CITY OF FORT WAYNE MASTER 

    
                           UPDATED: 06/20/17
SECTION 27 13 24
FIBER OPTIC CABLE AND APPURTENANCES

PART 1 -  GENERAL

1.1  
SUMMARY
A. Furnish all labor, materials, equipment and incidentals required to install a fiber optic cable and appurtenances as shown on the Drawings, specified and required.  

The system includes, but is not limited to fiber optic cables, connectors, enclosures and related appurtenances.

B. Related Sections

NTS: List below only sections covering products, construction and equipment that a user might expect to find in this section, but are specified elsewhere. Do not list administrative and procedural division 01 sections.
1. Section 27 05 53, Identification for Communication Systems

2. Section 40 67 03, Process Control Equipment Panel Construction
1.2 
REFERENCES
A. Reference Standards:  Comply with the latest edition of the applicable provisions and recommendations of the following, except as otherwise shown or specified:

1. NEC Article 770, Optical Fiber Cables and Raceways.

2. ANSI/TIA/EIA 4720000-A, Generic Specification for Fiber Optic Cable.

3. ANSI/UL 1581, Reference Standard for Electrical Wires, Cables and Flexible Cards.

4. ANSI/EIA/TIA-568-C.3 Optical Fiber Cabling Components Standard, Ed C. Amd. 1 08-2012

5. ISO/IEC 11801:2002 Information Technology – Generic Cabling For Customer Premises, 09-2014

6. ISO/IEC 24702:2006 Information Technology – Generic Cabling - Industrial Premises, 03-2012

7. IEC 61754-20 Fibre optic interconnecting devices and passive components - Fibre optic connector interfaces - Part 20: Type LC connector family, 05-2012

8. IEC 61754-4 Fibre optic interconnecting devices and passive components - Fibre optic connector interfaces - Part 4: Type SC connector family, 07-2013

9. IEEE 802.3 IEEE Standard for Ethernet, 2012

10. ANSI/ICEA S-87-640 / Telcordia GR-20 / RDUP PE-90 – Fiber Optic Design and Test Criteria

1.3  
SUBMITTALS
A. Product Data:  

1. Manufacturer's product data sheets and complete construction details including physical characteristics of optical fiber, strength members, and jackets.

2. Manufacturer’s installation instructions, procedures and specific tools.

3. Overall dimension of cable.

4. Manufacturer’s cable storage requirements, including temperature.

B. Shop Drawings:

1. Cable pulling plan which specifies the sequence of work tasks, materials, and equipment.  The information submitted must include termination data including the following:

a. List of materials and accessories.

b. Details of cable preparation.

c. Method of applying materials (including quantities).

d. Precautionary measures.

e. Written statement from cable manufacturer that termination methods submitted are acceptable.

f. Written statement from the termination manufacturer that the termination methods are suitable for the proposed application

2. Layout drawings showing routing of cables, termination and equipment locations and bill of materials for each termination location.

3. Design Data:  Provide an optical link analysis for each fiber optic link.  Calculate point-to-point (transmit/receive) optical power loss of each fiber link using proposed installed cable lengths.  Include all losses through connectors.  Submit calculated values including sketches graphically showing the proposed cable route.

C. Quality Assurance/Control Submittals:

1. Production Test Reports:  Submit the following certified test reports:  Cable manufacturer's certified test data for attenuation and bandwidth and the maximum pulling strain allowed.

2. Field Test Reports:  Contractor shall submit certified field reports.  Refer to paragraph 3.2 for test requirements.

3. Installer Qualification:  For personnel completing terminations, submit data including name, employer, experience with fiber installations including a list of completed installations, and the names of five references for installations completed that are similar in scope to this project.  Proven 3 years minimum experience is required. Submit proof of BICSI certification.
4. Testing personnel shall submit proof of BICSI certification.

5. Test Instruments Certification:  Power meters shall have calibrations traceable to National Institute of Standards and Technology (NIST) standards.  Calibrations on meters used for testing shall be less than 1 year old.

1.4  
PRODUCT DELIVERY, STORAGE AND HANDLING
A. Cable Delivery:

1. No cable over one year old is acceptable for delivery.

2. Ends of cables are to be kept sealed at all times, except when making terminations.  Use methods approved by the cable manufacturer.

B. Cable Storage:

1. Store cable in a facility where the temperature shall be maintained at temperature recommended by the manufacturer for optimum workability.

1.5  
QUALITY ASSURANCE
A. Qualifications:

1. Manufacturer Qualifications:  Manufacturer shall be experienced in manufacturing materials and equipment similar to that which is specified herein for at least 5 years with a record of successful in-service performance.  When requested by the ENGINEER, a list of installations in satisfactory operation shall be provided.

