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METRO LRT DESIGN CRITERIA MANUAL

PREFACE

The METRO LRT Design Criteria Manual has been developed as a set of general
guidelines as well as providing specific criteria to be employed in the preparation and
implementation of the planning, design and construction of new light rail corridors and
the extension of existing corridors. This 2007 issue of the Light Rail Design Criteria
Manual was developed to remain in compliance with accepted practices with regard to
safety and compatibility with METRO's existing system and the intended future systems
that will be constructed by METRO. The manual reflects the most current accepted
practices and applicable codes in use by the industry.

The intent of this manual is to establish general criteria to be used in the planning and
design process. However, deviations from these accepted criteria may be required in
specific instances. Any such deviations from these accepted criteria must be submitted
on the design deviation request included in Appendix B.

Coordination with local agencies and jurisdictions is still required for the determination
and approval for fire protection, life safety, and security measures that will be
implemented as part of the planning and design of the LRT system. Conflicting
information or directives between the criteria set forth in this manual shall be brought to
the attention of METRO and will be addressed and resolved between METRO and the
local agencies and/or jurisdictions.

This manual will be updated periodically either in part or in whole as deemed appropriate
by METRO. Any updates or modifications to the manual will take precedence over
previous versions or criteria at the time of approval of the updated material or sections of
the manual.




Procedure for Design Criteria Manual Revisions

The request for a change shall be submitted to METRO. The request shall be submitted
on the REQUEST for REVISION/DEVIATION form included in Appendix B.

Description: Describe the modification and why the current Section does not
adequately capture the criteria presented in the January 2007 DCM.

Background: Provide detailed background information describing the modification and
other relevant information. If this modification is a significantly different means of
performing the design that is already described in the manual, this difference should be
clearly described. The manner in which the design is currently described along with
information from the requestor on why they believe the current section is not appropriate
or needs updating.

Justification: Possible new or revised criteria shall then be recommended.

METRO staff will review and update the requestor's modification for presentation at a
DCM Focus Group Meeting. The REQUEST for REVISION/DEVIATION form will include
a METRO staff recommendation on any proposed criteria revisions; however, alternative
suggestions will be considered at the meeting. The REQUEST for
REVISION/DEVIATION form is distributed for discussion at the DCM Focus Group
meeting and is also included in a summary report.

A presentation is made at the DCM Focus Group meeting, which describes the
modification issues and the procedure. The requestor will be given the opportunity to
provide a presenter to make a presentation on the nature of the modification. METRO
staff will lead a discussion of possible DCM revisions. The participants at the meeting
are encouraged to ask questions concerning the issues and to offer recommendations.
Recommendations concerning proposed revisions made both in person at the DCM
Focus Group meeting and in writing will be considered. Final decisions on revisions are
made through a clearance process within METRO and listed on the following DESIGN
CRITERIA MANUAL, REVISIONS TRACKING FORM.

Notice of DCM Revisions: Depending on the number of revisions presented to
METRO, periodic updates of the manual will be placed on the METRO web site,
distributed to local jurisdictions, private utility companies and consultants currently under
contract with METRO.
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METRO Revisions Tracking Form

Preface Revisions Page 2 — Focus Group Meeting 06-28-07

Preface Tracking Form Page 3 — Updated Tracking Form 06-28-07
- Table of Contents | Chapter 2 and Chapter 8 Revisions 06-28-07
Chapter 5 Structural Page 5-2, Eliminate Reference to IBC 06-28-07
Chapter 5 Structural Page 5-4, Eliminate Reference to IBC 06-28-07
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Chapter 8 Vehicle Move Vehicle Performance from Chapter 2 06-28-07
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Procedure for Design Criteria Manual Revisions

The request for a change shall be submitted to METRO. The request shall be submitted
on the REQUEST for REVISION/DEVIATION form included in Appendix B.

Description: Describe the modification and why the current Section does not
adequately capture the criteria presented in the January 2007 DCM.

Background: Provide detailed background information describing the modification and
other relevant information. If this modification is a significantly different means of
performing the design that is already described in the manual, this difference should be
clearly described. The manner in which the design is currently described along with
information from the requestor on why they believe the current section is not appropriate
or needs updating.

Justification: Possible new or revised criteria shall then be recommended.

METRO staff will review and update the requestor's modification for presentation at
METRO’s Executive Committee meeting. The REQUEST for REVISION/DEVIATION
form will include a METRO staff recommendation on any proposed criteria revisions;
however, alternative suggestions will be considered at the meeting. The REQUEST for
REVISION/DEVIATION form is distributed for discussion at the METRO Executive
Committee meeting and is also included in a summary report.

A presentation is made at the METRO Executive Committee meeting, which describes
the modification issues and the procedure. The requestor will be given the opportunity to
provide a presenter to make a presentation on the nature of the modification. METRO
staff will lead a discussion of possible DCM revisions. The participants at the meeting
are encouraged to ask questions concerning the issues and to offer recommendations.
Recommendations concerning proposed revisions made both in person at the METRO
Executive Committee meeting and in writing will be considered. Final decisions on
revisions are made through a clearance process within METRO and listed on the
following DESIGN CRITERIA MANUAL, REVISIONS TRACKING FORM.

Notice of DCM Revisions: Depending on the number of revisions presented to
METRO, periodic updates of the manual will be placed on the METRO web site,
distributed to local jurisdictions, private utility companies and consultants currently under
contract with METRO.
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GROUP PARTICIPATION CONCENSUS This document serves as a record that the undersigned has

been part of the METRO design criteria manual focus group meetings. The purpose of these meetings was to create a

.orum for agencies, utility companies and municipalities to work collaboratively with METRO to update the Central Phoenix

East Valley (CPEV) light rail project design guidelines. METRO has updated each section of the design criteria manual

based upon my input as representing my employer with the understanding that this document is a "living" document and

is subject to change or revisions. By signing this document, | agree that to the best of my knowledge and understanding,

this document is an accurate representation of the data/input | have collaboratively
provided as part of the focus group meetings. | also understand that if anything
should change or deviate from information | have provided it is my responsibility

to notify the METRO project manager of any such modification in writing so that

METRO can provide the appropriate updates to our manual as deemed necessary.

METRO | //Z s LL/(\_,,

Brian Buchanan

Alvin Livingstone Jim Mathien

Wulf Grote John Swanson
Roy Alvarado Arkady Bernshteyn
Bill Bugge Larry Engleman

Bill Gustafson Jay Harper

Avrum Lowenstein Steve Bethel
. Larry Isaac

Barl ora

APS ’ O<W [‘C’AV//:///KKI/‘/)’A_//

Lois Winkler

@1 Rael

COX

COMMUNICATIONS

MAG

Jm,
SRP- IM

POWER  Curtis Freeman

Bruce Souder /
SRP- | %
man

WATE R

’ Robert Gooch

Hector Buenrostro

Joel Gilgaore 5
SOUTHWEST | {Zewer’l 7 %.___

GAS  Zach Stevenson

Mark Durazo

A g
CITY of A
PHOENIX TonfCa

Clare Fletcher Sandy Zwick

Paul Driver Kelly Kvetko

Luiz Moreno Chuck Italiano
Tom Godbee Mark Melnychenko
Heide Young Maria Hyatt

Karen Bienas

Ray Almanzar

CITY of
PHOENIX Aimee Conroy
(Water Services) Gary Griffith
BROWN & CALDWELL
Larry Ayers

Noel Herrera

CITY of
TEMPE  Jyme Sye McLar

Gregg Kent

Jim Decker

Glenn Kephart

Ken Olmstead

on Conway ﬁ;‘l
CITY of | iﬂ/w \m 4
MESA d 31

ike Jam

Sheri Pilgram
enner Dan Cleaveng
CI of | /M
GLEN ghten
Terry Johnson Steve Hancock
Kat%i;m‘e_/? Chris Lemka
TIME
WARNER  Rick Young /x
QWEST | M\#ﬂéy

Rob Hardy

Marvin Lomax




METRO

DESIGN CRITERIA MANUAL

Metro Light Rail Transit Projects

Table of Contents



Design Criteria Manual
Table of Contents

METRO
. Table of Contents
1.0 GENERAL ..cooeiiietieieeiesecsassessesascassassssrassassssassssessasessastasssssessassassssssssssasssnssasnsansn 11
1.1 METRO LRT PROUJECT ...ttt e etaeee e e e e st s emeee e s vanasesae s s snnnmnane s 1-1
1.2 PURPOSE AND SCOPE ... oo eeeteeeeeeeaee e e aensee e st e s sinne e s e snaeesssaeesssnannanes 1-1
1.3 DEFINITIONS . .ottt e e e e et e e e esaseeaeeenseaeeanseeesannees e enreeessbeassnnnrnnees 1-1
14 CLIMATE CONDITIONS . ...ttt eeeaae e e e eeraeaassee e emne e e e enrn e e e snnessenananees 1-9
15 SYSTEM TECHNOLOGY DESCRIPTION......coiicieeeeeirir e 1-9
1.6 SYSTEMWIDE GOALS ...ttt ee e e e ettt e e e s e e st e st e e e reneseanesenaanaaee s 1-9
1.6.1 Proven HardWare...........ooeeeeeeeerieeeiessseennnnssareseeeeeeeseeeeeeeesesssssseases 1-10
1.6.2 DESIGN LIfE ..vcomronnsressismsnimissmssrsnssnmnmsnsosasessnnsassssinassmssssasssssssssmssssassnsass 1-10
1.6.3 Service INMegration ... s sssesssmmmammmommmmsemaramsioms 1-10
1.6.4 Urban Design Guidelings............ccocumemmsmmssissssssssssssssessossssssnssansmssssass 1-10
1.7 CONCURRENT NON PROJECT ACTIVITIES ....c.veeeeeeeeereeeiin e 1-11
1.71 WaterliNg ClEATANCE .......coeeeeeeeeeeeee et pe e 1-11
2. TRACK ALIGNMENT AND VEHICLE CLEARANCE ........ooecesdiimiiiiiininane 21

PURPOSE AND ‘SCOPE :.csssswssmsussssssamsisevmmmissssssenmssssapfivseorsvsrmonrsossoronssnssmessazs 2-1

CK ALIGNMENT ..ot ctieeeeeeeeesee e eee s sfan e 21
Horizontal AlIgnment.........ccccvceecrncnepnmnnnninciiissnsnseiissnssssnsssnsssaess 2-2
211 Tangent AllgNMent. . msusmmmmnmommesmmeasssmmmee 2-3

2.2,

2242  Curved AlIgNMENE 4. .cocererssmssessssssssnsssisssssssssarissnsassassesss 24
. 222 VEICAI ARGOMENE ...y ereeeeeeereeereeeeeereesssssesssssesssssss s 2-8
2221 ] T BT . cocuamrmssmemsmmrms s msionnsi i 6455 SRS 2-8
2222 ICAPGIATES ...ttt 29
2223 A VIR cssmsusmesvrssmmusimenarmunmmsssassssoniions s sa H T RERHRHAA 2-10
2.3  VEHICLE CLEARAN B s mm A SRR S ARG 2-11
2.31 (7= 151<1- | AR, SRy R R 2-11
232  Cleafance ENVEIOPE ........cooeeveiieriiieee i 2-12
321  Vehicle Dynamic ENVEIOPE .. g sssossssmsssssnsssmmsssnsnsss 2-12
2.8.2.2 Other Wayside Factors............cccoceec S reenieneeieieniesens 2-13
/2328 (=101 (oo K02 == =15 Lo == O, NS —— 2-13
2. /3/ Special Clearance Situations............oececnsrermmmnsinsencns s gensmrassesssanns 2-14
/3 2.3.31 Vehicle Interface at Station Platforms...............5% oo 2-14
/ 2:8.3.2 Retaining WS st msmmmmmmmsmmanspmneentg buies 2-14
il 2.3.3.3 Maintenance and Emergency Evacuation Paths ........x...
234 VertiGal CIEAranCes. . .......i s ssvssivsmiamsssssvsns ssssasssassssssssussossanasavinsssnsres
2.3.5 Track SPACING.......ccverieririeriiiieiiee et
3.0 CIVIL WORK....csusnsssasssssssnnssninsrsavasnssssnssssnsnsnsmssassnunssssasssasnmssssusssoannsssssasssasasis 31
3.1 SUIRVEY CONTROL. . cnarrcmumnomommosssmmse s sassiviiags #6555 7565458555595 A S BORERAAS 31
3.1.1 [ [0]g740)17=] N @0 o111 ) H R 3-1
312 Vertical CONTOl .........eeeeveeeiee et 3-1
3.1.3 Survey Control - RIght-of-Way . «uswmwwwmssmossomsmsssamsemmmmrsmsus 3-1
3.14 DESIGN SUMVEYS ...ttt 3-2
3.1.5 GUIEIWEY . ere s s 55565 55004 8RB A SRR RS 3-3
. 3.1.6 Transition SIADS .........coeeueiieeeeeeee s 3-3

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 i




% Design Criteria Manual
-~ Chapter 2 — Table of Contents

METRO
Table of Contents
2.0 TRACK ALIGNMENT AND STRUCTURE CLEARANCE...........ccimrmmnminennnesnsesnsnnaes 21
21 PURPOSE AND SCOPE ......ooiiiiiiiceemeere s ssssssssssses s ssssssssssssssssssssssssansnnnnes 21
2.2 TRAGCK ALIGNMENT .......commremnsssanssssssssiamisusssamammsssssmssssusmssssansssmmsssmmsassmmaeas 21
2.2.1 Horizontal AlIgNment ... 2-3
2.2.1.1 Mainline Track Tangent Alingnment.............ccccccoiniiiiiiinniinn, 2-3
2.2.1.2 Mainline Track Curved Alignment ..........c.cccccoooiiiiiiniiinnnnn, 2-4
2922 VETIGCAl ANGITTTIEITE «.cn.cncommommmsinmmonsi i 35,555 5556580 450 S S R S S OIS S0 2-9
2221 NeMEAl TARMGBIS. ..o o iainss i s v s sy TS eSS 2-9
2.2.2.2 Nertical Grades. ..... .« uwssssssns s omsissesimssims sssins soss s sosswaeasss 2-10
2.9.2.8 VOTUEA IGLINVES . ovnascomomsrsmsmrarss tmionoos ansissi 555555855185 SIS SoASw Smows 2-11
2.3 TRACK CLEARANCE REQUIREMENTS ........cccciiimmmmmmmnninnssennnnn s 2-12
DBA  IGBIBPBL  .crvsomommamsmmmamnomn s soscsemsonas i 355855 50 S S SRS ST A USRS 2-12
2.3.2 Track Clearance Envelope (Horizontal).........ccccccooeniiiinni. 2-13
2.3.2.1 Vehicle Dynamic Envelope ...........cccccconiiiiiiiiiii, 2-13
2.3.2.2 Other Wayside Factors ...........ccoovvviiiiiiiiiiniiiiiiiicicies 2-13
2.3.2.3 Running ClearancCes ...........ccceuveeiiiiiiiiiiiiiiiiiiiiee e 2-14
2.3.3 Special Clearance Situations..............ccccuiiiiiiiiiiciii 2-14
2.3.3.1 Vehicle Interface at Station Platforms .........................o. 2-14
2.3.3.2 Retaining Walls.........ccoooiiiiiiiiien 2-15
2.3.3.3 Maintenance and Emergency Evacuation Paths.................. 2-15
2.3.4 Track Clearance Envelape (Vertical) . ...osus-sssusussemussus sssusaussurssnansssnsasans 2-15
2.3.4.1 Transit SIruttures . ssesssswsmus s sepsmn sovessasnosnossenen avons 2-16
235 TTECK SPBBITIG :ooim osion.snions 555005030000 AaAEE75 103 S RS EOTS L8 AN SRS AW 85 2-16
List of Figures
Figure 2<1 Harizantal Curve and Spiral NOMENCIAtUre ......ssresssusmsrrss ssessmsrrovenverversansmasasans s 2-17
Figure 2-2 Superelevation Transitions for Reverse Spirals ............cccccooiiiiiiiis 2-18
Figure 2-3 Standard Vertical CUINVES ..o 2-19
Figure 2-4 Track Clearance Envelope with Vehicle Dynamic Envelope ...............c..cccooin. 2-20
Figure 2-5 Additional Width for Chorded Construction ... 2-21
Figure 2-6 Additional Width for Chorded Construction 50"Chord Length.................oooe 2-22
Figure 2-7 Light Rail Clearance Diagram............ccccciimveniiennmnsnisssnssmmsmeesisinnmans 2-23
Figure 2-8 Ballasted and Embedded Track at Station Platform.................ccco, 2-24
Figure 2-9 Typical Retained Cut and Retained Fill ................cccooii 2-25

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007- Revised June 2007 2-i




Design Criteria Manual
Table of Contents
.7‘“

METRO
3.2 T = O R VR 34
’ 3.2.1 Utility Location and Relocation Requirements............cccccocoeviiiicennnenne. 34
3.2.2 METRO RUA ReqUIrEMENLS ......cceiieieeiie et 34
3.2.3 City of Phoenix RUA Requirements (Water and Sewer)............c.ccc...... 3-6
3.24 DEfINILIONS . 3-7
3.25 Lifility Design ReIBreNEs . uswmmsssssmismssssssmsmmmsssse issmssssmemss 3-8
3.2.6 Utility Base MapS ......ccueeuiirieeiie e 3-8
3.2.7 Municipal UtIIHES ......cooeieeeeeeeee e 3-9
3.2.8 Private ULIIIIES ........c.oooueeeeeeeeee e 39
3.29 Utility Service REQUESLS..........cceereiieeieeeee e 3-10
3.2.10 Salt River Project (SRP) License Requirements............ccocceeriieiinnenen. 3-10
3.2.11 Utility Coordination Meetings..........ccccoveiiiiiiiiiiiiiincinienencee e 3-11
3.3 DRAINAGE. ...ttt ettt st e et st eeseesbesaeenaeeen 3-11
3.3.1 Drainage Facilities DeSign.........coceeeueeiieeiiieeeieeieee e 3-12
3.3.2 Precipitation — Intensity — Duration............cccccoviiiiiin 3-12
3.3.8 DeSIgN DISCRAIGE ........ceeieeeieeieieeee et 3-12
3.34 Storm Drain DESIGN ......coviieieeeeeee et 3-13
3.35 MiInNIMUM VEIOCHIES........ooieiiiee e 3-13
3.3.6 MiInIMUM PiPe SIZES ......cccuiiieiie et 3-13
3.3.7 Minimum Pipe Clearance ...........ccoeeeoeee et 3-14
3.3.8 Pipe Material and Loading w.sssesswsosmsssmsssmomssmssamsomssmsissasssss 3-14
3.39 Corrosion ProteCtioN...........ceeeviiiiieeeeeee ettt e 3-15
3.3.10 = T 3-15
3.3.1 Underdrains and LOCAtIoN ..........cc.eeevueeeeeciieee e 3-16
3.3.12 Slope Proteclion ..o s 3-16
. 3.3.13 Structural Design Codes, Manuals and Specifications ..............c......... 3-16
3.3.14 LRT LOaAING wssmmammsssmunsmammmersis s aamasmsmises 3-16
3.4 RIGHT-OF-WAY ...ttt ettt e e e sae e e saeenae e seenseennaeereesnaneeans 3-16
3.4.1 Types of Right-0f-Way .........ccoouiiiiieeceeeee e 3-17
3411 FEE. - SIMPIE s sz 3-17
341.2 Permanent Easement...........ccccoreeriieericieiee e 3-17
34.1.3 Temporary Construction Easement.............c...cccoeeennn. 3-17
3414 Utility EQSemMENtS .......cooieiieiieieceeece e 3-17
3415 | AN, DS ETNENINS 2500055 50550 B AR FR R R e 3-17
342 Right-0f-Way Criteria .........ccoooveeiiiiieeee e 3-18
34.21 Right-of-Way Limits..........cccooeeiiiiiieieciecececeeeeees 3-18
3.4.3 Right-of-Way Information Requirements............c.cceoveeiieiieiceccieeenee 3-19
344 =Y Vo oo [ SRR 3-20
3.5 ACQUISITION PROCESS.........cooiieieeieitesie ettt sna e eens 3-20
3.6 ROPDNAY S covscmsssussmsnmmmmmnsssmmsmmssess smmssensssamsms o 5ssm s e s i essusas 3-20
3.6.1 GENEIAl e e et e e e e naans 3-20
3.6.2 Roadway GeoMEIHES cwmumsssmsssmmsvimssmass et s ess 3-21
3.6.3 Traffic Lane WIdths........coovieiiieeeiceecee e 3-21
3.64 BUS BAYS!  commmsmssivsmsmsmmammmsainassan s asimsni i s masinaivsnsses 3-22
3.6.5 PaViNg e 3-22
3.6.6 Curbs and Curb CULS.........coeeiiieeeceeee e 3-23
3.6.7 Drivewzsys and AlleYs «cessswnnmmssnmmmeomsmnasssrmsssmssepmsass 3-23
3.6.8 SIAEWAIKS ..o e e 3-23

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 ii




3

Design Criteria Manual
Table of Contents

METRO
40 TRACKWORMK............cmsammsas s am s s s s 4-1
4.1 GENERAL ...ttt ettt e et ae e s e et esateste et e s s e e e s e e et e ebaeeeaneeens 4-1
4.2 TREEK SYSTEEM o omassmsmommmemmmommmsmsanwsmme s s s 4-1
421 Trackwork Classification.............cccocoueoieiiieeie e 4-2
422 Traek COnSHUCHON. TYIBS. ... s omamssmses s memmmmm s s 4-2
423 Transition SIADS .......cooieee e 4-3
4.3 TRACK GAUGE AND WHEEL GAUGE..........ccooiieeieeeeeeeee e 4-4
4.31 B =T Q€ =T To = R 4-4
432 Wheel Profle and Gauge ..« s smarnssmssasssisssissss 4-4
44 TRACK CONSTRUCTION TOLERANCES. ...ccussmssssmmmsmssussssusamswssaonsssssisn 4-4
4.5 TRACK COMPONENTS........c.cnnosmmemnmosmossammannmmsmssmsssnsssicia ks idisssassssemssssisassssanas 4-5
4.5.1 Ballast-Subballast-Subgrade.............ccoeoiieiiiieieen 4-5
452 Crossties and SWItCh TIES ........coveovieiieeecieeee e 4-6
4.5.3 Tee Rail and Girder Groove Ralil .......ccoeeeveciievicnniiieireece 4-7
454 Restraining Guardrail for Curved Track.........c.ccocoeeeneieninieciiieee s 4-8
455 Special Trackwork Plates for Timber Switch Ties...........c.cccccooiiine. 4-8
45.6 Direct Fixation Rail Fasteners.............ccccevieiiieceee e, 4-9
457 Direct Fixation Steel ShIMS. uswssusssssarmosssmsmsassssssmusmsmssssassensies 4-9
458 Direct Fixation Special Trackwork ............coooieiiiiiiiinieeeeecee 4-10
459 Instlated JOINE Bars ......ccoveivrivvissens sssass ssssnss csmsssasssimsmimssssssmssismsamssises 4-10
45.10 JOINEBArS oot 4-10
4511 Compromise Joints (Transition RailS)..........ccccevnieiiiiiiiiiiiiiiiieees 4-10
4512 DEIAIIS e e e 4-10
4513 Miscellaneous Track AppurteNanCes ...........ccceeeveerreerireereieeeeeee s 4-11
4.6 SPECIAL TRACKWORK ...ttt ——— 4-11
461 Switch Machines — Power Operated and Manual..................ccccoee.. 4-14
4.7 AT — GRADE HIGHWAY CROSSINGS ......ccieiiieeieeieereecee s 4-14
4.8 TRACTION POWER — IMPACT ON TRACK ......coi et 4-15
49 SIGNALING AND TRAIN CONTROL — IMPACT ON TRACK .......coiieeiieeieeeeene 4-15
4.0 - . RAIL GRINDING ;.coumsmmmmmmummmmsammrmmmmssssamsssssssssms s e s s i aesss 4-16
4.11 NOISE AND VIBRATION ATTENUATION.........cccoocnmasmencsmiassssnsrssssssnssssssssnsnsssasssas 4-16
9.0 - STRUGTURAL cucuissasammsisssnnsmnmisinssasmsmms s s s s s auss s s ay s 5-1
5.1 INTRODUGCTION. ... oottt ettt e e e e e eeesee s e e eneeeensesneeennnneens 5-1
8.2 DESIGN CODES, MANUALS AND SPECIFICATIONS .......cccoooiiiiieeieeeeieeee 5-1
5.3 LOADS AND FORGCES ...ttt sttt en e 5-2
5.3.1 DEad Load ........oooiiieieieeeeee e e 5-2
5.3.2 LIVE LOAAS ucvssmrssvmssmmsmosmmmsmmsammss sosmsimeoss vosse i ssss sssmsassasssmssssssssasssssss 5-2
5.3.3 IMPACE e 5-3
5.34 Derailment LOAds ..........occviiiieieiieeeeeeee et 5-3
5.3.4.1 Application of Derailment Loads...........cccceviiiiiiiiiiiiininnnne 5-3
5.34.2 Vertical Derailment Loads...........ccoceveeeeiiieniieeeiieeeeeee 5-3
5.34.3 Horizontal Derailment Loads ..........cccocceeeiieiniieeinieciiieees 5-4
5.3.5 Other Loads and FOrCES............ooouiicieecieeeeeeeeeee e 5-4
54 SEISMIC DESIGN........couiiieee ettt sa et 5-5
55 SOILS AND GEOLOGIC DATA . ...ttt 5-5

