom current limit and therefore limits torque when the boom is positioned in the last 5 degrees of travel approaching the stowed position.   If the motorxe "Motor" current exceeds 95% of the recalibrated jam current limit value for more than an adjustable time delay (initially set at 3 seconds), the drivexe "Drive" shall be automatically stopped and the brakesxe "Brakes" set. An additional end of travel limit switch shall limit boom up travel beyond the stowed position, this limit switch shall remove power from the boom hoist motor and brakes independently from the drive controller. From the wharf operating station, maintenancexe "Maintenance" personnel can elevate the boom from the operating position to the ship clearance position.
All controlxe "Controls" functions except "emergency stopxe "Stop"", emergency AC drive motor control, radio communication, and snag stop shall be controlled through the programmable controllers.
Combination motor starters shall be integral starters with DIN rail mounting for ease of replacement.  Each integral starter shall include the following in one integral package:
Motor overload protection
Motor circuit over current protection
Disconnect switch with pad lockable handle suitable for LOTO, as applicable
Auxiliary contacts for control and diagnostics 
Integral starters shall be provided for AC auxiliary functions on the crane
One spare starter shall be provided.
The Contractor and the drivexe "Drive" system vendor shall make every effort to minimize the variety of devices used in order to reduce the maintenancexe "Maintenance" burden and to minimize sparexe "Spares" parts inventories.  Where possible encoders, resolvers, overspeed switchesxe "Switches", rollerxe "Roller" lever arm limit switchesxe "Limit Switch", proximity switches, and pressure transducers should be of identical and interchangeable components.  All limit switches with the exception of safety-critical limit switches such as end of travel limit switches for hoist, trolley and boom, and the dead man on the trolley, shall be proximity limit switches. 
Slow down and stopxe "Stop" signalsxe "Signal" to the controlxe "Controls" circuits at the upper and lower limits of travel and slow down over the wharf, slow down and stop signals at the sillxe "Sill" beam zones shall be calculated within the PLC based on the encoder counts of the hoist motor speed encoder. Each functional signal from the encoder shall be easily adjustable to operate at any point within a full travel range.  Absolute encoders will not be allowed to roll over.  The control algorithm shall include roll over logic for ease of setup and maintenance.   

Overspeed switchesxe "Switches" shall be provided on the main and boom hoistxe "Main Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" drumxe "Drum" to shut down the drivexe "Drive" and set the brakesxe "Brakes" at 110% of normal no-load speedxe "Speeds".  In addition, there shall be an electronic overspeed check function for the main hoist.
The main hoist shall have a block operated limit switchxe "Limit Switch"

xe "Switches" for backup overhoist protection.  This limit switch shall remove power from the main hoist motor and brakes independently from the drive controller. 
An encoder shall be provided for the trolley drive. The unit shall provide: slow down and stopxe "Stop" signalsxe "Signal" at the extremes of trolley travel, boomxe "Boom" cleared signal, over wharf signal, and landside and waterside sillxe "Sill" beam zone signals.  Also, a pushbutton located in the cab controls shall return the unloaded trolley back to the trolley park position.
Main hoistxe "Main Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" and trolleyxe "Trolley" drivesxe "Trolley Drive"

xe "Drive" shall have multiple slowdown signals that will permit the drive to operate at the maximum safe speedxe "Speeds" based on requested speed and remaining travel distance. These are known as “smart slowdowns.”  Synchronization and slow down check switches shall be provided for all motions. 

An encoder shall be provided for the boom hoist drive. The unit shall provide: slow down and stop at each end of travel to any position and other interlocking as necessary.  Roller lever switches shall be installed as backup upper stop protection.
Limit switches shall be provided at each connectionxe "Connections" point between the headblock and spreaderxe "Spreader" to detect if twistlock is open or closed.  

xe "Hoist"The locking devices connecting the headblockxe "Headblock" to the spreaderxe "Spreader" shall each be provided with electrical interlocksxe "Interlock".  Hoisting shall be prevented unless all locking devices and electrical plugs are either fully engaged or fully disengaged. In addition, a proximity switch or other means shall indicate if a container is present and if the box is landed.  When the box or headblock is landed, the sensors shall prevent main hoistxe "Main Hoist"

xe "Hoist" operation in the lowering direction so that slackxe "Slack" cablexe "Cable" is not paid off the drumsxe "Drum".
The boomxe "Boom" hoistxe "Boom Hoist"

xe "Hoist" shall be equipped with a slackxe "Slack" rope limiting device which stopsxe "Stop" the drivexe "Drive" when the ropes go slack.
Gantryxe "Gantry" travel shall not be permitted until interlockxe "Interlock" contacts sense that all of the following are satisfied:  boom collision system inactive, all gantry motorxe "Motor" brakesxe "Brakes" are released, rail brakes xe "Stowage Pins"

xe "Pins" are disengaged, and the wheel brakes are released.
Long range, submersible type, proximity or rollerxe "Roller" lever operated switchesxe "Switches" shall be used for over-travel protection. The operation of any over-travel limit switch will cause an e-stop of that motion, and setting of the drive’s brakes. Backout will require that maintenance staff goes to the crane and manually operates an overtravel backout switch.
Limit switchesxe "Limit Switch"

xe "Switches" shall be dust-tight, watertight, and suitable for marine service.  Lever operated limit switches shall be rated for the speedxe "Speeds" of the tripping cam.  

In addition to the limit switchesxe "Limit Switch"

xe "Switches" for the functions identified above, the Contractor shall furnish switches for other functions that may be required for safe and efficient operation.

There shall be two options for control at operating stations: 

A key-switch or 0-1 switch at any station shall take control from that location.  An emergency button, or pushing control off shall release control. 
OR, pushing a control button gives control to that station.  
2.4.7.1 Controlxe "Controls" source line

Install surge absorber at secondary of transformer.

2.4.7.2 Remote I/O powerxe "Power" source line

Install surge absorber at exit of the machinery housexe "House", operator’s cabxe "Operator’s Cab"

xe "Cab (See also Operator’s Cab)", and headblockxe "Headblock".

2.4.7.3 Programmable Logic Control (PLC)

The crane controlxe "Controls" logic shall be accomplished using digitalxe "Digital" software.  The system shall use a single PLC for all functions.   Input/output (I/O) entry into the control system may be accomplished using distributed interface devices (remote I/O) of same brand manufacture as the PLC.  Where distributed interface devices are used, a minimum of 10% sparexe "Spares" input and 10% output points shall be provided for each type of I/O used at each location.  Connectionsxe "Connections" shall be through industrial-type terminalxe "Terminal" blocks which must be approved prior to purchase or installation.  Crane control shall be distributed.  The crane shall contain at least one computer terminal, located in the electricxe "Electronics" room, from which all of the crane logic can be accessed. One portable programming unit shall be supplied per crane. 
The Contractor shall prepare and maintain a software specification that clearly defines the inputs, internal logic, and output for each software element.  All software shall be documented to the fullest extent possible.
The design of the program shall consider the complexity of networks (rungs) versus the visibility on the computer screen. It shall be possible to see the complete network without scrolling the screen.
All rungs and instructions shall have clearly worded comments with their respective function and intended purpose. Comments must be easily understood and written in English.
A minimum of 25% of the PLC-CPU’s capacity shall be retained for the various device elements and registers after the final program is commissioned.
The cycle time of safety critical and main drive functions shall be less than 30 ms.
PLC code for all cranes in this contract shall be identical. Any differences in register values or crane specific logic must be enabled or disabled in the program with the use of hardwired I/O points used for crane identification.
PLC code, which is disabled and not used for the crane control, shall be removed after commissioning. 
All hoist, trolley and gantry constants shall be saved in the PLC’s memory so in the event of power loss, there will be no need to recalibrate the cranes. When the battery backup is on for more than 10 minutes, the PLC will shut down; in doing so, the constants will be stored in a set memory stack. When power is reapplied, the PLC will turn on and constants placed back in usable memory.
The CPU battery must be sized to prevent memory loss given the cranes may be unused for an extended amount of time (greater than 30 days).

Power supply is to be oversized by a minimum of 20% to allow for any future upgrades or additions.
Racks will be organized as follows: power supply, CPU, communication, inputs, outputs, analog, and counter modules.
2.4.7.4 Controlxe "Controls" Powerxe "Power" Indicator

The crane shall be equipped with a 100 -watt industrial fixture, or equivalent,xe "Fixture" with red lens.  The fixture shall be mounted at the backreachxe "Platform" and be positioned to be visible from the entire wharf area.  The fixture shall be wired electrically parallel with the relay controlling the AC control power for the drivexe "Drive" controls.
2.4.7.5 PLCxe "PLC" powerxe "Power" source line

Install surge absorber at primary of transformer.

2.4.7.6 Anemometer

A dual set point anemometerxe "Anemometer" shall be provided at the top of the A-framexe "Gantry" to indicate windxe "Wind" speedxe "Speeds" and to provide warningsxe "Warning" to the operator and ground personnel.  It shall consist of a transmitter, a receiver and an interface with the crane controlxe "Controls" system.  The receiver shall be mounted in the electricxe "Electronics" room or machinery housexe "House".
The unit shall have the following features: Adjustable for windxe "Wind" range, settings for windxe "Wind" speeds between 22 mph and 62 mph, able to withstand winds to 156 mph, not sensitive to windxe "Wind" gusts of three seconds or less, not sensitive to vibrations of the crane, not sensitive to a salt marine environment, manualxe "Manuals" reset peak velocity indicator, automatic alarmxe "Alarm" reset as windxe "Wind" speedxe "Speeds" goes below set point.
The first alarmxe "Alarm" set point shall indicate an Operating Windxe "Wind" Warningxe "Warning".  This set point shall be set initially at 44 mph.  At that point, an amber lightxe "Lighting" shall illuminate in the operator's cabxe "Cab (See also Operator’s Cab)", and a warning signalxe "Signal" shall sound through the public address (PA) system audible in the operator’s cabxe "Operator’s Cab" and at ground level.
The second alarmxe "Alarm" set point shall indicate the limit of Windxe "Wind" Alarm.  This set point shall initially be set at 55 mph.  At this point, a separate PA system alarm shall sound.
2.4.7.7 Emergency Stop Push Buttons

Activating an emergency stop push button shall disconnect the power supply to main and auxiliary drives and shall set all brakes in accordance with IEC 60204-32.  
Emergency stop push buttons shall be of mushroom-head self-locking type with red colored actuator, yellow colored background immediately around the actuator and an “Emergency Stop” label. They shall be equipped with shrouds to prevent accidental activation.
Emergency stop push buttons shall have two contacts, one contact hardwired with safety relay combination and the second contact wired to the PLC for control and fault indication.
Resetting an emergency stop caused by pressing an emergency stop push button shall be possible only from Operator’s cabin after returning the emergency stop push button to the normal operating position.
Emergency stop push buttons shall be provided at least as follows:
In all control stations plus
Four (4) at wharf elevation (one below each leg);
Three (3) in machinery house (one on each access door, one near trolley drive);
Two (2) in the electrical room (one at PLC room access door, one at drives room access door);
One (1) at the boom access;
One (1) at the boom tip;
One (1) on the headblock;
One (1) on the cabin washing platform.
Spreader, onboard service cranes, rope re-reeving, and elevator shall have their own emergency push button, provided by the manufacturer of these systems.
2.4.8 Crane Management System (CMS)

The crane shall contain a computer terminal, located in the electric (PLC) room, running the CMS software as described below, and have two monitoring screens available in the operator’s cab for maintenance and operator use. The functionality of the monitoring screens is described below.  The wharf level cab shall also be equipped with a receptacle which is hard wired into the CMS system and lockable to prevent unauthorized access to the system.
From this computer terminal, the PLC and inverter drives shall be accessible for programming and troubleshooting, and all the necessary software shall be contained therein.
To assist the maintenance personnel on the crane, this computer terminal shall contain the complete as-built crane documentation as described in the respective section of this specification.
2.4.8.1 CMS Computer

The CMS computer, located in the electrical room, shall be an up-to-date Industrial PC, with minimal 16X speed DVD+/-RW Drive and USB or other interface suitable to connect common data storage devices.
An industrial 17” TFT display, keyboard, mouse and all installation software and manuals shall be provided with the CMS computer.
The CMS computer, display and other equipment shall be mounted in an enclosure with adequate air-conditioning so that the ambient air temperature of the enclosure interior does not exceed the computer manufacturer’s requirement.
After the commissioning of the crane, the installation of software programs shall be disabled by the computer operating system and only be possible for the Administrator.
One external hard drive disc shall be provided per crane to replace a damaged hard disc. These hard discs shall contain an image of a fully operating CMS computer inclusive of the finalized versions of the PLC code, drive parameters, drawings, and any other files of programs necessary for operating and maintaining the crane.
2.4.8.2 Maintenance Screen(s)

15-17 inch full color touch panel monitor with onboard and external flash memory, and attached keypad. The interface in the cab shall be accessible to the passenger riding in the cab. The interface will be read only until 1 of 2 passwords is provided, (User, Power User). Monitor will time out after 15 minutes (adjustable with power user) then monitor(s) are reset to Read only. Main screen will show normal monitoring of crane; visible menus will navigate different screens.

