Project Special Provisions

U-4704
Chapel Hill-Carrboro
Signal System Design

Final

December 30, 2008

Prepared for:
North Carolina Department of Transportation

© Kimley-Horn and Associates, Inc., 2008

I Kimley-Horn
[ ﬂ and Associates, Inc.




R L AR |
E “:

PROJECT SPECIAL PROVISIONS
FINAL

TIP U-4704

PREPARED BY:
KIMLEY-HORN AND ASSOCIATES, INC.
POST OFFICE BOX 33068
RALEIGH, NORTH CAROLINA, 27636-3068

PREPARED FOR:
NORTH CAROLINA DEPARTMENT OF TRANSPORTATION
INTELLIGENT TRANSPORTATION SYSTEMS SECTION

\\\\\\I Wiy,
N ARo’/o

%VV/)L \2[2a)0g

Signature Date:

Prepared by: KWS



)5 P i

This document, together with the concepts and designs presented herein, as an instrument of
service, is intended only for the specific purpose and client for which it was prepared. Reuse of
and improper reliance on this document without written authorization and adaptation by Kimley-
Horn and Associates, Inc. shall be without liability to Kimley-Horn and Associates, Inc.



U-4704 Chapel Hill-Carrboro Signal Systeit - <9
Intelligent Transportation Systems Section

Project Special Provisions

Intelligent Transportation Systems Section

Prepared By: KWS
30-Dec-08
Contents
1. GENERAL REQUIREMENTS 1
| I SR D) 5176323 1 (0) [ N 1
GIEFAL........ovoeeeeeeteeeeeee ettt ettt sttt st s et et s et et A s b e s b S E RS S AR S A bbb ARt bR e st sasene s 1
B, Standard SPecifiCations.................ccoceeeeceinnnecnirene ettt st bbb n 2
1.2 IMAATERIALS ...cctteiiemterrenaeeneeeaesenessesasnateereesammssasensmraaseeesosessosesesssessesssessssssssstesssssssnnietesssssnsesssesstsessassesssnnsnssesssoss 2
A. QUALIAIEA PPOGUCES ...ttt e bbb s st 2
B, OBSEIVALION PEFIOA ...ttt ebe st s b s bt rs st s st bt sms e b sas s b ssenns 3
C. WAPPARLIES ...ttt st et st s s e e et e e et et s st s e e s bR e s b e b ebb s s e e e s sbena st s b b e e srennis 3
D.  Firmware Licensing and UpPQIAdes...............c.eoeeueeereriimmiuciieniicne it sessesass st ssssas s s asenas 3
E. Wire Qnd Cable.............eoieeeeiiiieetetetr et cse s s e s b b 4
F. PAIREIAG. ..ottt ettt sa e s s e e e s e a e e n e a e e be s s nesnebesR e e et n s araesaaens 4
1.3. CONSTRUCTION METHODS ......ccieeotreeeresesracsssessiamesesacsssssssssnsssstossssssssssssssasssssmssassssessssnsssssntessssssstesssnsessssnsesssss 4
A GOREEAL..c.....eeeeeeeeeeeeere ettt ettt ettt et et 4
B, Regulations GNd COdEs...........ueeucecrciiuinciiiceeses ittt s st a s bbbt 5
C. UHLHIEY SEIVICES ...ttt ettt bbb e s st ea s e bbbt b n e b saeae st ns 5
D.  Maintenance and Repair of Material ....................coeoeccecennerereeinercsesiessssssecne st esesss it e 6
E.  Performance of Warranty Repair and Maintenance......................ccocecmeenernvnssessnnnnssssssssesseseresssssnssees 7
Fo IASPECHIONS. ...ttt e s bbb s bbb b aea st R et et et st ne R 8
G.  Removal of Existing Equipment and Material.....................oecomriivininininenicicinisiseesinsiesssssssssessssses 8
H.  Railroad Preemplion..................e.eeceeeeeeenieeeiaiiiniete st estee s sastaeest s e st s sesaesbesess s s et s b e ae s s ssseastsbb e nesremacs 8
L Emergency Vehicle Preemption SYSIEMS................ccocceuecieinieiinismneicisinsensesesesssssssessssss st sssssesssasssanas 8