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

jii




Design Criteria Manual
Table of Contents

METRO
5.6 REINFORCED AND PRESTRESSED CONCRETE ........cccoooiiiiiiiicee 5-5
5.7 ETRUCTURAL STEFL.... cusmnnsvmsmmmpasmsainmmmmsmessmmmupsgsyovesassamommmss 5-5
5.8 EARTH RETAINING: STRUCTURES .uissmsisssusesusmsumssssmmmsmammmssaspsnssssauencnns 5-6
5.9 LINDERGROUND STRUCTURES............cmsisissimmmsmmsismmmsasmmsassmsimmssssmssmsssonsssy 5-6
5.9.1 Reinforced Concrete Box Line and Station Section.............cccocoeeeeniee 5-6
5.9.2 Reinforced Concrete Retaining Walls ... 5-7
5.9.3 BRAMS o remmemsmsmm o555V SR S SRR A SRSV S 5-7
594 SOUNA WaIS.......eeeieciieeeieece ettt e 5-8
510 PORTALS AND U-SECTIONS ......ccooiiiiiieiiiciie st 5-8
5491 ' AERIAL STRUCTURES. ..snmmonmissmssummmssssssmumuussmsemmvemmsmsommsmmsssss 5-8
9.11.1 Design Specifications ... 5-9
5.11.2 Application of LOadiNgS:xsasssmsssssmmismsmsemmemesssonsmrmesmrsssiasasossss 5-9
511.8 Reduction in Load INteNSItY ........cccvvvirenininiiniiiie e 5-9
5.11.4 Special Design Considerations...........ccevverinenenen 5-9
5.11.4.1 Vibration and Deflection Control.........ccoevenieniiiniiiinnnnns 5-9
5.11.4.2  TraCKWOIK ......ccceeeeeeeiiieeiieeeiie e e e 5-10
ki e T 1 |1 U T — 5-10
BATAA UDI. corovmmvemesmmmenmsanenscsmsunnomnsnsssssssssmomsnmsssssssmapmenmsassusessses 5-10
514145  FrCHON ..c.veeeceieieeteeieeeesieeee et 5-10
511.4.6 LRT Stray Current ProvisSions...........cceeveeiieiiniinnnininns 5-10
54447 Rail Break s umssmsnmosmsusssusuimussm s stansemseassesosnaes 5-10
512 SUPPORT AND UNDERPINNING OF EXISTING STRUCTURES ............cccoce. 5-10
5.13 SUPPORT OF EXCAVATION STRUCTURES..........ccooemtmmmmrnrintnnecnnensnisssnnnens 5-11
6.0 STATION AND OTHER LRT FACILITIES DESIGN CRITERIA.........ccccennnneenn. 6-1
6.1 L1070 = USSP 6-1
6.2 CODES AND STANDARDS .......c.ooootiieiinieriieie s 6-1
6.2.1 Applicable Codes and Standards Include ... 6-1
6.2.2 Development Permitting ProCess............ccceeenimnieinnnnensennnneneesinienns 6-3
6.2.2.1 JATOQUGCHION ...cvveenereeeeerenenomencrsssiss sissassrsssessassissnsmvmesassasesssass 6-3
6.2.2.2 Pemmiitting Process . e 6-3
6.2.2.3 Pre-APPHCAHION. ......coermreammnessonsssnss ssissssmssmsmamsnuisssusssnmssssssss 6-3
6.2.2.4 95% Design Submittal ............ccooiimiimieiis 6-4
6.2.2.5 100% Design Submittal ..o 6-4
6.2.2.6 (21150 LK < PRI ——— 6-4
6.3 STATION GEOMETRICS............wenmconnsnesssiismisssis s ssss ssmaiiie i 1655 s5ass ssassssssmasssasss 6-4
6.3.1 COMfIgUIAtIoN .muwsemssassmmmmimmmmmmssmssessmmom o ecses 6-5
6.3.2 Platform Length (Calculated Platform) ... 6-5
6.3.3 PlETorai WA .......ccmusssmsionmsmsmmmmmmssmesammsosmymmmmss s 6-5
6.3.4 Travel Lanes/EXit Lanes.........c..oocveeieiieiiiiiiicieciie e 6-5
6.3.4.1 Patron Lane Requirement.....c.ceimsesmsissssasisaserumsensonsonsonss 6-6
6.3.5 Vertical ClEaranCeS.........coceeeevieeeeeeee et 6-6
6.4 STATION AMENITIES .....ooiieieee ettt 6-7
6.4.1 Shading and Climate Protection..............ccoooiiiin 6-7
6.4.2 SOAUNE .o wesisimsss mssraas s Saaa S E D S AR BE S SRS e 6-7
6.4.3 RESITOOMIS ...veiveiieieciteeiee et e et et ettt s ae s sbas e ae e aae s s s e nessnaennne s 6-7
6.4.4 System Support Element............coovenni 6-8

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

iv




Design Criteria Manual
Table of Contents
f_

METRO
6.4.5 AAVEITISING .ot e 6-8
‘ 6.4.6 Drinking foUNtaiNs ...........ccviiniiiiiiiiicc e 6-8
6.4.7 Tirash Receptacles. .cmssimsmsmsmmsssssnmssnnsssssnssvsassssmms s smmsiesy 6-8
6.4.8 HOSE BIDS ... 6-8
6.4.9 Electrical Convenience OUtlets............ccoocuiieeeeiiieeceeee e 6-9
6.4.10 Patron Information (Maps)........cceeeuirieiieeiiienieree e 6-9
6.4.11 Emergency Call Boxes (ECBS) .......coceeeiriiiiiiiiieiecieieeeeee 6-9
6.4.12 Closed Circuit Television Cameras (CCTVS) ....ceeeecvevieeeeecieeeecreee e, 6-9
6.4.13 Public Address System (PA)/Variable Message Boards (VMBSs) ........ 6-10
6.4.14 BIE e RS SR S SRR 6-10
6.5 ACCESSIBILITY FOR INDIVIDUALS WITH DISABILITIES ... 6-10
6.6 LIGHTING ...ttt et ea ettt se e et e e s be e b e e nanees 6-10
6.7 VERTICAL CIRCULATION ... .ottt ettt e e e 6-10
6.8 STATION SITE...ccoeeiiiiiee et e e et e e e s e e e e rsae e e s e eeeeeennnnanns 6-11
6.8.1 Pedesirian ACCESS s misisssommimvmmmsssasamimnts s sasassmmessossasaniss 6-11
6.8.2 BUS e e e e e e 6-11
6.8.3 BIGYCIES:  oovoerececnencesendiorasinsosennnsnnsnsitmnn fmsisss s B 58S SRS S SRASFVTRES 6-12
6.8.4 KisSS-and-RIE ..........oooiuiiiiie e 6-12
6.8.5 Park-and-Ride............cccuiioiiieeie e 6-12
6.8.5.1 Parking for Individuals with Disabilities ...............c.c.......... 6-13
6.8.5.2 EMErgeNnCY.....cc ittt 6-13
6.8.5.3 Site LayOut ........cceiiiieeieeee e 6-13
6.8.5.4 WhEEl StOPS......ooiiieeiiecieee e 6-13
6.8.5.5 =T o L= o7 [ [ /AN SRR 6-13
’ 6.8.6 FENCING o e 6-14
6.8.7 SIONING ssssssusvsmmssssmusssnssinnssmes sass s ssssisss e E 55874 80 RS SRS R R R RS 6-14
6.8.8 (=T gTo E-Toz= o oo [T TRN 6-14
6.8.8.1 L L 6-15
6.8.8.2 StatioN VINES ... 6-16
6.9 MATERIALS ... .ottt ettt e et e st e st e e e e s st e e sneeaeenneeaaas 6-17
6.9.1 Sl e A RS 6-17
6.9.1.1 Fire Resistant and Smoke Generation .............cccccceeeuneeee. 6-17
6.9.1.2 AHACAMENT. ..covvmivmivimsmmsmvnsimmvssessormmmssaasanvassasres s 6-17
6.9.1.3 Slip-Resistant Walking Surface ..........ccocooeviiiiiiicniieneee. 6-17
6.9.1.4 Electrical Characteristics..........ccccooeevveeiieecee e, 6-17
6.9.1.5 DUrability .......cooeeieeeeeeee e 6-17
6.9.2 Ease of MaintenancCe..............oooociiiieciiee e 6-18
6.9.2.1 8725213115 R 6-18
6.9.2.2 Repair or Replacement............coooeiiiiiiiiiiien e, 6-18
6.9.2.3 Resistanve to Vandalism............cccooeeiiiiiienneneeeee, 6-18
6.9.24 (©70] (o ] SO USSR U USROS 6-18
6.9.2.5 VI SHZE... .eeneseeeraorrenssnnrninensnnnne huosds sossis is st o 544 5 53asvisa domss 6-18
6.9.2.6 N (o] ] £ TSRS 6-18
6.9.2.7 Installation Standards ............ccooeeeiice e 6-18
6.9.3 List of Potential Finish Materials...........c.c.ccovveeoieiiieiieeeeeeee e 6-18
7.0 OPERATIONS ...ttt rr s s rsna s s snas s s s s san s s s s s s s msa s s s s anmssss s s nnnnnnssnns 71
‘ 7.1 OPERATIONAL OBIECTIVES ..unsamssommmmmssmmmsmnmsmnmssimsns sssmssssuaussimsssssmis 7-1

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 v




Design Criteria Manual
Table of Contents
ﬁ

METRO
7.2 SAFETY AND SECURITY RELATED CRITERIA.......cooiiceceee 7-1
‘ 7.2.1 LRT Transportation...........cueeeeiieeeeieeeiee et eee s eee e 7-2
7.211 Control and Supervision Considerations ...........ccccccceevuveenns 7-2
7.21.2 Operational Considerations .............cccccoeeeeeiiiiienecceeees 7-2
7.21.3 Personnel Considerations........cous asissasssssssssssnesssrssanasssasnss 7-2
{22 Light Rail VENICIES ......c..oeieeiieeeeeeeccce 7-3
7.2.3 Train MOVEMENES.........eiireeeeieee ettt e e e e 7-3
724 Passenger Facilities s wummmmmmisssssismsmsmusamenssmiossssmpssssspesmsagsssss 7-4
7.2.5 Grade CroOSSINGS......ccueeieerueenieeneee st 7-5
7.2.6 Regulatery ConSiderations .. ..cuxseimasssmmsmmmmmmsasssmsssiessismssmis 7-5
7.3 RELIABILITY RELATED CRITERIA......ccmuoas femmimamssmimsionsssissinsssisasrinisesisssasnissass e 7-5
7.31 Service Reliability TOlErances.........cccoeeuveeiiiiieieeniieeeeeeeeeeeeeeeee 7-5
7.3.2 Operational Considerations.............ccceeeueeeeceeeeeeree e 7-6
Te32:1 LRT Transpertalion ... s 7-6
7.3.2.2 Intermodal CoNNECLIONS..........cccvviiiriiiie e 7-6
7.3.2.3 Light Rail VENICIES .........coruiieieiiiiiciieceeeee 7-6
7324 Passenger Facilities and Fare Collection ..............cccccccee.... 7-6
7.3.25 MaIN TrACKS wssessssrmmmsmsst mmsmmssstssssmnsiessssmsssisamssstsmssainsdss 7-6
7.3.2.6 SYSIEMS ... 7-7
7.3.3 Preventive Maintenance Measures............ccooveeveiinieinieenicenie e 7-7
7.3.31 Vehicle Maintenance ..o 7-7
7.332 Facilites and System Maintenance.............cccceoeeviinceennnnen. 7-7
7.3.3.3 RESEIVE(.........oeiieeee e e 7-7
7.3.34 Computerized Maintenance Management System.............. 7-7
734 Preparatory MEasUIES ...........cvviieeiiieiieiceeeeeee e 7-7
. 7.3.4.1 Light Rail VERIBIES ... s aismmsasmmms 7-7
7.34.2 Passenger Facilities.............ccooeiiiiiniiicneneceecee e 7-8
7.34.3 MBEIN TFACKS .....ccccreeenemmeesiionmanismssmsminsmissismse sassssm seswssss s sngies 7-8
7.34.4 JUNCHIONS ... 7-8
7.34.5 TerMINAIS ... 7-8
7.34.6 CrOSSOVETS......eeicieeeeeiteeeteeeereeesraeestee e esneeesnseessneenneee e enees 7-9
7.34.7 Yards and Auxiliary Tracks ..........cccooeereeeinieenieeeseeeeee e 7-9
7.34.8 Shop & Vehicle Maintenance ...........ccccooeeeeeecccieeeeceennnn. 7-10
7.3.5 Traction POWEr SYSteMIS........ccveveiiiieciie et 7-10
74 PASSENGER CONVENIENCE RELATED CRITERIA.......ccccoiiieeeeeeee 7-10
741 Operational Planning Considerations.............ccoceeveeicieiiinniicneeenee 7-10
7411 LRT Operating Speeds..........ccocvviiiniiiiiiiiiiiinieeee 7-10
7.41.2 LRT Service CongUration..... .« mmsmmeemsimssismssmomis 7-11
7413 LRT Level of Service.........ccovveeiieiceceeeeeeee e 7-11
7414 Intermodal Connections............cooceeiierieieeeeeeeeee e 7-11
742 Lightt Rail Vehidles, e ammnbsossamsarms 7-14
743 Passenger Facilities..........oocuueieeiiieeeee e 7-14
g OPERATIONAL COST-EFFECTIVENESS.........c.ccoiiiiieeeeeeeeeeeeeee e 7-15
7.51 Operational Planning Considerations...........c.cccceeeeeereenieeniceneeeee 7-15
7.:5.1.1 Service Effectiveness..........cccvevievieieniiniecee 7-15
751.2 Operating EXPENSE. ......cc.coviieiieiieeeere e 7-15
7513 Capital EXPeNSe i smsmammnsmissnsssammissmsagss 7-15
752 Maintenance Planning Considerations..............ccccoevveniiiciiniiienieeens 7-15
. 7.5.2.1 Maintenance EffeCtiveness...........ccvninnninnnnssssansssensnsans 7-15

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 Vi




Design Criteria Manual
Table of Contents
7=

METRO
7.5.22 Operaing EXPENSE.........cocoieeiiieeeiiieiie et 7-15
. 7.5.2.3 Capital EXPENSE.was s ommsmasssmesmrss 7-16
= 0T V4 o 1 0 I 8-1
8.1 WAYSIDE CHARACTERISTICS . susmmessimmamssmumsassssssmssnmsnssasmsasssmssasssminiss 8-1
8.2 GENERAL VEHICLE CHARACTERISTICS.....caususssosnanmsmmmsmmramssmsmmasy 8-2
8.2.1 GENEIAl o 8-2
8.2.2 Operating CharacteristiCs ...........ccoouerieeiiinieriieiee e 8-3
8.2.3 Vehicle Body DIMENSIONS.........ccueeeiieieeieeeeeeeieesiee e ee e 8-3
8.2.4 Passenger DOOTS.......cc.oovuiiiierieiieee ettt 8-3
8.2.5 Wheel DImENSIONS. ..o swmsisuimsssssssssmssssmssssmssaisssssssssmsmsmisms i 8-4
8.2.6 TrUCK DIMENSIONS ......eiiiiiieiieeieee ettt 8-4
8.2.7 AATHON TS BUITINIIEIES 0550555550595 55 S RS AR 8-4
8.2.8 (07010 o] 1=Y ¢S 8-4
8.2.9 Controlled 'Collapse Cabis:s st 8-5
8.3 DYNAMIC ENVELOPE ........ooieieeeeee ettt ettt 8-5
8.4 VEHICLE WEIGHT AND DESIGN LOADING.......cccoeeiiiireieneereeeese e 8-5
8.5 VEHICLE PERFORMANCE ...ttt e 8-6
8.5.1 SUPPIY- VORAGE. .. cicuvosimmmssmsmsimmmamesmmvemset s e s s s sivss 8-6
8.5.2 Operation Under Reduced Voltage ............cooverieciiniieniinicceecceee 8-6
8.5.3 MaKImLm LIRS CUITEIL..... . c.oow..snsssissmnsssnsisamm o mmio i s e 8-6
854 ACCEIETALION ...t 8-6
8.5.5 SENICR: BRAKIRG, .comsmsmsommmnmnsms s i s s s S G msm 8-7
8.5.6 Emergency BraKing ........occeeeiereiieeiiie e 8-7
‘ 8.5.7 PEMKING BIAKE o cssmssemussinsmnisssmom v s o s s s sim o e s s miss 8-7
8.5.8 Operating SPEEA ........c.ooiieiiieeie e e 8-7
8.5.9 EMIET COMIBLE im0 45 S B S S S G 8-7
8.5.10 Annual Average MIleage ...........ccooveiieniiieiierieeecee e 8-7
8.5.11 On-Board DiagnoStiCs ........cccueeeciirenieeeiie e 8-8
8.6 PASSENGER COMFORT .......oiiiiiiiieieieee ettt 8-8
8.6.1 Heating Ventilation and Air Conditioning...........cccceceeiiiiiiiiiciiniieeneene 8-8
8.6.2 INEEIION NOISE......eeeeeeeeee et e e e 8-9
8.6.3 Ride COMIOM...... .o e 8-9
8.6.4 Interior LIghting ......cccouviieeeee e 8-9
8.6.5 Interion DESION swsomsmmmsamssmmusmesmsms s smmaesnss s i 8-10
8.7 RELIABILITY sussomswsnsmmussmsonsssmmm sumeussssnssssssssssssnsssmsms s s s s s 8-10
8.8 IAAIINITAUNABIL TTTY.... 5 5o a5 55 R BRSNS B 8-11
9.0 MAINTENANCE & STORAGE FACILITY (MSF) ..ccciitieeeeecicsisisnnsnssnsssssnsssssssnn 9-1
9.1 ] <1 S R ———— 9-1
9.1.1 Site SEIECHON ..ot 9-2
9.1.2 Maintenance of Equipment Shop (MOE) ........cooovieiiiericieeeeeeeeeee 9-3
9.1.3 Service and Cleaning Area (S&C).......cccueviierieriiiniereeeceeree s 94
9.14 LRV WASHET ...t 9-5
9.1.5 LRV Storage and Yard Tracks ....oswsssmssemsssmmmmssssssssssensssmmssmmssnssss 9-5
9.1.6 Maintenance of Way Shop (MOW) .........ooueiiiiiiinieieeceree e 9-6
9.1.7 ENtry SEation ......c.cooeiieeeee e 9-6
‘ 9.1.8 Employee, Visitor and Authority Parking ...........cccocovveiiiiiiicceeee 9-7
METRO LIGHT RAIL TRANSIT PROJECTS
January 2007 vii




Design Criteria Manual
Table of Contents
~7__

METRO
9.1.9 Traction Power SubStations.....cawimammmmnmasmmmmssssmosssssss 9-7
‘ 9.1.10 Sigrnal and Communication HOUSES. .cumwensuissmmmmsmsesssrsmmysess 9-7
9.1.11 Internal Road Circulation System..........ccveeeieeiiiieiiieeeee e 9-7
9.1.12 VHBHBS: commeeidsnmmmesmummpsssmonsemssessmsmmmessmmansmmmsmmenomss sy s e amsmamm 9-8
9.1.13 LaNASCAPING ...veeeeeeieieceieie ettt st 9-8
9.1.14 Miscellaneous SHUCLUIES ..........ouinsasasimssmsmmssss s 9-8
9.1.15 Historical Trolley (FULUIE) .........ooeeeieeieeeeeeeeeeeeee e 9-8
9.1.16 Special Site RequIremMents ..........cooveiereerieeeeeeee e 9-8
9.1.17 Items notincluded INIMSF ... 9-8
9.1.18 Codes, Ordinances and Guidelines............ccoeceeriircieeeiieenicnieeccee e 99
10.0 TRACTION POWER SUPPLY AND DISTRIBUTION SYSTEM..........ccccueuee.. 10-1
B0 L IGENERBL. ... eecwmswmsmmsinmmmsmmommmessmmnssmsnssmmsomsmssmssmmsssmioom 855k 55 H AR P TSR 10-1
10.2 REQUIREMENTS ... oottt et e s ae e en e s s eeneesaneeens 101
10.3  SYSTEMVOLTAGES.......o oottt 10-2
10.4 BASIS FOR SUBSTATION LOCATION, SPACING, AND RATING.........cccccueueee. 10-3
10.4.1 NOrmMal OPEration ...........cocvieeiieeeeeeee e 10-3
104.2 Contingency OPeration............ocuoruereereenieiieesecie e 10-3
10.4.3 Special Events Operation ... 104
10.5 TRACTION POWER SUBSTATIONS .......cooieeieierie et 104
10.5.1 GENETAl e e 104
10.5.2 Substation Traction Power Equipment...........ccoccoviieiiiiiinniecneeeeeen. 104
10.5.3 7, [=7 (=151 7o [T, 10-5
10.54 ProteCtion ... 10-6
‘ 10.5.5 Substation ENCIOSUIE.........c..eoiiuiieeieeeieceiee et 10-7
10.5.6 Substation Foundation...............coecieriieiiieeen 10-7
10.5.7 Stubstation GrotnNding .. sensssasmsmmnsssssasennsissams s s aismssss 10-7
10.5.8 Drainage Cables and Stray Current Measurement................c............. 10-8
10.5.9 AV /=1 01117= (o) o [PPSR 10-8
10.5.10 MISCEIIANEOUS ...ccecnevtieiee ettt e e e ee e e s e e sarae e e e 10-9
10.6 DC FEEDER SYSTEM ......ooiiiiieeeeeeee sttt 10-12
10.6.1 GENETAl wsimssmsmsnivsssssrssmssssasssonsssissessasvasas s RS S TR s T RS SE R SRS e s 10-12
10.6.2 CabIBS e 10-12
10.6.3 RACBWAYS: «cevvvimssacinnssssamssnsssin s issivinses svssainsssmss tomessssvsessvassavsimsarssns 10-13
10.7 OVERHEAD CONTACT SYSTEM.......ociiiieeeeeeee e 10-13
10.7.1 GENETAl oo e et 10-13
10.7.2 SectionaliZatioN...........ccveeviecieeeeeee e 10-14
10.7.3 Discorneet SWIEhBES. .. sumemansmmusmsmmmssmmmmmmsrsmssas 10-15
10.7.4 OCS ConfIQUration ..........ccocverueeiieiie et 10-15
10.7.5 @571 =1 (0] - IO 10-16
10.7.6 Contact Wire Height ..........oooeeieeeeee e 10-16
10.7.7 LOAAING oo s 10-17
10.7.8 Spans Length and Staggers........cccoeeeieeecieecieeeeeeeee e 10-17
10.7.9 Catenary CondUCIOrS.........c.oeiierieiiiieesie s 10-18
10.7.10  Construction and Maintenance Tolerance ...........ccocceeevceevnveeieeennnen. 10-18
10.7.11 Poles and Foundation..............cccueeeiieiiieciee e 10-19
10.7.12  Electrical ClearanCes............cocuereiiieeieeiee e 10-20
. 10.7.13 ©OCS Support. ASSemblies..... cummssennmmmmmsmmmsssmsmmsmm 10-20
METRO LIGHT RAIL TRANSIT PROJECTS
January 2007 viii




e

Design Criteria Manual
Table of Contents

METRO
10.7.14  OCS TENSIONING ...ccveeeevieiee ettt e e e eeeeene e 10-21
10.7.15 OCS Grounding and Bonding.:....ss-sssssimarscsssomossmsasssassoamsssnsssses 10-21
10.8 NEGATIVE RETURN SYSTEM......ccooiiii et eeee e ene e enens 10-22
10.9 CORROSION CONTROL ....uueiiiitiieieee ettt et eeeeeeeeereeesaeesreeeesreeeeeseeenanaesnns 10-22
10.10 TRACTION POWER REMOTE CONTROL ......otiiiectiieeieeeeteeereee et 10-23
10.11 LIGHT RAILVEHICLES...... .ottt e e e e 10-23
11.0° SIGNALING......cmsenmssnisisscisssssimississsiimmisvisissiassiies s sssames e e sar e T asaaTass e aes 10-1
111 INTRODUCGCTION.......ettieeiee et eeeee et e et e eetee e et eeeeesaeesssaeesnseesnseeaeenseeasnneeensaeenanees 11-1
11.2 FUNCTIONAL DESIGN REQUIREMENTS ...t 11-2
11.3 OPERATIONAL DESIGN REQUIREMENTS.......cooieiee e 11-3
114 ENVIRONMENTAL DESIGN.......ccoiiiiiiettee ettt sraee e e e s a e 11-3
11.56 ELECTROMAGNETIC INTERFERENCE (EMI) ......c.eooiiiiieeeeeeeeeree e 114
116 GROWTH AND EXPANSION......cciiitiieieittee et e e sciee e ssee s ee e e s sre e snnaeee e e s 11-4
117 CODES AND STANDARDS ......ooooi ettt e e e st e e e eneeeeeneeeas 11-5
11.8  SIGNAL CIRCUITRY ...ttt ettt eeeeeeae e e e eaae e e ssseeeenaeesnneeanneeeas 11-5
11.9 TRAIN-TO-WAYSIDE COMMUNICATIONS (TWC).....ooeieirerieeeeeie e 11-6
11.10 STORAGE YARDS ...ttt e et eete e et eaeeeteeesteeessaeeseeaeansaeesssaeesseeeansenens 11-7
11.11 SWITCH MACHINES . ...ttt e it e e e s e ssae e e ae e e eaeeennseeees 11-7
B B 1 €1\ I TR 11-8
11.12.1 LRT (Bar) Signal ASPBELS ...........oncmneonsasmrssnissnassmssssssssssissiasssissssasssisssss 11-8
11.122" Colorlight Signal ASpedS waasssemms e s 11-8
11.12.3  Switch Position Indicator ASpects...........c.coeeriieiiniiiiiiie e 11-9
11.13 AUTOMATIC HIGHWAY CROSSING WARNING SYSTEMS ........cccoiieeeene 11-9
11.14 INTERFACE REQUIREMENTS ......oooiiiieeee ettt ettt 11-9
11.14.1 Street Traffic Signal System Interface..........cccooeiiiiiiiiiiiiies 11-9
11.14.2  Vehicle Interface...........ccoveeeiiiiieeeeceee e e 11-10
11.14.3  Trackwork INterface ............ooeee oo 11-10
11.14.4  Traction Power Subsystem Interface ..........cccoeeeeeieiiiiiieiieee, 11-11
11.14.5 Communications INterface..........cccvirensiiirerissrsnmsisrecsrissssnssnsmsasssssnsans 11-11
11.15 TRACK CIRCUITS.......coenimnmnsiionsninsmsorsisi s s s i sy 11-11
1146 POWER. ... ettt e et e et e e e e aa e e e e et e e e s e esateeeesnnneeeannnens 11-12
147 HOUSES ... .o ettt e e et e e e e e e e e e e tae e e e e e naneesanreeas 11-12
11.18 INSTALLATION. ...ttt et te e et e e eaaeeenteeeebeseenseeensaaenes 11-13
11.19 QUALITY, RELIABILITY AND MAINTAINABILITY ..ot 11-13
12.0 COMMUNICATIONS .....coiiieeiiteicreerirrese s s resse s ssnsssssrsnssssnnssssrnnsssnnssssnnnsssnnssann 121
120 GENERAL...........uoveeieineneninnminmansiss bt st v i s s iveaitossne 12-1
12.2 COMMUNICATIONS SUBYSTEMS......ooo oot 12-2
12.2.1 = 1o (o TSRS 12-2
12.2.2 TEIEPNONE ... e 124
12.2.3 PUDIC AQAIESS......cceveieeceeee ettt et e e et e e e s e eabe e e e saaeaeenanns 124
12.24 Variable Message Boards ............ccovveveiiniincineiccscnseseins 12-5