2.4.8.3 Operator Screen

A 6-10 inch non-touch color screen will be located on an adjustable mount for operator use only, there should only be pertinent operator information on the display. No adjustments or other screens to travel, screen will turn on when control power is on. Only operator faults will be displayed. All other maintenance involved faults will read “maintenance personal required, please wait for further instruction”. Faults should automatically reset once issues are resolved. Loss of this monitor will not inhibit operations.

2.4.8.4 CMS Software

There must be 3 licenses for all software.
The system shall log pre-defined PLC and drive data points for fault and accident investigations. PLC input points for display in the CMS shall have no more than one control device connected. Serial connections to one input point are not allowed. Exceptions are allowed for headblock sensors due to restrictions of the spreader cable. 
Data sample rates must be high enough to capture transients. The Crane Management Systems shall be provided with modules for:

Crane overview
Main hoist monitoring
Trolley travel monitoring
Boom hoist monitoring
Gantry travel monitoring
Spreader monitoring
Trim/List/Skew monitoring
Gantry and spreader cable reels monitoring
Inverter drives monitoring
PLC monitoring
Fault indication and recording
Traces
Maintenance
Statistics
The monitoring modules shall, at least, provide the status of all control elements belonging to the drive, as well as all inverter drive information, such as speed, position, etc. The inverter drives monitoring module shall, at least, provide a graphical view of the main hoist, trolley travel, boom hoist, and gantry drives hardware as physically laid out. Clicking on any drive component icon shall display an image and part number of the device. The PLC monitoring module shall, at a minimum, provide a graphical view of the PLC hardware as physically laid out. Clicking on any PLC component icon shall display an image, part number, and PLC address of the device. The fault indication and recording module shall display and record any malfunction of the crane’s control or drive system. Only the root cause fault shall be displayed and recorded. All faults shall also be archived to a local database. Events which are no faults are to be displayed, but not recorded.
Fault indicators shall have hotlinks that when clicked on shall display the first location of the fault causing device in the electrical drawing, the PLC software, or the related manual respectively. The statistics module shall provide production data, including, but not limited to, job numbers, pick-up and drop-off positions, container size and weight. 

The CMS shall log all overrides to the system. The CMS shall provide the capability to set the CMS PC time and date without exiting the CMS program. The PLC and operator interfaces shall automatically synchronize their time with the CMS PC time. The CMS interface, screens, and messages shall be in English.
2.4.9 Lighting

Lighting levels for the basic bid are described in the following.
Laddersxe "Ladder", Stairsxe "Stair", Walkwaysxe "Walkway" and Platformsxe "Platform": All luminaires shall be securexe "Securing"d for rough service.  Lighting shall be controlled by a photo cell and switchxe "Switches" from a panelboardxe "Panelboard" in the machinery housexe "House". The PLC shall control all lighting, with an emergency PLC bypass switch.  Walkway lights may have up to 10 individual lights connected to a single circuit breaker which is located in the machinery house and wire to the PLC to indicate if the circuit breaker is tripped.
Required Maintained lux Illumination Levels
Walkways



30   lux

Machinery houses


220 lux
Ground level below crane incl.

200 lux
All Maintenance areas for machinery
100 lux
Logo on Machinery House

200 lux
Electrical rooms


300 lux 
Initial lux readings shall be multiplied by a 0.8 maintenancexe "Maintenance" factor to obtain maintained lux.  

Each branch of floodlights shall have its own circuit breaker in the machinery house.  A message on the CMS shall be annunciated if the circuit breaker trips.  Individual circuit breakers and contactors shall be provided for the protection and control of at least the following: boom girder floodlights, trolley girder floodlights, portal beam floodlights, backreach floodlights, logo spotlights, lighting transformer.
2.4.9.1 Fixtures

Fixtures shall be heavy-duty high pressure sodium floodlightsxe "Lighting".  Flood lights to be rapid start type.  Fixtures shall include replaceable copper-free aluminum reflectors, cast aluminum housings, tilt-up supporting arms, and a sealed optical system designed for 1000 watt high pressure sodium lamps.  
Ballasts shall be Class H insulated, high powerxe "Power" factor, voltagexe "Voltage" as required.  Floodlights of the same manufacturer but not necessarily the same wattage shall be installed as necessary to eliminate shadows cast by the crane.  Illumination level ratio shall not exceed 3:1 within a 3 m radius of any point in the specified lighted areas.  
All floodlights shall be equipped with bulb supports and a stainlessxe "Stainless" steelxe "Steel" safetyxe "Safety" chain or wire ropexe "Wire Rope". Mounting shall permit easy repair or replacement from normal walkwaysxe "Walkway".  A strong, lightweight cover shall protect the floodlight from all weather conditions.  The cover shall be a minimum of 25 mm away from the light.
Four additional floodlightsxe "Lighting" shall be placed adjacent to each crane legxe "Leg" on the portalxe "Portal" tie beams and directed toward the truckxe "Truck" lanes at the center of the crane.  They shall be separately switchable from the wharf level, the machinery housexe "House", and the operator’s cabxe "Operator’s Cab"

xe "Cab (See also Operator’s Cab)".
Two additional floodlightsxe "Lighting" of the same size and manufacturexe "Manufacture" as those mounted on the boomxe "Boom" shall be installed on the trolleyxe "Trolley" to light the area directly below the trolley and the operator's cabxe "Cab (See also Operator’s Cab)".
Fixturesxe "Fixture" shall be installed in vibration damping mountings.  Floodlighting shall be controlled from push-button stationsxe "Station" conveniently mounted in the machinery housexe "House" motorxe "Motor" controlxe "Controls" center, the operator's cabxe "Cab (See also Operator’s Cab)", the boomxe "Boom" hoistxe "Boom Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" control station, and the wharf level operating station.  Two circuits of floodlighting shall be provided.  The first shall operate the boom, girder, and trolleyxe "Trolley" floodlightsxe "Lighting".  The second shall control the floodlights at portalxe "Portal" beam level.  

Lampsxe "Lighting" within the fixturesxe "Fixture" shall be supported to withstand the crane's vibrations.
Floodlightsxe "Lighting" are to be aimed to minimize reflections into the operator's cabxe "Cab (See also Operator’s Cab)".
Floodlights are to be separated into branches.  Each branch shall be protected by its own circuit breaker in the electrical house.
Two additional floodlights shall be placed at the lower part of the boom tip and pointing back at the ship.  Also, two floodlights shall be placed on the landside legs which point in the backreach area.  
2.4.9.2 Boomxe "Boom" Stopxe "Stop" Spot Lights

The crane shall be equipped with spot lights that illuminate the boom securingxe "Securing" pinxe "Pins" pocket and ropes.  A switchxe "Switches" shall controlxe "Controls" the lights at the boom hoistxe "Boom Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" control stationxe "Station".
2.4.9.3 Obstruction Lights

The crane shall be equipped with obstruction lights, of the number, wattage, type, and configuration required by the FAA.  As a minimum, they shall be located at the top cross tie and the boomxe "Boom" tip.  The obstruction lights shall meet the requirements of FAA Advisory Circular AC 70/7461-H.  Four-hour battery backup shall be provided.  All obstructions lights shall be within easy and safe reach for relamping.
2.4.9.4 Emergency Egress Lighting

The crane shall be provided with battery powered emergency egress lighting to allow personnel to exit the crane from the Operator’s Cabxe "Operator’s Cab"

xe "Cab (See also Operator’s Cab)", and the Machinery Housexe "House".  The egress route is the frame access stairsxe "Stair".  At least 30% of the access lights from operator’s cabin and machinery house to ground level shall be equipped with battery and charging equipment. An emergency lightxe "Lighting" shall be provided in the elevatorxe "Elevator" cab.
2.4.10 Convenience Outlets

Outdoor duplex convenience outlets meeting local requirementsxe "Outlet" with built-in ground faultxe "Fault" protection (30 mA) shall be provided, at a minimum, as follows:
One in the operator's cab

xe "Cab (See also Operator’s Cab)"One on the boomxe "Boom" at the boom hoist connection

One at the gantryxe "Gantry" frame pylon top cross tie

Six in the machinery housexe "House"
Two in the electricxe "Electronics" room 
Four at wharf elevation (two waterside and two landside) 
xe "Platform"

xe "Station"

xe "Trolley"

xe "Headblock"One at backreach

One in Elevator

Two in wharf level cab

One on the trolley

Additional receptaclesxe "Receptacle" shall be provided where potential maintenancexe "Maintenance" testsxe "Testing" warrant, such as drive and control enclosures, trolley panels, etc.
Receptaclesxe "Receptacle" shall be grounded and suitable for operation of conventional hand power tools.
Three power outlets, 380 to 480 V, as applicable, 3-phase, standard reefer plug outlets, in the machinery house, and at landside and waterside at the gantry level, on the inside.
2.4.11 Heating and Air Conditioning

Space heaters shall be provided for control panels and electrical enclosures with electronics in them, MV disconnect panels, slip ring transmitters, motors larger than 5 kW, thereby reducing the possibility of moisture condensation within those units.
Space heaters shall be powered by a separate continuously energized auxiliary circuit independent of the crane control power.
Space heaters shall be thermostatically controlled to maintain operating temperatures, with the exception of space heaters for motors, which shall automatically cut off during crane operation.
A permanent red warning plate or label shall be provided at each heater location warning the user of this separate power source.
Additional space heaters shall be provided where required by the component manufacturer.
Requirements for the heating and air conditioning of operator’s cabin, other control station rooms and the electrical rooms are specified in the section describing this equipment.
2.4.12 Lightning Protection

All crane frame bolted and pinned jointsxe "Joints" shall have highly flexible copper conductorsxe "Conductor" across the joint.
Tandem grounding sliding shoes shall be provided on the crane railsxe "Rail" at the four corners of the crane.
Install lightning arrester in switchgear.
A lightning rod at the boom tip and top cross tie shall be a minimum of 1.25 meters in length and no device shall be within a 40 degree cone envelope of the rod.
2.4.13 Intercom

A multi-stationxe "Station", single-party intercomxe "Intercom" shall be installed with loudspeakersxe "Loudspeakers", handsetsxe "Handset", and amplification and balancing equipmentxe "Equipment" to permit communication between the controlxe "Controls" stations, as described below. The operator shall have the additional capability by means of a loudspeakerxe "Loudspeaker" mounted on the cabxe "Cab (See also Operator’s Cab)"'s exterior to talk to personnel on the shipxe "Shipping" or the wharf.  The intercom shall be a single phase AC central amplifier with low voltagexe "Voltage" communication circuits.  Handsets shall have "push-to-page" bars.  Stations shall have individual listen volume control.  The external handsets shall be mounted in waterproof enclosuresxe "Enclosures".  Non-metallic enclosures will be allowed for these handsets.  The wharf handsets shall be located adjacent to the wharf operating station and at the centerline of the crane on the opposite sillxe "Sill" beam. Cablesxe "Cable" including those in the trolley cable chainxe "Festoon" system shall be shielded and have individually twisted pairs as recommended by the manufacturer. 
The intercom shall include a handset and loudspeaker at least at the following locations:  Main machinery house, electricxe "Electronics" room, operator's cab (must also include loudspeakerxe "Loudspeaker" for shipxe "Shipping" and wharf paging and gooseneck microphone extending from left wall with foot pedal to PA), boomxe "Boom" hoistxe "Boom Hoist"

xe "Hoist (See also Boom Hoist, Main Hoist)" controlxe "Controls" station,xe "Handset" wharf levelxe "Station" (2 required - waterside and landside at approximately the center of the gantry), xe "Handset"elevator.
2.4.14 Operator's Cabxe "Cab (See also Operator’s Cab)" 

The main cabin light shall be able to be turned off and on by two switches.  One below the trolley master switch on the front face of the console and one near the cab entrance. xe "Fixture" A dimmer controlxe "Controls" within reach of the seated operator shall provide an average illumination on operating surfaces from 0 to 377 lux.  In addition an adjustable narrow beam “map light” shall be provided for the operator.
2.4.15 Operating Stations

Control stations shall be provided, at a minimum, as follows:
Operator’s cab with control desk, side and auxiliary panel, touch panel and spreader indicator box
Wharf level operating station on landside wharf elevation
Electrical room operation station in PLC room and drives room
Boom control station
Spreader cable reel operation station on trolley
T/L/S hydraulic operation station at backreach
The mounting height of control devices, with the exception of the Operator’s control desk and the spreader indicator box, shall be within 1.0 and 1.7 m from the floor level.
The enclosures for operating stations shall comply with the specifications for electrical enclosures.
2.4.16 Safety Equipment

Controlxe "Controls" equipmentxe "Equipment" shall incorporate undervoltage protection and thermalxe "Thermal (See also Heat, Temperature)" and instantaneous overloadxe "Overload" protection.  Each IGBT conversion assemblyxe "Assembly" shall have over-temperaturexe "Temperature (See also Heat, Thermal)" protection wired back to the PLC and displayed in the CMS system.
On master switchesxe "Switches", it shall be necessary to return the handle to the "zero" position in order to reset the undervoltage relay.
Circuit breakersxe "Circuit Breakers"

xe "Breakers" used in panelboards shall be commercial molded case, quick-break, with inverse time tripping characteristics on overloadsxe "Overload" and an instantaneous trip device for short circuits.  No push-in breakers shall be allowed.  The circuit breakers shall have some provision for being locked out.
Fusesxe "Fuse" shall be nonrenewable NEC or IEC standard cartridge except for special applications such as current limiting fuses.
2.4.16.1 Gantry Warning