2. Installers Qualifications:  Personnel completing terminations shall be personally experienced in the installation of optical fiber systems, shall have been regularly engaged in the installation of fiber cable for a minimum of the past three years, and shall be BICSI certified.
3. Field Quality Control Qualifications: The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification. Testing personnel  shall be BICSI certified.

PART 2 -  PRODUCTS

2.1  
MATERIALS
A. General: The cable types shall be determined by application requirement.
1. General use guidelines

a. All field switch interconnection links

b. Small Form-Factor Pluggable Transceivers (SFP / SFP+) will be used to interface to the switch / router network layer

c. Minimum uplink speed 1 Gb/s

d. Connectors for new installations
1) Device – Determined by device - LC 

2) Splitter / Patch – LC 

3) Switch – LC

NTS: Owner’s preference is to update to LC style connectors. Include “e.” only when necessary. Designer should consult with the Owner before retaining the existing system.
e. Connectors for existing installation shall match existing style connectors.

f. All fibers will be terminated with the proper connector.

g. Terminate all fibers to the splitter / patch system

h. Cisco optical (SFP / SFP+) transceivers should be used when fiber connections represent > 80% of all media present at the switch

i. Plan for 20% spare (open) connections, by type (TX, SFP / SFP+, etc…)

NTS: Designer to select appropriate fiber optic cable for the Project. Fiber selection is based on several factors.  The chart below provides a subset of these factors and allows selection based on distance, communication rate , SFP / SFP+ and armor requirement; given that a 1 Gb / s (1000BASE) speed is the minimum required.
[image: image1.png]LENGTH | CATEGORY | RATE | SFP/ | ARMORED | CABLE' | CABLE’ TYPE
SFP+ (Coning) | (Panduit)

<Tkm OM3 | 1Gbe | GLCSX- | VES FEETUC- | FOWNX | Multimode
MMD T41-80D20 | EE

<Tkm OM3 | 1Gbe | GLGLH-|  VES EEETUC- | FOWNX | Multimode
SMD T41-80D20 | EE

>550m 051 1Gbe | GLCLH- | YES FEEEUC- | FSWNX | Singlemode
SMD T41-00020 | EE




Chart notes: 
1 F F F – indicates number of fibers, in multiples of 12, padded with a leading 0 (if required – e.g. 12 fibers = 012) maximum number of panduit fibers is 288
2 F F– indicates number of fibers, in multiples of 12, (if required – e.g. 12 fibers = 12) use 1a = 144, maximum number of panduit fibers is 144
Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Coordinate fiber optic cable selection with Owner. Designer to create Fiber Cable Schedule. See Table below for an example of a Fiber Cable Schedule:
	FROM
	TO
	SFP
	CABLE
	PATCH (1-12)
	Port (1-24)

	Dechlorination Network Enclosure (IT-0850-DECLOR-R1)
	East Aeration Network Enclosure (IT-0560-AERE-R1)
	GLC-LH-SMD
	24 Strand Single mode
	1
	1


B. Fiber Optic Cable: Armored, Gel-Free, Loose Tube, Hybrid Core Fiber Optic Cable – Single / Multi –Mode
1. Compatible with LED / Laser Diode based transmission systems and suitable for fiber optic Ethernet LAN / WAN standards. 

1) 1000BASE-SX (Multimode)

2) 1000BASE-LX (Multimode)

3) 1000BASE-LX (Singlemode)

4) 1000BASE-LX/LH (Singlemode/Multimode)

5) 1000BASE-LX10 (Singlemode)

b. Use loose tube glass fiber optic core construction around hybrid dielectric central element.

c. The number of cables and the number of fibers in each cable shall be as specified herein and as shown on the Drawings. Minimum 12 fibers.
d. Splitter kits:  The cable shall be provided with the necessary number of splitter kits to accommodate the number of terminations shown for each interconnection box on the Drawings.  
e. Cable shall be assembled with inner strength members, polyethylene core separator tape, Aramid yarn or similar strength members.

f. Jackets:  Inner polyethylene jacket with rip cord, corrugated steel tape armor with rip cord, and a polyethylene outer jacket with rip cord. Provide a cable outer jacket that is UV inhibited, fungus resistant and flame retardant.

g. Fiber optic cable will be fully water blocked.
h. Cable shall be suitable for installation in indoor and outdoor conduit systems.

i. Provide continuous inter-and intra building installation, closet to closet, suitable for passing through inside conduit locations directly from outside conduit.

