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= 10 Years Experience

= 5 Years with ATKINS

» |ITS Design

= Signal Design

» Technical Writer

= Utility/Power/Stakeholder Coordination
= Project Management




PURPOSE:

ovide insight into practices associated

th fiber optic cable design including:
ecifications, pay-items, Design Standards,
d industry practices.

U standard Specifications for Road and
Bridge Construction

U Minimum Specifications for Traffic
Control Signals and Devices (MSTCSD)

U FpoT Design Standards

Ul Basis of Estimates (BOE)

U Plans Preparation Manual (PPM)

d What it is

J How it works s

Jd Why we use it

i Regulations important to our industry




AGENDA: Design Concepts

i Layout from high-level
d Layout from mid-level

d Layout for specific conditions

| Regulations important to our industry

‘ T

IBOE

Bacis of Fatimates

AGENDA: Design Plans

U Plans layout
M Component parts (associated pay-items)
U Related details

M| Regulations important to our industry



http://www.dot.state.fl.us/specificationsoffice/Estimates/BasisofEstimates/BOEManual/BOEOnline.shtm

AGENDA: Examples

l Various devices
] Connections to one another

] Associated pay-items (as applicable)
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FIBER OPTIC CABLE:




FIBER OPTIC CABLE:

1 What it is e~ “

J How it works

. Why we use it

FIBER OPTIC CABLE: What it is

JACKET




FIBER OPTIC CABLE: How it works

Ioner glass core

cladding of
dencer 3[0 $s

Circumference of the
earth = ~24,900 miles

FS = ~49,800 miles

1/4sec to “safely” transmit a signal to
opposite end of earth and back!




FIBER OPTIC CABLE: Regulations

TWO IMPORTANT “CLASSES” OF
TERMINOLOGY:




FIBER OPTIC CABLE: Terminology

“SPUR”
“DROP”
) (| «“LATERAL"

“BRANCH”

“TRUNKLINE”
“BACKBONE”
“MAINLINE”

FIBER OPTIC CABLE: Color Code

IA/ TIA - 598 STANDARD:
Dptical Fiber Cable Color Coding” schema

Position| Jacket color
2 Jorange |
4 \

o = VERY
Slate

3
: White lMPORTANT
7

o KNOW!!

9 Yellow

11 Rose
12 ]lAqua |




FIBER OPTIC CABLE: Color Code

CABLE

O 12-=TRAND FER
BUFFER 72-
COUNT CABLE

WAYS TO SAY THE SAME THING:

BUFFER FIBER ----- FIBER BLFFER
WHITE

CABLE

B-STRAND PER
BUFFER 72-
COUNT CABLE

COMMERNTS:
COLORS OMLY
NUMBERS ONLY

FIBER OPTIC CABLE: Separation

TWO WIDELY SOURCED REASONS:

1.GLASS CAN MELT:




FIBER OPTIC CABLE: Separation

TWO WIDELY SOURCED REASONS:
'a >N
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FIBER DESIGN
HIGH-LEVEL CONCEPTS:
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HIGH LEVEL FIBER DESIGN:

DON'T EXCEED
_ CAPACITY

HIGH LEVEL FIBER DESIGN: Exposure

“TOBETTER ENSURE
COMMUNICATIONS INTEGRITY
S TO LIMIT EXPOSURE OF
YOUR MOST CRUCIAL
COMMUNICATIONS
COMPONENTS.”