One electrically operated automatic warningxe "Warning" buzzer or multi-tone siren shall be mounted at each gantryxe "Gantry" legxe "Leg" and shall sound automatically whenever the gantry motorsxe "Motor" are energized at a level of 80-90 dB.
A flashing type warning light, with shock-mount housing, and capable of being seen by personnel on the ground near the crane shall be mounted at each gantryxe "Gantry" legxe "Leg" and shall flash automatically whenever the gantry motorsxe "Motor" are energized.
2.4.16.2 Gantry Collision Protection

A gantry collision protection system detecting the adjacent crane and end stops shall be installed.
The collision protection system shall reduce the gantry traveling speed when detecting a crane or end stop and shall bring the crane to a complete stop before contacting the object.
Further travel toward the object is prevented, but the crane can gantry away from the object and the collision protection system will automatically reset when clear of the object.
A bypass switch, within reach of the operator shall allow gantry travel in the detected direction with a maximum of 5% rated speed.  The alarm horn under Operator’s cabin shall activate during this bypass mode.  The switch must be held for this travel direction.
The collision protection system shall not be falsely tripped by similar units of the adjacent crane.
2.4.16.3 Ship Collision Protection

A stainless steel trip wire shall be run down each side of the boom to protect the lowest surface of the boom from contacting the ship’s structure.  Contact with the trip wire shall cause a controlled maximum deceleration of the crane to a stopped condition.  There shall be sufficient overtravel to bring the crane to a stop from full gantry speed with a 75% WLO following wind, without the boom contacting the ship’s structure.
The trip wire may exceed the boom width requirements.  If any trip wire supporting structure could hit the ship’s structure, it shall be designed to elastically deflect.Further travel toward the ship is prevented, but the crane can gantry away from the ship and the ship collision protection system will automatically reset when clear of the ship.
A bypass switch, within reach of the operator shall allow gantry travel in the detected direction with a maximum of 5% rated speed.  The alarm horn under Operator’s cabin shall activate during this bypass mode.  The switch must be held for this travel direction.
2.4.16.4 Slack Rope Devices

The crane shall be equipped with a slackxe "Slack" rope limiting device which senses rope tension and prevents the main hoistxe "Main Hoist"

xe "Hoist" from paying out rope when the ropes go slack.  In the raising direction, the device shall limit the hoist speedxe "Speeds" to 20%, adjustable, rated base speed until the weight of the spreaderxe "Spreader" is fully supported by the hoist ropes.  The operating threshold load point shall be adjustable.  The slack rope device shall also have an adjustable overloadxe "Overload" setting and "timed off" relay to prevent immediate re-hoisting of an overload.  In addition, snagxe "Snag" load protection shall be provided that regenerates the hoist motorxe "Motor" to zero speed while simultaneously setting the hoist brakesxe "Brakes".  The Contractor shall provide a current signalxe "Signal" proportional to the load to be used for overload.   If required for snag response time, the device shall also provide contact closures for snag load.
Hoistxe "Hoist (See also Boom Hoist, Main Hoist)" motion shall be prohibited after either an overload or snagxe "Snag" load event. Lowering shall be permitted.  The operator shall be permitted to silence the snag alarmxe "Alarm".  A spring return keyxe "Key" switch, operated by maintenance, xe "Switches" must be used to reset the snag fault from the electrical house or the gantry level.
A spreader “anti-bounce” circuit shall be provided to insure no twist lock has rotated to the locked position outside of the container corner box.  If this condition is detected, hoisting is not allowed until the twist locks are recycled.xe "Fault"
2.5 Other Equipment Design

2.5.1 Operator's Cab

The interior floor of the cab shall be a minimum of 8 feet 6 inches wide by 9 feet long (2300 mm wide by 2750 mm), including the lower sloping window at the operator's feet.  The operator's cab shall be mounted to a location as far landside of the trolley as possible to provide a good angle when viewing the chassis, but not so far landside as to provide an unacceptable view into the ship.  Location of the cab relative to the lifted load, ship structure and trolley must all be considered when positioning the operator relative to the trolley.  

The cab shall be designed and constructed to withstand the stresses imposed on it under normal operating conditions.  The cab structure shall be thermally and acoustically insulated and of rigid steel construction sufficiently rigid to provide a stable isolating the operator from the shocks and vibration inherent in container cranes, oscillation‑free platform.  The vibration dampers used between the cab and trolley shall be able to be replaced without removing the cab.  The cab shall be constructed of fire-resistant materials.  The sound level inside the cab shall not exceed 68 dB(A) at any point when measured according to ANSI S1.13, Measurement of Sound Pressure Levels in Air, when all devices are operating normally, excluding the PA system and any audible alarms.  The cab shall be designed and located to afford a seated operator a clear, unobstructed view of the spreader and container in all operating positions.  A means shall be provided to prevent the trolley from trolleying from the docking location when a person is entering or exiting the cab from/to the crane structure.
Normal access to the operator's cab shall be at the trolley's stowed position from a platform on the gantry frame at the elevation of the cab floor to a platform and access door at the rear of the cab.  Automatic closing and latching gates shall protect both the moving and fixed platforms, and opening of either gate shall disable trolley motion.  The cab access door shall be a weather-proof galvanized hollow metal marine door with a safety glass window in the upper panel and architectural type master keyed locks.  A drip shield shall be provided over the door.  Door hardware shall be marine or industrial bronze or stainless steel. The door shall be self closing.  Access shall be such that a disabled operator can be removed on a stretcher to the gantry frame without special rigging.  The operator shall be provided with a safe method of emergency egress from the cab at any point on the boom or main beam including under the machinery house, such that the operator can safely reach boom walkways or other access way in the event of malfunction or emergency.

The walls and roof shall be fabricated from panels of sheet steel or aluminum with a minimum of 2 inches of blanket insulation in the ceiling and 1 inch in the walls.  The panels of sheet steel or aluminum shall be 12-gauge minimum.  Insulation shall be concealed behind finished panels.  The floor shall be designed to support a uniform live load of not less than 75 psf plus dead load from permanently installed equipment but shall not be less than 3/8 inch thick.  The floor shall be covered with a heavy-duty rubber mat except at the floor window.  A fire extinguisher shall be provided and installed in a bracket conveniently located within the cab, near the door, as specified in safety features section.

All fastening and hardware used on the cab shall be stainless steel, unless otherwise approved by the Contracting Officer.  Paint finish shall as a minimum meet the paint specification.

Cab design shall provide the operator with adequately sized windows for full visibility of all crane operations.  The cab shall be glazed from the inside.  Windows shall be equipped with electrical heat strips or means for defogging that shall not interfere with the operator’s vision.  Access shall be provided to all glass for cleaning purposes.  Drip rails shall be provided over the windows and doors.  All vertical and sloping glass shall be tinted safety glass.  A tinted glass sample shall be submitted for approval.  Windows on the front and sides of the cab shall open for ventilation.  A fixed window shall be provided in the floor at the operator's feet.  This is the main window used by the operator to view the container handling and is to be in one piece.  The window shall be at least 20 mm thick, clear, tempered glass and protected on the inside from accidental breakage by adjustable metal slats for operator adjustment which do not unduly limit the operator's visibility (design to be approved).  The window shall be non-tinted.  There shall be two windows mounted in the floor behind the operator's seat to provide visibility of the backreach wharf area.  These windows shall be minimum 20 mm thick, clear, tempered safety glass.  These two windows shall have metal bars and be hinged inward to allow cleaning.  Gratings to protect the floor glasses shall be designed to support the weight of a 250-lb (113.4-kg) person.  The window surfaces in the top 50% of the cab shall have dark tinted mylar spring-retracting sunshades.  The shades shall be restrained from swinging in any position.  A sample shall be submitted for approval.

Glazing materials for the cab shall be of the single pane, laminated safety type conforming to the requirements of ASTM C1036 and ANSI Z26.1.  Glazing materials shall have a minimum thickness of 1/4 inch for all operating windows, 40 mm for the window in the floor, and 3/8 inch for all other fixed windows.  All side windows shall be sliding type.  All windows in the cab shall be in metal frames.  Window framing shall not interfere with the operator's normal lines of vision.  There shall be no frame members in front of the operator's eyes or on either side.  All glass shall be installed in accordance with the manufacturer's recommendations and shall permit easy replacement.  Glazing shall be from the inside of the cab. 
Electrically operated windshield wipers shall be provided on windows as necessary to afford the operator unimpaired vision.  Windshield wiper shall have an automatic park position out of the operators’ direct vision.  Windshield wiper drive shall be heavy duty and durable.

Two convex rear view mirrors, adjustable, shall be positioned outside on each front corner of the cab.  Each mirror shall have at least a 10 inches (250 mm) diameter viewing surface, material shall be polished metal.

Automatic and thermostatically controlled air conditioning and heating shall be provided to maintain conditions of 68 degrees F (20 degrees C) and 50 percent relative humidity.  The air conditioner shall not draw outside air into the cab.  Condensate shall be collected in a container with a manual drain valve.  The container shall require draining only once a day in the most adverse climatic conditions.  Air conditioner shall be split type.  Overpressure in the cab shall be adjustable by means of an adjustable air outlet.
The operator's cab shall have a coat hook and small shelf.  The door shall have a closer and latches to hold the door open and closed.  A proven filtering system to remove stack gases shall be provided on the cab.

The cabin shall be equipped with an Operator's Console.  Within the console, an upholstered, three-directional adjustable chair shall be provided.  The operator's seat shall be adjustable forward and aft to vary the relationship between the operator and his controls.  The height of the seat shall be adjustable as well as the weight control of the seat suspension.  The seat back shall have multiple tilt positions and adjustable lumbar support.  A six way powered seat is required.  The seat shall be provided with a safety seat belt and shoulder harness meeting SAE J386.  The seat shall have a slot in the front edge, between the operator’s legs, to promote visibility.  The seat shall have a pressure sensitive switch that detects when the operator is in the seat.  Motion and other critical crane controls shall only be functional when the operator is in the seat. 

The operator’s console shall be easily adjustable to accommodate an operator between 5 feet to 6 feet 6 inches (1500 mm to 2000 mm) in height and 110 lb to 310 lb (50 kg to 140 kg) in weight.  The operator shall be able to sit comfortably in the operator’s chair with elbows on the armrests, hands on the trolley and hoist master switches, back against the seat, and feet on the grill foot rest.  The operator shall be able to look straight down through the glass floor by only tipping his head forward

The entire operator’s platform, seat, consoles, base, and bearing shall be adjustable forward and aft by the operator to vary the relationship between the operator-seat-consoles and the lower front window.  The operator's consoles shall be mat finish stainless steel.  A coating shall be applied so that the consoles and operator’s chair unit will not glare or obstruct the operator’s view.  Indicating lights shall be in the operator’s line of sight, but shall not obstruct his view of the container operations.

A color display console shall be provided and conveniently located for use by the operator during container handling operations. The display console shall be capable of computer generated text and graphics.  Operator’s console shall be within reach of the seated operator, shock mounted and a minimum size of 250 mm x 300 mm viewing screen.  Selection of screen size, brightness, contrast, layout, font size, and other display factors shall allow an operator with corrected 20/20 vision to read the display with his head in the normal operating position in both bright sunlight and at night.

An extra seat equipped with seat belt meeting SAE J386 shall be provided to allow a second person to observe operation from a seated position in the cab.  At this position, the observer shall have convenient access to the CMS maintenance console.
2.5.2 Spreader

Each crane shall be provided with a spreader capable of lifting a single 20 foot container, a single 40 foot container and two 20 foot end-to-end containers capable of adjusting the distance between containers from 0 to 5 feet and capable of simultaneously carrying an 8 and 10 foot tall container.  The spreader shall be the standard product of manufacturers regularly engaged in the production of this type of equipment for commercial applications.  The spreader shall be designed to mate with the headblock by quick-connect/quick-disconnect type manually operated latches.  The spreader shall be controlled from the operator's cab and shall provide a rapid, safe, and efficient means of "through leg" container handling; shall have 60 long ton (134,400 pounds) capacity; shall be designed to accept a 10 percent eccentricity of container box center-of-gravity in the longitudinal and transverse directions; shall have standard ISO floating twistlocks.  In addition, the spreaders shall also be designed to lift and transport stacking frames and hatch covers.

2.5.2.1 Spreader Frame

The spreader frame shall be an all welded box structure of high strength steel.  The spreaders shall be of minimum practical height and weight and shall be capable of withstanding, without damage, all impact forces involved in container handling operations.  The frame shall have sufficient torsional flexibility to engage a slightly twisted container and lift this container without overloading the container corner castings.  A slightly twisted container is defined as a container which has one corner 2.0 inches higher than the other three corners.  The spreaders shall impose only vertical loads on the corner castings.  The twistlock housings shall extend below the bottom of the spreader frame sufficiently to prevent the spreader frame from touching the container top at the point of maximum deflection when the spreader is freely lowered onto the container.  Cross beams between the twistlock housings shall be recessed or otherwise arranged so as not to interfere with cell guides when handling hatch covers.  Four padeyes shall be located at the four corners of the spreader, mounted on the inside face to each twistlock housing.  The padeyes shall be located so as not to interfere when handling stacking frames or hatch covers and shall minimize the horizontal forces on the corner castings.  Each padeye shall be designed for a minimum of 22,400 pound safe working load with a factor of safety of not less than 3.  The rated capacity in pounds of the padeyes shall be clearly painted on the side of the frame.