i print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

Intelligent Transportation Systems Section 39
Jo TIMING Of SIGNGAIS.........ooeeeeeee ettt ettt ettt et et eae s e e et ban 9
K. W€ QNA CABler..occooosseosoeersoseresseeessosees s sssss s s sossss s s s st 9
L GPOUNGING ...ttt ettt e e e ettt e a e st aea et e ne e e ae s esn et enteateatenes 9
M. CONFACIOP’S OffICE ...ttt ettt et ettt ettt et a st st et e s et bessseneeneennen 10
N, ReUAEEA PPOJECES .....eeeeeeeeeeeeteeeeeeeeeeereeceeeveseeevesesessatessssssassassassssse s s et astesssssataseentassseserssternosnssnessorsensesnns 10
O.  8eqUENCE Of CONSIPUCHION. .........cueneeeeirereeereeiese e eceass e e es e s ettt e e e st e st st s et see s s 10
P.  EleCtrical REQUIPEMENLS ...........coveeeeeieeririireaeassneeesessest s sases s sasaessesesse st sesansesessesensnssssssssassesssssssasesesnsenes 11
Q.  Reguirements for Cables Crossing RAHFOQUS ....................coccccimeeinirniniiiiiicreeeeir e sases e eeseens 11
R Requirements for HiSIOVIC AFEAS............c..ouueeeeeueseeceeerieniesteeteteaes e sesaeses et ssssaeststesasssassssassessssaseessssasasans 17
1.4. MEASUREMENT AND PAYMENT .......cceecctiirtiereriseesseersnsessessssessnsssesssasascessssessnessessesssssssassnsesesasssnssens reerseiernneens 17
2. MOBILIZATION 18
2.1. DESCRIPTION ....cceeeccerreeacnerssesaneasasssnateseasssssssessssantesssassssatesessssmsessasantessesassasssasamsesassaresassssnsesssessasserssnsnsssssnsssss 18
2.2, MEASUREMENT AND PAYMENT........ctecrtiiiteentieneensteessesssesssresssessessssessosssssssnsessessaessasssesassssssasessessessseessssssasssses 18
3. SIGNAL HEADS 19
3.1. DESCRIPTION ...cccoiiirnruerenisisernsnsessesesnsnesesssnssesessssssssesssssssesssasastsssssansssnsssssssssasesssssssenssssssssssststsisetasstssenssnnes 19
3.2, MATERIALS cocveveeercsessiesessssesssssssssssesssssssssssssssessssssssssssssssssssssssssssssssssssssssessssssen S 19
A GEREHAL.......nneeiiitctt ettt b e bt h et ese e nen 19
B, Vehicle SiQNAL HEAAS................uocoirioieeeeieeeeeeeesteireet e e esssstsseesesesenesas s et s sseans st s e eseas st easmseneasssnaees 21
C.  Pedestrian Signal HEAdS: ..............cocouueeeeeeeeeeeeeeeestraeteeeteeraeet e s e st seseseeme st ss et sae e e s eme s e asnsssnsesanseenneensaes 24
D.  PedeStrian PUSRH-BUIIONS .................ccuuueeureeieeieeiesceesesesestesss et ase sttt st ses s et s e s esass s assasasanassssenenens 26
E. SIgNal Cable.............ueceieiiieeeeeteee ettt csen et st e e ettt ettt st b b 27
3.3. CONSTRUCTION METHODS .....cetrcverreceserrreranesseesasesssesssresssasssrasssesssasssassasasssrssssssssesssesasessasssssnsssssessssnsssssessssrannes 27
Ao GOREFAL........aeeeeete ettt n et ettt s e ettt st e et e nn e ne e sbesaseneneens 27
B, Vehicle SIGNALHEQUS................c.c.oueuecomeereeeeenieeeserireenesteseesinees s s s se et s tesastsstesasssesassasssastebassassesesasssesans 27
C.  Pedestrian SigNaI HEAAS ..............ccvmeeeeeseeeesineesecieneenrereseesteeesessessssestesessesesesesasatassntsseassnsamsasasnsesasessensenn 28
D.  PedeStrian PUSH-BUILONS ..........cc..ccccouevemmeeeaeeeeeeeeeeeessaetesentestntsasasesesestssstsuessessnsasaseasasassassnsssesssens .............. 28
34, _ MEASUREMENT AND PAYMENT.........cocttiemirentreereeesesestesassasasseeessnmnessssmsessseessssessssessssanessssaneesssnsssterssnsesnssssens 28
4. SIGNAL PEDESTAL 30
4.1. DESCRIPTION ......ucimrmracurereteneuentetetenstseetossntateseneuastsasscesssssentassssasstntasesttsasassst st st st sessesenassensassassssssesensnseseseeases 30
42. IMATERIAL....c..orueeermenemrereeenesesesmstsssassmsaesensstasesestasasassscessseststansassenetstesestsasasnentstseserasasssatensnsnsssesasesassanesesssssssaen 30
Ao GORCK QL. ettt st st et s e et sa et e s s et b e s et et et saa st e e e st areneenes 30
B.  PedESIAIS ...ttt sttt s et e s e e s ne e et s e nsee et emrene 30
4.3. CONSTRUCTION METHODS .....cccceettetteceneneeeaassesesssesessssesssessessssstansssessasasessesssssassasesssesnsssssenssssssesssssssssssnnsssasnnsens 31