~Me (CARLO
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HIGH LEVEL FIBER DESIGN: Path’ing

CAPACITY
IS
BANDWIDTH

12
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FIBER DESIGN
MID-LEVEL CONCEPTS:

Pleceof the __ S
whole cable |2

|—whoLe cable

COPPER INTERCONNECT CABLE

L

@ { | FIBER OPTIC NETWORK BACKBONE CABLE [
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FIBER DESIGN: How To Limit Exposure

PATH’ING = TRACING

CAN COMMUNICATE

CAN'T COMMUNICATE

LL DUPLEX = SIMULTANEOUS TRANSMIT
AND RECEIVE

™ RX

{ZTX

B

14



FIBER DESIGN: How To Verify Path’ing

Check Capacity

g on all
| ¢ Joss (0 4 db km for
1105 db for any connectors and 0.1]

allowable aticnuation at no cost to the

Known Distances

Known number and type of connections

D With associated loss values

15



FIBER DESIGN: How To Check Capacity

Known Distance

Known number and type of connections
U Fusion

U mechanical

0N Macherica
s i)

CHECK WITH ITS NETWORK.
MANAGERS!I
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FIBER DESIGN PLANS:
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FIBER DESIGN IN PLANS: Plan Sheets

FIBER DESIGN IN PLANS: Details

DUR PRIMARY DETAILS:
LINetwork Block Diagram

DSplicing Diagram

Uport Assignment

ULink-loss Budget

17



FIBER DESIGN IN PLANS: Block

Local Communications
EXAMPLE | INTERSECTION (Da’bsg Chained)

ANOTHER ANOTHER LOCAL HUB
INTERSECT ION INTERSECTION CABINET

EQU IPMENT LEGEND

Local Logteal
Redbﬂ"'dawaa (ODLLWPSEDl PROFOSED LAYER 3 SWITCH

YLVLQ) K CONTROLLER

PROFOSED SWITCH

MEDIA CONVERTER

Reglonal o
cCommunications cerv

VIDEQ ENCODER (IF APPLICABLE)
DEVICE SERVER
ETHERNET CAT 5

SINGLE MODE FIBER

EXAMPLE | INTERSECTION

ANOTHER ANOTHER LOCAL HUB
INTERSECT ION INTERSECTION CABINET

EQU IPMENT LEGEND
PROFOSED SWITCH.

PROPOSED LAYER 3 SWITCH

CONTROLLER

MEDIA CONVERTER

[sors’s

VIDEQ ENCODER (IF APPLICABLE)
DEVICE SERVER

ETHERNET CAT 5

SINGLE MODE FIBER
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FIBER DESIGN IN PLANS: Splice

JACKETS
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FIBER DESIGN IN PLANS: Splicing

20



FIBER DESIGN IN PLANS: Ports

| s | -

re fiipet

GAMPLE LINK-LOSS BUDGET BPREADIMIEY

(e

2llowsble losz over length

per wavelergh (dD)

Number of conrection

&)lgwabd

connection Type [ci)

Toeal allowable a8)

13800 L5500

Macharca

Fuicr Moch e ca

1558nm

‘3

[

ol ||

03

1.8 )

SAMAPLE UFK-LOGS BUDGET SPREADGHEET

km]

Distanes

Alicreabl e loss over length
par wavalenghhd2 |

Humiter of connedon
tppas

Allorwatde lass per
connsctian Typa [CB)

Total allowable loss [dB]

lilinm 135inm

Mechanica

Fudan Mechanica

L310nm

15

ni

a3

nl

n2

3

o4
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FIBER DESIGN IN PLANS: Links

EAJIPLE LINE-LOoS BUDGET SFAEADSGHEET

Al e st over length [ Humiber of connedeon ] Allrwable lags per

[Tml ol lrwable |oss [dE]
parwavakength (o) bppes onnection Typa (0B)

1illnm 135inm P Mechanica Fus Mechanica L310nm LS50

15 ) i ] 13

03 L 04

111 1 1 1 L 13

03 Fi

L2 1 EL]
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EXAMPLES
(STAGE I):
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EXAMPLES: Agenda

STAGE I:

| Components

STAGE II:

L Mock Design

EXAMPLES: Stage |

ASIC COMPONENTS:
U Fiber Optic Cable
L connection Types
L Hardware for FOC

D Infrastructure for FOC
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EXAMPLES: Stagel: FOC