j. Cable shall be UL listed as type OFN per NEC 770-51 and NEC 770-53.
k. Cable specifications are as follows:

1) Multimode

a) Armor Fiber Optic Cable, Gel Free, Single Jacket, Single-Armored

b) Fiber Category: OM3

c) Core / Clad Dia. (um): 50 / 125

d) Fiber Count: Minimum 12

e) Crush Resistance: 10 cm

f) Operating Temperature: -20C to +70C

g) Wavelength (nm): 850 / 1300

h) Attenuation (db/km): 3.0 / 1.0

i) OFL Bandwidth (MHz km): 1500 / 500

j) Bend Radius (12 Fiber Minimum mm): 7.2 in

k) Outer Diameter (12 Fiber Nominal): 0.48 in

l) Weight (12 Fiber): 87 lb / 100 ft

2) Single Mode

a) Premise Fiber Optic Cable, Loose, Gel Free, Single Jacket

b) Fiber Category: OS1 / OS2

c) Core / Clad Dia. (um): 9 / 125

d) Fiber Count: Minimum 12

e) Crush Resistance: 10 cm

f) Operating Temperature: -20C to +70C

g) Wavelength (nm): 1310 / 1550

h) Attenuation (db/km): 0.35 / 0.25

i) OFL Bandwidth (MHz km): N/A

j) Bend Radius (12 Fiber Minimum mm): 7.2 in

k) Outer Diameter (12 Fiber Nominal): 0.48 in

l) Weight (12 Fiber): 87 lb / 100 ft

l. Maximum Tensile Load:  Values for installation and in‑service loads shall not exceed manufacturer's recommendation.

m. Minimum Bend Radius:  Bend radius for installation and in‑service shall not exceed manufacturer's recommendation.

n. Fiber optic cable and appurtenances must be RoHS compliant.

o. Fiber optic cable and appurtenances must be Halogen free.
C. Terminal Connectors:

1. Provide connectors and components and use specific tools and methods as recommended by the connector manufacturer to form a complete connector system. 


2. Provide simplex fiber optic connectors with detachable duplex clip (i.e. duplex yoke). LC connectors should be used on all splitter / patch tray and SFP / SFP+ connections.  LC connections are preferred for devices.  Exceptions (SC, ST, etc…) will be allowed should the device not natively support an LC connector.  The documented connection performance criteria must be maintained for all connector types.
3. Connector shall have a polymer body with a precision zirconia ferrule.

NTS: Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Terminal connectors should be selected based on Fiber Optic Cable used. Coordinate fiber optic cable selection with Owner. Create Fiber Cable Schedule.
a. Connector Specifications:

1) Multimode

a) Fiber Category: OM3

b) Wavelength (nm): 850 / 1300

c) Connector Type: LC

d) Maximum Insertion Loss (dB): <= 0.50
e) Typical Insertion Loss (dB): 0.10

f) Durability Delta (dB): 0.2 (Max)

g) Operating Temperature: -40C to +75C

h) Cable Retention (N): 22.2

2) Single Mode

a) Fiber Category: OS1

b) Wavelength (nm): 1310 / 1550

c) Connector Type: LC

d) Maximum Insertion Loss (dB): <= 0.50

e) Typical Insertion Loss (dB): 0.10

f) Durability Delta (dB): 0.2 (Max)

g) Operating Temperature: -40C to +75C

h) Cable Retention (N): 22.2

D. Fiber Optic Jumper Cables:

NTS: Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Fiber optic jumper cables should be selected on based on Fiber Optic Cable used. Coordinate fiber optic cable selection with Owner. Create Fiber Cable Schedule.
1. Fiber Optic Patch Cables (Jumpers / Fibers): 
a. General

1) Minimum length indicated.  Fiber optic patch cables should be adequately sized to utilize cable management within the rack enclosure between the splitter / patch panel and the SFP / SFP+ connection at the network switch.  Fiber optic patch cable routing will maintain the manufacturer’s minimum bend radius specification.