ii print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System E

31

Intelligent Transportation Systems Section

4.4. MEASUREMENT AND PAYMENT.......cciietiarternineeeiernetsssaseseesssnsaeatssnesssasssssssstssansesssnsessssssesesassesessensasessssnsessanesnse 31

5. SIGNS INSTALLED FOR SIGNALS 32
5.1. DESCRIPTION ....ocieeicieiraeireeeessetresessseeeesssnaeessesassssesassessassnnassssaseasessnsassatessssneessesessansmsesssaserssessmsnsssnsnsasaseranann 32
5.2 IMATERIALS ....oceumrerecereresenteneneesesttsesesasassases sentsssessseseassenesassesstesensssasstrsnssssessentssenteseneassassssssssesssnsassssssessens 32
5.3. CONSTRUCTION METHODS ......cceoueererereecsarssamerassessaesssessessassramansessssasasssassssssisensesssessnssssanessssesssssssssssassassssesssassns 32
5.4. MEASUREMENT AND PAYMENT......cocccterctiesinmreraserisessnesessnassstnesssesssseaseessssesssmessessanessasassssasasesssesesssasessassssane 33

6. PAVEMENT MARKING SYMBOLS 34
6.1. DESCRIPTION ....cotrevererenerersnmmresanersssesssstessnsressssseessssesssasassessssnnsestessantesssessasessnssasanessasssneesassssessassessasssasasessanssases 34
6.2. N =10 7 5 OO 34

A General....................... bttt ettt bt eh Sttt e a e et e et et e RS RS e st et sae et e et e AR e sa et e et 1Rt e Sab e ae e et e as et et et et ereeneeaeen 34

B, Material QUALIICALION...............c.oocoveeeesieieieieeseeestesreseteenesastssests e s tenesse e e te e s sms et et saeasasesaeseessannesasssns 34

C.  HiSIOPICAL PEIfOTMANCE............cuoneeeieeeeeireeeeeieetee st sttt sttt aes et s st st e st e st st sasemasbesansesssasanssnsenss 34

6.3. CONSTRUCTION METHODS .......ceeueeeeeevererersammraamremmssaasssessessastessmessessnssssessessnsassessesensesssssssesssassssesssssssssssesassnsas 34

A GOREEAL.....onneeeceeee ettt ettt e et ettt s s R et n et e et e e sensene e eseneans 34

B.  Application EQUIDIMENL.................cccovueeeeaerrerrrereresereeseninens ettt st e n s st eees 34

C.  Surface Preparation and Curing Compound Removal....................occooeeeeeieeeeeeeeeeeeeeetse et eve e saennns 34

D.  Application of Pavement MArKiNgs ................ccoooueovoicnccnsinresereeeeierecesesieasseems s seaseestesasasaessssasasssssassssenes 35