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

ix




Design Criteria Manual
Table of Contents
~7'_

METRO
1225 Closed Circuit TEIEVISION .........cc.oeeviiieeeeeeeeeeeee e 12-6
‘ 12.2.6 Carrier Transmission SUDSYSIEM .......ccovviiiiieiiiiccee e 12-6
12.3 SUPERVISORY CONTROL AND DATA ACQUISITION.......ccoceriiriiiieeiieeeee 12-7
124 CENTRAL CONTROL SYSTEM (CES)...cmuasnmsmmmmsmimnsomsmmainsasis 12-8
12,5 ACCESS CONTTROIL........cncnoonronseesssanmmmanmamammunsmsnmmmnass i snmsindaiisns i i S RIS 12-9
12.5.1 Functional RequIiremMents............ccceovereineeniineeneneeeseeeesee e 12-9
12.5.2 MOW FaCIlitIES.........ocveeieeeeiieeceee e 12-10
12.5.3 Yard and Shop Facilities...........commimammmnnnmsaammamsassssssee 12-10
12.6 FIRE DETECTION AND SUPPRESSIONS MONITORING .......c.ccceiveriiniinienne 12-10
12.6.1 B =1: 1ot 511 g JEURR . 12-10
12.6.2 Fire DEtCHON .......eeeeeeeeeee e 12-10
12.6.3 Suppression Menilorng «xwsssssesammmsssmmmmmmmmrassmssrsasss 12-11
12.6.4 P OWET e e 12-11
13.0 AUTOMATED FARE COLLECTION SYSTEM.....cccvveiiiimmmmmmmesinnmnnnssininenssi. 131
13.1 DESIGNOBJECTIVES......ooetisersmminscesasmmnsanarssessmnssnsessmmsnancuossmsssssnsssshisssusssnss sssis 13-1
13.2 DESIGN APPROACH........ooeeeeee ettt s 13-1
13.21 System Confomtiily .swiswsmwmmmmimmnnmmssmmsssmmmmssesremssmss 13-1
13.2.2 LRT Fare Control...........ccoeeeeeuiieeeieecieectee et et 13-1
13.3 DESIGN CRITERIA...... oottt s sen s 13-2
13.3.1 Fare Structure and Ticket Media ...........coocoveeviriiniiiiiieees 13-2
13.3.2 Fare Equipment Varieties ..........c.ueeev i 13-2
13.3.3 Fare Equipment Locations.............cooceeriiiiiienieeeeeeeeee s 13-2
. 1334  Fare EQUIPMENt QUANGHES ...........oveeceeeeerreeeeeeeeesesseeseeeeessessseeeeeeeseee 13-3
13.35 Installation Requirements and Restrictions ..., 13-3
13.3.6 Conduits and Cabling ........c.ceeoiiiiieiieeee e 13-3
13.3.7 General Equipment Requirements.............ccceeoveeeeieeeiie e 134
13.3.7.1  DeSIgN Life ..cveeeeieeeeeeeeeeeee e 13-4
13.3.7.2 Codes and Standards...........ccceeeeeerieiierecieeee e 134
13.3.7.3  Americans with Disabilities Act (ADA) Requirements........ 134
13.3.7.4  Climate and Environment .............ccceoiiieiiieniieeeeeeee 13-4
13.3.7.5 Electrical Design Requirements...........cccccceeneiniiinnieennne 134
13.3.7.6  Transaction SPEEdS.........ccccueeeerrieeiiieecccieee e 13-5
13.3.7.7  Modularity and Maintainability............cccceeevviniicniniiinnne, 13-5
13.3.7.8  Reliability.......ccccvveeeieeiieeeeieeee e 13-6
RO ISR - ) RS —— 13-6
13.3.7.10  SECUMLY ..ot 13-6
13.3.8 Handheld VErfIer...........uo oo 13-7
13.3.8.1  Operational Requirements............cccoeceeieceeeeieeesiieniee e 13-7
13.3.9 Ticket Vending Maching ............ooouev oo 13-7
13.3.9.1  OPEration ........coccueeeeecieeceeeee et 13-7
13.3.9.2  ENCIOSUIE ...ttt 13-8
18.3:19.3 UserInterface .....couwnmnmmmmmmmsmamssmsmssammsssis 13-8
13.3.9.4 Passenger Display..........cccceoiriiriiiiiiiciccieccee 13-8
13.3.9.5 Recorded Voice Instruction............ccocceveieiiiceiiiin i 13-9
13.3.9.6  Instructional GraphiCs .........ccceccueerieerceeeieeeeeeeeee e 13-9
‘ 13.3.9.7  Coin Return/Ticket CUp ......ccooeeieieieeeeeeeeeeea 13-9
METRO LIGHT RAIL TRANSIT PROJECTS
January 2007 X




Design Criteria Manual
Table of Contents

METRO
13.3.9.8  CoiN SYSteM....ooiiiiiieee e 13-9
13.3.9.8.1 Coin ACCEPLON.....ccvieeiiieiieeieeeee e 13-10
13.3.9.8.2 Coin Escrow and Recirculation Unit.............. 13-10
13.3.9.8.3 CoinVault..........ccoeoeeeiieieeeeecee 13-10
13.3.9.8.4 Supplemental Coin Cassettes....................... 13-10
13.3.9.9 Exact Fare Only Mode ..-«ssssisssmmmsssmsssmsmmmsnsmasssons 13-11
13.3.9.10 Overpayment Mode............ccccvveiiiiiiiiniiniiiniicee s 13-11
{33891 Bill SYSIEM .conmmmsmsmissssssssmmssasmmunmsesmmsmss s uamaEGEEEwows 13-11
13.3.9.12 Ticket Printing and Encoding System...........ccccccovvieneen. 13-11
18.89.13 TICKBESIOBIS.........oooonmemmss it 13-11
13.3.9.14 Ticket Printer/ENCOEr .........covviiiiiiiiieiiiieiieieceiiiees 13-12
13.3.9.15 Ticket CUREr........ooieeeeeeee s 13-12
13.3:9:16 - ReCeipt PHNtEr viunassevassmumssusssssmessstnssssmsessssusmnumssvesssnse 13-12
13.3.9.17 Credit/Debit Card System..........ccccceviiveiiiiiiiiiiiieiiee 13-12
13.3:.9.18 Electronic Control UNit .....osss s scsmsmsansmssssmmsmssssssensos 13-13
13.3.9.19  CoOMMUNICALIONS .....veeireeieerriee s 13-13
18.3:9.20 Timing and SynchroNIZAton ...wsssmswsmomnmosnmememns 13-13
13.3.9.21 Alarm SyStem.......cceeiecieiieeeeee e 13-14
1331922 P OWET SYSEBITN. .. omcmmesmosmaois 56855658 SRS SNBSS AN RES 13-14
13.3.9.23 Maintenance Interference.........c...cceveniiiciniciencnnennee. 13-14
13.3.9.24 Revenue ServiCing........cccccceevieiriirinieiniiniiee e 13-14
13.3.10  Data Collection and Information System (DCIS)........cccccevvervianennee 13-14
14.0 LANDSCARPE.........ccciccttrmrirecinnensissasessnssssisesessssessnsnsnsssnsnsssssssssssssnssasasssnsnns 141
14.1  BASIC GOALS ... .ottt sa s a s be e sba e a e ae s enaeeaa 14-1
14.2 STATION AND TRACKWAY GOALS .......oooiiiiiietirieieere s 14-2
14.21 Design IMEnt......coswasmummmus s e e mEess 14-2
14.2.2 Pedestrian Shade..........cccoooiieeieeeee 14-3
14.2.3 RIGET L DTNV, . mcrsiesisioin i s s s SR PR AN ST S SN U P HRSS 14-3
14.2.4 Pedestrian Safety or Security ..........cccoooiiiiiniini 14-3
14.2.5 L33 (10T (] =] 5o || e N AR 14-3
14,8 PARK-AND-RIDE LTS ....oecocnnsorssonnsssssonsssssssossssisss s sass s s ssmamissam 14-4
14.3.1 DESIgN INtENt.......ooiii e 144
14.3.2 PATKING LBEE. ... ceomeommonmnammemmmemmn s S KSR NSRS S8 OSSR 144
14.3.3 Pedestrian Shade...........cccueecvieiiiiieceeeee e 14-5
14.3.4 VVEYHIBIGIIG] commcconcmms mmmmamamsmamammms enssasmicsmanim G AG SRS R R SR PRRHERS 14-5
14.4  HARDSCAPE........co oottt st sa s a e a e e e 14-5
145 GRADING AND SLOPES .........oo oot 14-6
146  PLANT MATERIAL......oooieeeeeeeeeee ettt sa e 14-6
14.7 - CODES AND STANDARDS .....ccunussmusmssumsssssssinimsimnmomasissssmsnomsysmsssmns 14-7
15,0 FACILITIES ELECTRICAL sicssumsmsmmsssssmssnmmuasspesnsnssnmsannsasnanenssanssansssseennsannos 15-1
181  INTRODUGTION. sy commsnommsmsmssmeasmsesmmemsei onsasas mmammsesisiis s 6856 s Sn s e 15-1
15.1.1 GENEIAl s s R R R A 15-1
15.1.2 SCOPE e 15-1
15.1.3 Codes, Regulations and Standards..............ccccoeviiienininniinininneeeens 15-2
15.1.4 Local Codes and Regulations ...........ccccecveeeereiininiincinie e 15-2
165.1.5 National Codes and Standards .............cccoeeeeeieeiencieeeee 15-2

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

Xi




Design Criteria Manual
Table of Contents
ﬁ

METRO
15.1.6 INterpretation....... ..o 15-3
. 15.1.7 Design GUIdENNES .......c.ccoceeverereinintrcenie st 15-3
15.1.8 DEARTIONS wsessiisimsmmmmsmsrssssnsssissse a8 miassms e oo s sassnsss 154
15.1.9 Environmental Considerations ...........cccoeceeeiieeniii e, 15-5
15.1.10  Selection of Materials and Equipment............cccccoiiviiiniinninniiniicnn, 15-5
15.2  DISTRIBUTION SYSTEN.......ccocrioimmncrsminiensmsinsissssosanmssninssissssssss ssasssssniassinnss 15-5
15.2.1 GENBTAll cimssmimsnmsmammrmivossmas s ssss s e s A TEE S S S SR SR 15-5
15.2.2 Classification of Electrical Loads .........ccccoeoveeiieiiiniiiiiiiiinciccicce, 15-7
15.2.3 Reliability and Load Transfer Requirements ............cccccoecvniiiniennnen. 15-7
15.2.4 Loading of Distribution Equipment and Feeders...............ccccooeiinie. 15-8
15.2.5 Voltage Levels and GOl ........sammmasscsmmsmmsssmsmsssssmons 15-9
15.2.6 SPare CapaCity .......ccceereierieiiiriecieee e 15-9
15.2.7 Spaces for Electrical Equipment............ccoooiiiinininnie 15-10
15.2.8 Wiring Methods and Materials ...ssassimsmestsstsmmsmmesessimesasmmmmmsa 15-10
15.29 Electrical Equipment and DeViCesS.........ccccoecveeiiiiiiiiniiiiiieniiec s 15-13
15.2.10  Supply from Traction Power Substations..............ccccvivvnviviinnnnne. 15-15
153 ELECTRICALSERNIGE.........consuomessmmmnnsiisssisis s s smissss s i 15-16
15.3.1 GENETAl e e 15-16
15.3.2 Supply Voltage Levels and Limits..........ccccooevininiininiininiieeene 15-16
154 EMERGENCY POWER SUPPLY .....ooeecosomsserssmmsmmsssssssmssssessissensmsssussimmissmesssosss 15-16
185 GROLUNDING ... rommemmmnmmncemssnsemssomsmasmssmsn smsansssnssisnmnssnsssssssssssssssss oo s s 15-17
15:5.1 Passenger Station Grounding System..........cccceviiiiininieniicene, 15-17
15.5.2 Grounding ReqQUIrEMENS ........ceovuieriiiiiiii e 15-17
15.6  LIGHTING ...ttt enn e 15-19
’ 15.6.1 LE 1= | RPN ERRR RPN HCIRINS TS R S ——————— 15-19
15.6.1.1  REQUIFEMENES ..ot 15-19
15.6.2 CalCUIALIONS i:vuvsvivismssssssmnsmmosusssssssnsssssassvsss svssaassssssausassvasmasss sesssssvsosss 15-19
15.6.3 MUMINANCE VAIUES.......cocvieeiee et 15-21
15.6.4 lLight Camrtl] cusussamnssrmmmassmmmmmnssansmsmsmmssmmmmmamnns 15-23
15.6.5 Emergency llluminance Values............ccccoiiniiiiiniiicnenccc 15-23
15.6.6 Emengency LIGhling...cossmnmmusosmssissmsmmmmesmmsseniomummsossoes 15-24
15.6.7 Emergency Lighting Control ..., 15-24
15.7 STREET LIGHTING .....coooiiiiiiieieicieee ettt s 15-24
15.7.1 BBIIETAl  ....omeemwemmmmmemoms om0 5453558 3 O S S AR R TSRS 15-24
156.7.2 City Of PROBNIX. ... .eeiieiiiiiesieesee et 15-24
15.7.2.1  Design Guideline.........ccovieriiiiiiiieiiiee e 15-25
15.7.22 General RegUirements....cawsssssmmvmmsnmasmmsrssmmsnsy 15-28
15.7.3 City Of MESA.....ccuieeieceeee et 15-28
16.7.3.1 Design QUIdEINg. . ssommassmsesmusmssmmsmssmmmmoss 15-28
15.7.3.2 General Requirements..........cc.coceeeeeiiieiiiiiieeeeeee e 15-31
15.7.4 OIS OF TEIRI ..o ammcmemooms s s i 5 SR S5 S A 5 15-31
15.7.4.1  Design Guideline..........cccoverieriiniiiiicieiieieeciseeceeee 15-31
15.7.4.2 General Requirements............ccceveiiieniiinceeciieeee e 15-32
15.7.5 City of GlENdale cssummmmmsmssumsmusmuunssmosmssssssssasssassssse 15-33
15.7.5.1  Design GuideliNe..........coceeiueriuieriiiiieiieiee e 15-33
15.7.5.2 General Requirements...........cccoeeneeriieeniieniiie e 15-35
15.7.6 SRP General NOtES..........cooiuiieeiieceee e 15-36
‘ 15.7.7 Arizona Public Service (APS) NOteS ........cccceiiieiiiiiieeee e 15-37

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 Xii




e

Design Criteria Manual
Table of Contents

METRO
16.0 TRAFFIC CONTROL .....cceeiiiieeciiirerennsssrssessssssesssnss s ssnsssssnnnsssssnnsssssnsssnnnnnes 16-1
16.1  GENERAL ...ttt et st e et e e b e e saeeeaeenaeansneans 16-1
16.2  APPLICABLE STANDARDS.........cocootiieiesteeeeie ettt 16-1
16.3 GENERAL DESIGN CRITERIA........coooiieeieeeeeeee et st 16-1
16.4 LOCATIONS OF TRAIN INTERFACE WITH TRAFFIC.......ooeeeieeieeeeeeeeee 16-1
16.5 CONTROL OF TRAIN INTERFACE WITH TRAFFIC......ccooiieeeiieeieeeeeece e 16-2
1626 - - SICEN-DESIGIN. cvnsimmmusmmnmsonves sk samn s 555555555555 s s 164
16.7  PAVENENT MARKING DESIGN.... .smsmmisimissmisssssssmmssmssomsssssssnmmessarasssmmsninions 16-4
16.8 GENERAL OPERATIONS .......eooieeeee ettt snne e 16-4
W O T E TN s aoimsmoinomniiom oo mosssmss i o R R S N T A B S SRR 171
171 INTRODUCGTION. ... .ooiiieee ettt ettt e e e et eeaeesbesneeaneeaan 171
17.2 SYSTEM SAFETY PROGRAM ...ttt ettt sttt e naeesan e 171
17.21 System Safety Criteria.........cccoveeieiiirie e 171
17.2.2 Systam Safely Program PlaN sees-msasimssssmenmmmssmmnmensmmess 17-3
17.2.2.1.  Purpose, Goal, Objectives..........cccccriieriiiiiiiiiiniieeeeees 17-3
17.22.2. Codesand Standards ... 174
17.8 - PROJECT SAFETY ORGANIZATION .cinsswssssssssnsrmssmmimmmssmarsssmsnsinsumsmnisavmsds 17-5
17.3.1 Fire/Life Safety and Security Committee............ccecceeeeeirecieineeeeee. 17-5
17.3.2 Safety and Security Certification Review Committee............c.ccocueeneee. 17-5
17.4 HAZARD IDENTIFICATION, ANALYSIS AND RESOLUTION........ccccceeiieieeene 17-6
17.5 CONSTRUCTION SAFETY ...tiiieieeieeteeiieste e seeeseessee e enee e saeesseeseeseenseenee s 17-6
17.6 SAFETY AND SECURITY CERTIFICATION PROGRAM.........cccoceeieieeeeene 17-6
17.7 DETAILED SAFETY CRITERIA .......oo oottt 17-8
B0 SECURITY uusuussunssunssmsssssnsssnssmonsnses s e ssssns ssss s m55m0mss s 0655 s 18-1
18.1  INTRODUCTION.......ooietieieeieteeeeteete sttt ste e sseeseesse e e ensessessaennaens 18-1
18.2 PASSENGER SECURITY ....oouiiiiiiiicieeeste ettt sneeesnaenneas 18-1
18.3 EMPLOYEE SECURITY ..ot 18-2
18.4  FACILITY SECURITY ..ottt et na e 18-2
18.5 SYSTEM SECURITY PROGRAM PLAN .......coiiiiiieieiecieeeeeiete et 18-2
18.5.1 Purpose of the System Security Program Plan...........c.ccccooeeiinennnnen. 18-2
18.5.2 Implementing the System Security Program Plan.............ccccecveeien. 18-3
18.6 INFORMATION & INFORMATION SYSTEMS SECURITY. ......ccevceeeieiecreeeeee 184
18.7 DETAILED SECURITY CRITERIA ...ttt 18-5
19.0 STRAY CURRENT AND CORROSION CONTROL........ccceeeteemmecererrreneerrenennns 191
10 CEINERAL o mwswmemesmsnsssmsmnssmmssm s s om0 s s 19-1
9.2  BOCIPE s sy s s s S S s S sSaAas 19-1
19.3 PRE-DESIGN SURVEYING AND TESTING .....cccooiiieieeieceeeeee e 19-1
19.4 STRAY CURRENT CONTROL .....ociiiiiieiieieieee et 19-2
19.5  TRACKWORK ... oottt e st a e sae e e s teesaaeeeseeesaesssesaenneanans 19-2
19.5.1 Ballasted Track Construction..............ccoooeveeeeoeeieieeeeeeeeeee 19-2

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

Xiii




Design Criteria Manual
Table of Contents

METRO
19.5.2 Embedded Track Construction.............ccceeeiiieiiieeeieeeee e, 19-2
‘ 19.5.3 Direct Fixation Track ConstruCtion ............cccccceevieenniiriniiiienciiee e, 19-3
19.5.4 Track-to-Earth Resistance Testing.........cccoceeiiiiiiniiciiiiniiiciec 19-3
19.5.5 Special Trackwork and Hardware ..............cocoevieiieiiiiniiiiniccceeciee 19-3
19.5.5.1 Crossovers TUMOULS ... cusssmssimssmsusmasssnssmsasmmssespmsnisns 19-3
19.5.5.2  HardWare ..........ccoueeeieieeeeeeccee e 19-3
19.6 TRACTION POWER FACILITIES AND SUBSYSTEMS ... 19-3
19.6.1 Traction Power Substations.............coeeoeeeceiiee e 19-3
19.6.1.1 Mode of Operation ..........occeeeeeiiieeniiie e 19-3
19.6.1.2 AC Ground SyStem.........ccceeiiieriieeieeeeee e 19-3
19.6.2 Overhead Contatt SYSIBM cuwsmsmsmisssmmismnssesassammmmsammsssrmssnss 194
19.6.2.1  Minimum Resistance-to-Earth Requirements.................... 19-4
19.6.2.2 Catenary System Support Poles .........ccccceeenieiiiiiiiiienen. 194
19.6.3 Negative Distribution System ..........ccccceviiiiniiiiii 19-4
19.6.3.1  Negative System to Earth Potential Detection................... 19-4
19.6.3.2  CroSSbONdS...........cceeueuiieeieeieieieeeeee et 19-5
19.7 REINFORCED CONCRETE STRUCTURES ...ciccisascscessssmsssssssssrensensusssssnssnsanonssss 19-5
19.7.1 General ProviSions...........cceecuieeeeeeieeeeeee e 19-5
19.7.2 Bridge: Structures ....cswmsmsmssmmssssmomemmmsssessasesmemsnssss 19-5
19.7.3 Retaining Walls ..o 19-6
19.7.4 Embedded Track SIabs ... 19-7
19,8 MAINTENANCE FACILITY ....eeoonnessasossassnnssniosisssss s i em s s iy s 19-7
19.8.1 B 1 =TSSR 19-7
19.8.2 TTACHONT POWET........sevneenessionsssssumiisss s st sossaias s assmssses amsevsasssissssvinsms 19-7
‘ 19.8.3  BUME SHUCUIES ..oorseeoeeeeeeese oo oo eeeee s 19-7
19.8.4 Overtiead Catenary System (OCS).....cuunumonaviasmsmsmsssmsmssns 19-7
19.9 CORROSION CONTROL FOR BURIED STRUCTURES............ccoviiiiiiiieee 19-8
19.9.1 GENETAl oo e 19-8
19.9.1.1  Pressure PipiNg.......cccoceviereeiieiienieceeceeeceee e 19-8
19.9.1.2 Cast Iron, Ductile Iron and Steel Pressure Pipe................. 19-8
19.9.1.3 Copper Pipe (Pressure).........ccocoeeeeeeieveeeeeeceeeeeee e 19-9
19.9.1.4 Reinforced/Prestressed Concrete Pipe (Pressure)............ 19-9
19.9.1.5 Gravity Flow Piping (Non-Pressurized)............ccccccevueeen. 19-10
19.9.1.6  Corrugated Steel Pipe (Non-Pressure)...........c.ccccceueenen 19-10
19.9.1.7 Cast Iron And Ductile Iron Pipes (Non-Pressure)............ 19-10
19.9.1.8 Reinforced Concrete Pipe (Non-Pressure)...................... 19-10
19.9.1.9  Electrical Conduits .........cccoveeeeiiieeiieiieeeeceeeee e 19-10
19.9.1.10  PUIES ..o s 19-11
19.9.2 Facilities Owned by Others..........ccceoiviceeeciieeeeee e 19-11
19.9.2.1 Replacement/Relocation of Facilities...............cccceceeueeenne 19-11
19.9.3 Corrosion Control Components and Subsystems...........ccccccceceeeneen. 19-11
19.9.3.1  Electrical Continuity for Piping .......cccccevveiiiieiniiinienieee 19-11
19.9.3.2  Electrical, Insulating Joints for Piping.........ccccocoeirieennns 19-12
19.9.3.3  Sacrificial ANOAES .......c..coeeiueeiieeieceeeeeee e 19-12
19.9.3.4 Pipeline CoatingS........ccveveeieeeieeieecice e 19-12
19.10 ATMOSPHERIC CORROSION CONTROL.....ccoieirieseieieriieeeeeeeee e 19-13
19.10.1 (7= 3T = | [ P 19-13
Traction Power Substations..............cocveviieiiieenee e, 19-13

‘ 19.10:2

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

Xiv




Design Criteria Manual
Table of Contents
|
‘ ﬁ
1

METRO
| 19.10.3  Electrical Equipment & Enclosures
| ‘ Installed Within Substation Enclosure ... 19-13
19.10.4  Overhead Contact System Support Structures...........c.ccceeeviiiinens 19-13
19.10.4.1 POIBS ... 19-13
19.10.4.2 Overhead System.........cooceeiieeiieeiiiee e 19-13

APPENDIX A REVIEW COMMENTS

APPENDIX B REQUEST FOR REVISION/DEVIATION TO THE DESIGN
CRITERIA MANUAL

METRO LIGHT RAIL TRANSIT PROIJECTS

January 2007 XV




e

METRO

Table 2-1
Table 2-2
Table 2-3

Table 4-1
Table 4-2

Table 8-1
Table 8-2
Table 8-3

Table 15-1
Table 15-2
Table 15-3
Table 15-4
Table 15-5
Table 15-6
Table 15-7

Design Criteria Manual
Table of Contents

List of Tables

Light Rail Vehicle Dimensions and Coordinate Point Locations ...................... 2-27
Car Body Movements Included in the Vehicle Dynamic Envelope .................. 2-28
Curve Offsets for Vehicle Dynamic Envelope............ccooeiiiiiiiiiiiiiiiinnn, 2-29
Tumout Operating Speeds... s st mnsrbm s ety 4-13
Application of Turnouts

Turnout — Ballast/direct fixation.............ccooieiiiiiii 4-13
Vehicle Weights for Design PUrpOSES...........cccuvviieeiiiiiiiiniiiiiieieeecceeiieeeee 8-5
Reliability ReEqQUIrEMENTS ......ccooimiiiiiiiiiiee e 8-11
Weighted Average of MTTR ValUES.........c..ooovviiiiiiiiiiiiie i 8-11
Equipment DemMANGS .......ccoonsmemremmmmcosmnmonsansannn sassussnsss ssssossasmsssnssnyesssnsmmssnmsassus 15-8
Control Room, Recommended Percent Reflective Values ........................... 15-20
General Areas, Design Percent Reflective Values ..., 15-20
Normal Lighting Levels, Target llluminance Values...............c.cccccccoeiiiis 15-22
Normal Lighting Levels, Target Brightness Ratios..............ccccccccciii 15-23
Emergency Lighting Levels, Target llluminance Values................................. 15-24
S oaciny CHlBNa s mumter o g ey ———— 15-27

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS

Xvi




e

Design Criteria Manual

Table of Contents

METRO
List of Figures
Figure 2-1 Horizontal Curve and Spiral Nomenclature ...............oooeieeeeiiieeimemniiiinnnineeee. 2-17
Figure 2-2 Super Elevation Transitions for Reverse Curves.............cccoceviiiiiiiinnnnnn. 2-18
Figure 2-3 Standard Vertical CUINVES ..........vuuiiiee ettt et eees 2-19
Figure 2-4 Vehicle Dynamic ENVEIOPE ...usiasmmmssasmmssvssems somssssasampssssmmmmssvsrevermsvsenonsas 2-20
Figure 2-5 Double-Articulated Light Rail Vehicle Plan Geometry on Curves .................... 2-21
Figure 2-6 Additional Width for Chorded Construction 25’ Chord Length ......................... 2-22
Figure 2-7 Additional Width for Chorded Constructions 50’ Chord Length........................ 2-23
Figure 2-8 Light Rail Clearance Diagram .............cooooiiiiieniiienii i 2-24
Figure 2-9 Typical 10 Foot Retained Cut ...........ccevirminviiiiriinn e 2-25
Figure 2-10  Typical 10 Foot Retained Fill ... 2-26
Figure 3-1 Survey MofUMENEATION s s s smn ensssaass sins s A TS 3-25
Figure 3-2 Civil MorUmMBMALION. ... s mmummsmmmsmsemosasmomves 3-26
Figure 3-3 LRT Instreet Tracks — No Utility Zone for Underground Utilities ...................... 3-27
Figure 3-4 Typical Utility Locations Open Ballasted Track Section.............ccccooooiiiiinns 3-28
Figure 3-5 ULIIItY ZORE .....sissimnissemsssusmssssmmsimsmmsmmsmms sy pissssnssswscssssssasamanossnsessan snins 3-29
Figure 3-6 (070] 20 1] 114774 o] L= SO OP PP 3-30
Figure 3-7 COP Water Service Crossing METRO i.ucssssss ssssussanssssessmmnmmscavorsasmmmensaonssass 3-31
Figure 3-8 COP Sanitary Sewer Service Crossing METRO ..o 3-32
Figure 3-9 COP METRO Crossing Casing Detail....ccssicsmmsmmmmsmssmsprsmassessosesmmimmsneasens 3-33
Figure 3-10  SRP Criteria for Utility Crossing or Parallel to SRP Irrigation | o[- JC——— 3-34
Figure 3-11  SRP Rail Crossing Standard Detail................ccooiiiiin 3-35
Figure 3-12  Typical Four Lane Roadway with Center Platform ... 3-36
Figure 3-13  Typical Two Lane RO@dWay ............coccoiiiiiiiiiiiii 3-37
Figure 3-14  Typical Four Lane ROAdAWaY .............cccooiiiiiiiiiiniii 3-38
Figure 3-15  Typical Two Lane Roadway Single Track ... 3-39
Figure 3-16  Typical In-Street Ballast Track .............ccoiiiiiiiiiis 3-40
Figure 3-17  Typical Embedded Track .............cooiiiiiiiiiiii 3-41
Figure 4-1 Tangent Direct Fixation Track............coooiiiiiiiiiii 4-17
Figure 4-2 Curved Superelevation Direct Fixation Track...........ccoooiiini 4-18
Figure 4-3 Curved Superelevation Direct Fixation Track w/ Restraining Rail.................... 4-19
Figure 4-4 Direct Fixation Rail Fastener Clearance Envelope..........ccccccccccii 4-20
Figure 4-5 Point of Switch to Point of SWILEH........... cesssmsnsmmsiammmsmmos oo sess 4-21
Figure 4-6 Heel of Frog to Point of Switch (Similar Hand Turnouts) ... 4-22
Figure 4-7 Point of Switch to Point of Switch (Opposite Hand Turnouts)...............ccc....... 4-23
Figure 4-8 Heel of Frog to Point of Switch (Opposite Hand Turnouts)..............c.ccceeee 4-24
Figure 5-1 Light Rail Vehicle Loading ........c..cccocevineninmmmnmenniminimsssaasssisenm.. 5-12
METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 XVii