2.5.2.2 Twistlocks

Four forged steel twistlocks, one in each corner of the twistlock housings, shall be provided to engage, lock into position, and to be disengaged from the corner castings of intermodal shipping containers.  The mounting shall provide as much gather as possible for entry of the twistlock into the corner castings, but caution should be taken to prevent binding of the twistlocks during operations.  All four twistlocks shall be simultaneously operated and controlled from the operator's cab.  A means shall be provided to enable the operator to determine that the container corner castings have been properly engaged.  Twistlocks shall be ISO floating safety type which mechanically prevents unlocking while the container is being hoisted.  Twistlocks and actuators shall be accessible and designed for quick removal during maintenance operations.

2.5.2.3 Flippers

A flipper (gathering device) shall be located at each corner of the spreader.  The flippers shall be flared at the lower end to provide not less than 7 inches of gathering in all directions and shall contact the container corners only.  The flippers shall be extended or retracted and shall be operable in pairs, (landside/waterside) or simultaneously.  In the UP position, the flippers shall clear all vessel structures when operating in the cells and shall not contact the headblock.  The flipper speed shall be 180 degrees within 6 seconds.  Flippers shall be designed for easy removal for maintenance purposes.

2.5.2.4 Cell Guide Wear Pads

Corner wear pads shall be installed on the outside corners of the four twistlock housings.  Pads shall be a minimum of 1/4 inch by 6 inch (width and height), T1, Type A, steel plate, or equal.

2.5.2.5 Telescoping Mechanism

The telescoping mechanism shall be either rack and pinion or spring-tensioned heavy chain and sprocket type.  The mechanism shall be designed to extend or retract the spreader between 20 and 45 feet within 60 seconds.  Stops shall be provided for fully extended and fully retracted positions.  Positions at 20, 40, and 45 feet shall have positive locks.  The basic spreader frame and the telescoping frames shall be assembled with a minimum of slack/clearances to minimize deflections.  Indicators shall be provided in the operator's cab to show the length (position) of the spreader.  The telescoping frames shall bear on rollers or on self-lubricating slide plates/bearings.  If slide plates/bearings are used, the design shall provide for ease of replacement.

2.5.2.6 Spreader Control System

The spreader electrical system shall be designed and installed in accordance with Section 2.4 and to the requirements specified herein.  All twistlocks shall have simultaneous operation and shall rotate 90 degrees within 1.5 seconds.  The twistlocks shall be interlocked with the hoist drive system.  When spreader power is ON, the hoist shall not function unless all twistlocks are either fully engaged or fully disengaged (safe to hoist).  A guarded momentary contact bypass switch shall be provided in the operator's cab for emergency use.  This system shall allow normal hoisting operation when the spreader is removed from the headblock and the load beam is attached.

(1)
Sensors


Each twistlock housing shall be equipped with a feeler pin type sensor which shall indicate if the twistlock housing is properly seated on the container corner casting.  The twistlocks shall not be operable unless all feeler pins on the spreader are depressed.  When all feeler pins are in contact, the SPREADER SEATED indicator light shall be energized in the operator's cab.  The twistlocks shall be arranged so that the spreader shall separate slightly from the container when lifting, allowing one or more feeler pins to extend, preventing accidental unlocking of the twistlocks while carrying a container.

(2)
Indicator Light Bar


An indicator light bar shall be mounted on the spreader main frame so that all lights are clearly visible to the operator at all times.  It shall be welded to the spreader frame.  Indicator lights shall also be provided in the operator's cab.  Three marine-grade, U.L. 595 rated, vertically positioned light fixtures shall be shock-mounted in a row to the top of the light bar.  Fixtures shall be equipped with watertight enclosures, unbreakable lenses, metal lens guards and vibration resistant incandescent 120-volt bulbs of at least 60-watt capacity.  Light colors, sequence, and function indications shall be as follows:
Lens Color
Indicator Meaning

Amber
TWISTLOCKS ENGAGED

Green 
TWISTLOCKS DISENGAGED

White 
SPREADER SEATED

Indicator lights shall be activated by shock-resistant sensors or switches directly coupled to the respective moving components so as to actually verify that indicated movements have taken place.

(3)
Interlocks, Limit Switches and Indicators


The spreader shall be provided with mechanical and electrical interlocks to preclude hoisting unless all twistlocks are fully engaged or fully disengaged.  When the spreader is properly positioned on the container (feeler pins depressed) the twistlocks shall be permitted to be activated.  The twistlocks shall be provided with limit switches which signal in the operator's cab whether the twistlocks are fully engaged or fully disengaged.  The limit switches shall be arranged so that all four are required to signal twistlock engagement or disengagement to permit hoisting, otherwise hoisting shall not be permitted.  The spreader shall be equipped with an interlock system that will prevent engaging or disengaging of the twistlocks unless the spreader is seated squarely on the container with contact on all four twistlock housings.  The flippers shall activate limit switches to indicate their position (extend or retracted) to the operator in the operator's cab.

(4)
Horn


The spreader shall be equipped with a low powered signaling horn operable from the operator's cab and an intercom speaker.

2.5.2.7 Umbilical Cable

A cable reel with flexible electrical umbilical cable shall be provided between the trolley and the headblock and spreader, to power and control all spreader functions.  The cable shall be heavy duty, pendant service rated, multi-conductor cord with an outside jacket which is highly resistant to weather, oils, acids, alkalis, UV degradation, and most chemicals.  The individual conductors shall be color and/or print coded for permanent identification.  The umbilical cable shall be provided with conductors not smaller than No. 12 AWG stranded copper, and with not less than 10 percent spare conductors in the cable.  A quick-connect/quick-disconnect plug and receptacle shall be provided at the trolley and spreader such that the cable shall be easily separated from the trolley and spreader.    

2.5.3 Load Beam Design 

Each crane shall be provided with a load beam with a swiveling hook rated at the 134,400 pounds.  The load beam structure shall not exceed the width and length (dimensions) of the headblock.  The load beam shall be designed to mate with the headblock by quick-connect/quick-disconnect type manually operated latches.

The load beam shall be an all-welded box structure with a center mounted load hook.  The load hook elongation shall be not less than 18 % in 2 inches.  A shackle padeye shall be provided at each corner.  Each padeye shall be designed to lift cargo with 45° sling angle and for one half of the load beam capacity.  The padeyes shall be sized for rigging and testing at 130 percent load.  The hook shall be equipped with an insulated link and swivel on, and be centered by, an antifriction thrust bearing.  The thrust bearing shall be seated in a trunnion which shall pivot about axes perpendicular to the beam's longitudinal axis.  The bearing pressure of trunnion on the beam shall not exceed 6,000 psi based on the projected area and rated hook load.  The hook thrust bearing shall be provided with a close-fitting skirt to retain lubrication and exclude dust and rain.  The skirt shall be equipped with a lubrication fitting which is readily accessible for grease lubrication.  The hook shall be single‑barbed shank type manufactured and proof tested in accordance with ANSI B30.10.  The hook saddles shall be well rounded.  The hook shall be fitted with latches to bridge the throat openings.  The latches shall be designed to preclude accidental displacement of slings or lifting attachments from the hook saddles.  The latches shall rotate about a pin secured in a boss forged (not welded) on the hook shank or secured in a bracket which is clamped and keyed to the hook shank.  The hook nut shall be keyed to the hook shank by means of a set screw or other similar easily removable securing device to permit removal of the hook without dismantling of the block.  The hook and hook nut shall be uncoated.  The hook and hook nut shall comply with the NDT inspection and test requirements of PART 1 Section SD-05.2.
The Contractor shall provide a structural steel stand to support the load beam when not in operation.  The stand shall be stable so that it will not tip over when the load beam is set on the stand.  Optionally, the beam may be designed to be stable, free standing on the dock with the hook clear of the ground.  The ground clearance shall allow for entrance of fork lift tines for transportation.  

The load beam shall be primed and painted white with additional gloss black diagonal safety striping on its sides.  The capacity of the load beam in pounds and backreach and outreach shall be displayed on each side of the cargo beam in large numbers/letters.  The shackle padeye capacity (in pounds) shall be displayed adjacent to each padeye on both sides of the beam.  

2.5.4 Machinery House and Electrical Room

The machinery house shall be of weathertight construction and of adequate size and height to accommodate, with ample working space, the operating machinery, hoist machinery, electrical controls and panels, and other equipment necessary for operation and control of the crane.  Equipment shall be located with consideration for personnel safety.  The structural design of the house shall be in accordance with Section 2.2 and shall be sufficiently rigid to prevent machinery misalignment and component vibration beyond allowable under any operating condition.  The machinery platform shall provide safe access and working space around all machinery components and electrical equipment.  A minimum clearance required by OSHA shall be provided around the main hoist, boom hoist and trolley drive machinery as well as the main transformer and switchgear.

Roof-to-wall and wall-to-floor joints shall be properly designed, flashed, and sealed to prevent leaks from blowing rain.  Walls shall extend below floor level.  The house shall be provided with an overhead electric service crane with two manual hoist units.  The arrangement of machinery/equipment shall be such that the electric service crane hook approaches are adequate to service the respective components.  The design of the house shall compensate for overhead vertical clearance necessary to remove and replace major components including an allowance for rigging.  Roller supported, hinged fold-up covers, and one removable floor panel shall be provided in the floor of each house for the maintenance and/or removal of equipment.  The hinged fold-up covers shall be sized for the removal of the largest item of equipment without disassembly.  In addition, the fold-up covers in the machinery house shall be adequately sized to pass wire rope reels, holding the required lengths of wire rope, for re-reeving the hoists.  The location of the openings in each house shall permit the electric service crane to service both ends of the trolley drive when it is positioned directly beneath the opening, on the main beam.  The hinged fold-up covers shall be mounted on tracks with rollers so that they can be rolled opened or closed manually or with the use of the crane.  A method for controlled opening/closing including a secure latching device shall be provided for the opened and closed cover positions.  A small hatch, of sufficient size to pass an oil drum sideways, with a hinged manually-opened cover shall be provided to allow raising small tools and supplies from the wharf.  Temporary handrails shall be provided for use around openings when the hinged fold-up covers are opened and when the floor panel is removed.  Adequate stowage for the removable floor panel and temporary handrails shall be provided.  Openings in house roof and walls shall be as small as possible and shall be provided with hoods, gutters, boots, or other durable weatherproofing systems.  Wire ropes shall not penetrate the machinery house roof.  The access slot in the machinery house for passage of the boom hoist ropes shall be through the front wall of the house and shall be baffled to prevent entry of driving rain.  Synthetic wear pads shall be provided at all wire rope openings to minimize wire rope wear.

The machinery house shall be provided with thermostatically controlled fans with ducting arranged to prevent the entry of water or driving rain.  The fan openings shall be baffled to prevent entry of driving rain.  The machinery house shall be capable of keeping the ventilating fans running at all times the crane is in operation to provide pressurized filtered air to the machinery house.  The machinery house shall be pressurized with the air entering through washable and reusable filters.

The machinery house shall have an area in one corner, approximately 10 feet by 10 feet and equipped with a desk, chair, duplex outlet and one lockable cabinet.  No other item including hatch covers will be allowed within this floor space.

Entrances in two opposite walls of the machinery house shall be at the walkway level and shall be provided with weatherproof, galvanized marine metal doors with safety glass windows in the upper panels with locks keyed.  The doors shall be equipped with panic type exit hardware and drip shield.

An electrical room inside the machinery house shall be provided to house the electric drive control panels and associated equipment.  The electric room shall be lighted and adequately sized to house and service the equipment.  The walls of the electrical room shall be welded to create a seamless wall.  The electrical room shall be separated into two parts: a main part housing the drives and a smaller control part housing the PLC, CMS and other, non-noise generating units, as suitable. The control room shall be furnished with a large sturdy desk with drawers, and a computer with CMS.  It shall have separate heating and air conditioning.  The maximum sound level in the room shall be 75 dB.  The main electrical room shall be insulated and air-conditioned.  Air conditioning systems shall be automatic and thermostatically controlled.  A lockable cover shall be provided over the thermostat.  Air conditioning shall be of the split type.
The electrical room shall be provided with well-sealed, gasketed doors with single wire mesh glass window and automatic closure controlled by a coded or key lock system.  Exit from the electrical room shall be by push-on panic doors device.  Provide with a sufficient rain roof against down-pour rain.  

The floor's walking surface shall be covered with 6 mm thick black rubber matting with non-skid walking surface.  Matting shall be suitable for use at switchboards, with voltage resistance of 5,000 volts.  Matting shall be seamless except access cover area where a small seam (no larger than 3mm) will be allowed.  The roof of the electrical house must be suitable to use as a walking and maintenance surface.  