Struct TE3- 1-ABC TS FIBER OPTIC CABLE

Notes ‘Remove Sem may require plan Setais andor fach spec

= Asrequired in the Standard Specs:
783-1 Fiber Optic Cable System
783-1.1 Description, Furmsh and mstall a fiber optic cable system as shown m the plans
— The general notes or design tags should specify the fiber
count within each buffer tube of the fiber optic cable (FOC)
= Typical specifications include:
— 12-count, 6-fibers per buffer
— 12-count, 12-fibers per buffer

Struct, 783 2-AB ITS FIBER OPTIC CONNECTION EA

A= Operation

N

783.1.3.2 Splicing: Perform all optical fiber sphicing usmug the fusion sphang
techmque, and accordimg to the latest version of the manufacturer’s cable wstallanon procedures
mdustry-accepted installation standards, codes. and practices; or as directed by the Engimneer

As required in the Standard Specs:

= Use of “relocate” (A=4) and “adjust/modify” (A=5) options is rare
— Additional work associated with relocate and adjust/modify efforts
typically covered under “adjust/modify” of splice tray or enclosure:
— 783-3-51 or 783-3-52 (see following slides)
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EXAMPLES: Stagel: FOC Hardware

Struct 783- 3- AB ITS FIBER OPTIC CONNECTION HARDWARE

A« Doperation

1 (Furnish § Instal)
2 (Fumizh)

3 (rstak)

4 |-=.--x:elv-

9ld Tenminated)

# {Patch Cord)® Tech Spec needed; see BOE detal

Notes  “B=B: Tech Spec needed Coordinate $ie use of this item wit

B = 1; Splice Enclosure:

EXAMPLES: Stage . FOC Hardware

B = 2; Splice Tray"

B = 3; Pre-terminated
Connector Assembly
(Pigtail):
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EXAMPLES: Stagel: FOC Hardware

B = 4; Buffer Tube
Fan-out Kit:

B = 5; Patch Panel
(Pre-terminated):

EXAMPLES: Stage . FOC Hardware

B = 6; Patch Panel B = 7; Connector Panel:

(Field terminated): E i

Type LC Type SC

W

= 8; Patch Cord: Type ST Type FC

26



COMMUNICATIONS INFRASTRUCTURE
Design 101

Physical design is understanding what connects
to what:

EXAMPLES: Stage I: Conduit

Struct.  783- 4948

- Cperation
Furnsh & Instsl
Furnsh) B=0
Inssall)

{Relocate)

Adust Modty|
Remove and Discose

ation
baveground)
Underground)
Underpavement Sawcut) Note: to be used only whan saweutting |s necessary
# (Special)*
"Epecial 10 be used anly with approval of the ITS OMce
Flan Detals andior Tech Specs needed for Install. Relocate, AdustWModfy, and Remove items

WK = DU e WS-

783-2 Conduit and Locate System,
783-2.1 General: Fumnish and mstall conduit and » locate system for fiber optic cable
Ensure that the conduit comphies with the requirements of Section 630
Place the locate system nlong any underground condut installution Ensure that
the locmte system includes aboveground route markers, waming tape, tone wire, and clectronics
that allow detection of buried conduit and other related underground facilities

27



EXAMPLES: Stagel: Pull Boxes

Struct T83- 5 A ITS PULL BOX FOR FIBER OPTIC
A= Ocmration
1 {Fumisn & watal)
2 (Fumih)
3 (It}
d (Relocate)
S {Adfust Modkfy)

= As required in the Standard Specs:

783-3 Pull Boxes and Splice Boxes for Fiber Optic Cable.

783-3.1 Description: Furnish and install pull boxes and splice boxes of the type. size,
and quantity as shown m the plans. Ensure that pull boxes and splice boxes also conform to the
requirements of Section 633. Use only equipment and components that meet the requirements of
these minmmum specifications. and are listed on the Department’s Approved Product List (APL).