METRO

DESIGN CRITERIA MANUAL

Metro Light Rail Transit Projects

=251 “I I 1Iae ==
¢ Fox ) K

Acronyms and Abbreviations



e

METRO

Design Criteria Manual
Acronyms and Abbreviations

ACRONYMS AND ABBREVIATIONS

A/E
AT
AASHTO
AC
ACI
ADA
ADAAG
ADT
ADOT
AHCW
AHJ
AlA
AISC
AlSI
ANSI
APS
APTA
AREA
AREMA
ASCE
ASME
ASTM
AT&T

Ampere or Algebraic difference in grades on a vertical curve
Architect Engineer

Auto Tension

American Association of State Highway and Transportation Officials
Asphalt Concrete, Alternating Current

American Concrete Institute

Americans with Disability Act

Americans with Disability Act Accessibility Guidelines
Average Daily Traffic

Arizona Department of Transportation

Automatic Highway Crossing Warning

Authority Having Jurisdiction

American Institute of Architects

American Institute of Steel Construction

American Iron and Steel Institute

American National Standards Institute

Arizona Public Service

American Public Transportation Association

American Railway Engineering Association

American Railway Engineering and Maintenance-of-Way Association
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society of Testing and Materials

American Telephone and Telegraph Company

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




Design Criteria Manual
Acronyms and Abbreviations

METRO

ATC
ATC&C
ATM
ATMS
AWO
AW1
AW2
AW3
AW4
AWG
AWS
AWWA
°C
CADD
CBD
CBM
CCF
CCTV
CCTX
CE
CFR
CLOMR
CMT

CP/EV LRT
CPTED

Automatic Train Control
Automatic Train Control and Communication
Automatic Teller Machine
Advanced Transportation Management Systems
Assigned Weight Empty (Empty Weight)
Assigned Weight Seated load including operator (Seated Weight)
Assigned Weight 4 person per square meter
Assigned Weight 6 person per square meter
Assigned Weight 8 person per square meter
American Wire Gauge
American Welding Society
American Water Works Association
Degrees Celsius (Centigrade)

Computer Aided Design and Drafting
Central Business District
Certified Ballast Manufacturers
Coordination and Control Facility
Closed Circuit Television
Closed Circuit Television Transmission
Clearance Envelope or Civil Engineer
Code of Federal Regulations
Conditional Letter of Map Revision

Construction Maintenance Tolerance

Central Phoenix/East Valley Light Rail Transit

Crime Prevention through Environmental Design

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




CREST

Cs
CTS
Ccw
CWH
CWR

DC
DF
DL

Ea
ECU

Eu
EIA
EIS
EMC
EMI
EMP
EPR
Eq
ETELS
°F
F-C

Design Criteria Manual
Acronyms and Abbreviations

Highest point on a vertical curve with a positive grade into and negative

grade out of a curve

Station Capacity

Cable Transmission System
Chorded Wall, Contact Wire
Contact Wire Height

Continuous Welded Rail
Minimum Allowable Track Centers
Direct Current

Direct Fixation

Dead Load

Superelevation

Actual Superelevation
Electronic Control Unit
Equilibrium Superelevation
Unbalanced Superelevation
Electronic Industries Association
Environmental Impact Statement
Electro Magnetic Compatibility
Electro Magnetic Interference
Energy Management Panel
Ethylene Propylene Rubber
Total Superelevation
Emergency Telephones
Degrees Fahrenheit

Foot-Candle

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




w Design Criteria Manual
/"’— Acronyms and Abbreviations

METRO

. FCC Federal Communications Commission

FD&SM Fire Detection and Suppression Monitoring

FM Factory Mutual

FRA Federal Railroad Administration

FTA Federal Transit Administration

ft Feet

g Gravity

G1 Grade approaching a vertical curve

G2 Grade departing a vertical curve

GPS Global Positioning System

HP Horse Power

HR Heavy Repairs

HVAC Heating, Ventilation, and Air Conditioning
. Hz Hertz

ICBO International Conference of Building Officials

ICEA Insulated Cable Engineers Associations

ID Derailment Impact

IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronics Engineers

IES lllumination Engineering Society

in Inch

I/0 Input/Output

I0S Initial Operating Segment

ITE Institute of Transportation Engineers

kemil Thousand Circular Mils

kV Kilovolts

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 4




e

METRO

kVA
Lcomfort
Lcrush
LED
LOMR
LOS
LPSCAT
LPSCFT
Ls

LRT
LRV

Lvc
MAG
MAS
MOE
MIL

min
MOE
MOS
MOW
MSE
MSF
MTBF
MTP
MUTCD

mv

Design Criteria Manual
Acronyms and Abbreviations

Kilovolt-Amperes

Passenger Comfort Load

Passenger Crush Load

Light Emitting Diode

Letter of Map Revision

Level of Service

Low Profile Simple Catenary Auto Tension
Low Profile Simple Catenary Fixed Termination
Length of Spiral

Light Rail Transit

Light Rail Vehicle

Length of vertical curve

Maricopa Association of Governments
Maximum Authorized Speed
Maintenance of Equipment Shop

Military

Minimum

Maintenance of Equipment

Minimum Operable Segment
Maintenance of Way

Mechanically Stabilized Earth
Maintenance and Storage Facility

Mean Time Between Failures

Magnetic Ticket Processor

Manual of Uniform Traffic Control Devices

Millivolt

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




METRO

MVA
NACE
NAD
NEC
NEMA
NESC
NFPA
NGS
NGVD
NOAA
OCC
OCS
OMSF
OSHA
OT™
OWF

P##
PA
PC
PE
PITO
PM
POP
ppm

psf

Design Criteria Manual
Acronyms and Abbreviations

Mega Volt Amperes

National Association of Corrosion Engineers
North American Datum

National Electrical Code

National Electrical Manufacturers Association
National Electrical Safety Code

National Fire Protection Association

National Geodetic Survey

National Geodetic Vertical Datum

National Oceanic and Atmospheric Administration
Operations Control Center

Overhead Contact System

Operations, Maintenance, and Shop Facilities
Occupational Safety and Health Administration
Other Track Material

Other Wayside Factors

Passenger Demand

## Minute Passenger Demand

Public Address

Point of Curvature

Preliminary Engineering

Point of Intersections of Turnout

Project Manager or Preventive Maintenance
Proof of Payment

Parts per Million

Pounds per Square Foot

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




 a

METRO

Design Criteria Manual
Acronyms and Abbreviations

psi

PT

Pt
PTELS
PVC
PVI
Pweekday
R

Rc
RPTA
Rv

Sag

SAV
SCADA
SCAT
Sps
SRP
SWAT
SWFT
SYF
Ta
TCP/IP
TCRP
TES

Pounds per Square Inch

Point of Tangen cy

Peak Train Passenger Demand
Patron Assistance Telephones
Poly Vinyl Chloride

Point of Vertical Intersection
Weekday Passenger Demand
Radius

Running Clearance

Regional Public Transportation Authority
Minimum radius of curvature
Right-of-Way

Lowest point on vertical curve with a negative grade into and positive
grade out of the curve

Stand Alone Validators

Supervisory Control and Data Acquisition
Simple Catenary Auto Tension

Passenger Space

Salt River Project

Single Wire Auto Tension

Single Wire Fixed Tension

Shop Yard Facilities

Dynamic half width of vehicle away from curve centerline
Transmission Control Protocol/Internet Protocol
Transportation Cooperative Research Program

Traction Electrification System

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




Design Criteria Manual
Acronyms and Abbreviations

METRO

T/IMWF Track/Maintenance of Way Facility

TOM Ticket Office Machine

TPSS Traction Power Substations

Tt Dynamic half width of vehicle toward curve centerline
TVM Ticket Vending Machine

TWC Train to Wayside Control

uBC Uniform Building Code

UL Underwriters Laboratories

UPRR Union Pacific Railroad

UPS Uninterruptible Power Supply

USDOT United States Department of Transportation
\% Velocity

VDC Volts Direct Current

VDE Vehicle Dynamic Envelope

VMB Variable Message Board

Vo Operating Speed

January 2007

METRO LIGHT RAIL TRANSIT PROJECTS




DESIGN CRITERIA MANUAL

Metro Light Rail Transit Projects

Chapter 1.0
General



Design Criteria Manual
Chapter 1 — General
==

METRO

1.0 GENERAL

1.1 METRO LRT Project
The purpose of the METRO LRT project is to:

e Improve the amount and reliability of transit service to the system;

e Improve regional transit connectivity in the system;

e Connect the system’s major activity centers via a high capacity transit system;
e Reduce vehicle miles of travel in the system;

e Enhance the region’s economic potential through increased mobility;

e Help attain a quality of life consistent with local, state, and federal initiatives by enhancing
transit through supportive land use, planning and design strategies; and

e Provide expanded transportation choices.

1.2 Purpose and Scope

The purpose of this chapter is to establish the standards and design criteria for design of current

and future METRO LRT Projects. Its purpose is to provide sufficient information to allow the
’ development of designs, estimates of capital, operating, and maintenance costs, and

determination of the potential impacts of operations and construction on adjacent properties.

These criteria and express requirements are intended to serve as guidelines, and do not
substitute for engineering judgment and sound engineering practice. Specific exceptions may
apply in special cases. Project designers are responsible for identifying any necessary
departure from the criteria contained in this document and bringing it to the attention of the
METRO Project Manager. Applications for such modifications should be submitted in writing to
the METRO Project Manager. Any changes or additions to the criteria must be submitted for
approval to METRO prior to use in the design. The process to follow for revising or deviating
from the Manual is outlined in the document entitled “REQUEST FOR REVISION/DEVIATION
TO THE DESIGN CRITERIA MANUAL” located in APPENDIX B.

1.3 Definitions

ASSEMBLY is a combination of subassemblies, components, or both fitted together to form an
integrated functional unit.

AUXILIARY TRACK is a track other than a Main Track.

BILL ESCROW is a secure, temporary storage area in a Ticket Vending Machine (TVM) for
paper currency that has been validated and accepted until a transaction is completed or
cancelled.

BILL VALIDATOR is a component that authenticates the validity of bills inserted for payment of

‘ fare purchases.
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BILL VAULT is a locked box within a TVM in which paper currency is stacked and held upon
completion of a transaction.

BLOCK is a length of track with defined limits on which movements are governed by cab
signals.

BURLINGTON NORTHERN-SANTA FE (BNSF) is a Class 1 operator of freight railroad trains
and facilities under the jurisdiction of the Federal Railroad Administration.

CAR is an individual passenger-carrying unit which cannot operate individually, but must be
connected and share equipment with other cars to form a vehicle.

CASH-ONLY MODE is a mode of TVM operation in which fare purchases can only be
completed using valid paper currency or coins. CERTIFICATION is the action of determining,
verifying, and attesting in writing to the qualifications of personnel and materials.

CHECKS are tests, measurements, verifications, or controls placed on an activity by means of
investigations and examinations to determine satisfactory conditions, accuracy, safety, or
performance.

COIN ACCEPTOR is a component that authenticates the validity of coins inserted for payment
of fare purchases.

COIN CASSETTE is a recirculating coin storage unit within a TVM that receives coins from the
‘ coin acceptor and dispenses coins as change.

COIN VAULT is a locked box within a TVM in which coins that exceed the capacity of the coin
cassettes are held upon completion of a transaction.

COMPONENT is a piece or part of an assembly or equipment (such as a mechanical or
electrical part, valve, or support structure) that is combined with other components to form a
system, subsystem, assembly, sub assembly, or part.

CONSIST is the number of cars in a train.

CONTROLLED POINT (CP) is a place designated in the Timetable where signals are remotely
controlled by the Operations Control Center.

CREDIT CARDS/DEBIT CARDS are magnetically encoded instruments issued by financial
institutions to purchase items.

CROSSOVER is a pair of turnouts with the track connecting their frogs arranged to form a
passage between two nearby and generally parallel tracks.

CURRENT OF TRAFFIC is the assigned direction of a main track, as specified in the Timetable.
DEFECT is the non fulfillment of an intended usage requirement or reasonable expectation.

DERAIL is a track safety device to guide rolling stock and other on-track equipment off the rails
. at a selected spot as a means of protection against collisions or other accidents.
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DIAMOND CROSSOVER: see DOUBLE CROSSOVER.

DIRECTION is the assigned orientation of a train movement on an LRT line. As a matter of
convention, all movements shall be assigned as either north south or east west, regardless of
the actual geographic orientation of the movement.

DOUBLE CROSSOVER is a pair of crossovers physically integrated to form a universal
crossover,; also referred to as a DIAMOND CROSSOVER.

EMPLOYEE STATION is a place where only employees and other authorized personnel may
board and alight LRVs. EVENT is any action that results in a data record, or any
hardware/software condition indication (e.g.: part failure indication, completion of an internal
activity).

EXACT-CHANGE MODE is a mode of TVM operation in which the machine cannot dispense
change to complete ticketing transactions (passenger must insert exact combinations of
currency to complete fare purchases).

FAILURE is the malfunction of a component, assembly, or system resulting from a cause other
than misuse, mishandling, or vandalism, requiring replacement to restore the intended function.

FARE is the requirement payment by a passenger for transportation on a transit network.

FARE COLLECTION AREA is a discrete cluster of fare collection equipment (e.g.: TVMs, SAVs)
. on or adjacent to a station platform. A single station may have multiple fare collection areas.

FARE COLLECTION SYSTEM is the procedures and devices used to collect fares and to
accumulate and account for fares paid.

FARE-PAID AREA is a designated area within a station environment in which all passengers
must be able to furnish proof of fare payment upon request.

FARE STRUCTURE is the system that determines how much fare is paid by passengers using
the transit network under specified conditions.

FAULT CONDITION is the malfunction of a component, assembly, or system that is not a failure
other than vandalism.

FEDERAL RAILROAD ADMINISTRATION (FRA) is a government authority under the U. S.
Department of Transportation.

FIXED SIGNAL is a signal at a fixed location affecting the movement of trains (including LRT
signal aspects under the control of a highway traffic signal appliance).

FLAG STOP STATION is an employee station where LRVs stop only upon signal or advance
request.

FREQUENCY (f) is the number of train departures or arrivals per unit time (usually expressed in
terms of the number of trains per hour).
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FROG is a device used where two running rails intersect, providing flangeways to permit wheels
and wheel flanges on either rail to cross the other.

GRADE CROSSING is a crossing or intersection of a railroad and a highway at the same level
or grade.

HEADWAY is the time separation between successive train movements in the same direction
(usually expressed in terms of minutes or seconds).

HIGH VOLUME STATION is a passenger station where weekday passenger demand
represents ten percent or more of the system’s weekday passenger demand.

IN-SERVICE MODE is a mode of TVM operation in which the machine is operational and
available for ticket purchases.

INTERLOCKING APPLIANCES include switches, derails, locks, control mechanisms, moveable
point frogs, or movable bridges.

INTERLOCKING is an arrangement of signals and interlocking appliances interconnected so
that their movements must succeed each other in a prearranged sequence and through which
movements are governed by interlocking signals in conjunction with cab signals.

INTERLOCKING LIMITS are the tracks between opposing home signals for an interlocking.
‘ INTERLOCKING SIGNALS are the fixed signals of an interlocking.

INTERSECTION SIGNALS is a fixed signal, usually associated with grade crossings in semi-
exclusive right-of-way and non-exclusive right-of-way operating environments, which govern
LRT movements under the control of a highway traffic signal appliance.

LIGHT RAIL TRANSIT (LRT) is a light capacity transit mode utilizing predominately semi-
exclusive right-of-way and electrically propelled rail vehicles capable of multiple unit operation.

LIGHT RAIL VEHICLE (LRV) is a self-propelled unit operated in revenue passenger service on
the LRT system.

LINE CAPACITY is the maximum number of passenger spaces, which transit vehicles on a line
can transport past a fixed point in one direction line per unit of time. Line Capacity typically
equals either the minimum Way Capacity or the minimum Station Capacity of an LRT facility;
which ever is the lesser.

LINE is the right-of-way and facilities over which LRT routes operate.
LOAD FACTOR is the ratio of passengers carried to offered passenger spaces.

MAINTAINABILITY is the ability to retain or restore an item to a specified functional state within
a given time period when maintenance is performed in conformance with prescribed procedures
and resources.
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MAIN TRACK is a track designated by Timetable upon which train movements are authorized
by timetable, cab, or interlocking signals.

MAXIMUM AUTHORIZED SPEED is the highest speed at which LRVs are permitted to operate,
subject to safety, civil, operating environment, and other operational considerations that may
warrant a further reduction in speed (e.g.: grade crossings, curves, signal, and interlockings).

METRO is defined as Valley Metro Rail, Inc.

NONCONFORMANCE is any part, procedure, specification, or drawing that does not conform to
contractual or specified requirements.

NORMAL SPEED is the maximum authorized speed.

OPERATING ENVIRONMENT refers to the right-of-way category applied to a particular main
track.

OPERATING SPEED is the speed of travel on the line which passengers experience.

OPERATIONS CONTROL CENTER (OCC) is a place controlling all train movements and
operational functions on the LRT system and the primary personnel reporting and administrative
center for the LRT system.

OUT-OF-SERVICE MODE is a mode of TVM operation in which the machine is not operational
and available for ticket purchases due to error or failure rendering the machine inoperable.

PASSENGER DEMAND is the number of passenger trips forecasted to use the LRT service or
the transit network per unit time based on patronage forecasts.

PASSENGER is a member of the public patronizing transit service.

PASSENGER LOADING STANDARD, COMFORT LOAD is the number of passenger spaces
within an LRV represented by the sum of the seats plus the effective standee passenger spaces
remaining, calculated at three (3) passengers per square meter [0.28 passengers per square
foot]. This is the basic loading standard for LRT operations acceptable under most
circumstances (approximately 156 passengers per LRV, depending on the design of the car).

PASSENGER LOADING STANDARD, CRUSH LOAD is the number of passenger spaces
within an LRV represented by the sum of the seats plus the effective standee passenger spaces
remaining, calculated at six (6) passengers per square meter [0.56 passengers per square foot].
This is a loading standard unacceptable for LRT operations under normal circumstances
(approximately 238 passengers per LRV, depending on the design of the car).

PASSENGER LOADING STANDARD, DESIGN LOAD is the number of passenger spaces
within an LRV represented by the sum of the seats plus the effective standee passenger spaces
remaining, calculated at four (4) passengers per square meter [0.37 passengers per square
foot]. This is a loading standard for LRT operations acceptable for limited durations following
special events for periods not anticipated to exceed ten minutes (approximately 186 passengers
per LRV, depending on the design of the car).
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PASSENGER PLATFORM is the actual area within a passenger station used for boarding and
alighting passengers.

PASSENGER SPACE is the area occupied by a passenger.

PASSENGER STATION is a place where passengers may board and alight LRVs. The term is
inclusive of the passenger platforms, walkways, and surrounding environment.

PLATFORM, CENTER, is a platform located between two operating tracks where both edges
are used for passenger boarding and alighting.

PLATFORM, SIDE, is a platform where only one edge is used for passenger boarding and
alighting.

POCKET TRACK is a track adjacent to a main track used for meeting or passing of trains.

PROOF-OF-PAYMENT (POP) is a barrier-free method of fare collection relying upon
passengers furnishing a proof of fare payment (e.g., validated ticket, prepaid pass, valid
transfer) upon request while on-board transit vehicles or within designated fare-paid zones of
stations. Compliance is monitored through random checking by designated transit employees or
police.

PULL-THROUGH TERMINAL is a terminal so configured that trains reversing direction must do |
‘ so by changing control cabs at a tail track situated beyond the passenger platform. |

RAIL is a rolled steel shape designed to be laid end-to-end in parallel lines as part of a track.
RAILROAD is a travel way made of track.
RELIABLITY is the ability of an item to perform a required function under stated conditions.

RIGHT-OF-WAY, EXCLUSIVE is an operating environment in which transit vehicle operations
are conducted independent of adjacent vehicular traffic movements except at controlled grade
crossings where priority is generally yielded to transit vehicle movements. Exclusive rights-of-
way may be at grade, elevated, or below grade. Access into the operating environment by other
vehicles or people is prohibited except at defined, controlled grade crossings. Maximum
authorized speeds are limited by LRV performance capabilities and site-specific civil or
operating conditions that may warrant a further reduction in speed (e.g.: grade crossings,
curves, signal, and interlockings).

RIGHT-OF-WAY, SEMI-EXCLUSIVE is an at-grade operating environment in which transit
vehicle operations are influenced by adjacent vehicular and pedestrian traffic. Semi-exclusive
rights-of-way are typically separated from other traffic by physical barriers such as non-
mountable curbing or fencing. Access into the operating environment by other vehicles or
people is prohibited except at defined, controlled grade crossings. Although maximum
authorized speeds for semi-exclusive right-of-way are technically the same as exclusive right-of-
way, the applied influences of adjacent vehicular and pedestrian traffic generally result in a
significant reduction in overall speeds.
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RIGHT-OF-WAY, SHARED EXCLUSIVE is an operating environment in which transit vehicle
operations are conducted on shared trackage owned by the UPRR and on which freight rail
operations will also occur.

RIGHT-OF-WAY, NON-EXCLUSIVE is an at-grade operating environment in which transit
vehicle operations are fully integrated with adjacent vehicular and/or pedestrian traffic. Transit
vehicles may be afforded preferential surface treatments (such as reserved travel lanes
separated by lines, mountable curbs, or special signals) or occupy travel lanes mixed with other
traffic. The maximum authorized speed for transit vehicle movements in a non-exclusive right-
of-way operating environment shall not exceed the speed limit of the street that the alignment
occupies, subject to civil limitations.

RIGHT-OF-WAY (R/W) is the strip of land on which the transit vehicles operate.

ROUTE is a consistent path and set of endpoints traversed by a transit vehicle in revenue
service as described for the convenience of the traveling public.

SCHEDULE is that part of the Timetable which prescribes direction, number, frequency and
times for movement of all scheduled trains.

SCHEDULED TRAIN is a train designated by the Timetable schedule.
SHOP is a facility for maintenance and repair activities.

SIGNAL ASPECT is the appearance of a fixed signal conveying an indication as viewed from
the direction of an approaching train conveying an indication as viewed by the train operator in
the control compartment.

SIGNAL INDICATION is the information conveyed by the aspect of a signal.

STAND-ALONE VALIDATOR (SAV) is a tamper-proof assembly to time-stamp pre-purchased
tickets at the time of use.

STATION is a place designated by the Timetable by name.

STATION CAPACITY is the maximum number of passenger spaces, which transit vehicles can
transport to or from a particular passenger station in one direction line per unit of time.

STREET CONDITION BANK NOTES are paper currency found in everyday use, excluding
approximately five (5) percent of which are not torn, creased, crumpled, folded, or worn.

STRINGLINE (a.k.a.: time-distance diagram) refers to a graphical representation of train
movements and operating schedules with time plotted along the horizontal axis and distance
plotted along the vertical axis.

STUB TERMINAL is a terminal so configured that trains reversing direction must do so by
changing control cabs at the passenger platform.

SWITCH is a pair of moveable rails with their fastenings and operating rods, providing a
connection over which to divert the movement of rolling stock and other on-track equipment.
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TAIL TRACK is an auxiliary track usually associated with a pull-through terminal primarily
provided to allow trains to change direction without occupying tracks in active revenue service.

TERMINAL is a passenger station located at the end of a route.

TICKET is a printed fare instrument that is used to verify payment of transportation aboard
transit vehicles.

TICKET OFFICE MACHINE (TOM) is a secure, employee-operated, computer controlled
assembly that prints and issues tickets, and accounts for ticket sales that supplements station-
based TVM sales at remote sales offices and under special circumstances.

TICKET VENDING MACHINE (TVM) is a secure, passenger-operated, station-based, and
computer controlled assembly that prints and issues tickets, accounts for ticket sales, and
temporarily stores monies inserted by passengers.

TIE is a transverse support to which rails are fastened to keep them in line, gauge, and grade,
usually fabricated out of wood or concrete.

TIMETABLE is a printed, controlled document, which defines the Operating Schedule and
Special Instructions that govern the movement of trains.

TRACK is the rail, ties, rail fastenings, hardware and roadbed between points four feet outside
of a parallel pair of rails so configured as to support and allow the movement of rolling stock and
other on-track equipment.

TRAIN is a set of one or more System vehicles coupled together and operated as a single unit.
For this project, all trains shall be 1) configured with the same types of vehicles, and 2) be of
equal length.

TRAIN OPERATOR is the individual directly in control of a train.

TRANSFER CENTER is a passenger station at which the means of access for the majority of
boarding passengers is another transit vehicle.

TRANSIT NETWORK is the collective services provided by the LRT and interrelated modes of
transportation.

TRANSIT SERVICES are those aspects of the transit network seen and experienced by actual
and potential passengers.

TURNOUT is a particular grouping of two tracks joined together with a frog and switch so
arranged to allow for the transfer of rolling stock and on-track equipment to cross from one track
to another.

UNION PACIFIC RAILROAD (UPRR) is a Class 1 operator of freight railroad trains and facilities
under the jurisdiction of the Federal Railroad Administration.
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VEHICLE is the smallest passenger carrying unit that can operate individually, which may be a
single unit or a permanently coupled set of dependent cars. A vehicle can also be coupled with
one or more other vehicles to form a train.