Provide a work table, cabinets and drawers suitable for storing electrical manuals and tools shall be located under the table.  A duplex utility outlet adjacent to the table shall be provided.  In front of the open panels, an insulated handrail shall be provided as fall protection against being thrown into the open panels due to an unexpected motion of the crane.

2.5.4.1 Skylights

Each house roof shall be fitted with four raised "bubble" type impact resistant skylight panels.  Each panel shall be approximately 3 feet by 3 feet.  Skylights shall be mounted in a raised metal curb, sealed, and made watertight.

2.5.4.2 Windows

Each house shall be fitted with two standard, commercially available anodized, heavy aluminum-framed windows which open for ventilation.  Glazing shall consist of 1/4 inch thick, tinted, laminated safety glass.  Windows shall be provided with operating mechanisms and suitable locking devices.  

2.5.4.3 Doors

Each house shall be fitted with two weatherproof metal hinged self-closing doors, with laminated safety glass windows in the upper panels.  These doors shall be installed in opposite walls of each house.  The doors shall be equipped with heavy-duty, non-corroding (corrosion resistant steel or copper alloy) hardware, identical locks, automatic closures, and latching devices to prevent inadvertently opening.  Drip shields shall be provided over door openings.  Access to and from each door shall be provided by stairways and or walkways.  The width of a doorway shall have a clear opening of no less than 18 inches.  The doors shall open outward.
2.5.4.4 Ventilation

Each house shall be provided with at least two electric powered fan-ventilated units (ventilators).  Fan motors shall operate at 110 VAC.  Ventilators shall be sized to provide at least ten air changes per hour with all units operating.  Controls shall allow ventilators in each house to be individually activated, manually or automatically (thermostatically controlled at 77 degrees F).  Ventilators shall be equipped with weather-tight shroud type housings, backdraft dampers, and individual (local) wall mounted controls.  The wall air intakes for ventilation shall be provided with gravity closed louvers with rain hoods (90 degree quadrant type).  Ventilation shall be accomplished in such a manner that all incoming air is forced through filter elements.  Air intakes shall be provided with replaceable filters mounted in suitable racks.  The filters shall be minimum 1 inch thick, U.S. manufactured, readily available air-filter units.
2.5.4.5 Ventilator Control

Controls consisting of manual ON-OFF-AUTOMATIC switch, an adjustable thermostat, and a circuit breaker and starter shall be provided for each ventilator.  Controls and thermostats shall be located 60 inches above the floor and centrally located in each house.  The AUTOMATIC position shall enable ventilators to operate on thermostat demand when crane power is ON.

2.5.4.6 Compressed Air System

Space shall provided for an air compressor with piping for a minimum of four shop air outlets in the machinery house (at workbench, adjacent to access doors and adjacent to air compressor).  Cable reels shall also be provided to provide access to all hoist motors components.   One additional shop air outlet with cable reel shall be provided in the engine house.  Each outlet shall be provided with a moisture trap, drain valve, and 1/4 inch U.S. standard female quick-connect fitting.  All air piping shall be installed with approved flexible couplings at machinery and shall be firmly supported to the structure to minimize vibration.  The piping shall be sloped to drain properly and all low points shall be provided with accessible automatic condensate drain valves.  Piping shall be sized to accommodate 100 psig at the working component.
2.5.4.7 Lubrication Storage

Space shall be allocated and reserved for storing two 55 gallon drums of lubricating oil in the machinery house and four 55 gallon drums in the engine house, on end.  Storage space shall be readily accessible for service personnel and overhead service cranes and hoists, and shall be located sufficiently clear from rotating machinery.

2.5.4.8 Workbench

A 36 inch by 72 inch metal frame, hardwood-topped, workbench complete with a 4 inch bench vice shall be provided in the machinery house for service and maintenance work.  The bench shall have four storage drawers, two of which shall be lockable, and two 72 inch by 12 inch deep overhead shelves. The bench shall be designed to support 225 kg (500 lb.) machine parts

2.5.4.9 Tool and Equipment Lockers

The Contractor shall furnish one set per crane of special tools necessary for operation, maintenance, repair and inspection per crane.  These tools shall include at least special adjusting tools, snap ring pliers for all rings over two inches (50 mm) diameter, and one inch (25 mm) input drive torque multiplier and sockets or other special attachments for bolts in excess of 1.25 inches (32 mm) body diameter.  Each tool shall be stamped for easy identification of size and use.

Two heavy duty industrial standard manufactured metal lockers shall be provided near the workbench in the machinery house.  One shall have five heavy-duty shelves and the other shall have parts storage bins of various sizes.  Each locker shall be lockable and approximately 4 foot wide by 6.5 foot high by 24 inch deep.  The lockers shall be securely fastened to the machinery house floor.

2.5.4.10 Smoke Detectors

Smoke detectors shall be provided in each house.  When activated, the smoke detectors shall cause a fire alarm bell mounted on the gantry near ground level and in the watch station room to sound, and energize a red flashing light in the operator's cab.  The smoke detectors shall be powered from the dedicated panelboard. 

2.5.5 In House Service Cranes 

One overhead electric traveling service crane shall be provided in the machinery house.  The service crane shall be of the top-running double girder type with top-running trolleys and a packaged hoist.  The crane shall span the machinery house and shall be capable of centering over, lifting, and traveling with any piece of assembled equipment.  Service cranes shall conform to NFPA 70, CMAA No. 70 for Class C service, and OSHA 29 CFR 1910.179.  The runway shall be designed to include the combined effects of the maximum wheel loads, lateral loads, and longitudinal loads.  The runways shall be supported on the machinery house columns or by brackets attached to the columns.  Brackets, if applicable, shall be of welded or bolted design, conforming to the requirements of structural design, Section 2.2.  The runways shall be adequately braced to limit the vertical and lateral deflection to the requirements of CMAA No. 70, paragraph 1.4.3.  The runways shall support the runway rails (rails) and crane end stops.  The rails shall be standard rail sections sized for the wheel diameter and loads.  The rails shall be fastened to the runway with rail clips.  The use of hook bolts and floating clamps are prohibited.    
The machinery house crane shall be sized for the largest and heaviest components to be serviced but shall not be rated less than 10,000 pounds.  The crane shall be designed to allow the simultaneous operation of the hoist and bridge motors.  The rated speeds shall be within ranges specified in CMAA No 70 for medium speed.

A minimum 4,000 pound capacity electric hoist monorail system shall be provided in the engine house capable of lowering to pier level.
The service cranes shall have applicable submittals from Part 1.

The packaged hoist shall comply with all applicable requirements of American Society of Mechanical Engineers (ASME) HST-4, for packaged hoists.  The duty service classification shall be H3 or higher.

The following additional attributes are required:

(1) 
Mechanical load brake and an electro-mechanical brake (shoe or disc).

(2) 
The mechanical load brake and the electro-mechanical brake can each, independently stop and hold 131.25% of rated capacity.

(3) 
A hoist overload limiting device.

(4) 
Primary (adjustable) lower and upper geared limit switches of the control circuit type. A secondary upper limit switch, wired independent of the directional contactors and of the primary limit switch, such that its activation will result in the removal of power from the motor and brake.

(5) 
Electrical and mechanical interlocks for directional contactors.

(6) 
Mainline contactor along with the Stop-Start, Off-On, or Power Off-Power-On circuitry is designed to remove power from the drive motors, brakes, and control circuit. The control circuit shall not be capable of being operated unless the On button, Power On button or Start button is depressed.

(7) 
Proper overcurrent protection for the control circuit, including control circuit transformer, in accordance with the National Electric Code.

(8) 
Proper fuse or circuit breaker protection for branch circuit short circuit and ground fault protection in accordance with the National Electric Code.

(9) 
Proper overload protection for each motor, motor controller, and branch circuit conductor in accordance with the National Electric Code

(10) 
An unplated easily removable steel hook (suspension hook, if used). All hooks shall be equipped with a safety latch.

(11) 
Documentation from the manufacturer that the hoist or hoist/trolley unit is capable of being periodically load tested to 131.25% of its rated capacity.

(12) 
Safety lugs (drop stops) or a functionally equivalent feature on the trolley frame to prevent derailment in the event of wheel or axle failure.

(13) 
The trolley wheels shall not contact the end stops.

(14) 
The hoist may be integral with the trolley or suspended via hook, lug, or clevis.

(15)
If the trolley is powered, a trolley brake or non-coasting drive.

(16) 
Hollow stamped steel trolley wheels are prohibited.

(17) 
A 3-position keyed-bypass switch shall be provided to allow for the bypassing of the primary upper limit switch to allow for testing of the secondary limit switch and bypassing of the secondary upper limit switch in the lowering direction only.

(18)  
The hoist shall provide a true vertical lift.
The cranes shall be installed in such a manner that the hoist can be positioned directly over any component with a unit weight (in normal removal configuration) in excess of 100 pounds, and shall enable such components to be readily lifted and moved to the floor openings.  Each service crane shall be designed such that components can be lifted or lowered safely to the pier.  The hooks shall be single barb forged steel conforming to ASTM A668 or ASTM A521 with a longitudinal elongation of not less than 18% and shall be provided with a safety latch.  The hook nuts shall be secured to the hook by a commercial standard removable and reusable means (tack-welding is prohibited).  The hooks and hook nuts shall be uncoated.  All hooks and hook nuts shall comply with the NDT inspection and test requirements of PART 1 Section SD-05.2.

Wedge sockets and aluminum swages shall be prohibited.  All bearings, except at equalizer sheave or bar, shall be antifriction type.

The cranes shall be pendant controlled.  The pendent pushbutton station shall be suspended from a festooned system utilizing an independent messenger track and flat cable.  A POWER ON (blue) light and a POWER AVAILABLE (white) light shall be provided on the pendant.  The blue pilot light shall indicate that the main contactor is energized and the white pilot light shall indicate that power is available on the load side of the crane disconnect means.  The white pilot light shall utilize a separate, fused transformer for its energization.  Each crane disconnect shall be a circuit breaker of the enclosed type.  Crane runway electrification shall be four copper conductors precluding personnel contact with any exposed conductor.  Fully redundant tandem current collectors shall be furnished for each conductor, if a collector bar system is used.  The bridge to trolley electrification shall use a festoon system utilizing flat cable.  All crane functions shall be VFD with infinitely variable controls.  Motor running overcurrent protection and branch circuit protection shall be provided per Sections 610-43 and 610-42 of NFPA 70 respectively.  The brakes shall be designed to be released by hand to permit a controlled lowering of the load.  The full winding length of the wire rope shall be sufficient to permit the hook to touch the pier.  The wire rope selection and type shall comply with the requirements in section 2.3.

2.5.6 Outside the Machinery House Jib Structure or Monorail
Jib structures or monorails shall be provided at all locations containing machinery weighing over 65 pounds (30 kg) that must be periodically replaced, rebuilt, or may require extensive servicing.  Capacities of these jib structures or monorails shall be appropriately sized for the lifting required at the mounting location.  Jib structures or monorails shall be provided at the top of the A- frame and on the boom as required for rigging to remove boom hoist sheaves.

2.5.7 Drive Mechanism

Elevator drive mechanism shall be rack and pinion type.  Lift speed at full rated load shall be not less than 90 feet per minute.  An electro-mechanical disc brake shall be mounted to the motor.  The disc brake shall be spring set and electrically released.  A stop command or loss of power to the elevator shall cause the brake to set.  A centrifugal brake shall be provided for safe control of descending speed of the elevator car in case of a power failure.  Safety hooks shall be provided to prevent the pinions from disengaging from the rack in case of loss of a guide roller.

2.5.7.1 Overspeed Safety Device

An overspeed safety device shall be provided.  The safety device shall trip at a predetermined speed, setting the brake.  The safety device shall stop the elevator car by braking through a second pinion.  The action shall be automatic and require no operator intervention.  A switch shall be provided to detect the safety device's brake setting action and de-energize the drive motor.

2.5.7.2 Controls

The elevator, ground level, the platform adjacent to the trolley stowed position, and the machinery house level, shall be equipped with pushbutton control stations for UP-DOWN-STOP at next landing.

2.5.7.3 Travel Limit Switch

Elevator travel on the guide rail shall be limited by travel limit cams, located at the base and the top of the guide rail.  A travel limit switch shall stop the elevator at the travel limit cams.  A final limit switch shall be provided to cut power to the motor in the event that the travel limit switch fails to stop the elevator car.  Buffer springs shall be provided to absorb the energy of the elevator car in the event of an overspeed condition prior to the safety device setting.

2.5.7.4 Installation and Certification

Elevator installation shall be supervised by an elevator service representative who is supplied by the elevator manufacturer.  The elevator shall not be used prior to the physical delivery of the crane to the Government and the elevator is certified for use by the state of California.  Applications and submittals for the elevator and notification are the responsibility of the Contractor.  
2.5.8 Heating and Air Conditioning

Space heaters shall be provided for control panels and panels with electronics in them, enclosed brakes, high voltage disconnect, and motors larger than 4 HP with provision to energize those heaters when the crane is not in service, thereby reducing the possibility of moisture condensation within those units.  Any enclosure that houses electronics shall have heaters.  Heaters are to be sized for marine applications.  Heaters shall be powered by a separate continuously energized lighting circuit independent of the crane control power.  A permanent red warning plate or label shall be provided at each heater location warning the user of this separate power source. Heaters shall automatically cut off during crane operation unless heaters are thermostatically controlled to maintain operating temperatures when the crane is operating.