— Not completely descriptive however, it is noted that
pull boxes must be on the APL and dimensions are to
be specified in the design plans...

EXAMPLES: Stagel: Pull Boxes

Struet. 783- & A ITE SPLICE BOX FOR FIEER OPTIC
As Dperation
1 (Farmish & ratal
2 (Furnash)|
3nstal
4 (Fnlecats|
5 (Adust Modty)
6 (Ramew & Disgose)

» The same standards
governing pull boxes
for fiber optic apply
here:

— Refer to previous
slides for
guidance...

Details required
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EXAMPLES
(STAGE II):

EXAMPLES: Stage Il

JMPONENTS:
[ Minimize backbone exposure
M| Verify Path’ing

M| Checking Capacity
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EXAMPLES: Stage Il - Overview

L/A FON BACKBONE CABLE

e

\l oo

783 1- ABC LF
PB Spacing Considerations: field conditions, design
requirements, and construction capabilities
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EXAMPLES: Stage Il - Overview

EXAMPLES: Stage Il - Overview

Mock Fiber Allocation:

BUFFER|FIBER |

Location: Mtersecton A

Limied Access

Tankira

Ditg Cable to
Irtarsection

nd Tanbra

Location: Intersecson b

Diop Cable to

Intatsecinn

Regunad Cammmunicatns Noeth

Regonal Communications Souh

Font10-Poil Contiober Te('ncmn]

Antersl lozal communications

Spare

Jutanal redusdant communicatiang

Antes| locsl communications

Spare

\futenal redusdont cmmm:::m:n;)

Pomt-to-Paint Contrale: Yac-mo;y]
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EXAMPLES: Stage Il — Limiting Exposure

L/A FON BACKBONE CABLE

COMMENTS

Regunad Cammunicatns Nodth

Segonal Communic

Drte Cibske to Pont1o-Poil Controber Tacknolog

Y Irtarsection

Anteral local communications

Atsnad Tanblira

Spare

Artenal redundant communication

Anteesl local communications

a7 Diop Cable to Jfltr,c
5 Intatseciion

Artenal redusdont communications

Pontto-Pamt Controler Tacknology
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EXAMPLES: Stage Il - Overview

Mock Fiber Allocation:

Linted Access

Trunkline

Drop Cabée 10

Intersachon

m: Intsrsecson B

Drop Cable to
I er3 800N

|euFFER|FIBE
Location: Intersechon A

Lmnied Arcess

Tunkira

Dt Cabrke to
Ictarsection

Artsnad Tanbira

Location: Intersecson B

Atand Trnblee . — - 4 I Diop Cable to
— Intatgection

COMMENTS

Regloral Commmunizations Morth

Reguns Communicsbons South

Font-to-P ot Comtrobar Technology

Adend locs! comenunc tans

Spare

Artenal redundant communcabons

Ansnd locs! Communicatong

Spare

Atenasd redundant communcaoons

Foetto-Pont Coetroliar Technatogy

Regunad Cammunicatons Nodth

Regomal Communicalions Souh

Font1o-Poil Costroler Tacnology

Anlersl locs | communicstions

Spare

Artanal redundant communications

Eneesl locsl co

Spare

Adtenal redusdont commumication:

|Pomi-to-Pamt Controler Tacknolog
|
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Arenal lacal comr

~AR.

Spare

Actanial radurdanl G nimun i ions

i | = i | e [

Painl-io-Point Conliodkr Tachrakigy

ALL OTHER BUFFERS AWE LEFT LWOPS TG C
CONLED FOR FuTune usE)

e (OED BEED |




EXAMPLES: Stage Il - Verifying Path’ing

| ML, [ o o e X
[ & { 2 ‘ ‘:! ' , .ﬂ'll'.'..\'..dl.. ‘l‘;‘i‘lll.\’vln'T
EXAMPLES: Stage Il — Verifying Path’ing

avs
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EXAMPLES: Stage Il - Verifying Path’ing

—-—

No direct commnection

J I . b
L
. 'S t...TL . .