VERIFICATION is the act of reviewing, inspecting, testing, checking, auditing, or otherwise
establishing and documenting whether items, processes, services, or documents conform to

specified requirements.

WAY CAPACITY is the maximum number of passenger spaces which transit vehicles on a line
can transport past a particular point in one direction line per unit of time without stopping.

YARD is a system of tracks used for making up trains and the storage of LRVs and other rolling
stock.

1.4 Climate Conditions

The Phoenix metropolitan area is located in the Sonoran Desert. Climate conditions can be
varied, however summer temperatures are hot with an average high temperature of 105°
Fahrenheit (F) and a record high of 122° F recorded in 1990. The metropolitan area has mild
winters with the average low of 41° F and a record low of 17° F recorded in 1950.

Like typical deserts, the Phoenix metropolitan area is arid with the exception of the monsoon
(change of air flow from the south) during late June to mid September. The monsoon flow raises
dew points above 55° F. The average annual rainfall is 7.66 inches with most of it coming during
the Monsoon months. Summer storms have the propensity for development of Towering
Cumulus clouds with considerable thunder and lighting. In a few cases, large storms will
develop microbursts with strong downward and outward winds (50 miles per hour plus) and
heavy down pours.

1.5 System Technology Description

The rail transit technology planned for the METRO LRT project is characterized as a LRT
system. The system will use articulated 70 percent low-floor vehicles, powered by an overhead
contact system, and running on a fixed guideway with steel wheels on steel rails. Trains will
accommodate up to three-car trains. Trains will run on exclusive and semi-exclusive
right-of-ways.

1.6 Systemwide Goals

The purpose of the METRO LRT Project is to provide the citizens of the region with the benefits
of improved public transportation in a cost-effective, environmentally sensitive, and socially
responsible manner. To this end, the following systemwide policies concerning proven
hardware, design life, and service integration shall be adhered to.
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1.6.1 Proven Hardware

The design of the METRO LRT Project shall incorporate proven subsystems hardware and
design concepts. All of the major subsystems, including vehicles, track, signaling,
communications, fare collection and traction power equipment, shall be procured from
established manufacturers, have a documented operating history of previous and current usage,
and be available off the shelf, to the greatest extent possible. The same requirements shall
apply to spare parts. Waiver of these requirements will be considered only where the alternative
subsystem offers substantial technical and cost advantages, is in an advanced state of
development, and has accumulated substantial test data under near-revenue conditions and as
approved by METRO.

1.6.2 Design Life

The transit system's fixed facilities (structures, buildings, track system, traction power, and
overhead catenary system) shall be designed for continued operation over a minimum period of
50 years before complete refurbishment and renovations are necessary due to wear and tear
and obsolescence. The 50-year service life shall be used unless stated otherwise for particular
pieces of equipment or systems in other chapters.

Major fixed system equipment (substation gear, shop machinery, etc.) and light rail vehicles
(LRVs) shall be designed for continued operation over a minimum period of 30 years before
complete replacement becomes necessary, provided that approved maintenance policies are

' followed.

1.6.3 Service Integration

The LRT system shall be designed as an integral part of the overall regional transportation
system. Specific provisions shall be made for the efficient transfer of passengers to and from
private and other public transportation modes.

Transfer facilities, including park-and-ride, are currently being studied throughout the valley to
provide an effective interface with the various transportation modes based on use and ridership.
These transfer facilities shall include LRT to bus, personal vehicle to bus, LRT to LRT and bus
to bus.

LRT station areas, on line and off line, shall be located and finalized during the Preliminary
Engineering Phase to assure the best and most convenient transfer for the traveling public. The
LRT development shall also provide a number of park-and-ride facilities along its corridor for
easy access.

1.6.4 Urban Design Guidelines

The Urban Design Guidelines define a set of shared values and design priorities for the entire
system that METRO, design review boards and system designers have agreed upon with the
Communities that the system serves. The Guidelines will assist METRO in establishing a level
of excellence in the design of all system elements and shall be used as a performance checklist
by the METRO in the design review process.
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1.7 Concurrent Non Project Activities (CNPA)

Concurrent Non Project Activities (CNPA) are activities that are implemented as part of the LRT
project that deviate from the standard, defined by this Design Criteria Manual (DCM).

CNPA activities are created due to an agency’s special requirements that are not related to
infrastructure needs of METRO. Consequently the resulting cost of CNPA'’s are eligible for cost
sharing by the member agencies.

An example of a typical CNPA is illustrated below:

1.71 Waterline Clearance

Section 3.2.2 of the DCM defines the standard clearance of water lines from the LRT guideway
to be 10 feet. However, the City of Phoenix (COP) requires that the separation distance
between a waterline and the LRT guideway to be 16 feet. This is typically called the “16 feet
rule” by COP.

Therefore an eligible CNPA for the COP would be the “16 feet rule” for waterline.

CNPA activities must be identified as early in the design process as possible. METRO requires

the designers to complete a CNPA review during the 30 percent design submittal. Identification

of a CNPA will be achieved by completing the deviation form (ENG-003 Rev 1) that is included
. in Appendix B of the DCM.

These Deviation forms must be included as part of the designers regularly scheduled design
submittal reports starting with the 30% submittal.
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2.0 TRACK ALIGNMENT AND STRUCTURE CLEARANCES

2.1 Purpose and Scope

The purpose of this Chapter is to establish the standards and design policies for the basic track
alignment (vertical and horizontal) and structure clearance criteria to be used in the design of

the METRO LRT project.

It includes criteria for the design of LRT system alignments and establishes the minimum
dimensions required to insure proper clearances between the track and wayside structures. For
specific Vehicle Clearance Envelope and charts, refer to Chapter 8 Vehicle — Paragraph 8.4
Vehicle Dynamic Swept Envelopes.

The LRT design must allow for the safe travel through restrictive alignments typical of urban
central business districts, including rights of way shared with automotive traffic. LRVs are also
typically designed to travel at relatively high operating speeds in suburban and rural settings.

In this chapter, terms like Desirable, Minimum, and Absolute Minimum are used to denote
METRO’s order of preference for track alignment selections.

e Desirable shall be considered METRO’s preferred design limits.

e Minimum shall be considered METRO’s design minimum when restrictions prohibit the use
of Desirable. METRO should be made aware of minimum design, but no approval is
required.

e Absolute Minimum shall only be used at the approval of METRO or its representative.

Criteria for the use of shared right-of-way with railroads shall conform to joint Federal Railroad
Administration/Federal Transit Administration (FRA/FTA) policy. As of March 2007, shared right-
of-way and/or tracks are not anticipated or required.

2.2 Track Alignment

The criteria set forth in this chapter for the LRT track alignments have been established to allow
the provision of safe, economical, efficient and comfortable transportation for passengers while
maintaining adequate factors of protection with respect to overall operation, maintenance, and
vehicle stability. They have been developed by utilizing accepted engineering practices, the
experiences of currently operating LRT systems and set parameters considering the light rail
transit vehicles.

It includes criteria for the design of horizontal track alignment, vertical track alignment,
alignment through areas of special trackwork, and horizontal and vertical clearance
requirements. Except for areas where the LRT operates within or adjacent to surface streets,
the track alignment shall be designed to accommodate the maximum design speed of 55 miles
per hour (mph). Physical constraints along various portions of the system, together with other
design limitations, may preclude achievement of this objective. Where the LRT operates within
or adjacent to surface streets, the maximum design speed for the track alignment shall be
limited to the legal speed of the parallel street traffic.
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Track Extensions to the system should have survey track stationing beginning with a station
equation and increase in the direction of the extension. Extension into Mesa should continue
with the initial segment stationing. Stationing protocol shall remain independent of any mile
posting system which may be instituted for operational purposes and which may actually run in
the opposite direction from the engineering stationing.

Extension survey stationing from the initial LRT segment shall commence at the connection
(end of track or point of switch, should a turnout be required) off the existing track.

When viewing any LRT alignment looking in the direction of increasing stationing, the track on
the viewer’s right shall be designated as the “Right Track” or Track “R” while the track to the left
shall be designated the “Left Track” or Track “L". Each route segment shall be stationed
independently based on the centerline of the Right Track. Stationing shall be continuous along
the length of the Right Track and this track shall be the basic control for locating all other system
facilities along the route. Independent stationing shall be required for the Left Track when tracks
are not parallel or concentric, where widened track centers are required around curves, where
parallel tracks have independent profiles, or where tracks are in separate track structures.
Where curvature results in different stationing lengths at the end of a curve, the Left Track
stationing shall be equated to the Right Track stationing at the spiral to tangent (ST) point of
whichever track has the spiral which extends the furthest ahead station. Geometrics shall be

developed for all tracks.

Where the LRT system includes at-grade portions where LRVs will operate in mixed traffic with
rubber-tired vehicles in surface streets, the applicable geometric design criteria for such streets

shall be met in the track alignment.

The chapter details minimum standards and design policies to govern the engineering,
materials, and construction standards for trackwork and its interfaces with other elements of the

METRO system.

All track material, special trackwork, and practices specified herein shall govern the design of
the LRT system and contain the interfacing of trackwork with other elements of the system,
including but not limited to, trackway, bridges, box structures, transition slabs, signal system,
drainage, etc. Except for the requirements established in these criteria and METRO'’s CADD
Standards, all construction plans and specifications shall generally follow the TCRP Report 57
Track Design Handbook for Light Rail Transit, the AREMA Manual for Railway Engineering and
Portfolio of Trackwork Plans; and the APTA Guidelines for Design of Rapid Transit Facilities,
and modified as necessary to reflect the physical requirements and the operating characteristics
of the METRO system.
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221 Horizontal Alignment

The alignment of mainline horizontal tracks shall be composed of a series of tangents joined
together by spiralized curves or circular curves, unless otherwise approved by METRO. Spiral
transitions in yards and service areas are desired, but not required when speeds are 10 miles
per hour or less. However, they are required for speeds greater than 10 miles per hour.

Actual superelevation shall be used to maximize running speeds where possible. The
nomenclature used to describe horizontal alignments shall be consistent with that illustrated in
Figure 2-1 at the end of this Chapter.

In exclusive right-of-way, the design speed shall be the maximum attainable. In semi-exclusive
and non-exclusive right-of-way, the track alignment shall be designed to accommodate the legal
posted design speed of the parallel street traffic. Maximum speed through shared intersections
shall not exceed requirements of Manual of Uniform Traffic Control Devices (MUTCD) for un-
gated crossings; currently 35 mph.

2.2.1.1 Mainline Track Tangent Alignment

The minimum length of tangent track between curved sections of track and track curves of
reverse direction shall be as follows:

Condition Tangent Length

Desirable 200 feet

Minimum 100 feet or 3 times the design speed in
mph, whichever is greater

* Absolute Minimum 50 feet

(* Not to be used without prior approval from METRO)

For curves oriented in the same direction, it is preferable to incorporate a single simple curve,
compound curve(s) or compound spiral rather than have a short tangent between curves. If a
tangent is required, the minimum tangent length requirement for the reverse curves will apply.

Station Stops

At pedestrian Station Stops, the horizontal and vertical track alignments shall be tangent
throughout the entire length of the station platform except where authorized by METRO for
certain locations where it's been evaluated that the design can comply with operating and safety
requirements. The tangent shall be extended beyond both ends of the Station platform as
follows:

Condition Tangent Length
Desirable 75 feet
Minimum 60 feet
*Absolute Minimum 45 feet

(* Not to be used without prior METRO approval)
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The placement of a portion of a curved track within the Station platform limits shall require prior
METRO approval.

The normal length of a Station platform is 280 feet (3 car trains).

The normal platform width for a single track or wayside station platform location shall be 14 feet
desirable, and 12 feet minimum. The normal width for a double track center station platform shall
be 18 feet desirable and 16 feet 4 inches minimum.

Special Trackwork

The minimum length of tangent track preceding a point of switch and beyond the frog shall be
as follows:

Embedded Mainline Track:

Condition Tangent Length

Desirable 45 feet

Minimum 25 feet

*Absolute Minimum 10 feet beyond bathtub limits

Direct Fixation or Ballasted Mainline Track:

Condition Tangent Length

Desirable 45 feet

Minimum 25 feet

*Absolute Minimum beyond the last long concrete tie limit

Ballasted Yard Track:

Condition Tangent Length

Desirable 45 feet (stock rail length projections + one 39’
rail length

Minimum 8 feet

*Absolute Minimum Within last long 16 foot concrete tie

(These turnouts and rails to be procured as a layout complete with concrete ties)
2.2.1.2. Mainline Track Curved Alignment

Intersections of horizontal tangents shall be connected by spiral transition curves or simple
circular curves.
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Circular Curves

Minimum radii for in-street LRT mainline trackwork shall be designed to permit the LRVs to
operate at no less than the speed limit for that street section, except when the LRT is turning
from one street to another or in the immediate vicinity of a Station.

Circular curves shall be specified by their radii.
The minimum radii for mainline track curves shall be as follows:

Location Minimum Curve Radius
At-grade ballasted, direct fixation 300 feet desirable
and bridge segment:

Embedded In-street: 100 feet desirable
(for alignment at turning intersections only)

*82 feet absolute minimum
(meets vehicle minimum criteria)

*(Not to be used without prior METRO approval)

Curve alignments that include circular curve and spirals shall be calculated by establishing the
greatest spiral length using the formulas that follow. There is no minimum length for a central
circular curve except the rate of twist on the vehicle based on superelevation runoff.

At reverse spiral curves with or without superelevation, the minimum tangent length shall be as
specified in Mainline Track Tangent Alignment section.

Yard Track

The minimum radii for yard and service tracks shall be as follows:

Location Minimum Radius
Yard and service tracks: 100 feet desirable
*82 feet absolute minimum
*(Not to be used without prior METRO approval)

Superelevation

Superelevation is defined as the difference in inches of the top of rail plane when the outer
(high) rail is rotated (raised) above the inner (low) rail. This is called actual superelevation.
Mainline track curves shall be designed with superelevation to permit desired design speeds to
be achieved without resorting to an excessively longer curved radius.
Actual superelevation (E,) is the physical height difference between the held low rail position
and the rotated high rail position holding the top of rail plane position.

Equilibrium superelevation (E,) is reached when both wheels bear equally on the rails, where g
is sufficient to bring the resultant centrifugal force to right angles to the plane of the top of rails.
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Unbalanced superelevation (E,) is the theoretical calculated value of non superelevation height.
Due to varying speeds of trains on the tracks, actual superelevation is reduced by introducing
no superelevation or unbalanced superelevation up to 3 inches for both safe and comfortable

operation.

The design speed for a given horizontal curve shall be based on its actual radius, length of
spiral transition, and actual and unbalanced superelevation through the curve as described
here. The design speed criteria stated herein is based on a maximum lateral acceleration of the

passenger of 0.1 g.
Equilibrium superelevation shall be determined by the following equation:

2
E, =E.+E, = 3.96[LJ
R

Where E, = total amount of superelevation required for equilibrium, in inches

E, = actual superelevation, in inches

» = unbalanced superelevation, in inches
V = design speed through the curve, in mph
R = radius of track curve, in feet
In practice, the full equilibrium superelevation (E,) is rarely installed in track, as doing so would
require excessively long spiral transition curves. It could also produce passenger discomfort on
board a train that is moving much slower than the design speed or stopped in the middle of a
steeply superelevated curve. Therefore, only a portion of the calculated E, the actual

superelevation E,, shall be designed into the curve. The difference between the equilibrium
superelevation and the actual superelevation is called the unbalance, and is designated as E,.

The desired relationship between E, and E, shall be defined by the following equation:

)
E, - ) =1

Desirable values of actual superelevation (E,) shall be determined by the following formula:

2
E.=2.64 [—V—} -0.66
R

Use of the above equation shall result in the gradual introduction of both actual and unbalanced
superelevation and avoid unnecessary lateral acceleration of LRVs and their passengers.

The calculated values for actual superelevation shall be rounded to the nearest 1/4-inch. For a
total superelevation (E, + E,) of 1 inch or less, no actual superelevation (E,) shall be applied. In
specific cases where physical constraints limit the amount of E,, which can be introduced, a
maximum of 1-1/2 inch of E, shall be permitted without introduction of E..
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Actual superelevation (E,) shall be attained and removed linearly throughout the full length of
the spiral transition curve by rotating the top of rail plane (raising the outside rail) while
maintaining the inside rail at the profile grade.

The desirable and maximum values for actual and unbalanced superelevation shall be as
follows:

Superelevation Values
E. 4 inches desirable *
E, 3 inches desirable *
(* Not to be exceeded without prior METRO approval)

Yard and secondary tracks shall be marginally superelevated to compensate for track
settlement. In-street trackage shall be superelevated where practical. Superelevation shall be
avoided through road crossings and to the greatest extent possible through street intersections.

Spiral Transition Curves

Spiral transition curves shall be used in order to limit lateral acceleration during the horizontal
transition of the LRV as it enters the curve and to develop the superelevation of the track. Spiral
transition curves shall be clothoid spirals as depicted in Figure 2.1 and as defined by
Hickerson"). Spirals shall be required on all mainline track horizontal curves with a radius less
than 10,000 feet.

The desirable lengths of spiral shall be the greater of the lengths determined from the following
formula (rounded up to the nearest 10 feet), but preferably not less than 60 feet:

Ls = 1.10E,V

Ls = 0.82E,V

L, = 42E, @
Where: Ls = spiral length in feet

V = design speed through curves in mph
E. = actual superelevation in inches
E., = unbalanced superelevation in inches

Where geometric conditions are extremely restricted, such as in unsuperelevated, embedded
track in a Central Business District (CBD) area, the spiral length may be reduced to the absolute
minimum of 30 feet if prior METRO approval has been obtained.

A spiral transition is desired, but not required for yard and secondary tracks where design
speeds are less than 10 mph. Yard and secondary tracks, which have design speeds greater
than 10 mph, shall have spirals, and superelevation is required when at all feasible.

™ Thomas F. Hickerson, Route Location Design, 5" ed (New York: McGraw Hill 1964) pp 168-171, 374-375

@ |t has been determined that superelevation length with low floor cars having independent rotating wheels on the center truck
should not be less than 1:500 or 1 inch in 42 feet.
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Under normal situations, superelevation shall be introduced and run off uniformly through the
length of a spiral transition curve. In extraordinary cases where METRO has granted approval
for the introduction of superelevation in a curve with no spirals, the superelevation shall be
developed along the tangent immediately preceding the point of curvature (PC), and shall be
run out in the tangent immediately beyond the point of tangency (PT). The transition length is
then determined from the minimum spiral length formula of this subsection. The maximum
amount of superelevation that may be run out in tangent track shall be 1 inch.

Compound Circular Curves

Where compound curves are used, they shall be connected by a spiral transition curve. The
absolute minimum spiral length shall be the greater of the lengths as determined by the
following (rounded up to the next 10 feet):

Ls = 42 (Eso— Ear)
L.=0.82 (Ex—Eu)V
Lo=1.10 (Eso— Ea) V

Where: Ls = minimum length of spiral, in feet.
E,: = actual superelevation of the first circular curve, in inches
E,, = actual superelevation of the second circular curve, in inches
E,1 = unbalanced superelevation of the first circular curve, in inches
E.. = unbalanced superelevation of the second circular curve, in inches
V = design speed through the circular curves, in mph

Spiral transition curves connecting compound curves are not required when both (E.2-E,1) and
(E,2-E,1) are less than 1 inch. For compound circular curves without a spiral, the change in
superelevation shall be run out entirely within the curve of the larger radius.

Reverse Curves

Where extremely restrictive horizontal geometrics make it impossible to provide sufficient
tangent length between reversed superelevated curves, the curves may meet at a point of
reverse spiral upon approval from METRO. The point of reverse spiral shall be set so that:

L51 X Eaz = L52 X Ea1

Where E., = actual superelevation applied to the first curve in inches
E., = actual superelevation of the second circular curve, in inches
Lss = the length of the spiral leaving the first curve in feet
Ls, = the length of the spiral entering the second curve in feet

The superelevation transition between reversed spirals shall be accomplished by sloping both
rails of the track throughout the entire transition spiral as shown in Figure 2-2. Note that through
the transition, both rails will be at an elevation above the theoretical profile grade line. This
method of superelevation transition creates additional design considerations including an
increased ballast section width at the point of reverse spiral and possible increased clearances.

METRO LIGHT RAIL TRANSIT PROJECTS

January 2007 — Revised June 2007 2-8




% Design Criteria Manual
=

Chapter 2 — Track Alignment and Structure Clearances
METRO

Such issues shall be investigated in detail and any impacts identified in the waiver request to
METRO.

On embedded tracks in city streets, if alignment constraints make providing a tangent between
two superelevated spiraled reversed curves impossible, a tangent shall not be required provided
that the operating speed is limited so that the lateral acceleration is held to maximum of 0.1g.

Note: Any locations that may require a combination of minimum radius and maximum
unbalanced superelevation are to be brought to the attention of METRO.

2.2.2 Vertical Alignment

The vertical track alignment shall be composed of constant grade tangent segments connected
at their intersection by parabolic curves having a constant rate of change in grade. The profile
grade line in tangent track shall be along the centerline of track between the two running rails
and in the plane defined by the top of the two rails. In curved track, the inside rail of the curve
shall remain at the profile grade line and superelevation achieved by rotating the top of rail
plane (raising the outer rail) about the inner rail. The nomenclature used to describe vertical
alignments shall be consistent with that illustrated in Figure 2-3.

2.2.2.1 Vertical Tangents
The minimum length of constant profile grade between vertical curves shall be as follows:

Condition Minimum Length

Desirable 200 feet

100 feet or 3 times the design speed
in mph, whichever is greater

*Absolute Minimum 40 feet
(*Not to be used without prior METRO approval)

Minimum

In CBD areas, where the need to conform to existing street profiles makes compliance with the
above criteria economically unfeasible, the above requirement may be waived with prior
approval of METRO. Where a tangent between vertical curves is shorter than 40 feet,
consideration shall be given to reverse or compound vertical curves to avoid abrupt changes in
vertical acceleration, which could result in both passenger discomfort and excessive vehicle
suspension system wear and tear.

The profile at Stations shall be on a vertical tangent that extends 40 feet beyond each end of the
platform.

METRO LIGHT RAIL TRANSIT PROJECTS
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2.2.2.2 Vertical Grades

The following profile grade limitations shall apply:

Mainline Tracks

Maximum (sustained grade unlimited length) 4.0%
Maximum (sustained grade with up to 1500 feet between PVIs 6.0%
of vertical curves)

Minimum (for drainage on direct fixation track) 0.2%

Station Area

Desirable 0.00%
Maximum 1.0%

Minimum grade is specified at Stations provided adequate track drainage can be maintained. In
CBD areas, the existing street profile may govern the profile grade within the Station. In this
case, the profile grade may exceed the values above, but shall be restricted to an absolute
maximum of 2 percent.

Shop Tracks

Desirable 0.0%
Maximum 0.5%

|
Yard Storage & Pocket Tracks i
|

Desirable 0.5%
Maximum 0.75%

All track grades entering the yard shall either be sloped downward away from the mainline, or
dished to prevent parked rail vehicles from rolling onto the mainline. For yard storage tracks, it is
desirable to have a slight grade of 0.5 percent, to achieve good track drainage at the subballast
level.

It is desirable that the profile grade of a stub end storage track descends toward the stub end,
and, if adjacent to a mainline or secondary track, is curved away from that track at its stub end.
If it is necessary for the profile grade of a storage track to slope up toward the stub end, the
grade shall not exceed 0.2 percent.

Tracks located in the canopy (barn) area and the maintenance shop building area shall be level.

METRO LIGHT RAIL TRANSIT PROJECTS
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2.2.2.3 Vertical Curves
All changes in grade shall be connected by vertical curves. Vertical curves shall be defined by

parabolic curves having a constant rate of change in grade. The nomenclature used to describe
vertical curves shall be consistent with that illustrated in Figure 2-3.

Vertical Curve Lengths

The minimum length of vertical curves shall be determined as follows:

L =100 (G, -G;)forV>35
L=50 (Gy-Gy)for156<V <35

Absolute minimum length

2

Crestcurves LVC = oy
25

2

Sagcurves LVC = [Z\S/

Where LVC = length of vertical curve, in feet
A = (G, - G,) = algebraic difference in gradients in percent
G, = percent grade of approaching tangent
G, = percent grade of departing tangent
V = design speed, in mph

Both sag and crest vertical curves shall have the maximum possible length, especially if
approach and departure tangents are long. Vertical broken back curves and short horizontal
curves at sags and crest of vertical curves shall be avoided.

The minimum equivalent radius of curvature for vertical curves located on mainline tangent track
shall not be less than 820 feet for crests and 1150 feet for sags. This equivalent radius of
curvature can be calculated from the following formula:

__ Lv¢
0.01(G:2 - G1)

Vv

Where R, = minimum radius of curvature of a vertical curve in feet.

Minimum vertical curve length and/or design speed may be governed by the overhead contact
system (OCS) due to the maximum permissible rate of separation of convergence between the
track grade and the contact wire grade. Coordination with the OCS designer shall be required to

assure compliance with this limitation.
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a. Compound Vertical Curves

Compound and unsymmetrical vertical curves shall be permitted provided each curve
conforms to the requirements and prior METRO approval has been obtained.

b. Reverse Vertical Curves

Reverse vertical curves shall be permitted; provided each curve conforms to the
requirements stated in Section 2.2.2.3 and prior METRO approval has been obtained.

c. Combined Vertical and Horizontal Curvature

Where possible, areas of combined vertical and horizontal curvature shall be avoided.
Where areas of combined vertical and horizontal curvature cannot be avoided, the
geometrics shall not be more restrictive than 82-foot radius horizontal curve combined
with an 820-foot equivalent radius vertical crest curve.

2.3 Track Clearance Requirements

The current LRV operating on the system is outlined in Chapter 8 — Vehicle. Specific vehicle
information and details are included in that section.

2.3.1 General

This section establishes the minimum dimensions required to assure proper clearances
between the LRVs and the transit structures and wayside obstructions involved. All designs
shall meet or exceed the minimum clearance criteria as specified herein. Since the provision of
adequate clearances for the safe passage of LRVs is one of the most fundamental concerns
inherent in the design of the track system, it shall be rigorously monitored during both the design
and construction phases.

For preliminary and final design, the following generalized lateral clearances and track center-
to-center distances shall be adhered to. These dimensions apply to tangent and track curve
radii less than 1,000 feet. In track curves, less than 1,000 foot radius, a more detailed clearance
calculation shall be prepared. Where unusually restrictive or sensitive conditions warrant a more
detailed calculation, the methodology presented in Chapter 8 Vehicles — Vehicle Dynamic
Envelope and Sections 2.3.2 through Sections 2.3.5 shall be utilized.