Air conditioning to the electrical house shall be provided by two independent split type units each rated for at least 125% of the rated cooling required for the electrical equipment under the most demanding machinery and environmental conditions.   The units shall be programmed to operate on alternate days.  Power and control shall be provided for machinery house fans.  Control shall consist of a "manual-off-automatic" switch, an adjustable thermostat, circuit breaker and starter.  The thermostat shall control in   the "automatic" mode and shall interlock with "Control On".

2.5.9 Safety Features

All exposed gears and other revolving parts shall be suitably guarded to prevent contact with repair or operation personnel.  Couplings which are not of the safety flange type shall be provided with guards.  All sheaves shall be protected by close fitting guards.  Dry chemical ABC type, wall mounted, portable fire extinguishers, of the capacity noted herein, shall be provided for in the following locations:  one 10-pound unit in the operator's cab, one 20-pound unit outside of the engine house at each door (total of 2), one 20-pound unit inside of machinery house at each door (total of 2), one 20-pound unit inside of the engine house at the door (total of 1), one 10-pound unit near each of the elevator landing platforms (total of 3), and one 10-pound unit at ground level near the access ladder.  All fire extinguishers exposed to the elements shall be housed in a metal box with a clear plastic door.  Provide two industrial metal basket type stretchers with patient straps and lifting cables, one mounted on an inside wall of the machinery house near the main door and the other on the landside gantry truck, reachable from ground level.

2.5.10 Wire Rope Re‑Reeving Device

The Contractor shall provide a powered re-reeving device on the crane including all attachment points and rigging devices required for re-reeving for all wire rope reeved systems.  The re-reeving device shall not utilize hydraulics.  The re-reeving device shall provide for pulling the used rope out of the reeve-up, reeling it on a special steel reel while pulling the new rope in from a special steel  reel, all under controlled power and braking.  Motor sizing and brake design shall consider the catenary and friction forces for the size of wire rope used.  Re-reeving equipment shall be located inside the machinery house within the overhead service crane envelopes to permit the service crane to lift and move rope spools.  Provide 2 properly sized steel wire rope spools per crane to fit the rope re-reeving device.  The reels shall be sized to accommodate the main hoist rope length (from drum, through left side hoist reeving, through the boom tip anchoring points, through the right side hoist reeving and to the drum).  One reel will be used for storing the replacement wire rope, the other to return the used wire rope for recycling.

The reels shall be sized to accommodate the boom hoist rope length (from the drum, through the left side boom hoist reeving, through the dead end anchor points, through the right side boom hoist reeving and to the drum).  One reel will be used for storing the replacement wire rope, the other to return the used wire rope for recycling.

2.5.11 Load Weighing System

A load weighing system with a digital read out in the control room and operator’s cab shall be provided.  The load weighing system shall not output a load less than actual lifted load.  Load weighing system shall be on all main hoist ropes.

2.5.12 Wharf Level Cab 

A wharf level cab shall be located under the center of the landside sill beam capable of seating two persons.  The cab shall have sliding doors on the landside and waterside and windows for the full length of the cab on landside and waterside.  The floor of the cab shall be low enough to the ground that steps are not required to enter or leave the cab.  The cab shall be lighted, heated, air conditioned, and equipped with an intercom station.  All station hardware shall be stainless steel or bronze.  Nameplates shall be engraved stainless steel.

2.5.13 Crane Nameplates and Markings

A nameplate shall be attached to the crane adjacent to the normal access route showing the manufacturer's name, address, crane serial number, the year crane was placed into service, and the nameplate shall include the following information:

Naval Facilities Engineering Command
Contract Number N62470-17-XXXX
The numbers, nameplate, and hardware shall be corrosion resistant stainless steel with black etching.

Provide lettering showing the safe working load (SWL) in pounds to be displayed on the outside of each portal tie beam.  SWL shall be shown for both the container spreader and the cargo beam.  The lettering shall be legible from the wharf.  The size of each nameplate, lettering and location shall be of sufficient size to be easily read from the dock level. 

The facility logo shall be painted on the two sides of the machinery house.  The logo shall be installed as large as possible while providing reasonable borders on the sides of the machinery house.  The logos shall be illuminated with dedicated photoelectrically controlled lighting.  The photocell shall be located on the roof of the machinery house.  

The phrase “TERMINAL OF EXCELLENCE” shall be labeled in yellow (23785) on each side of the crane on the lower cross beam of the portal opening.  The lettering shall be made as large as possible on the beams. 

The crane numbers shall be labeled in yellow (23785) on the right and left sides of the lower gantry at a location and of a size that is easily readable from the ground.
Spreader calibration markings shall be applied to the landside face of the waterside sill beam to verify spreader telescopic positions.

2.5.14 Warning Signs

Signs shall be permanently secured in a conspicuous location.  All signs shall be designed and manufactured for durability and legibility through the expected life of the crane.  Signs shall be rigidly mounted, corrosion resistant, and secured against damage from exposure to weather.  The format, language, graphics, and placement of all hazard signs shall conform to the recommendations of ANSI Z535.

Provide “Hard Hat Area” with 12 inches lettering on the landside and waterside of the landside sill beam and on the landside of waterside sill beam.  Platforms, walkways or other services used for walkways, that are not to be used during crane motion, are to be clearly identified with signs.  The Contractor shall give special consideration to hazards, which result from motion of the crane.  Areas of access platforms where it is unsafe for personnel to stand, walk, or work during crane motion shall be clearly marked.

Hazards which may result in injury to personnel shall be clearly marked with signs identifying the nature of the hazard, the consequence of not avoiding the hazard, and how to avoid the hazard.  Standard pictorial symbols indicating the nature of the hazard shall be used.  Where lengthy instructions or procedures for avoidance of hazards are required, the signs shall refer to the appropriate section of the maintenance manuals.    

Equipment which may start automatically shall be marked as a hazard as required.  Machinery house air compressor and hydraulic power units are examples of this type of equipment.

Where hazards exist to personnel standing, working, or walking on access platforms (stairs, ladders, platforms, walkways, or other surfaces intended to provide access to machinery, equipment, or inspection points) such platforms shall be clearly marked with signs identifying the nature of the hazard.  Standard pictorial symbols indicating the nature of the hazard shall be used.  Sign text shall clearly identify the hazard, the consequences of not avoiding the hazard, and what steps personnel are to take to avoid the hazard.  Where lengthy instructions or procedures for avoidance of hazards are required, the signs shall refer to the appropriate section of the maintenance manuals or operating instructions.

2.5.15 Test Weights

The contractor shall provide certified test weights for the periodic (annual) load testing of the spreaders, load beam, service crane(s).  All rigging and equipment necessary to perform the load tests, shall also be provided.  The test weights, rigging, and equipment necessary to load test the cranes shall be new and shall become the property of the Government upon delivery of the crane.  The assembled test weights, including rigging, shall be within +5/-0 percent of the specified test load.  The test weights shall be steel slabs.  The same corrosion protection as specified for the crane applies for the test weights.  The acrylic epoxy gloss topcoat shall be brilliant yellow.  The test weights shall be legibly marked on at least two sides and on the top with a TEST WEIGHT NUMBER and the actual weight in POUNDS.  The lettering shall be 2 inches high and gloss black.
2.5.16 Scale Models

The contractor shall provide scale models as described in this section.

2.5.16.1 Table Top Model

A metal model of the crane shall be provided suitable for display on a table top.  The model shall be approximately 1:100 scale and match the design and paint scheme of the crane.  The model shall be mounted on rails with the rails mounted to a board or plate made suitable for display.  A label plate showing the crane location, manufacturer, capacity and speeds shall also be provided on the base.
2.5.16.2 Souvenir Model

Plastic models of the crane shall be provided suitable for handing out at the commissioning of the cranes.  A minimum of 100 plastic models, approximately 4 to 6 inches in height, matching the general design and of the crane and red in color shall be provided.
2.6 Manufacture / Erection / Assembly

2.6.1 Corrosion Resistance

All parts of the crane shall be protected against corrosion.  Pockets where water could collect shall be avoided to prevent standing water.  At unavoidable low points, punched or drilled drain holes of not less than 1 inch in diameter shall be provided.  Drain holes shall not be flame cut.  When rolled shapes are installed back-to-back, the gaps or seams shall be completely seal welded.  Gaps that furnish sufficient room for inspection, surface preparation, priming, and painting are acceptable, provided the gap is at least 3 inches.  Small fasteners, less than 1/2 inch in diameter, and fittings exposed to weathering shall conform to ASTM F593 and F594.  All surfaces normally painted shall be cleaned, primed, and finish painted at the Contractor's plant as specified hereinafter.  Interior surfaces of sealed airtight structural sections require no treatment.

Potentially corroding materials shall be protected by either seal welding or coatings per this specification.  All parts shall be accessible for inspection and maintenance or renewal of their corrosion prevention provisions except for sealed members.  The interior of unsealed members shall be well ventilated and drained.  Gooseneck vent pipes shall be installed near each end of each horizontal member and near the top of each vertical or sloping member.  Sufficient drains shall be provided to prevent collection of standing water inside unsealed members.

Exterior surfaces of all members shall be free to drain.  All fittings and fastenings 9/16 inch (14 mm) diameter and less shall be 300 series stainless steel. If it can be shown that the use of stainless steel fasteners will compromise a proprietary manufactured product which otherwise meets these specifications then alternate means of preventing seizing and/or corrosion may be used.

After complete fabrication, the component shall be hot dipped zinc coated to not less than two ounces per square foot each side.  Galvanizing shall conform to ASTM A 123 for fabricated items and to ASTM A 153 for hardware.  Damaged areas shall be recoated by melting into the prepared surface a continuous film of zinc-lead alloy bar solder or by coating with an approved zinc rich cold galvanizing compound in strict accordance with the manufacture’s recommendations.

2.6.2 Surface Preparation

All exposed exterior and exposed interior surfaces including welds which are to be painted shall be cleaned by abrasive blasting or centrifugal blasting unless otherwise directed by the Contracting Officer. The cleaning method shall be shown on the drawings.  Exposed surfaces shall be cleaned as required by the Steel Structures Painting Council Surface Preparation Specification No. SSPC SP 6-63 to No. 6, Commercial Blast Cleaning if the surface is shop primed and to NO. 10 Near White Blast Cleaning if the surfaces are not shop primed.  If the paint manufacturer requires more stringent cleaning, the paint manufacturer's recommendations shall be followed.  All mill scale, rust, rust scale, paint, and foreign matter shall be removed.  All exposed edges of exterior steel shall be rounded to ensure proper paint adhesion and proper paint dry film thickness.  The cleaned surface shall be rendered rust free prior to the application of the prime coat.

No acid washes or other cleaning solutions or solvents shall be used on the surfaces after abrasive blasting or centrifugal blasting.  This includes any inhibitive washes intended to prevent rusting.

When blasting steel surfaces in preparation for painting, care shall be taken to protect windows, machinery, gears, gearcases, motors, bearings, electrical components, conductors, wire ropes, sheaves, rope drums, and related equipment which might be damaged by blast cleaning operations.

2.6.2.1 Painting System (Priming and Finish Painting)

Blasted surfaces shall be primed prior to the appearance of any flash rusting or within 12 hours, whichever is less.  Blasted surfaces which become wet or otherwise contaminated shall be cleaned and prepared again.  The painting system shall consist of 2 coats of anti-corrosive primer and 2 coats of acrylic epoxy gloss (cosmetic) topcoat.  All primers and topcoats shall be the products of the same manufacturer and shall be applied in accordance with the manufacturer's published instructions.  

2.6.2.2 Anti-Corrosive Primer System

The anti-corrosive primer system shall consist of one coat of each primer listed below and shall be applied in conformance with the requirements of Federal and applicable state laws.  The complete anti-corrosive primer shall be 5 mils minimum to 7 mils maximum.  Excessively thick film shall be avoided.  Paint thicknesses shall be determined in accordance with SSPC-PA-2.

The sequence of coats shall be as follows:

(a)
Reinforced inorganic zinc primer shall be applied to the surface prepared.  Coating shall be mixed and applied in accordance with its manufacturer's instructions. Coating shall be applied to 3-4 mils dry film thickness.

(b)
After application of reinforced inorganic zinc primer, brush a 0.0 percent volatile organic compound epoxy sealant into the crevices between faying surfaces of joints were zinc primer failed to bridge the gap.

(c)
Polyamide epoxy primer shall be applied as the second coat.  Coating shall be mixed and applied in accordance with its manufacturer's instructions.  Coating shall be applied to 2-3 mils dry film thickness.  Particular attention shall be paid to the allowable minimum and maximum repainting intervals and the repainting procedure as specified by the paint manufacturer.