N T ARODT 7IGEY I

EXAMPLES: Stage Il — Verifying Path’ing

l?+m,w T e e |

iy i

<+




EXAMPLES: Stage Il - Checking Capacity

EXAMPLES: Stage Il — Checking Capacity

EN:
Known Distance .5 Miles in Km

Known number and type of connections
O Fusion 2
0 Mechanical 2

SAMPLE UNKLOSS BUDGET SPREADSHEET

Allowasble loss over length Number of connedtion Allowsble |05 per
. Total sllowastle loss (dB)
Typicw Distance perwavelergeh (d8) types cannection Type (d3)
Routs (km)
1310nm 1%%00m Fusion Mechanical Fusion Mechanics 1310nm 13%0nm

1 0004672 0.322 0,241 2 2 0.2 1 1522 1441

783-1.4.2.1 End to End Attenuation Testing: Perform testing on all
Dibers 10 ensure that end 10 end atienuation does not exceed allowable loss (0 4 db km for
% lus 0.5 db for any connectors and 0.1
b forsphces) Repair or replace cable sechons exceeding allowable aticouation at no cost to the

Department

310nm wavelength. 0 3 db km for
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NEARLY THERE...

FIBER DESIGN: Types of FONs

)

~_-

N

CL
® \IL
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CONCLUSION
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REFERENCES AND
RESOURCES
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RESOURCES:

= Division Il - Signalization and ITS

— Section 780 — General Requirements
= Blanket references to general Equipment and Material
requirements

= Cross-references to applicable “600-series” specs
— 603, General Requirements
— 608, Guaranties
— 611, Acceptance Procedures

= General mention of Grounding and TVSS
— 620, Signal Installation Grounding
— 785

= |TS Electrical Power Service
— 639, Electrical Power Service Assemblies

Current content ultimately destined for consolidation or
relocation to other sections

Links / References
= FDOT Traffic Engineering and Operations

http://www.dot.state.fl.us/trafficoperations/

= FDOT Specifications and Estimates
http://www.dot.state.fl.us/specificationsoffice/

= FDOT Design Standards

http://www.dot.state.fl.us/rddesign/DesignStandards/Standards.shtm

= Approved Product List

http://www3.dot.state.fl.us/trafficcontrolproducts/

= Traffic Engineering Manual (TEM)

http://www.dot.state.fl.us/trafficoperations/Operations/Studies/ TEM/TEM.shtm
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http://www.dot.state.fl.us/specificationsoffice/
http://www.dot.state.fl.us/rddesign/DesignStandards/Standards.shtm
http://www3.dot.state.fl.us/trafficcontrolproducts/
http://www.dot.state.fl.us/trafficoperations/Operations/Studies/TEM/TEM.shtm

Links / References

= Florida Intersection Design Guide
www.dot.state.fl.us/rddesign/FIDG-Manual/FIDG2007.pdf

= Plans Preparation Manual
http://www.dot.state.fl.us/rddesign/PPMManual/PPM.shtm

= Master Pay Item List / WebGate

= FHWA Manual on Uniform Traffic Control

Devices (MUTCD)
http://mutcd.fhwa.dot.gov/pdfs/2009/pdf index.htm

Future Questions?

FDOT Central Office
Traffic Engineering and Operations

Gene Glotzbach, P.E.
Gene.glotzbach@dot.state.fl.us

Ron Meyer
Ronald.meyer@dot.state.fl.us

Carlo Adair, P.E.
Carlo.adair@atkinsglobal.com
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http://www.dot.state.fl.us/rddesign/PPMManual/PPM.shtm
http://mutcd.fhwa.dot.gov/pdfs/2009/pdf_index.htm
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http://www.dot.state.fl.us/trafficoperations/default.shtml
http://www.dot.state.fl.us/trafficoperations/default.shtml
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