Location Desirable = Minimum

e Standard ballasted/direct fixation or embedded track, center 14’-0” 13-6"
to center spacing with center overhead contact system poles

e Standard ballasted/direct fixation or embedded track, center 13-0" 12’-0"
to center spacing without center overhead contact system
poles

e Clearance centerline of track to a retaining wall or fence with 10’-0” *9'-0"
side maintenance and emergency evacuation path

e Distance between centerline of LRT track and adjacent 25'-0" 20’-0"

centerline of railroad track assuming fencing between LRT
track and railroad track.

e Centerline of track to outer face of curb of adjacent traffic 8-0" 6'-6”
lane

* 9-0" unless otherwise authorized by METRO

METRO LIGHT RAIL TRANSIT PROJECTS
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2.3.2 Track Clearance Envelope (Horizontal)

The Track Clearance Envelope (TCE) is defined as the space occupied by the Vehicle Dynamic
Envelope (VDE from Chapter 8 — Vehicles Section 8.4.1 and 8.4.2) plus the effects of Other
Wayside Factors (OWF) including construction and maintenance tolerances for track and
various facilities, plus Running Clearances (RC). This relationship can be expressed as follows:

TCE = VDE + OWF + RC

The Track Clearance Envelope represents the space into which no physical part of the system
(other than the LRV) shall be placed, constructed or protruded. The Track Clearance Envelope
shall be referenced from the centerline of track at the top of rail plane.

The Track Clearance Envelope outline with Vehicle Dynamic Envelope outline is shown in
Figure 2-4.

2.3.2.1 Vehicle Dynamic Envelope

The Vehicle Dynamic Envelope developed in Section 8 Vehicles shall be used to develop the
Track Clearance Envelope. The Vehicle Dynamic Envelope begins with the cross sectional
outline of the static vehicle. The dynamic outline of the vehicle is then developed by making
allowances for the car body movements that occur when the vehicle is operating on level,
tangent track. In addition to car body movements on level, tangent track, the effects of track
curvature and superelevation must also be considered to allow additional space for vehicle
outswing (overhang on curve) and inswing (mid ordinate on curve) and for vehicle lean, when
the track curves are superelevated.

The key vehicle characteristics used to outline the vehicle are shown in Chapter 8 Vehicle
Section 8.4.1 and Section 8.4.2.

The Track Clearance Envelope through turnouts shall be calculated based on the centerline
radius of the turnout.

2.3.2.2 Other Wayside Factors

Other Wayside Factors (OWF) is the second component of the Track Clearance Envelope.
Other Wayside Factors is the sum of certain Construction and Maintenance Tolerances (CMT)
plus a Chorded Wall (CW) construction factor where applicable. This relationship can be

expressed as follows:
OWF = CMT + CW

The following define the Other Wayside Factors and are applicable to and shall be included in
the horizontal component of the Track Clearance Envelope.

Construction and Maintenance (Location) Tolerances (CMT) Distance
e Construction Tolerance Along Proposed Soldier Pile and Lagging Wall 6 inches
e Construction Tolerance Along All Other Proposed Structures 2 inches
e Construction Tolerance at Poles or Signal Equipment 1.5 inches
° _Trracll: Construction and Maintenance Tolerance for Mainline, Ballasted 1.5 inches
rac
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e Track Construction and Maintenance Tolerance for Embedded or Direct 0.5 inches
Fixation Track

e Track Construction and Maintenance Tolerance for Secondary and Yard 1inch
Tracks

e Allowance for Acoustical Treatment, Where Required 3 inches

e Chorded Wall (CW) construction factor, additional width for chorded See Figures
Construction Walls to be added on the Outside of Curves Only 2-5 and 2-6

2.3.2.3 Running Clearances

In addition to the Vehicle Dynamic Envelope and Other Wayside Factors, the Track Clearance
Envelope includes an allowance for Running Clearance (RC) to provide clear passage for a
LRV, which has moved to the extreme position within the Vehicle Dynamic Envelope.

The following define the minimum running clearances to be included in the horizontal
component of the Track Clearance Envelope.

Running Clearances (RC) Distance

e Running Clearance at Overhead Contact System (OCS) Poles, Signals,

Signs, and Other Non-Structural Members 2 inchess
¢ Running Clearance Along Structural Members 6 inches
¢ Running Clearance for Adjacent Light Rail Vehicles 6 inches

2.3.3 Special Clearance Situations

In addition to the Track Clearance Envelope requirements described above, there are several
special clearance situations warranting further definition. These special situations include the
vehicle interface at station platforms; retaining walls in both cut and fill sections, through girder
bridges, and maintenance and emergency evacuation paths.

e All structures installed above the top of nearest rail must be set either at, or beyond, the
Track Clearance Envelope outline shown in Figure 2-4 .

2.3.3.1 Vehicle Interface at Station Platforms

At passenger stations, the distance from the centerline of the track to the edge of platform shall
be based on the vehicle threshold, a set gap and with a tolerance of +0.00 inch and — 0.125
inch. The nominal horizontal gap shown between the platform edge and the edge of vehicle
floor is in accordance with ADA requirements. Station clearance requirements are shown in
Figures 2-7 and 2-8.
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2.3.3.2 Retaining Walls

Cut Sections

In those cases where a retaining wall along the LRT System is in a cut section, the preferred
minimum clearance from the centerline of track to the near face of a retaining wall shall be a
minimum of 9 feet. Where no maintenance and emergency evacuation path is required adjacent
to the retaining wall, the absolute minimum clearance from the centerline of track to the near
face of a retaining wall shall be no less than that required to clear the Track Clearance
Envelope. See Figure 2-9 for a typical cut section.

Fill Sections

In retained fill sections, the top of a retaining wall shall be 1 foot above the elevation of the top
of the adjacent rail (the rail nearest to the wall), and the preferred minimum distance from the
centerline of track to the face of the wall shall be a minimum of 9 feet. Where no maintenance
and emergency evacuation path is required adjacent to a curb or retaining wall without a fence
or railing, the absolute minimum clearance from the centerline of track to the near face of the
curb or wall shall be no less than 9’ feet. See Figure 2-9 for typical fill sections.

2.3.3.3 Maintenance and Emergency Evacuation Paths

A minimum clear path width of 30 inches (48 inches desirable) shall be provided between the
Track Clearance Envelope and any continuous obstruction alongside the track in a designated
passenger emergency evacuation area. A minimum clear distance of 24 inches shall be
provided between the Track Clearance Envelope and any continuous obstruction along a path,
which is used by maintenance employees in the performance of their duties.

2.3.4 Track Clearance Envelope (Vertical)

Since the LRT system will draw electric traction power from an overhead contact wire system
(OCS), the following vertical clearances from the top of the high rail along any given section of
track to the soffit of any overhead structure, within the horizontal limits of the Track Clearance
Envelope, shall be provided:

Location Minimum Vertical Clearance
At Overhead Bridges 18’-0” desirable (NESC)
16’-0”, minimum
*14’-6", absolute minimum
* (Not to be used without prior METRO approval)

The absolute minimum vertical clearance of 14’-6” is based upon a minimum pantograph
operating height of 13 feet.
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2.3.4.1 Transit Structures

Transit structures over public highways shall be in accordance with American Association of
State Highway and Transportation Official Standard Specifications for Highway Bridges or as
modified by the Arizona Department of Transportation or local jurisdiction, whichever is
applicable. Vertical clearances for transit structures over local public streets and roads shall be
as required by METRO and the local jurisdiction.

Minimum vertical clearance for transit structures over railroad tracks shall be 23 feet 6 inches
from top of rail to nearest structure point within the Clearance Envelope of the railway.

2.3.5 Track Spacing

The minimum allowable spacing between two exclusive LRT mainline tracks, with equal
superelevation and no OCS support poles between them shall be determined from the following

formula:
S=T,+T,+2(OWF) + RC

T,= Dynamic half width of Track Clearance Envelope inswing towards
curve center, in inches (See Figure 2-4)

T,= Dynamic half width of Track Clearance Envelope outswing away
from curve center, in inches (See Figure 2-4)
OWF = Other wayside factors, in inches

RC = Running clearance, in inches

Along track sections where OCS poles are located between track centerlines, the minimum
track spacing shall be determined from the following formula:

S =T +T,+2(OWF +RC) + P

Where P = maximum allowable OCS pole diameter (including deflection) of 18 inches

The minimum track spacing to be used along tangent track with center OCS support poles shall
be 13 feet 6 inches.

The minimum track spacing to be used along tangent track without center OCS support poles
shall be 12 feet 0 inch. (Not to be used without prior METRO approval.)
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3.0 CIVIL WORK

The purpose of this chapter is to establish the standards and design policies for the civil
engineering design to be used in the preliminary engineering and final design of the METRO
LRT project.

It includes criteria for the design of light rail transit system surveys, utilities, drainage, roadways,
paving, and determination of the required rights-of-way and various easement types.

3.1 Survey Control

A permanent horizontal and vertical survey control system (benchmark description) shall be
developed during the Final Design phase of the project. Control points shall be permanently
marked, clearly described and shall be placed a maximum of 1000 LF intervals along the survey
corridor. A control diagram and report shall be prepared and provided to all parties involved in
the completion of the project.

Design Engineer and Land Surveyor shall meet with the local jurisdiction prior to beginning
survey work to discuss local concerns and ties to the jurisdiction horizontal and vertical control.

3.1.1 Horizontal Control

The horizontal control for the project shall be based on control surveys provided for the
Maricopa County GDACS system. All control work shall be tied back to established and
recognized NGS monuments for verification of accuracy.

The accuracy of the horizontal ground control and of supporting horizontal ground control
surveys shall as a minimum be Second Order, Class |, as defined by the Federal Geodetic
Control Committee and published under the title Classification, Standards of Accuracy and
General Specifications of Geodetic Control Stations, published by the National Geodetic Survey
(NGS) in February 1974.

Existing survey monuments which lie within the LRT way shall be replaced as described and
shown on Figure No. 3-1 and 3-2.

3.1.2 Vertical Control

Vertical control for the project shall be based on the National Geodetic Vertical Datum (NGVD)
of 1988.

The accuracy of the vertical ground control and of supporting vertical ground control surveys
shall be, as minimum, Second Order, Class 1, as defined in the preceding section.

3.1.3 Survey Control - Right-of-Way

A record of survey is required to establish and identify the existing right-of-way condition prior to
any new right-of-way requirements being determined. Right-of-way surveys is the composite
total requirement of all interests and uses of real property needed to construct, maintain, protect
and operate the transit system. Some right-of-way survey requirements are temporary and
reversionary in nature, while other requirements are permanent as dictated by operating needs.
The intent is to acquire and maintain the minimum right-of-way required consistent with the
requirements of the system and good right-of-way practices. Because right-of-way plans are
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used as a basis for acquisition of property, all interests and uses shall be shown on the right-of-
way plans together with the detailed property dispositions. A physical survey is to be performed
at the site and is to be provided for every parcel of land affected by a right-of-way acquisition
identifying the right-of-way to be acquired and the remainder of the parcel. The right-of-way to
be acquired is to be marked (painted or staked) on the property in a manner that will clearly
identify the right-of-way being acquired and any improvements lying within said right-of-way
being acquired. A title report is required for all property to be acquired by METRO.

The taking envelope is influenced by the topography, drainage, ditches, retaining walls, service
roads, utilities, and the nature of the structure and side slope selected.

3.1.4 Design Surveys

The survey must be supervised by a professional Land Surveyor registered in the state of
Arizona. This section contains general survey requirements and standards. More specific survey
requirements may be found under general/survey information for each local jurisdiction in which
the METRO LRT project is located.

Benchmarks, either permanent or temporary, shall be a maximum of 1,000 feet apart. At least
two benchmarks on a project shall be existing local jurisdiction recognized benchmark
monuments. The Land Surveyor shall check the location of all found benchmarks and
monuments with known local jurisdiction data.

Existing monuments shall be located by the Design Engineer and Land Surveyor, especially if
they are covered by pavement or a seal coat, and their location confirmed in order to determine
the available ROW for the proposed improvements.

The Design Engineer shall check the design detail requirements for each type of project to
make sure the survey contains all necessary information. The following is a list of general
requirements for the survey:

e The survey shall show finished floor elevations of all structures within the ROW and 30 feet
beyond unless exempted in the detail design section.

e All distances in the survey notes shall be from the face of the object being measured to the
monument line.

e Show all subdivision names, block numbers, lot numbers, property splits, lot dimensions,
addresses, names of major businesses, schools, fire stations, and other public facilities
within the project boundaries.

e All above ground utilities and appurtenances and their distance from the monument line
shall be located.

e All topography to at least 10 feet beyond the ultimate ROW shall be located.

e Detailed cross sections shall be taken at a minimum of 50-foot intervals and Design
Engineer shall consider developing a digital terrain model (DTM) for the project.
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e All subdivision entrance structures and any associated lighting and power connections shall
be located.

e In the absence of record drawings, sufficient elevations shall be obtained to indicate the
direction of surface flow on all intersecting streets, frontage roads, and paved parking lots.
Show the direction of flow using small arrows in the plan view on every plan sheet.

e Where certain items such as monuments, water valves, etc., are supposed to be according
to plan records, but cannot be found in the field, they shall be labeled “NOT FOUND" or “NF”
on the plans.

e Locate all existing irrigation lines and appurtences within all agencies ROW (eg, COP, COT,
COM, COG, ADOT, etc.).

e Each plan sheet shall refer to the nearest benchmark by name and stationing.

e All driveways and alleys shall be located and profiled. Driveways may be profiled using a
smart level for ADA retrofit projects in which all driveways identified as over 2% slope shall
be profiled.

e All water valve boxes shall be located and the elevations of the top of the operating valve
nuts shall be determined. This data will be shown in the profile section of the plans using the
symbol for water valves.

e The elevations of all existing sewer and storm drain manhole rims and inverts shall be
shown on the plan views or in the profiles.

3.1.5 Guideway

Guideway is defined as that portion of the light rail line, which has been prepared to support the
track and its appurtenant structures (See Chapter 4 Trackwork for other criteria.)

This section establishes criteria for the preliminary and final design of at-grade sections of the
light rail system guideway and provides guidelines for determining right-of-way requirements for
line sections of the system.

The guideway shall be designed in conformance with these criteria and the current standards of
the American Railway Engineering and Maintenance-of- Way Association (AREMA) Manual for
Railway Engineering and the appropriate standards, modified as required to reflect the physical
requirements and the operating characteristics of the light rail system. The guideway may
contain longitudinal and transverse duct banks, electrical conduits, and utility structures.

3.1.6 Transition Slabs

A transition slab shall be provided at all transitions between ballasted track, direct fixation, or
embedded track.
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3.2 Utilities

This criterion establishes the policies, procedures, and guidelines relating to utilities within the
METRO LRT project and are incorporated herein (see Figures 3-3, 3-4 and 3-5).

General Compliance with the utility design and coordination procedures contained herein is
required unless otherwise agreed to by METRO.

Coordination with Governmental Agencies and Utility Companies shall be the responsibility of
METRO.
3.2.1 Utility Location and Relocation Requirements

It is the paramount for METRO to maintain a safe and continuous operation of the guideway.
Access for construction or maintenance purposes to the guideway shall be restricted to LRT
personnel only or to others under the direction of authorized LRT personnel.

The Restricted Utility Area (RUA) is defined as the area where restrictions apply to existing and
new utilities in the vicinity of the METRO facility to protect both the utility and the guideway. All
utilities not part of the LRT system shall be maintained from outside of the RUA.

The City of Phoenix has supplemented the requirements for construction of water and sewer
utilities in the vicinity of the METRO facility. The City of Phoenix is responsible for payment for
these additional improvements.

3.2.2 METRO RUA Requirements

The METRO RUA requirements apply to all utilities in the vicinity of the track. The METRO RUA
is defined horizontally as follows: (See Figures 3-3, 3-4 and 3-5)

e Double Track — 10 feet left and right of the centerline of tracks; width is 33.5 feet;
e Single Track — 10 feet left and right of the centerline of track; width is 20 feet;

e Center Station Platform — 10 feet left and right of the centerline of tracks; width is 47 feet;
and

e Curb Side Station Platform — 10 feet left or right of centerline of track on rail side and 20 feet
from centerline of track on platform side; width is 30 feet.

The METRO RUA is defined vertically as follows:
e The top of existing utilities within the RUA shall be a minimum of 4 feet below top of rail; and

e The top of new utilities crossing the RUA shall be a minimum of 5.5 feet below top of rail.
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Utilities within the METRO RUA are restricted as follows:

Existing Longitudinally Oriented Utilities: Utilities are not generally permitted within the RUA.

However utilities will be addressed on a case-by-case basis. Subject to the approval of
METRO, a minimum vertical distance of 4 feet from the top of rail to top of utility (or
encasement) is provided and evidence that the material, type, condition and load capacity of
the utility is sufficient, the utility shall be considered to remain in place. Encasement of the
existing utility may be required. In all cases, access for maintenance, inspection, new
services or other purposes to the longitudinal utility by way of manholes, vaults, valve boxes,
clean outs, taps, etc., shall be made from outside the guideway.

Longitudinally oriented utilities located within the RUA shall be relocated to outside the RUA,
unless approved by METRO to remain. Design for relocated utilities shall be in accordance
with applicable METRO, City and State criteria.

Existing Utility Crossings: Existing utilities that cross the guideway may remain if the vertical
distance from the top of rail to the top of the utility (or encasement) is not less than 4 feet,
material type, condition and load capacity meets LRT requirements and the distance from
the centerline of a OCS support pole foundation to the face of the utility or encasement is
not less than 4 feet. Access to the utility by way of manholes, etc. shall be from outside the
guideway.

Existing utilities crossing the track within the RUA shall be relocated (lowered) to provide a
minimum vertical distance from top of rail to top of encasement of 5.5 feet extending to the
outside of the RUA. Design for relocated utilities shall be in accordance with applicable
METRO, City and State criteria. :

New Longitudinally Oriented Ultilities: New utilities that are essentially longitudinally oriented
with the track alignment shall be constructed outside of the guideway. Access to the utility
shall be from outside the guideway. Design for new utilities shall be in accordance with
applicable METRO, City and State criteria.

New Utility Crossings: New utilities that cross the guideway shall be encased in a casing
pipe (sleeve) or approved encasement, provide a minimum vertical distance from top of rail
to top of encasement of 5.5 feet extending to the outsides of the guideway, and be approved
by METRO. Access (i.e. manhole) shall be from outside the guideway. Design for new
utilities shall be in accordance with applicable METRO, City and State criteria.

Additional water and sewer design requirements relative to the METRO facility include:

Fire hydrants shall be added to meet City standards as required by the City and the Fire
Marshall. The Fire Marshall may require fire hydrants on both sides of the track.

Odor control will be required for all sanitary sewer tie-ins and by-pass pumping during
construction as indicated in the METRO specifications.

Facilities with critical service shall be identified, and methodology to maintain service during
construction shall be included with the design.

Permits shall be obtained from Maricopa County Department of Environmental Services for
construction of water and sewer utilities.
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e Cathodic protection shall be provided for all metallic piping as required by the City and utility
company.

e Water and sewer services provided by METRO for existing services only. No allowances
made for future service connections.

On a case-by-case basis under certain circumstances, METRO may allow deviations from the
RUA Requirements. The Consultant/private utility shall prepare a Request for
Revision/Deviation to the Design Criteria Manual for submittal to METRO for approval outlining
why the deviation is required. (See Appendix B). The Consultant/private utility shall not proceed
with the design until approval is received from METRO for the deviation.

3.2.3 City of Phoenix RUA Requirements (Water and Sewer)

The RUA criteria within the City of Phoenix is presented in the City of Phoenix Light Rail
Addendum to the City of Phoenix Design Standards Manual for Water and Wastewater Systems
and is summarized below. (See Figure 3-6) The cost difference between the METRO RUA
criteria and the City of Phoenix RUA criteria is borne by the City of Phoenix.

e The RUA extends 16 feet left and right of the centerline of the track.

e The top of sleeve for existing and new utilities within the RUA shall be a minimum of 6 feet
below top of rail.

e All existing water and sewer utilities shall be relocated out of the RUA.

e All water and sewer crossings shall be sleeved through the RUA.

e All relocations shall be new material.

Other specific requirements for the City of Phoenix water and sewer lines relative to the METRO
are as follows:

Water

e A valve shall be provided on each side of the RUA for water crossings, either with new or
existing valves outside of the RUA.

e Water service pipe shall be continuous from main to meter, including through the casing.
(See Figure 3-7)

Sewer

e Sewer pipes crossing the track shall be ceramic lined ductile iron pipe, for mains and
services, unless specified otherwise in the City of Phoenix Light Rail Addendum.

e Manholes shall be located on each side of sewer main guideway crossings.

e Flexible adaptor couplings and a minimum of two short lengths of sewer service pipe are
required outside of the sewer crossing casing at the connection to the existing service piping
per City of Phoenix supplemental specifications. (See Figure 3-8)
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Sleeves

e Casing pipe for mains shall be steel or high density polyethylene (HDPE), minimum 6-inches
larger than largest outside diameter, with the exception of water service pipe sleeves which
shall be minimum 4-inch diameter for 1-inch services and 6-inch diameter for 1% to 2-inch
diameter. (See Figure 3-9)

e Steel casing shall be coated ASTM A36 steel, with corrosion protection
e HDPE shall be ADS Systems N12 or equal.

e Controlled low strength material (CLSM) backfiill shall be used to minimum 1-foot above the
sleeve for HDPE sleeves.

e All pipe shall be continuous and restrained through sleeves

e End seals and spacers to be provided per City of Phoenix Light Rail Addendum.

On a case-by-case basis under certain circumstances, the City of Phoenix may allow deviations
from their RUA Requirements. The consultant shall prepare a Request for Deviation for
submittal to the City of Phoenix for approval outlining why the deviation is required. (See
Appendix B) The Consultant shall not proceed with the design until approval is received from
the City of Phoenix for the deviation.

3.2.4 Definitions

’ Design Engineer

METRO Valley METRO Rail, Inc.

Municipal Utilities Federal Government, County, Indian Community, and
Municipality utility services, such as water, sewer, gas
(Mesa), city communications and storm drainage.

Private or Municipal Engineer

Prior Rights A compensable property interest that will justify
reimbursement of utility relocation costs. Most common form
of prior right is an easement/public utility easement. With
utility relocation, prior rights typically transfer to the new

location.

Companies such as Arizona Public Service, Qwest
Communications, Southwest Gas, Salt River Project, Cox
Communications, various fiber optic companies and others.

Private Utility Companies

Utility Abandonment
Utility Betterment

Future Utilities

Utility Relocation

A utility segment that ceases to be active.

Upgrading in size, capacity or quality of a utility segment
rather than replacement in kind.

Addition of a new utility segment not previously in existence.
Provision of tunnels, conduits, sleeves, pipe sections, bridge
blocks-outs, etc. for future utility use.

Required relocation of utility segment due to Light Rail
construction.

January 2007
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Utility Segment Any portion of a utility line, pipe, box, pole, or other, as it
relates to the proposed Light Rail project.

3.2.5 Utility Design Reference

Government and private utility relocations and adjustment work shall be performed in
accordance with the following references:

e Arizona Utility Coordinating Committee Public Improvement Project Guide

e City of Phoenix Design Criteria for utilities within ROW (AP5.1)
http://www.ci.phoenix.az.us/AGENCY/phxutper/documents.html

e Arizona Administration Code, Title 18, Chapter 4, Water

www.azsos.gov/public_services/Title_18/18-04.htm

e Arizona Administration Code, Title 18, Chapter 9, Wastewater
www.azsos.gov/public_services/Title_18/18-09.htm

e Maricopa Association of Governments (MAG) Uniform Standard Specifications and Details

for Public Construction,
WWwWw.mag.maricopa.gov/publications.cms

e City of Phoenix Design Standards Manual for Water and Wastewater Systems
‘ www. phoenix.gov// WATERSERVICES/standards.html

e Supplement to the MAG Standard Drawings & Standard Specifications,
www.phoenix.gov//STREETS/magsuppl.html

e City of Mesa Engineering Design Standards and Supplement to the MAG Standard
Drawings & Standard Specifications,
www.cityofmesa.org/engineering/default.asp

e City of Tempe Engineering Design Criteria and Supplement to the MAG Standard Drawings
& Standard Specifications,
www.tempe.gov/engineering/

e City of Glendale Design Standards and Standard Details,
www.glendaleaz.com/Engineering/formsandpublications.cfm
e Salt River Project (SRP) Right of Way Guidelines, Utility Crossing or parallel to SRP Pipe

Standards and Design Guidelines and Specifications for Bridge Crossings of SRP Canals,
www.srpnet.com/water/services/WE/default.aspx

3.2.6 Utility Base Maps

METRO shall collect existing utility data from various Municipal Utilities and Private Utility
companies. METRO shall contact the County and/or municipality wherein the project is located,
to assure that all recent utility installations have been accounted for and request plans for “as
built” utilities, not furnished, which METRO knows to exist or has reason to believe may exist,
based upon METRO’s review of plans furnished, permit information and findings in the field.
When “as built” data is unavailable, field location shall be required. METRO shall provide the

‘ utility mapping to the Design Engineer.
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The Design Engineer shall prepare Base Maps of existing utilities based on the information
provided by METRO. The Design Engineer shall request and obtain supplemental information
from the Municipal Utility and Private Utility companies as required to complete the Base Maps.
The Design Engineer shall submit prints of the Base Maps to Municipal and Private Utilities for
their review and verifications. Utilities will be requested to return their comments with two sets of
“as built” plans for any of their facilities which have not been shown on the maps. Copies of
corrected Base Maps shall be furnished to those utilities, which have requested changes or
provided additional data. Existing facilities data shall be used for background information on
appropriate drawing of the construction documents. A composite plan of existing utilities shall be
incorporated into engineering design drawings.

3.2.7 Municipal Utilities

Municipal Utilities may request that METRO provide for relocation of existing water, sewer,
storm drainage, natural gas (City of Mesa) and traffic signal conduits, subject to their review.
The Design Engineer shall prepare conceptual relocation plans for review by the Municipal
Utility prior to preparation of draft utility plans. The conceptual plans shall be submitted to
METRO for coordination with the Municipal Utility.

Alternatively, some Municipal Utilities may desire to design, or design and construct, some or all
abandonment’s and relocations with their own forces.

Municipal Utilities may have betterments or allowances for future needs constructed under the
light rail construction contract, subject to approval by METRO. Unless there is a specific
agreement between METRO and the Municipal Utility, additional costs associated with design
and construction of betterments and allowance for future needs will be paid for by the Municipal
Utility.

When Municipal Utility betterments or allowances for future needs are to be constructed by the
METRO contractor, the Design Engineer shall be required to prepare plans for this work in
accordance with requirements of that Municipal's standards. METRO shall be required to
provide for work within the Special Provisions and in the Sequence of Construction shown on
the project drawings.

The LRT project may have to relocate any government utilities that do not belong to the local
jurisdiction, i.e. University facilities, Arizona Department of Transportation, U.S. Government,
etc.

3.2.8 Private Utilities

METRO, in coordination with the Design Engineer and the Private Utilities, shall be responsible
for identification of suitable relocation alignments for private utilities existing within the Public
right-of-way. The locations shall be in conformance with Light Rail Design Guidelines and
Municipal Policy on accommodating utilities within the right-of-way. Deviations from METRO
criteria will be evaluated on a case by case basis as described in Section 3.2.2 of this manual.
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Private Utilities design their own relocations, which are subject to review and approval by
METRO for satisfactory compliance with policies, procedures, and guidelines contained herein.
Generally, Private Utilities do their own relocation construction, but on occasion, may request
METRO to have their contractor do all or part of the utility relocation work, in order to avoid
construction conflicts and delays.