2.6.2.3 Acrylic Epoxy Gloss (Cosmetic) Topcoat

The cosmetic topcoat shall consist of two coats of each color applied as specified herein.  Paint and its application shall conform to the requirements of Federal and applicable state laws.  The first color coat shall be applied to the second anti-corrosive primer system coat in accordance with their manufacturer's instructions.  The two topcoats shall be applied to 1.5-2.5 mils dry film thickness per coat; however, where required, only one topcoat is required to be applied to the interior surfaces of the machinery house, engine house, and other enclosed rooms.  Interior spaces of the accessible closed sections (not sealed airtight) shall receive the same anti-corrosive primer system as outlined above.  Colors, identified as numbers in parentheses, shall match like numbered color chips in FED-STD-595C.  
The painting color scheme shall be as follows:

	(a)  Crane structure.
	Color shall be brick red (31136) 

	(b) The machinery house shall be separated into thirds vertically.  See below for example:
[image: image4.jpg]



	Waterside and Landside third shall be brick red (31136)
Middle third shall be yellow

(23785)

	(c) The MOTCO insignia centered in middle third of machinery house on each side of the machinery house.
	Color shall be green (34090) and white (27885)

	(b)  Sides of spreader, load beam, and ends of travel trucks shall have additional safety striping.
	Color shall be gloss black 

	(c)  All interior surfaces, including operator's cab, machinery house, engine house and electrical house.
	Color shall be off-white 

	(d)  Interior surfaces of the accessible closed sections of the crane.
	(Topcoat not required)


Note that equal paint systems from International Paint are acceptable, subject to approval by the Contracting Officer.

2.6.2.4 Additional Painting Requirements

Each coat of paint shall be applied to surfaces free of all oil, grease, dirt, rust, or other surface contaminants.  All mechanical and electrical equipment, including the elevator and spreaders, shall be factory finished in accordance with the manufacturer's best standard practice for an outdoor, marine environment.  However, outdoor mechanical and electrical equipment shall be factory finished with a water-based epoxy that is USDA accepted for food plant use.  Electrical equipment doors shall be painted with an industrial enamel having a maximum of 420 grams of volatile organic compounds per liter.  The spreader color scheme shall be highly visible.  Faying surfaces of structural bolted connections both interior and exterior shall be coated with a paint which has been qualified as class A or B as specified in AISC "Specification for Structural Joints Using ASTM A325 or A490 Bolts".  Any painted surfaces damaged during erection shall be cleaned and repainted.  The Contracting Officer may make destructive tests of the paint on reasonably small areas to verify adherence.  The Contractor shall repair these areas at his expense.

2.6.2.5 Items Not To Be Painted

Caution shall be exercised not to paint the following items: machined surfaces that are bearing surfaces, identification and instruction plates, lubrication fittings, bearings, wire rope, bronze, corrosion resistant steel, galvanized steel walkways, sheave and drum grooves, crane rail head, wheel treads, wheel flange inner faces and all sealed surfaces.  Load hook, hook nut, twistlocks, and rotating shafts shall be coated with a rust inhibitor.  Any lubrication fitting showing evidence of paint between the tip and the hexagonal section shall be replaced with a new unpainted fitting. 

2.6.2.6 Painting of Standard Buyout Components

For buyout standard components, the manufacturer's standard paint system will be acceptable if that the paint system is suitable for the environment.  The Facility may require a top coat to match the crane's color scheme.  The crane's paint supplier shall confirm that the top coat is compatible with manufacturer's standard paint system.   If the system is not compatible, a tie coat shall be used.  The tie coat shall be applied only to an undamaged and un-corroded standard coat.

2.6.2.7 Repainting (Touch-Up)

If paint damage does occur, the paint shall be repaired to this specification as recommended by the paint supplier.  Where only localized areas or small spots require repainting, the following preservation process shall be used:

(a)
Remove surface corrosion by mechanical means from existing rusty crevices;

(b)
Apply a rust penetrating epoxy sealer by brush into prepared crevices;

(c)
Prepare remaining surfaces by mechanical means.
(d)
Apply two coats, 3 mils minimum dry film thickness each, of polyamide epoxy primer; 

(e)
Apply one coat, 2 mils minimum dry film thickness, of acrylic epoxy gloss topcoat or of a paint to match surrounding surfaces.

2.6.3 Faying Surfaces

Faying surfaces at bolted joints shall receive one coat of the specified shop primer with 50 to 75 microns dry film thickness.  No finish coat shall be applied on the faying surface.  After assembly, any damaged paint areas shall be repaired per this specification and the split line between the parts shall be cleaned, the surface prepared and painted with 125 microns of the specified epoxy mastic.  Provide a finish coat to the exposed surfaces as repaired.

2.7 Workmanship

Work shall be done in a thorough, workmanlike manner and shall follow the best modern practice in the manufacture of high grade machinery.  Work shall be performed by workmen suitably skilled in their particular trades.  Machined parts shall be fabricated to the tolerance, surface finishes, and fits indicated on the approved drawings.  All burrs shall be removed.  Finished contact and bearing surfaces shall be true and exact.  Flaws such as scratches, ridges, holes, peaks, cracks, or checks which degrade the quality or suitability of a part, will be cause for rejection of such a part.

2.7.1 Structural Workmanship

2.7.1.1 Steel Fabrication

Structural steel shall conform to the AISC Specification.  Structural steel shall be free from kinks and sharp bends.  Shearing and chipping shall be done neatly and accurately.  Corners shall be square and true.  Straightening shall be done by methods that will not change material properties or cause fabrication scars.  Flame/quench straightening is prohibited on high strength steel.

2.7.1.2 Flame Cutting

Flame cutting, using a tip suitable for the thickness of metal, may be used instead of shearing or sawing.  Flame-cut surfaces shall be ground or machined sufficiently to remove slag, objectionable notches, and all evidence of cooling checks.  Flame-cut edges of high strength steel that will not be covered by weld shall be ground to bright metal to remove all evidence of a flame-cut surface.  Flame cutting of bolt holes is prohibited.

2.7.1.3 Forming

All bends of major character shall be made with metal dies or fixtures to ensure uniformity of size and shape.  Cold-forming operations shall be performed with material temperature below 600 degrees F.  Hot-forming operations shall be performed with material temperature over 1,100 degrees F.  High strength steel parts which are hot-formed, shall be subjected to a normalizing heat treatment after forming.

2.7.1.4 Welding

All structural welding, including pre-weld and post-weld heat treatments, shall be in accordance with the requirements of AWS D1.1, except as modified in AWS D14.1.  Weld splatter shall be removed by mechanical means prior to painting or preservation.
2.7.1.5 Post-weld Heat Treatment 

Post-weld heat treatment (stress relieving) of high strength steel parts, if used, shall be in accordance with AWS D1.1 and shall be part of the welding procedure and its qualifications.

2.7.1.6 Castings

Castings shall be sound and free from warping, misplaced coring, or other defects which might render the casting defective.  Any weld repairs of castings to correct dimensions or other defects shall be performed only after written approval of such repairs is obtained from the Contracting Officer.  All weld repairs shall be items of permanent record.

2.7.1.7 Structural Weldment Machining

All mounting surfaces for electric motors, brakes, gear reducers, and other mechanical components shall be machined flat.  Seats for travel wheel bearings, bearing housings, or pillow blocks shall be machined with one set-up on a milling or boring machine.

2.7.1.8 Structural Bolted Connections

All structural connections shall be in accordance with the AISC "Specification for Structural Joints Using ASTM A325 or A490 BoltsThe following supplemental requirements shall apply in addition to the requirements of the Specifications of Structural Joints Using ASTM A325 or A490 Bolts.  Hardened washers shall be placed under the both the head and the nut.    The sequence of bolt tensioning shall be in shown on, and in accordance with the drawings.  

The flange contact bearing surfaces shall have at least 75% of the bearing cross-sectional area in contact. The outer surface of the flanges shall fit within 0.010 in. (0.25 mm) for 75% of the length of the edge and not more than 1/32 in. (1 mm) for the remaining 25% of the length.

2.7.2 Mechanical Workmanship

2.7.2.1 Mechanical Assembly

All mechanical components shall be accurately aligned and positively secured to maintain the alignment.  Flexible couplings shall not be relied upon to compensate for inaccurate alignment.  The required shaft-to-shaft angular and parallel alignment, as prescribed by the manufacturer of the selected coupling for each specific application, shall be shown on the assembly drawings.  All major base-mounted components, such as electric motors, gear reducers, brakes, and pillow blocks shall be permanently secured in aligned positions by means of shear bars or chocks welded to the supporting structure.  Shear bars or chocks shall be placed in line with the load direction.  Parts shall not be forced into position to obtain apparent alignment.  All bolts, nuts, and screws shall be tight.  Fasteners or parts which might become loosened by vibration, shock, or crane operation shall be secured by suitable locking devices.  

2.7.2.2 Base-Mounted Components

Component shall be mounted on the base frames with machined support pads at least one inch wider than the foot pads of the equipment on all sides.  All base mounted components shall have a minimum of 0.250 inch thick shims to allow for future realignment.  All shims shall be stainless steel and no more than four shims shall be used on any one pad.  Shoe brake bases shall be shimmed to align the brake shoes with the brake wheel.  Pillow blocks with hollow feet shall be mounted with fasteners and washers that overlap two or more solid vertical sections of the base.

The main hoist, trolley drive and boom hoist motors shall have base mounted jacking screws (8 per motor) for horizontal alignment of the motor.  Other electrical motors shall have either base mounted jacking screws or alignment taper shear blocks.

2.7.2.3 Mechanical Fastener Tightening

All fasteners used in securing mechanical or electrical–mechanical (i.e., brakes) components to their foundations shall be tightened to accepted torque values from standard tables based on the lubricant used.  The fasteners must be lubricated and shall not be installed “dry”.  Where self-locking nuts are used, the prevailing torque of the locking element shall be accounted for.  All mechanical fasteners shall be nominally tightened to 70% of the fastener yield strength, except in applications where component manufacturers prescribe specific fastener torque requirements.  The requirements of this paragraph also apply to the fasteners use for mounting wheel assemblies, all pillow block bearing fasteners (unless bearing manufacturer specifies otherwise), and gear case assembly bolts (in the case that gear case is disassembled after receipt from the gear manufacturer).

2.7.2.4 Machining

All machining dimensions shall be inspected using testing devices that have a resolution greater than that called for on the drawing.  The testing device shall have been calibrated to a known standard.  Any damage or abuse of an instrument shall require its immediate inspection, necessary repair, and recalibration.

2.7.2.5 Hydraulics System

Hydraulic reservoirs shall be tested.  All hydraulic hose and pipe assemblies shall be pressure tested to a minimum of 130% of design maximum operating pressure.  All hoses and pipe assemblies shall be flushed at supercritical Reynolds number for a minimum of 2 hours to remove contaminants.

All hydraulic systems shall be flushed in the partially assembled condition.  Supply and return (rod end and cylinder end) cylinder and motor connections shall be interconnected and the system flushed at supercritical Reynolds number for a minimum of 4 hours to insure cleanliness.

Fabricated piping components, power units, hoses, piping, and component openings left open for transportation or awaiting assembly shall be capped with metallic caps or plugs which utilize the sealing method of the designed joint.

2.7.3 Electrical Workmanship

Electrical installation shall meet the requirements of IEC, NEC, and local codes, as applicable and all applicable local regulations.  The Contractor shall be responsible for all permits, reporting and inspection requirements of the local regulatory authorities.  Installation of all electrical wiring, conduit, and components shall be performed in accordance with the requirements of NFPA 70.  As a minimum, items below shall be followed:

(a)
All electrical connections shall be installed in accordance with NFPA 70 sections 110.14 or 430.9, as applicable, or as recommended by the device manufacturer.

(b)
Crimped terminal lugs, if used, shall be properly sized for the wire and installed using the device(s) – e.g., crimping tool and indenter – recommended by the terminal lug manufacturer.

(c) 
All spare conductors shall be identified as spare conductors, and shall have their ends insulated to preclude accidental contact with energized equipment.

(d) 
Adhesive-backed wiring tie wraps and cable-clamping devices shall not be used unless they are secured with fasteners, in addition to the adhesive.

(e) 
All panels shall have their doors, back sheets, and panel boards bonded together with flexible bonding straps.

(f)
Bonding straps and equipment grounding conductors shall have all paint removed from their termination points, or shall have “cut” washers installed, to insure proper grounding of the equipment.

(g) 
Wiring around sharp edges, such as panel doors, shall be wrapped in protective sleeves (e.g., “spiral wrap”) to prevent wiring insulation damage from chaffing, cutting or abrasion.

(h) 
Control panels shall not be used as raceways for conductors not terminating within the panel.

(i) 
Bushings or chafing protection gear shall be used on all panel conduit entries.

(j)
To assure a good connectionxe "Connections", crimps shall be made by toolsxe "Tool" specifically manufactured for that particular purpose.  Only ratchet type crimpers and wire strippers shall be used.  Knife-cut type strippers that can nick the wire shall not be used.  Terminal boards or through-bolted and taped ring tongue crimped solderless lugs shall be used for larger conductor sizes.

2.7.4 Coating

The primers and topcoats shall be smooth, even, free of runs, sags, orange peel, or other defects.  Care shall be taken to preclude coating over equipment identification and instruction plates, machined surfaces that are bearing surfaces, lubrication fittings, bearings, wire rope, non-ferrous metals, corrosion resistant steel, galvanized steel walkways, sheave and drum grooves, crane rail head, and wheel treads and flange inner faces.  Faying surfaces of structural bolted connections both interior and exterior shall be coated with a paint which has been qualified as class A or B as specified in AISC "Specification for Structural Joints Using ASTM A325 or A490 Bolts". 