2) Maximum length indicated.  Fiber optic patch cables should be adequately sized to utilize cable management within the rack enclosure between the splitter / patch panel and the SFP / SFP+ connection at the network switch.  Fiber optic patch cable routing will maintain the manufacturer’s minimum bend radius specification.

b. Multimode

1) Fiber Category: OM3

2) Core / Clad Dia. (um): 50 / 125

3) Connector Type: LC

4) Minimum Length (m): 1

5) Maximum Length (m): 5

6) Jacket Material: PVC

c. Single Mode

1) Fiber Category: OS1

2) Core / Clad Dia. (um): 9 / 125

3) Connector Type: LC

4) Minimum Length (m): 1

5) Maximum Length (m): 5

6) Jacket Material: PVC

2.2  
MANUFACTURERS

A. Fiber Optic Cable:

1. Corning Cable Systems.

2. Panduit

3. Or equal.

B. Terminal Connectors:

1. Corning Connector System

2. Panduit

3. Or equal.

C. Fiber Optic Jumper Cables:

1. Corning Connector System

2. Panduit

3. Or equal.

2.3  
SOURCE QUALITY CONTROL

A. Fiber optic cable and appurtenances shall be UL listed.

PART 3 -  execution

3.1  
INSTALLATION
A. Install cable and connectors as indicated on the Drawings and as specified in this section.

B. Install cables in the indicated raceway systems.  Inspect raceways prior to pulling cables.  Rod and swab out conduits and ducts prior to installing cables.

C. Pull cables prior to attachment of connectors.  Terminate all fibers at a patch panel.  Install jumper cables at patch panel as shown on the Drawings.

D. Pull cables using an indirect attachment method such as a "Kellems Grip" or equal which distributes the pulling forces over the outer portion of the cable.  Pulls directly on the fiber core will not be allowed.

E. Do not exceed maximum pulling strength limits of the cable during installation.  Monitor cable pull tensions at all times during the installation of the cable using a remote sensing puller, strain gauge or running line tensiometer.  If electronic tension monitoring equipment is used, it shall be calibrated or checked for calibration on a daily basis or prior to any cable pull.

F. To reduce cable friction and minimize pulling forces during installation, use a polymer based, water soluble lubricant when pulling cable.

G. Do not exceed the minimum bend radius of the cable.  Tight loops, kinks, knots or tight bends will not be allowed during installation.

H. For conduit installation, the minimum bending radius shall be 8 inches and maintain manufacturers recommend minimum bending radius.  Use sweeping elbows at all transitions from horizontal to vertical conduit runs.

I. Do not make splices in cable.  Provide adequate run lengths on cable reels to make termination-to-termination runs without splices.

J. Provide handholes and pull boxes as required by the cable manufacturer.

K. Within manholes, route and support fiber optic cable along the inside wall and protect using PVC conduit.

L. Identification meeting the requirement of Section 27 05 53, Communication systems, shall be provided for each cable access point.

M. Identification for conduit / cable routing meeting the requirement of Section 26 05 53, Electrical System Identification.

3.2  
FIELD QUALITY CONTROL 
A. The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification.

NTS: Adjust days required in advance of testing below to meet Project requirements.

B. Test fiber optic cables before and after field installation.  Tests shall be witnessed by the Engineer.  The Engineer shall be notified at least 7 days in advance of testing.

1. Upon receipt of the fiber optic cable reels, test each fiber separately with an Optical Time Domain Reflectometer (OTDR) to verify fiber length, attenuation and continuity.

2. After the cable has been installed, visually inspect each fiber termination for out-of-round conditions and surface defects such as cracks and micro-chips.

3. After connectors have been attached at both ends, test each fiber with an OTDR.  Tests shall be bi-directional.

4. Test all fibers including spares. Test shall include, but not be limited to the following:

a. Check candle power transmitted through each fiber in the data highway fiber optic cable.  If the light transmitted through the cable does not meet the requirements of the installed equipment, then check all connectors on the fiber cable for proper installation.  Replace all bad connections.  Replacement shall be done at Contractor's expense.

b. If a section of the fiber optic cable is not transmitting light to the requirements of the installed equipment, then replace that section of the cable between terminations.  Replacement shall be done at Contractor's expense.

5. The test shall be signed by the tester and initialed by the Engineer.

C. Furnish certification documents for each test to the Engineer directly within 10 days of testing.  Include printouts from the OTDR with the certification documents.  Record the following data:

1. Installer's company name and address.

2. Installer's name.

3. Date of certification.

4. Attenuation of each fiber link identified by the color.

5. Length of each fiber optic link measured.

6. Equipment used to certify the fiber optic link.

7. Name of person(s) recording the test data.

D. Furnish certification documents for each test to the Engineer on-site directly following testing.  Include printouts from the OTDR with the certification documents.  Record the following data:

1. Attenuation of each fiber link identified by the color.

2. Length of each fiber optic link measured.

3. Equipment used to certify the fiber optic link.

E. The maximum total loss including connectors and cable attenuation for each fiber optic link shall not exceed 7.5 dB.

F. Cable Energizing:  
1. No cable shall be illuminated until the master copy of its test record is approved by the Engineer. 

+ +  END OF SECTION  + +
v. 6.17
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