Private Utilities relocation designs shall be forwarded by METRO to the Design Engineer for
review relative to relocated public utilities, proposed roadwork and guideway. The Design
Engineer will work with METRO and the private utility to assess options in areas of conflict.

Private Utilities may request METRO to have bridge blocks-outs or modification of other
elements of the project to accommodate their facility relocations. When approved by METRO,
the Design Engineer shall perform the design and maintain actual extra cost records for
preparation of a Consultant Change Order for METRO reimbursement through a Utility

Agreement.

When Utility Companies prepare drawings for work to be performed concurrently with project
construction, METRO shall provide for work within the Special Provisions and in the Sequence
of Construction shown in the project drawings. Utilities shall be required to provide appropriate
size reproducible drawings and/or CADD files with a sheet number block located in the upper
right corner of each drawing for the Utility consultant to number sheets within the project
construction drawings. The drawings shall be suitable for reduction to half size.

Private Utility Companies shall submit their plans to the appropriate municipal agency for
approval and permit of all work to be completed in the public right-of-way. City of Phoenix
submittals shall be in accordance with City of Phoenix Administrative Procedure 5.1

When Private Utility Companies have submitted plans and request to construct their facilities
within Public right-of-way, their plans shall be reviewed and approved by METRO for
construction prior to advertisement. The private utility companies shall indicate locations of
facilities with horizontal and vertical datum on the project construction drawings. A note shall
appear on the drawings, flagged to the facility as follows: “Proposed for construction prior to
”. Date of proposed bid advertisement shall be inserted in blank.

Copies of the final approved Private Ultility relocation drawings will be provided to the Design
Engineer for inclusion on the Public Utility drawings.

3.2.9 Utility Service Requests

METRO is required to prepare power service requests for all electrical facilities including traffic
signals, signs, roadway, lighting, water irrigation, sewage and storm water. If locations of power
service availability are required, METRO shall request information from the appropriate power
utility.

3.2.10 Salt River Project (SRP) Water License Requirements

An SRP License is required when any of the following situations exist. In addition, SRP have
specific design requirements for utility crossings or lines parallel to SRP pipe. (See Figures 3-10
and 3-11) SRP relocations are designed by SRP as described in Section 3.2.8 Private Utilities.

e Any part of an SRP Water facility is installed by forces other than SRP.
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e Placement of utility and/or excavating under a SRP Water facility.

e Placement of utility and/or excavating within eight (8) feet of the centerline of an SRP Water
ditch, pipeline or structure.

e Crossings over SRP canals or laterals include bridges, concrete box culverts, pipes, etc.

e Excavating that may negatively impact a Salt River Valley Water Users Association’s facility
regardless of the distance from the facility or performing any other type of work that in the
opinion of the Design Engineer may negatively impact the facility.

The Design Engineer shall advise METRO when a license will be required under the above
conditions prior to 60 percent submittal. The Design Engineer shall make the request in
accordance with “SRP - Water License Procedure”.

3.2.11 Utility Coordination Meetings

Periodic meetings, with all utilities present, may be requested by Utility Owners to exchange
information and resolve potential conflicts with the Design Engineer.

3.3 Drainage

The goal in the design of the system drainage is to protect the rail system line and facilities from
all weather conditions (i.e. storm-runoff damage, etc.), and to protect METRO from liability for
damage to property from resulting storm-runoff either passing through or caused by Light Rail
construction, while maintaining consistency with the requirements of the Clean Water Act.

Design of drainage facilities located within the jurisdiction of other agencies requiring relocation or
modifications because of LRT construction shall conform to the latest design criteria standards (i.e.
design criteria manual) of METRO and the various municipalities as referenced below':

¢ City of Glendale — 2002 Engineering and Construction Standards
http:/Amww.glendaleaz.com/engineering/documents/2002-Engineering-Standards. pdf

¢ City of Mesa — Engineering Procedure Manual, Vol. 2, 2005,
http:/Amww.cityofmesa.org/building_safety/pdf/Forms/EngineeringDesignStandards2005Edition. pdf

e City of Phoenix — Storm Water Policies and Standards, March 2004,
http://phoenix.gov/STREETS/index.html

e City of Tempe — Engineering Design Criteria, January 2006,
http:/mww.tempe.gov/engineering/design_criteria.htm

The Design Engineer will be responsible to adhere to the latest revisions set forth by the local
jurisdiction and understands that it is his responsibility to make himself aware of the local
jurisdiction guidelines. Coordinate the drainage study and outfalls with the local jurisdiction and
their drainage master plans.

Drainage design shall be in accordance with the standards, practices, and methodology of
METRO and the local jurisdiction each project or section of a project falls within. In a case

' The Engineer will be responsible to adhere to the latest revisions set forth by the local jurisdiction and understands that it is the
Engineer’s responsibility to make themselves aware of the local jurisdiction guidelines.
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where the local jurisdiction has no codes or standards, the Flood Control District of Maricopa
County standards and drainage methodology shall be followed. The drainage design criteria
provided in this section shall be considered a minimum standard. Design of river crossings or
other waterways under the jurisdiction of the United States Army Corps of Engineers’ shall be
prepared under a separate report. Waterways under the Army Corp of Engineers may require a
Conditional Letter of Map Revision prior to construction and a Letter of Map Revision after
construction.

3.3.1 Drainage Facilities Design

Unless otherwise provided, drainage channels, inlet structures and storm sewers shall be
designed in accordance with the procedures specified by METRO and the local jurisdiction the
facility is located. Hydraulic calculations for culvert capacity shall be in accordance with the
latest version of the Drainage Design Manual for Maricopa County, Arizona Volume 2 -
Hydraulics.

A drainage report will be required to identify whether the existing storm drain system is
adequate. The drainage report shall present alternatives to modify the existing storm drain
system, including catch basin upgrades to capture the additional runoff created by the LRT
project. METRO will not upgrade existing storm drain systems that are currently undersized.

The existing depth of flow (based on drainage criteria of the local jurisdiction) in all streets shall
not be increased due to the LRT guideway. Under no circumstance shall the LRT guideway
divert or restrict existing flows. Existing drainage facilities must be protected or upgraded to
allow existing flows to travel undiverted to existing outlet points. New LRT storm sewers shall be
sized for the design frequency specified by the local jurisdiction.

Necessary replacements of existing storm sewers and appurtenances shall provide services
equivalent to existing facilities.

Services to adjoining properties shall be maintained by supporting in place, by providing
alternative temporary facilities, or by diverting to other points.

In all cases, design shall be carefully coordinated with the LRT underground electrical and
communication system.

3.3.2 Precipitation - Intensity — Duration

Precipitation data shall be based upon NOAA Precipitation — Frequency Atlas of the Western
United States. The only deviation from the NOAA Atlas procedures that are currently
recommenced is the use of the short — duration (less than 1-hour) rainfall ratios that were
published by Arkell and Richards (1986). The depth — duration — frequency (D-D-F) statistics in
the NOAA Atlas are shown as a series of isopluvials maps of Arizona for specific durations and
return frequencies. Selected isopluvials maps for Maricopa County can be found in the Drainage
Design Manual for Maricopa County, Arizona. Volume 1-Hydrology.
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3.3.3 Design Discharge

The maximum expected discharge from drainage areas shall be computed using the Rational
Method or other applicable procedures as specified in the latest Storm Drainage Manual for the
local jurisdiction, or as approved by METRO and the local jurisdiction.

3.3.4 Storm Drain Design

Storm sewers shall be designed in accordance with the procedures specified in the local
jurisdiction’s Storm Drain Design Manual and may have to be upsized, if the proposed
guideways are shown to decrease the allowed existing capacity of flow in the street.

Off-site Criteria for Storm Drain Design generally covers retention basin sizing for those
developments not within street right of way. The offsite criteria is governed by the local
jurisdiction and is as follows:

e City of Glendale - 100-year, 2-hour
¢ City of Mesa - 100-year, 2-hour

¢ City of Phoenix- 100-year, 2-hour
Unless 100-year design drainage crossings or protection is present guideway
elevations shall be set a preferred 20-inches and a minimum 12-inches below the
lowest adjacent finished floor upstream from the track. The design should ensure that
the highest curb or rail is a minimum 6-inches below the adjacent floors.

e City of Tempe - 100-year, 1-hour

On-site Criteria for Storm Drain Design generally covers the street right of way. Any on-site
retention volume to widen the roadway will need to be replaced. Major streets generally require
one dry lane for each direction of traffic.

¢ City of Glendale - 10-year

o City of Mesa - 10-year
City of Mesa allows spread to outside traffic lane only, not one dry lane.

e City of Phoenix- 2-year
e City of Tempe — 10-year

3.3.5 Minimum Velocities

Minimum velocities in pipes, culverts, and concrete-lined channels shall be 2.5 feet per second
when flowing half full. Minimum velocities in the City of Phoenix are five (5) feet per second for
the design flow and three (3) feet per second for one half (1/2) the design flow.

3.3.6 Minimum Pipe Sizes

The minimum pipe size for the latest design criteria and standards (i.e. design criteria manuals)
of the local jurisdictions laterals and storm drain mainline are as follows:

o City of Glendale — 15" lateral / 18" mainline

o City of Mesa — 15” when the lateral is subject to traffic load and 12" otherwise
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e City of Phoenix- 15" lateral / 18” mainline
e City of Tempe - 15" lateral / 18” mainline
The minimum pipe required by METRO for pipe size shall be:
e 24" for culverts (open at both ends) under guideways
e 18" for storm drains including connections to inlets
e 6" for slope drains

e 8" for underdrains

Sizes smaller than these shall not be used without authorization from METRO and the local
jurisdiction.

3.3.7 Minimum Pipe Clearance

For new pipes, a minimum of 5’-6” clearance is desirable from the top of the rail to the top of all
track drainage pipes passing beneath the guideway bed, unless otherwise approved by
METRO. For existing pipes, 4-foot clearance from top of rail to top of pipes, otherwise
relocations shall be required. See Figures 3-3 and 3-4.

Design exception will be allowed in instances where the City Engineer and METRO agree that
relocation of the required facilities is not feasible due to location and/or cost. The design
exception letter template is located in Appendix B as part of this Design Manual.

3.3.8 Pipe Material and Loading

Existing circular storm drains under the guideway shall be evaluated for clearance
requirements, material type, and structural strength for the required loadings. A field review of
the storm drains needs to be documented as to the type of material, flow line grades, and
condition of pipe. As-Built plans may not accurately portray the type or flow line elevations.
Drains that do not meet the requirements may need to be replaced. Drains that do meet
requirements can be left in place after approval by METRO and the local jurisdiction. Listed
below are the types of storm drain material required in the latest design criteria and standards
(i.e. design criteria manuals) by each jurisdiction:

e City of Glendale — Rubber Gasket Reinforced Concrete Pipe (RGRCP) per ASTM
with a general minimum rating of Class lIl.

o Cast-in-place concrete pipes, slotted drains or HDPE pipe shall not be
used in the City right-of-way unless approved by the City Engineer.

e City of Mesa - (RGRCP) conforming to Section 618 of the United Standard
Specification as published by M.A.G. and as amended by the City of Mesa.

o RCP is approved for storm drains 36” or larger and conforming to Section
618 of the United Standard Specification as published by M.A.G. as
amended by the City of Mesa.

o Cast in Place Pipe (CIPP) will not be allowed in the vicinity of LRT
projects.
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o Corrugated Metal Pipe (CMP) and Corrugated Metal Pipe Arch (CMPA)
are not approved for use within City of Mesa right-of-way.

e City of Phoenix- All storm drain designs shall be prepared on the basis of using
precast reinforced concrete pipe (RCP). RCP storm drain mainline, laterals and catch
basin connector pipes shall be rubber gasketed. A field review of existing pipe
material shall include obtaining all available as-built information on existing storm
drains within 10 feet of the track and a thoroughly documented video of the existing
pipe using light rail line stationing prior to final design. If material is cast in place or
metal pipe or there is evidence of cracking or less than Class lll pipe installation cores
shall be taken at a minimum 500 foot intervals in both upper and lower regions of the
pipe to insure concrete thickness and integrity. In sections of less than 6-foot cover a
second video of hand tested crack thickness evaluation must be done after initial rail
bed compaction and prior to placing concrete or ballast.

o Cast in place, unreinforced concrete pipe (CIPP) is not allowed within any
maijor arterial or collector streets.

o HDPE can be used but it must be installed per the COP Specifications.

o The minimum gauge for Corrugated Steel Pipe (CSP) storm drain pipe

shall be 14 gage, however this type of pipe is not allowed within public

Right-Of-Way. The specific gage specified shall provide a design life of at

least 75 years to first perforation based on soil conditions (see "Minimum

Gage Thickness for CSP" chart, p. 6-48 of the COP Stormwater Manual).

‘ CSP mainline storm drain pipe shall be concrete lined, Type "F" pipe.
CSP catch basin connector pipe shall be Type 2, aluminized pipe.

o Precast pipe will be RGRCP per ASTM C-76. Loading design shall be per

| City of Phoenix Storm Water Policies Manual Chapter 6.4 using positive

‘ projection loading 140 Ib/cu. ft. soil load substituting track bedding dead
loads and rail car live dynamic loading conditions.

e City of Tempe — RGRCP shall be used.

3.3.9 Corrosion Protection

In all cases, drainage systems shall be designed with consideration for the LRT underground
electrical and communications system, and shall include provisions for corrosion protection of
facilities against stray currents. Refer to Chapter 19, “Stray Current and Corrosion Control”, for
additional criteria.

3.3.10 Manholes

Manholes shall be designed according to the local jurisdictions latest Storm Drainage Manual.
Manholes shall be provided at all changes in direction and shall be spaced as follows:

e For pipe diameters of 30" or less every 330 feet.

e For pipe diameters of 33" to 45” every 440 feet.

e For pipe diameters of 48" and greater every 600 feet.
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3.3.11 Underdrains and Location

Underdrains shall consist only of perforated concrete or perforated plastic pipe at least 6 inches
in diameter for lengths less than 500 feet and at least 8 inches in diameter for length greater
than or equal to 500 feet. The perforated pipe shall be surrounded by a minimum of 4 inches of
gravel drain material, and placed a minimum of 12 inches below subgrade. The underdrain
system shall also be wrapped with filter fabric (minimum weight 4 oz/square yard) by placing the
fabric between the gravel drain material and surrounding soil.

Underdrains shall be located in areas where it is anticipated that groundwater may interfere with
the stability of trackbeds, roadbeds, and side slopes. In general, they may be used, based on
geotechnical reports, in the following places:

e Along the toe of a cut slope to intercept seepage.

e Along the toe of a fill on the side from which groundwater emanates.

e Across the roadway at the downhill end of a cut.

e Along the periphery of any paved area under which groundwater is likely to collect.

Underdrains shall be used to drain ballasted track within the street right-of-way.

3.3.12 Slope Protection

Cut slopes shall be protected with intercepting ditches at the top of slope when significant flow
may come from the ground surface above the cut. Slope benches shall be sloped toward a ditch
running along the bench. Slopes shall be protected where necessary against erosion from
concentrated flows with down drains.

3.3.13 Structural Design Codes, Manuals and Specifications

Unless otherwise specified herein, the structural design shall be based on the following codes,
manuals, or specifications specified in Chapter 5.

3.3.14 LRT Loading

LRT loading shall be in accordance with Figure 5-1 of Chapter 5 of this manual.

3.4 Right-of-Way

Light Rail Transit right-of-way requirements vary according to guideway configuration, which
may be at-grade, on aerial structure, or in underground structure.

Right-of-way is the composite total requirement of all interests and uses of real property needed
to construct, maintain, protect, and operate the transit system. Most right-of-way requirements
are permanent in nature: however, there will be parcels of land needed on a temporary basis.
These temporary parcels will be returned to the owner after the project has been completed.
The intent of this project is to acquire and maintain the minimum right-of-way consistent with the
requirements and to utilize good right-of-way practices. Because right-of-way plans approved by
METRO and the local jurisdictions are used as a basis for acquisition of property; all interests
and uses required shall be shown on the right-of-way plans together with the detailed property
data.
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The taking envelope is influenced by the topography, drainage, ditches, retaining walls, service
roads, utilities, and the nature of the structure and side slopes selected.

The limits of permanent right-of-way shall be shown on the right-of-way plans as a line
connected by simple curves and tangents. Spiral curves shall not be used in right-of-way
descriptions. Chords may be used instead of curves under special conditions.

3.4.1 Types of Right-of-Way
3.4.1.1 Fee Simple

Fee Simple is the highest and most complete ownership known in the law. Fee simple should
always be the first type of right-of-way to be considered for any surface or aerial construction.
Parcels of land required for the project shall be shown with sufficient dimensions on a set of
plans so legal descriptions can be written.

3.4.1.2 Permanent Easement

Easements are rights acquired by someone to use the land or property of another for a special
or particular purpose. Easements may be created for a variety of purposes including but not
limited to access, drainage, underground, aerial, supporting slopes, and utility. They may
involve the right to use only the subsurface of land, only the airspace over the land, or only the
surface of the land. Easements shall be shown with horizontal and/or vertical limits as required
to encompass the entire facility or structure with dimensions being shown on a set of plans so a
legal description can be written.

An easement that provides space for transit structures and for the future maintenance of
structures that support aerial facilities located on private property shall have definite lateral limits
on the drawings. Where required, upper and/or lower limits shall be described.

3.4.1.3 Temporary Construction Easement (TCE)

Temporary construction easements are usually used for construction purposes. These
easements are created with a definite duration period. These easements should provide
sufficient space for the contractor to use for his construction purposes. When the project is
complete, these easements will revert back to the property owner. Repair of any damages in the
TCE area shall be done prior to their return to the property owner.

3.4.1.4 Utility Easements

Utility easements shall be in accordance with local and utility regulations. Bearings and
distances along the sides of the easement boundary shall be shown, as well as the length and
width of the easements and ties to the limits of the right-of-way.

3.4.1.5 Traffic Easements

Traffic easements may be used for conduits, j-boxes, and loop detectors in areas where
sufficient right-of-way is not available.
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3.4.2 Right-of-Way Criteria
3.4.2.1 Right-of-Way Limits

The following criteria are provided as a guideline for establishing the limits of right-of-way. The
dimensions are given for minimum conditions and may need to be modified where engineering
or real estate requirements dictate additional needs. Right-of-way limits shall be vertical or
horizontal planes.

e At-Grade Construction

Upper Limit

Normally an upper limit is not required. When an upper limit is required, the limit shall be
described by the elevations of horizontal planes, stepped as required, and co-locating
the steps with existing property lines or prominent suitable topographical features. The
minimum desirable vertical distance from top of catenary support structure to horizontal
plane is 2.0 feet.

Lateral Limit

On exclusive rights-of-way, the minimum allowable distance from the centerline of the
nearest track to the limit of the right-of-way is 8.0 feet.

On restrictive rights-of-way, the minimum right-of-way is 29.0 feet.

Additional distances required, such as for maintenance road and drainage ditches, shall
be added to the above.

In retained cuts or on retained fills, the minimum right-of-way required is measured
laterally to 2 feet outside the outside edge of the retaining wall footing. Allowances shall
be made for pile encroachments. In side cuts and unretained open cuts or fills, the
slopes shall include side ditches plus 12 inches rounding. Soil walls and tie back walls
shall have a minimum 5’ beyond the anchorage.

Lower Limit

The lower limit, when required, shall be defined in a manner similar to that for the upper
limit, using a minimum vertical distance of 10 feet below top of rail, except in retained fill
sections where the lower limit shall include the structural support system required for fill
sections.

e Aerial Construction

Upper Limit

Where required by local conditions, the upper limit is delineated by elevations of
horizontal planes, stepped as required, co-locating the steps with existing property lines
or prominent suitable topographical features. The minimum required vertical distance
from the top of catenary support structure to the horizontal plane is 2.0 feet.

Lateral Limit

The lateral limit is 10 feet outside the centerline of each track. Additional permanent
and/or temporary easements may be required for maintenance of and repairs to
structures.
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- Lower Limit

The lower limit, where required by local conditions and/or specifically directed by
METRO, shall be the ground level with specified use restrictions, except for crossing
other rights-of-way. For aerial support structures, the lower limit shall include the support
foundations.

e Storm Drainage
- Open Ditches

The minimum total width for surface drainage easements shall be governed by local
authority requirements, but in no case shall it be less than 6 feet for paved ditches and
channels, and 8 feet for unpaved ditches.

- Underground Drainage

Easement widths for underground drainage systems shall be approved by the local
agency involved. As a guideline, the minimum easement width is 10 feet with 2 feet
minimum clearance from outside edge of structure to easement line.

e Stations

- Right-of-way required for stations shall include, but not be limited to, the space needed
for platforms and shade structures, fare collection, waiting areas, station ancillary
facilities, “such as kiosk elements”, for maps and/or station identification, bike racks,
landscape and enhanced landscaping at Station areas, and lighting. In addition to the
structural, mechanical, and electrical requirements for space, the requirements for
pedestrian and vehicular circulation space shall be observed.

3.4.3 Right-of-Way Information Requirements

Information on right-of-way plans shall be sufficient to prepare legal documents to allow the
transfer of land title. Plans should identify the right-of-way as being “open to the public’ and
“closed to the public” including continuous crossing public as well as private space. Such private
space shall be identified.

e Curve Data

Spirals shall be reduced to circular curves at the limits of the right-of-way. Circular curves
are the only types of curves acceptable for recording purposes. Curve data shall be shown
on the right-of-way plan sheet in the table of curve data.

Plans shall show the right-of-way envelope as being continuous crossing public as well as
private space. Such private space shall be identified.

¢ Isolated Right-of-Way

The boundary for areas supporting new construction, such as power substations, shall be
defined geometrically with ties shown wherever the location is not contiguous to the right-of-
way.
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e Street Closings

Separate drawings showing the areas of public property to be enclosed and used for the
transit system shall be provided. These drawings shall be prepared in accordance with local
government requirements.

3.4.4 Fencing

Fencing may be required in certain areas to provide security. Fencing shall be parallel to the
track, forming an open-ended envelope and allowing unrestricted LRT movement.

Vehicle service, maintenance, and storage areas shall be secured by perimeter fencing.

Size and type of fencing or barrier shall be as determined by site-specific requirements and by
the development requirements of the local jurisdiction.

3.5 Acquisition Process

The acquisition process involves several real estate components; which are completed in a
sequential manner. The total acquisition process takes from 12 to 20 months to complete
depending on the complexity of the negotiations and relocation requirements.

On federally funded projects the Record of Decision by the FTA would allow the acquisition
process. Title reports on affected parcels should be requested at this time to identify the
ownership and title encumbrances. The “total acquisition” parcels should be identified at this
time so appraisals can be completed for acquisition. The offers made for partial acquisition
parcels should begin no later than halfway through the final design phase.

On locally funded projects title reports on affected parcels should be requested at approximately
the 30% level of the design process to identify ownership and title encumbrances. The “total
acquisition” parcels shall also be identified at this time so appraisals can be completed for
acquisitions.

For additional acquisition details refer to the Real Estate Acquisition Management Plan.

All easements and right-of-way shall be verified and recorded after construction and revised as
necessary.

3.6 Roadways
3.6.1 General

Unless otherwise specified, all road and street design shall be in accordance with the most
current specifications and design guidelines of the involved local jurisdiction. For those cases
where the local jurisdictions have no design guidelines, the latest Maricopa Association of
Government (MAG) Uniform Standard Specification and Details for Public Works construction
shall be used.

The design of public streets adjacent to the LRT facilities shall not preclude the construction of
LRT stations as discussed in Chapter 6 and the operation of light rail vehicles (LRV) as detailed
in Chapter 7.
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The criteria set forth in this section are applicable to the design of alterations of existing streets,
new streets, and access roads.

The basis of design for alterations of existing and modified streets shall be to replace in kind,
unless approved by METRO and the local jurisdiction. New facilities shall be designed in
conformance with the standards of the local jurisdiction and each city’s supplements to the MAG
Standards and/or Specifications.

3.6.2 Roadway Geometrics

All horizontal alignment of public streets shall conform to the current specifications and
standards of the involved local jurisdiction. In a case where the local jurisdictions have no codes
or standards, the latest English version of the AASHTO A Policy on Geometric Design of

Highways and Streets shall be followed.

All vertical geometric curves of public streets shall conform to the current specifications and
standards of the involved local jurisdictions. In a case where the local jurisdictions have no
codes or Standards, the latest English version of the AASHTO A Policy on Geometric Design of
Highways and Streets shall be followed.

All roadway sections of public streets shall conform to the current specifications and standards
of the involved local jurisdictions. In a case where the local jurisdictions have no codes or
standards, the latest English version of the AASHTO A Policy on Geometric Design of Highways
and Streets shall be followed, and as listed below in these criteria. See Figures 3-3, 3-4, and 3-
12 to 3-17..

3.6.3 Traffic Lane Widths

The following criterion indicates the minimum and desirable traffic lane widths. During the early
stages of design, the design shall reference and compare the lane widths to the local
jurisdiction’s design criteria and standards. Traffic Lane widths shall be approved by METRO
and the local jurisdiction early in the design.

In cases of lateral constraint, a width reduction may be necessary and would require local
jurisdiction approval.

e Through and Left Turn Lanes = *10’ absolute minimum
11" minimum
12’ desirable

e Right Turn Lanes/Curb Lanes = *10’ absolute minimum

11’ desirable
12’ desirable minimum (City of Phoenix)

e Left and Right Turn Storage Lanes** = *16' absolute minimum
e One lane with barrier curbs = *16' absolute minimum

18 minimum
20’ desirable
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e Curb lane with parking = *18' absolute minimum
19" minimum
20’ desirable
e Parking lane = 8’ minimum
e Bike Lanes = 4’ minimum - to lip of Gutter

= 5.5 minimum - to face of curb
= 6.0’ desirable — to face of curb
* Requires approval of local jurisdiction prior to use.

** Use local jurisdiction design standards for storage lengths. If a traffic analysis is
available, the turn lane storage lengths shall be determined based on the results of the

analysis.

3.6.4 Bus Bays

Bus bay design shall reference MAG Standard Detail No. 252 with a 10’ bus bay minimum width
and a desirable width of 13’ or local jurisdiction standard detail, if applicable. Location of bus
bays, bus bay shelters and installation and removal of existing bus bays/bus bay shelters are an
important design feature and shall be evaluated and approved early in design with METRO, the
local jurisdiction and the public transit department.

3.6.5 Paving

Paving replacement, whether total reconstruction, replacement of roadway cross section or a
pavement overlay, shall be evaluated on a “case-by-case” basis. In some circumstances, the
replacement of pavement is a non-5309 cost to the local jurisdiction because they are receiving
an enhancement.

It is recommended that a pavement design report be prepared by a geotechnical engineering
firm and recommendations for paving replacement be approved by the local jurisdiction and
METRO.

In general, the structural cross section of new pavements shall be designed to meet or exceed a
20-year life cycle to support the anticipated traffic use.

Road and parking surfaces shall be either concrete or asphalt. In areas of transit bus stops,
reinforced Portland cement concrete pavement is preferred.