Metallic surfaces of the crane shall be painted except nameplates, marine corrosion-resistant stainless steel, and wearing or internal surfaces of mechanical parts.  All painting shall be done at the crane manufacturer’s paint facility which shall be in an inside location.

PART 3.0 Execution

3.1 Assembly and Erection

The cranes shall be erected (i.e. assembled) fully, first at the Contractor's facility and second at the delivery site.  The cranes may be disassembled into major components for shipment from the Contractor's facility to the delivery site.  Major assemblies of the cranes shall be shop assembled as completely as possible.  All parts and equipment at the erection site shall be protected from weather, damage, abuse, and loss of identification.  The erection procedures shall ensure that the cranes are erected without initial stresses, forced or improvised fits, misalignments, nicks of structural steel components, stress-raising welds, and rough burrs.  The crane shall be weighed before or after delivery to obtain actual crane dead loads.  The weighing shall be witnessed by a Contracting Officer representative.  Gear covers shall be installed in a manner to preclude any possibility of rubbing contact with the gears.  The following requirements shall apply to high strength structural steel members:

a.
Surface indentations, such as punch marks or die stamps are prohibited.

b.
Welded temporary attachments, such as erection clips, fairing bolts, and brackets, shall be kept to the absolute minimum and shall be permitted only when it is impractical to use attachments which do not require welding.

c.
Timed arc or percussive (capacitor discharge) stud welding may be used per a qualified and approved welding procedure, and in accordance with the requirements of AWS D1.1.  Studs may be located on or near welds, but the toe-to-toe distance between the stud and any full penetration butt weld subject to tensile loads shall be 1/4 inch minimum.

3.1.1 Corrosion Prevention

Exterior surfaces of all members shall be free to drain.
Potentially corroding materials shall be protected by either sealxe "Seal" welding or coatings per this specification.  Only with Contracting Officer approval may protection be by sealing with caulking.  All parts shall be accessible for inspectionxe "Inspection" and maintenancexe "Maintenance" or renewal of their corrosionxe "Corrosion" prevention provisions except for sealed members.

The interiorxe "Interior" of unsealed members shall be well ventilated and drained.  Gooseneck vent pipesxe "Piping" shall be installed near each end of each horizontal member and near the top of each vertical or sloping member.  Sufficient drains shall be provided to prevent collection of standing water inside unsealed members.

3.1.2 Erection Workmanship

Only authorized fieldxe "Field" bolting or pinning of the structurexe "Structure" will be allowed.  Field welding is to be approved by the Contracting Officer except for repairs and weldsxe "Weld" of secondary members such as stairsxe "Stair", laddersxe "Ladder", platformsxe "Platform" and walkwaysxe "Walkway".

Where field burning, grinding or welding is unavoidable, any structure, mechanism and/or electrical equipment that is adjacent to or underneath the repair area shall be protected against damage or contamination from burn splatter, weld splatter and grinding particles.  Damage to the factory applied paint system is to be minimized.  Special attention shall be applied to areas covered by grating.  Contamination or paint repair to areas with grating will require removal of the grating for an acceptable decontamination and paint repair.

All temporary attachments must be shown on the drawingsxe "Drawings (See also Shop Drawings)" and be approved by the Contractor's EOR.  Temporary weldsxe "Weld" shall not degrade the fatiguexe "Fatigue" class.  For example, if a member is classified as Class F for designxe "Design", a temporary class F2 weld will be prohibited, even if the weld is removed.  All welds, including those for temporary attachments and secondary members, shall be made by AWS qualified welders and shall be in accordance with the requirements of these Specifications.  Where temporary welds are removed, the surfaces shall be smooth according to AWS Specifications and shall pass MT examination.

3.1.3 Erection Program

The Contractor shall prepare a detailed shopxe "Shop" assemblyxe "Assembly" program, including testsxe "Testing" and dimensions, to verify the proper installation and alignmentxe "Alignment" of the crane’s components.  The program shall include drawingsxe "Drawings (See also Shop Drawings)", diagrams, and acceptance criteria for each dimension.  As a minimum, the program shall include structural member dimensional checks, structural frame alignment dimensions, structural pinxe "Pins" and bore fits, structural boltxe "Bolt" installation requirement, and machinery alignments.

3.1.4 Lubrication

The cranes shall be thoroughly lubricated in accordance with the manufacturer's recommendations prior to facilityxe "Shop" testing.  A lubricationxe "Lubrication" check listxe "List" shall be included in the testxe "Testing" documentation.

3.1.5 Boom Alignment

The trolley path from the face of the wharf to the maximum outreach shall not vary from a line perpendicular to the centerline of the waterside sill beam by more than 1” (25 mm).  The detailed procedure for measuring boom alignment and reporting the results shall be submitted 30 days prior to the making the measurement.  The alignment shall be measured again when the cranes are installed.
3.2 Factory Inspection and Testing

The Contractor shall inspectxe "Inspection" the crane components throughout the assemblyxe "Assembly" process to verify that the adjustments and installations comply with the requirements of the designxe "Design" and of the component manufacturer.  The Contractor shall satisfy himself that each assembly fully complies with these Specifications, the requirements and intentions of the crane's designers, and the requirements and recommendations of the subsystem and mechanical fits, bearingxe "Bearing" and sealxe "Seal" installations, keeper and lock wire installation, mechanical fastener installations, mechanical drivexe "Drive" train component alignmentsxe "Alignment", gearxe "Gearing" engagements, electrical wiringxe "Wiring" integrity checks, meggering, wire numbering, ampacity measurements, and voltagexe "Voltage" drops.

3.2.1 Builder’s Test and Inspection

Prior to scheduling the pre-shipment test described below, the Contractor shall perform an inspection and test of the entire crane to ensure the crane is properly adjusted, lubricated, and operational and that the crane can be safely load tested.  The Contractor shall perform all the tests required by the pre-shipment test and document the results in a report.  The Contractor shall perform all inspections before, during, and after the test.  All inspections shall be documented.  The Contractor shall prepare a daily report each day of the builder’s test.  The daily reports shall include the testing that was performed for the day, a description of any problems encountered, a description of the cause of the problem, a description of the resolution to the problem, and the amount of time lost due to the problem.  Any test that is terminated due to problems encountered shall be repeated in its entirety.  Any function that had been successfully tested, but was affected by a resolution to a problem in another system shall be re-tested.  The Contractor shall submit a report of the results of the builder’s inspection, builder’s test, and the daily reports to the Contracting Officer with the anticipated schedule dates for the government drawing verification and pre-shipment testing, giving Thirty days advance notice for the beginning of the drawing verification.  The Contractor’s schedule shall allow time to correct any problems found during the government drawing verification.

3.2.2 Government Drawing Verification

The Contractor shall provide (on-site) the Contracting Officer with a complete set of drawings used to fabricate the cranes. The drawings shall include all approved Field Notification of Revision (FNR) changes. The Contracting Officer will compare the drawings to the cranes to verify the drawings are accurate.  The government drawing verification will last for a maximum of 14 calendar days.  While the Contracting Officer is performing the drawing verification, the Contractor shall verify the alignment of all hoist drive train couplings in the presence of a Contracting Officer representative.  The Contractor shall use the same equipment to verify the alignment that was used in the initial alignment.  Travel drive coupling alignments shall be verified at the request of the Contracting Officer representative.

3.2.3 Factory Testing

Pre-shipment delivery inspection and testing by the Contractor shall be performed at the Contractor’s facility and in the presence of the Contracting Officer representative after the cranes are assembled, adjusted, lubricated, fueled, passed builder’s test and otherwise made ready for operation.  The Contractor shall advise the Contracting Officer of the anticipated test dates, giving Thirty days notice.  The Contractor shall ensure that the cranes are fully operational with all safety devices adjusted and functioning before scheduling tests. The cranes will not be considered ready for pre-shipment inspection and testing until the technical manuals, wire rope certifications, material certifications, and hook and nut assembly certifications are approved by the Contracting Officer. The Contractor shall provide everything necessary to conduct the tests, including but not limited to: crane operator, riggers, calibrated test equipment, certified test weights and rigging gear, personnel to perform tests, read test instrumentation, and record results.  The Contractor shall follow the test procedure as applicable and shall add additional tests as necessary to prove that the cranes meet contract requirements.  The Contractor shall modify the test procedure by incorporating changes due to contract modifications as applicable. All prescribed tests and inspections shall be fully documented in a report describing data recorded and conditions observed, acceptability, dates, and personnel involved.  Forward all reports to the Contracting Officer.  The Contracting Officer, at its option, may also conduct a pre-shipment inspection to determine compliance with the specification requirements.  All problems found during the pre-shipment test and all outstanding problems found during the Contracting Officer inspection and drawing verification shall be corrected by the Contractor and verified by the Contracting Officer prior to allowing shipment of the cranes.

3.3 Delivery

The cranes may be partially disassembled to achieve transportation height restrictions.  Partial disassembly shall minimize impactxe "Impact" of the tested status of the cranes.

The Contractor shall suitably restrain the cranes and crane components during shipment so as to avoid damage to the cranes and crane components.  The Contractor shall protect components to minimize damage and corrosionxe "Corrosion" during loading, shipping and unloading operations.

The Contractor shall prepare calculations and detailed plans for crane partial disassembly, on-loading onto the transportation, restraining the cranes and crane components, protecting the cranes and crane components, off-loading the cranes on to the wharf.  These procedures shall be submitted to the Contracting Officer.

The Contracting Officer will not be liable for any damages or delays to the crane manufacturer or the shipper.  Close communications is required by all parties concerned.

3.4 Installation and Inspection

After the cranes are delivered, any damaged painted surfaces shall be cleaned and retouched

Prior to scheduling the Government inspection, the Contractor shall perform an inspection, and complete no load operational test on each system to be tested.  The Contractor shall ensure the cranes meet this specification and systems are properly adjusted, lubricated, operational, and can be safely load tested.  A representative who is under direct employment of the drive manufacturer and is knowledgeable and capable of trouble shooting drives’ problems shall be onsite during crane tuning and testing.

3.5 Acceptance Test

Following completion of Contracting Officer inspection, a performance test shall be satisfactorily performed.  One copy of all final crane drawings and operational and maintenance manuals shall be made available at the test site.  Failure of a crane to accomplish any of the prescribed operations shall be cause for rejection of the crane.  A completed report shall be submitted to the Contracting Officer.  The Contracting Officer, at its option may also conduct additional tests to determine compliance with the specification requirements. 

3.5.1 Final Government Inspection

The Contracting Officer shall have three days for each crane for final inspection after field acceptance test.

3.6 Acceptance

Final Contracting Officer acceptance of the cranes shall take place only after the cranes and documentation meet all contract requirements, including the following:

a.
Contractor receives Contracting Officer Approval for reports, tests, inspections and release of all data items.

b.
The cranes pass a final inspection by the Contracting Officer.

c.
All deficient items have been corrected and accepted by the Contracting Officer unless authorized by a Contracting Officer’s representative.  Deficient items not corrected prior to the Contracting Officer's acceptance shall be carried as warranty items, which will be corrected by the Contractor.

d.
Navy Crane Center form 93 shall be completed and signed by a Contractor representative, an activity representative, and a Contracting Officer’s representative.

3.7 Training

The Contractor shall provide training as defined in this section.  Training shall be provided in English.  Training shall include manuals and drawings as required for 10 people.  Required classroom space will be provided by the facility.  One copy of the training material for each course shall also be provided so that the facility personnel will be able to train personnel in the future
3.7.1 Operator Training

The Contractor shall provide two 8-hour operator trainingxe "Training" sessions.  The instructor shall be knowledgeable in the operation of the cranes.  The instructor shall explain the features of the cranes, the contents of the operating instructions, and allow time for the operators to operate the cranes during the sessions. The instructor shall be available to answer questions during the sessions.  The sessions shall take place immediately following acceptance of the first crane.

3.7.2 Maintenance Training

The Contractor shall provide qualified structural, mechanical, and electrical specialists to train maintenancexe "Maintenance" personnel in the maintenance and operation of the cranes.  The Contractor shall provide multiple trainingxe "Training" sessions according to the following schedulexe "Schedules":
	Specialty
	Total Time
	Specialist

	Structural
	16 Hours
	Structural Specialist

	Mechanical
	40 Hours
	Mechanical Systems Specialist

	Electrical
	80 Hours
	Electrical System Integrator Start Up Engineer


Prior to acceptance of the cranes, the Contractor shall submit a course outline, names and qualifications of proposed trainingxe "Training" specialists, and the proposed training schedulexe "Schedules" for review and approval.  The mechanical training shall include specific training on the re-reeving systems.
The crane drivexe "Drive" supplier shall provide drive system technical trainingxe "Training" in the for 10 experienced crane maintenancexe "Maintenance" personnel.  The training shall include the theory and application of the generic drive and controlxe "Controls" system supplied on these cranes.  The training shall be at least 2 weeks in length, and shall take place within 60 calendar days prior to the delivery of the cranes. 

The Contractor or the Sub-Contractor shall provide certificates of completion to each individual completing this training.
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