All pavements in public streets shall be in conformance with the current specifications and
practices of the involved local jurisdictions. In a case were the local jurisdictions have no codes
or standards, the MAG Standard Details and Specifications shall be followed.

Restored pavements shall conform to widths prevailing prior to LRT construction. No street,
sidewalk, or alley widening shall be included, unless required by new construction, or previously
agreed to between the jurisdiction and METRO.

METRO LIGHT RAIL TRANSIT PROJECTS
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3.6.6 Curbs and Curb Cuts

When new curb is constructed, the height of the vertical curb face above the finished pavement
elevation shall be 6 inches or to the existing height if taller than 6 inches. Vertical curb
constructed within ADOT right-of-way shall be seven (7) inches in height. Vehicle curb
constructed within the City of Tempe on arterial roadways shall be seven (7) inches in height.
The curb face may be decreased to no less than 4 inches along existing streets and sidewalks
in order to minimize areas of sidewalk reconstruction and impacts to adjacent properties,
subject to the approval of the local governing jurisdiction.

Curb returns shall be 35 radius at signalized intersections, as necessary, to prevent
encroachment of large vehicles onto the guideway, or per the local jurisdictions design
standard. Occasional curb return designs that differ from the standard require approval by the

local jurisdiction.

The Design Engineer shall verify adequate curb return design radii using turn template
applications, at locations that require special needs, such as skewed intersections,
large/oversize truck movements, etc. These locations shall be identified early in design.

The design of curb cuts and ramps shall be in strict accordance with the latest applicable
provisions of the American with Disability Act of 1990 and 49 CFR Parts 37 and local
jurisdictions standards and applications.

Curb cuts are to be included when curbs in public space are constructed or restored as part of
the LRT Project.

3.6.7 Driveways and Alleys

Driveway and Alley designs shall comply with the local jurisdiction design standards and criteria
and shall comply in strict accordance with the latest applicable provisions of the American with
Disability Act of 1990 and 49 CFR Parts 37.

Driveway and alley curb and sidewalk design that require ADA ramps, shall be located within
the local jurisdiction’s right of way. This may require purchase of additional right of way and will
require approval from METRO and the local jurisdiction.

Driveways shall not be added for vacant lots without approval of the local jurisdiction.

3.6.8 Sidewalks

The Design Engineer shall reference the local jurisdictions design standards for the width of
sidewalk and the width of the landscape buffer between the back of curb and new sidewalk.
Generally, a 6’ minimum sidewalk width adjacent to the back of curb with a 5’ sidewalk when off-
set from the back of curb are preferred. Higher pedestrian generators may require wider
sidewalks. Sidewalk design and width shall be approved by the local jurisdiction.

At station locations, refer to Chapter 6.0 of Metro Design Criteria Manual for standard sidewalk
and landscaped area widths.

Decorative sidewalks, including “Art’, which are impacted by LRT construction, shall be
replaced in kind.

METRO LIGHT RAIL TRANSIT PROJECTS
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Replacement of sidewalk due to other incidental work such as utility relocations, conduit/traffic
signal installation, street lighting, etc, shall be considered part of the project and approved by
METRO and the local jurisdiction for the limits of replacement.

Impacts to local business and residential properties shall be considered in the design of the
project due to replacement of sidewalks.

The design of curb ramps within sidewalks shall be in strict accordance with the latest
applicable provisions of the American with Disability Act of 1990 and 49 CFR Parts 37 and local
jurisdictions standards and applications.

Streetscapes shall be designed so that street light poles, power poles, guy wires, OCS and
other poles are located outside of the sidewalks, whenever possible, or the sidewalk widened to

maximize clear paths for pedestrians.

METRO LIGHT RAIL TRANSIT PROJECTS
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NEW SURVEY MONUMENTATION AT STREET CROSSINGS

SCALE: N.T.S.

NOTES

. AERIAL, STREET IMPROVEMENTS AND RAILROAD PLANS WILL NEED TO BE
REVIEWED AND ANALYZED FOR BEST LOCATIONS, PRIOR TO SETTING
FINAL MONUMENTS.

. MA.G. STANDARD DETAILS FOR MONUMENTS (HANDHOLE AND SURFACE
TYPE MONUMENTS) SHALL BE USED FOR ALL NEW MONUMENTS SET.

. EXISTING MONUMENTS TO BE TIED TO IMPROVEMENTS AND PERMANENTLY
REMOVED.

. TANGENT TIES TO BE SET ON EXISTING IMPROVEMENTS (CURB AND/OR
SIDEWALKS) USING 1 1/2" BRASS CAPS. TIES TO BE INCLUDED IN OVERALL
TRAVERSE/CONTROL NETWORK. MONUMENT TIES SHALL NOT BE LOCATED IN THE

CENTER OF SIDEWALK CURB RAMPS. LOCATE IN BACK OF RAMP OR RAMP CURB.

NOTES CON'T

5. RECORD OF SURVEY TO BE PREPARED SHOWING ORIGINAL MONUMENT LAYOUT
WITH ANNOTATION AND NEW SYSTEM OF MONUMENTS INCLUDING ANNOTATION FOR
ALL TIES AND MID-POINT MONUMENTS, SO THAT ANY ONE MONUMENT CAN BE USED
ALONG WITH ANY OTHER SINGLE MONUMENT. FULL PERIMETER OF SECTION,
INCLUDING MID-SECTION LINES, TO BE SURVEYED AND ANNOTATED ON SURVEY.
FINAL SHEET OF SET SHALL ALSO INCLUDE COORDINATE PRINTOUT OF ALL POINTS IN
SYSTEM. POINTS TO BE PRINTED TO THE EIGHTH (8) DECIMAL PLACE.

6. SEQUENCE OF SURVEY
A) MONUMENTS TO BE REMOVED TO BE TIED OUT FIRST.
B) MONUMENTS TO BE REMOVED AND RELOCATED TO BE RESET AT 4 FEET FROM
CURB LINES AND ON SECTION LINES.
C) TRAVERSE AND PREPARATION OF SYSTEM.
D) CONSTRUCTION OF RAILROAD.
)

E) PREPARATION OF RECORD OF SURVEY, CITY APPROVAL, RECORDATION OF SURVEY.

VALLEY METRO RAIL, INC.

DATE
January, 2007

DESIGN CRITERIA

FIGURE NO.

3-1

SURVEY MONUMENTATION
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NEW SURVEY MONUMENTS AT STREET CROSSINGS

CUT OFF BY THE LRT

SCALE: N.T.S.

NOTES

. AERIAL, STREET IMPROVEMENTS AND RAILROAD PLANS WILL NEED TO BE

REVIEWED AND ANALYZED FOR BEST LOCATIONS, PRIOR TO SETTING
FINAL MONUMENTS.

. MAG. STANDARD DETAILS FOR MONUMENTS (HANDHOLE AND SURFACE

TYPE MONUMENTS) SHALL BE USED FOR ALL NEW MONUMENTS SET.

. EXISTING MONUMENTS TO BE TIED TO IMPROVEMENTS AND PERMANENTLY

REMOVED.

. TANGENT TIES TO BE SET ON EXISTING IMPROVEMENTS (CURB AND/OR

SIDEWALKS) USING 1 1/2" BRASS CAPS. TIES TO BE INCLUDED IN OVERALL

TRAVERSE/CONTROL NETWORK. MONUMENT TIES SHALL NOT BE LOCATED IN THE
CENTER OF SIDEWALK CURB RAMPS. LOCATE IN BACK OF RAMP OR RAMP CURB.

NOTES CON'T

5. RECORD OF SURVEY TO BE PREPARED SHOWING ORIGINAL MONUMENT LAYOUT
WITH ANNOTATION AND NEW SYSTEM OF MONUMENTS INCLUDING ANNOTATION FOR
ALL TIES AND MID-POINT MONUMENTS, SO THAT ANY ONE MONUMENT CAN BE USED
ALONG WITH ANY OTHER SINGLE MONUMENT. FULL PERIMETER OF SECTION,
INCLUDING MID-SECTION LINES, TO BE SURVEYED AND ANNOTATED ON SURVEY.
FINAL SHEET OF SET SHALL ALSO INCLUDE COORDINATE PRINTOUT OF ALL POINTS IN
SYSTEM.  POINTS TO BE PRINTED TO THE EIGHTH (8) DECIMAL PLACE.

6. SEQUENCE OF SURVEY
A) MONUMENTS TO BE REMOVED TO BE TIED OUT FIRST.
B) MONUMENTS TO BE REMOVED AND RELOCATED TO BE RESET AT 4 FEET FROM
CURB LINES AND ON SECTION LINES.
C) TRAVERSE AND PREPARATION OF SYSTEM.
D) CONSTRUCTION OF RAILROAD.

)
E) PREPARATION OF RECORD OF SURVEY, CITY APPROVAL, RECORDATION OF SURVEY.
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DATE
January, 2007

DESIGN CRITERIA

FIGURE NO.
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\\\\_ TOP OF
NEW NON-LRT UTILITIES TRANSVERSE
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(N STREET PAVEMENT)
LIMIT OF CASING PIPE, 4" MIN LARGER

DIAMETER THAN CARRYING PIPE. SEAL IF REQUIRED
LONGITUDINAL UTILITY

NOT TO BE REDUCED WITHOUT PRIOR APPROVAL FROM METRO

’ DESIGN CRITERIA vy, 2007
— VALLEY METRO RAIL, INC. LRT INSTREET TRACKS |
~ NO UTILITY ZONE FOR 3-3
METRO UNDERGROUND UTILITIES
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THAN CARRIER PIPE

BENEATH LRT

¢ TRACK
|

¢ TRACK

l 10'-0" MIN (TYP)

ADJACENT TO LRT

NOT TO BE REDUCED WITHOUT PRIOR APPROVAL FROM METRO

NIRVRIR \YA@\VA\VM

LONGITUDINAL PIPELINE

VALLEY METRO RAIL, INC.

DESICN CRITERIA Dj;uary.2007
TYPICAL UTILITY FIGURE NO.
LOCATIONS OPEN
BALLASTED 34
TRACK SECTION




NO UTILITY ZONE

Underground utilities must
be relocated if they are
directly below the track

less than 4’ deep and

less than 10’ horizontally
from the center of the track.

Overhead utilities
must be at least 40’
above the track.

VALLEY METRO RAIL, INC.

DESIGN CRITERIA

DATE
January, 2007

UTILITY ZONE

FIGURE NO.
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NO UTILITY ZONE

e .

Underground City of Phoenix utilities must
be relocated if they are directly below the
track less than 6’ deep and less than 16’
horizontally from the center of the frack.

DATE

DESIGN CRITERIA January, 2007

FIGURE NO.

- VALLEY METRO RAI, INC. COP UTILITY ZONE
<~ FOR WATER /SEWER 3-6




RESTRICTED UTILITY AREA
RUA
TR@CK *
16’ I 16
REMOVE AND DISPQSE OF
K\Exnsrmc METER BOX
SO AN CANANANCACCANANSANA
al LY
ol
(8]
EXISTING WATER PIPE - |g
NEW METER BOX PER
OUTSIDE RUA _T = REMOVE EXISTING SERVICE PIPE MacVETe! T 330
el < WITH COVER PER
| x C.0.P. STD. DTL. P-1315
N— T
a
ASSUMED LOCATION OF ]
EXISTING WATER SERVICE a
©
NEW WATER SERVICE PER
C.0.P. STD. DTL. P-1342
ELOCATED WATER PIPE
OUTSIDE RUA y

[ AN
LCASINC PIPE, PER TYPICAL DETAIL

TYPE 'K’ COPPER SERVICE LINE
CONTINUOUS LENGTH

NOTES:

1. NEW SERVICE TAPS ON EXISTING MAINS SHALL BE INSTALLED BY THE CITY OF PHOENIX.
CONTRACTOR SHALL SUPPLY MATERIAL PER SPECIFICATION AND COORDINATE WITH CITY CREWS.

2. EXISTING METER BOXES IMPACTED BY PROPOSED ROADWORKS SHALL BE REPLACED AND
LOCATED TO OUTSIDE THE TRAVELED ROADWAY AS INDICATED ON THE PLANS. NEW
BOXES AND APPURTENCANCES PER CITY STANDARDS SHALL BE PROVIDED BY THE CONTRACTOR.
THE EXISTING METER CAN BE REUSED. RELOCATED METERS WILL BE INSTALLED BY CONTRACTOR.
NEW METERS SHALL BE INSTALLED BY CITY CREW. CONTRACTOR SHALL COMPLETE ALL CONNECTIONS.

3. CASING DIAMETER SHALL BE 4" FOR 1" OR SMALLER SERVICE PIPES AND 6" FOR 1.5" TO 2.5"
SERVICE PIPES. COORDINATE W/ CASING DETAIL.

*

EXTEND 10" MIN. BEYOND STATION PLATFORM WHERE APPLICABLE.

DESIGN CRITERIA ey G
- VALLEY METRO RAIL, INC. COP WATER SERVICE
~ CROSSING METRO 5o
METRO
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TRACK
¢
16’ 16
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FIRST EXISTING JOINT i
HRg] e /FLEXIBLE RUBBER COUPLING (TYP.)
® e
\pcfxswc PIPE, PER TYPICAL DETAIL

EXISTING SEWER PIPE /

NEW_ PIPE (TYP

.) NEW DUCTILE IRON SEWER PIPE
MATERIAL TO MATCH EXISTING

* 6 FOOT MINIMUM COVER WHEREVER POSSIBLE.
REDUCED DEPTH ACCEPTABLE WHERE APPROVED
BY ENGINEER.

** EXTEND 10" BEYOND STATION PLATFORM

DATE

DES’CN CRITERIA January‘ 2007

FIGURE NO.

— VALLEY METRO RAI, INC. COP SANITARY
<~ SEWER SERVICE

METRO CROSSING METRO 3-8




2 INSULATORS
5'—0" MAX 2'-0" MAX AL AT 3
- N : - - : - - CARRIER PIPE, RESTRAINED
TO_PIPE JOINT TYP. EACH END FROM BELL '
QO FIRE AOIN ( ) N JOINTS THROUGH CROSSING
(TYP. EACH END) FROM PLAIN END /CASING PIPE
e A /
! o
| ) /
- g 7
- ¥ b i
] 1 1. B { >
’ ’ n —
WRAP—AROUND L= A 12
CASING SEAL W/
2-SST BANDS
(TYP. EACH END)
SST CASING INSULATOR
WITH PLASTIC SKIDS
CASING PIPE
SST CASING INSULATOR CARRIER PIPE
WITH PLASTIC SKIDS
3" MIN. CLEARANCE
BETWEEN CASING
AND CARRIER PIPE
BELLS AND APPURTENANCES
SECTION "A—A
CASING NOTES:
1. SEE SPECIFICATIONS FOR CASING TYPE, DIMENSIONS AND
COATING REQUIREMENTS.
2. CASINGS SHALL BE INSTALLED WITH SAME PIPE ZONE
BEDDING AND BACKFILL AND TRENCH BACKFILL
REQUIREMENTS AS PIPELINES.
3. ONE JOINT MAXIMUM PER CROSSING ON CASING.
4. CASING SHALL BE INSTALLED IN ONE SOLID LENGTH WITH
FULL PENETRATION WELDS; OR IN TWO SECTIONS, BUTT
JOINTED WITH FULL STRENGTH BUTT STRAPS; OR IN TWO
SECTIONS BUTT JOINTED WITH FOUR 3" TACK WELDS
(MIN) EVENLY SPACED AROUND CASING JOINT
CIRCUMFERENCE WITH DRESSER COUPLING OVER JOINT.
DATE
DES'GN CR'TERIA Januaryl2007
FIGURE NO.
- VALLEY METRO RAIL, INC.
- CASING DETAIL
METRO 3-9




2’ -0
MINIMUM

MAINTAIN MINIMUM
VERTICAL CLEARANCE

PIPE 0.D.

2 -0
MINIMM

TYPICAL EXCAVATION FOR
SRP IRRIGATION PIPE
SEE NOTE 4

PIPELINE

i

VERT I CAL
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Vi
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UNDERCROSS ING UTILITY
( SEE NOTE 7)
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UTILITY CROSSING

2' -0
MINIMUM

PIPE 0.D.

2' -0
MINIMUM

TYPICAL EXCAVATION FOR
SRP IRRIGATION PIPE
SEE NOTE 4

AREA BELOW SRP

le—IRRIGATION PIPE—>]

PIPELINE

SEE NOTE 4

=
qi=
|

PARALLEL
UTILITY
(SEE NOTE 3)

PARALLEL UTILITY

NOMINAL
(1.D.)

PIPE SIZE—

PIPE DIAMETER

@ BELL (0.D.)

OUTSIDE

SEE NOTE 6

NOMINAL 0UTSIDE

PIPE SIZE | PIPE DIAMETER

(1.D.) | AT BELL (0.D.)
LR T
30° [
36" 53
2 60°
[ 68"
54° 75
60° 82"
66° 8g*
73 ar

OUTSIDE DIAMETER SRP [RRIGATION PIPE

NOTES

3

. COMPLY WITH ALL APPLICABLE STATUTES,

OVERCROSSINGS OF SRP IRRIGATION PIPE ARE REVIEWED ON A
CASE-BY-CASE BASIS. EXCEPT FOR THOSE CASES SPEC|FICALLY
IDENTIFIED BELOW, OVERCROSSINGS ARE TYPICALLY NOT ALLOWED.

MAINTAIN MINIMUM 3* CLEARANCE BETWEEN SRP IRRIGATION PIPE
AND OVERCROSSIN8 SINGLE-SERVICE (RESIDENTIAL) UTILITY
LINES OF |* DIAMETER OR LESS, STREET LIGHT ELECTRIC LINES,
OR TRAFFIC SIGNAL ELECTRIC LINES.

UTILITIES PARALLEL TO SRP |RRIGATION PIPE ARE REVIEWED ON
A CASE-BY-CASE BASIS. LOCATE PARALLEL UTILITY OUTSIDE OF
AREA SRP EXCAVATES WHEN MAINTAINING IRRIGATION PIPE.
TYPICAL EXCAVATION INCLUDES AREA ABOVE AND TO EACH SIDE
OF SRP IRRIGATION PIPE. SIDE EXCAVATION INCLUDES AREA
ABOVE A LINE EXTENDING UPWARD AND OUTWARD AT A ONE-TO-ONE
SLOPE FROM A POINT LEVEL WITH THE BOTTOM OF AND TWO FEET
BEYOND THE SIDE OF THE OUTSIDE BELL DIAMETER OF THE SRP
IRRIGATION PIPE.

. OTHER UTILITIES NOT PERMITTED IN THESE AREAS.

CLEARANCE |S MEASURED FROM OUTSIDE BELL DIAMETER OF SRP
IRRIGATION PIPE. OUTSIDE BELL DIAMETER |S SIGNIFICANTLY
LARBER THAN NOMINAL PIPE SIZE ( INSIDE DIAMETER) NOTED ON
PLAN/PROF |LE DRAWINGS. SEE TABLE FOR NOMINAL PIPE SIZES
AND OUTSIDE BELL DIAMETERS.

SPECIFIED CLEARANCES ARE FOR USE WITH RUBBER GASKETED
REINFORCED CONCRETE PIPE (RBRCP) UP TO AND INCLUDING 72°
NOMINAL PIPE SIZE. GREATER CLEARANCE OR REPLACEMENT IS
REQUIRED FOR LARGER DIAMETER RGRCP, CAST-IN-PLACE PIPE
(CIPP) AND NON-REINFORCED CONCRETE PIPE.

ASSURE CONTINUOUS SUPPORT AND PROTECTION OF SRP IRRIGATION
PIPE. DAMAGE TO SRP |RRIGATION PIPE/SYSTEM WILL BE
REPAIRED BY SRP. ALL DIRECT AND INDIRECT COSTS SHALL BE
BORNE BY OTHER UTILITY/LICENSEE.

TRENCH BACKFILL COMPACTION SHALL BE MARICOPA ASSOCIATION
OF GOVERNMENTS (MAG) TYPE | OR TYPE 11|, EXCEPT THAT 95 X
COMPACTION SHALL BE REOUIRED FROM ONE FOOT ABOVE TOP OF
PIPE TO BOTTOM OF TRENCH. WATER CONSOLIDATION IS NOT
PERMITTED.

COMPLY WITH MAG UNIFORM STANDARD SPECIFICATIONS AND
STANDARD DETAILS UNLESS OTHERWISE NOTED IN PROJECT
SPECIFIC SRP DOCUMENTS. MOST STRINGENT REQUIREMENTS
SHALL APPLY UNLESS SPECIFICALLY NOTED OTHERWISE IN
SRP DOCLMENTS.

ORDINANCES AND
REGULATIONS INCLUDING BLUE STAKE LAW (A.R.S. SEC.

40-360-21 ET SEQ.).

THESE GUIDEL INES ARE PROVIDED AS A GENERAL AID TO PLANNING.
ACTUAL SRP REQUIREMENTS MAY VARY BASED ON SITE-SPECIFIC
CONDITIONS, OPERATIONAL CONSIDERATIONS, ETC.

AN SRP LICENSE IS REQUIRED FOR UTILITIES CROSSING/PARALLEL
TO SRP IRRIGATION PIPE IN SRP RIGHT-OF-WAY. SRP REQUIRES
ENGINEER DESIGNED UTILITY CROSSING/LOCATION AND EXCAVATION
PLAN.

REQUESTS FOR SRP LICENSES ARE HANDLED ON A CASE-BY-CASE
BAS|IS. CONTACT SRP AT 602-236-2962 REGARDING L ICENSES FOR
SITES LOCATED NORTH OF THE SALT RIVER AND AT 602-236-5799
REGARDING LICENSES FOR SITES SOUTH OF THE SALT RIVER.

NOTIFY SRP INSPECTOR A MINIMUM OF 72 HOURS BEFORE STARTINE
CONSTRUCTION IN OR AROUND SRP IRRIGATION FACILITIES. AN
IRRIGATION OUTAGE AGREEMENT MUST BE COMPLETED BY THE
CONTRACTOR IF A DRY-UP OF ANY PART OF THE IRRIGATION
SYSTEM WILL BE NECESSARY DURING CONSTRUCTION. |SSUANCE

OF A LICENSE DOES NOT PROVIDE FOR A CONSTRUCTION DRY-UP.

VALLEY METRO RAI, INC.

DATE

DESIGN CRITERIA

SRP CRITERIA FOR UTILITY
CROSSING OR PARALLEL
TO SRP IRRIGATION PIPE

FIGURE NO

3-10
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DESIGN CRITERIA
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FIGURE NO.
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VALLEY METRO RAI, INC.
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FIGURE NO.
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. ~7— Chapter 4 — Trackwork

METRO

4.0 TRACKWORK

4.1 General

The purpose of this Chapter is to establish the standards and design policies for the detailed
engineering, materials and construction standards for trackwork and its interface with other
elements on the METRO LRT project. Limits of work covered by this section are one (1) foot
below subgrade as defined herein to top of tee or girder rail and the necessary interfaces of
trackwork with other elements.

The practices and material described herein shall govern the design of track for the LRT system
and includes the required interfacing of trackwork with other elements of the system such as
guideway, bridges, track slabs, transition slabs, electrification system, signal system, drainage,
etc. Construction plans and specifications shall comply with these criteria, Track Standards and
Directive Drawings based on the current requirements of the:

e AREMA - American Railroad Engineering and Maintenance of Way Association
¢ AAR - Association of American Railroads

e Transit Cooperative Research Program Report No. 57

Criteria for using shared right-of-way with other railroads, shall conform to both FRA and FTA
policies.

4.2 Track System

Trackwork systems are composed of a number of elements, each of which has a definite
interaction with the elements of the system. Because of this interaction, the design criteria for
trackwork must be undertaken as a systems approach with a cause and effects analysis being
undertaken on each of the elements. In performing this trackwork design, consideration of allied
factors such as safety, stray current, ride comfort, noise, and vibration must not be overlooked.
In addition, the relationship of trackwork design to the design of other elements of the system,
such as train control and type of vehicle must be recognized and accommodated early in the
design process.

Five distinct types of track construction may be encountered in the LRT system: ballasted,
embedded track, direct fixation bridge track, embedded bridge track, and shop track, all with
either 115 RE rail or girder rail. The design of the trackwork varies to some degree within these
types of construction. The design of project trackwork should reflect light rail transit
requirements and recommended practices to the fullest extent practicable. The essential
elements of trackwork are:

¢ Roadbed and Ballast
¢ Embedded
e Embedded Structure

e Direct Fixation Structure
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e Aerial Structure or Bridge

e Rall

e Crossties

Concrete for mainline track, secondary track, storage track and yard track
- Other Track Materials (OTM)

e Special Trackwork

4.2.1 Trackwork Classification

The tracks to be constructed under this project can be classified as follows:
¢ LRT Main Line and Storage Track

e LRT Yard & Secondary Track

Typical trackwork sections of ballasted types, direct fixation and embedded track construction
are shown in the Trackwork Standard Drawings (TSD), KS5-4001, KS5-6001, KS5-5001.

4.2.2 Track Construction Types

Trackwork shall be divided into five types of construction, which are:

e Ballasted track

e Embedded track

e Embedded Bridge Track

e Direct Fixation Bridge Track

e Shop track

A number of these types of track except bridge structure and shop track may be classified as
guarded track and as special trackwork, as specified elsewhere in these criteria.

Ballasted track as depicted in TSD KS5-4001 shall be the standard for trackwork-constructed at-
grade. Ballasted track, except where specified to the contrary in these criteria, shall be
constructed with continuous welded rail (CWR).

Direct fixation track shall be the standard used for trackwork constructed:

e On aerial structures
¢ In exclusive LRT use subways, tunnels, and underpasses

e In at-grade mainline tracks, radii less than 300 feet, or where limited right-of-way width
exists and these restricting segments either exceed 350 feet in length or are adjacent to
other segments of direct fixation or embedded track. It shall also be used in at-grade
sections of less than 350 feet in length, which are bounded on each end by either direct
fixation track or embedded track.
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Direct fixation track construction in all types of guideway configuration shall be designed to utilize a
second pour concrete method of construction as shown in Figures 4-1, 4-2, 4-3 and 4-4 and in detail
TSD KS5-6001, KS5-6006.

Details of at grade direct fixation slab track shall be developed during detail design to suit site-
specific situations.

There are no restrictions pertaining to the use of CWR in direct fixation track.

Direct fixation aerial structures shall be protected from the large longitudinal forces, which may
exist in CWR. Therefore, CWR shall not be terminated on aerial structure. The rail shall extend
beyond the bridge structure such that a minimum of 110 rail fastenings or ties are engaged. Any
reduction of this number of fasteners shall require special anchorage devices.

Termination as used above means absolute termination. The placement of a turnout or
crossover between ends of continuous welded rail does result in absolute termination of the rail.
The continuous welded rail is considered terminated by the configuration of the special
trackwork switch and frog component wedge shaped fasteners. Special trackwork locations on
aerial direct fixation shall be designed independently to suit specific design condition, which may
result from anchoring the rail.

Embedded track as depicted in TSD KS5-5001 shall be the standard for trackwork constructed
in central business district and paved streets. There a