E.  Pavement Markings OBSErVaLion Period ......................ooweeeeoveoereeessveesssssssssesssensesassssnesesesssssssesesesesesessseee 36

F.  Pavement Marking Installer QUQIIfICALIONS ............c.ceeeuevereeereieeresieetnsssenieisiersestesessessesassesnesessssessssessssssessans 37

6.4. THERMOPLASTIC (ALKYD/MALEIC)........oeveuvereueaeeesesacsssesessssssassssssssssesesessssassssssssssssesssssssssassssssssassssssssssses 37
A, ApDlication EQUIPMENL................ocoouieveesieniieieeteetetetests s eraesasestsessssests st et ssntssst e st s st esaassnestnsn e s aenseeesnnens 37

B Weather Limitations and Seasonal LIMHALIONS.................c..covmmeenuenientisinnessensssassssiesunasasnseasasesssssessassseenns 38

C.  APPLICALION..........neeeeeeeeeee ettt ettt sttt ettt st s e et e et et b e sa e st e et nen 38

Dl TOSHNG ...ttt e sttt aneresee e et et sret e e s nesaeasan et en 39

6.5. MEASUREMENT AND PAYMENT .....c.ccoieiteeirrteeesnrseteseesseasnssssessnsassessssesseresnsasssassssesessesessesssessseessssesseesserasens 39

7. MESSENGER CABLE 41
7.1. DESCRIPTION ....cceceiiamtieatesiesneeeseetsssteseestesassseassssstasssssssasssasesstassnsessssnesanmsasessessesssnntseasuassssssssssasssessssessnnsensns 41
7.2. IMAATERIALS ......oviertereemrecaeereannesssnresssteseseesassassersssstessssessssansesasasssssssessssesssaseassssenessssntssssastessssessnsenesssssnesnsnsases 41
7.3. CONSTRUCTION METHODS ....cceresueerecneressntnecssneesesenssessaneessssnsassssesssssesasssasssssassasesassssnnessssansessssessssesesassssssssasasns 41
7.4. MEASUREMENT AND PAYMENT .....cecetectrirtreeisteesstessssessesssssessasssnsssesessesssssasassesssssessssssssansssaessssasasssassessasssssee 42

8. UNDERGROUND CONDUIT 43
8.1. DESCRIPTION ....cccueitieseeerareeisssesesassessssesssssssesesssssessssssessseesssssnsaessassasssesesssssesssssassessssssenssssssasssssanssnsessesssenesssnnes 43

i print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

Intelligent Transportation Systems Section . 32
8.2. IMATERIALS ....ccuvteretemeeneenscnerseassaestsessesessssssaesesessssssentesemtasstsssstosssesessestsnsaseseesesesstsssssasssssassessareassessenssssscnssncs 43
A GOREIAL......nneeeiitiiititte ettt s e e e s s s s e et ee e 43
B, Rigid Metallic CORAUIL.................coueoeeeeiiiesieiteieeetrsteeete ettt s et et et e st s e s et e st se e et ene 43
C.  POWYVIRPI CRIOTIAR (PVC) ....eeoneeeeeeeeeeeeteeeeetetesteseeseesestsae st esestes e sst st et ssseste e s es st e s e s aesensesssbensnssnsissessensenans 43
D.  High Density Polyethylene Conduit (HDPE) ............c.ccoeeeecerereeeniesisieesirserssesenesesmeaseresestsssesssssessssssessesens 43
E.  Conduit Plugs, Pull Line, and Tracer Wire.................oeeoiiomscrereereeeeectenteseeseseeseseeeseses st st ssesee s sse e seeseanes 44
8.3. CONSTRUCTION METHODS .....uetieiteerieeeeeeeessesesensaessseasesssesssessssassstessssesssosmassassssessssasessnsessasmesnsasssssesasssassassesssns 45
A GOREFAL. ...ttt ettt ettt et e e Rttt t ettt b ettt et et e e nearane 45
B TFEICRING ..ttt ettt st st e sttt ettt st st et aeene et e e s b s hesaeens 46
C.  Plowing (HDPE CONQUIL ORLY)..........coouooeeeeeeeeeeesereeeeisseresecssssssesssssssasesessasssssssessssssssssstasesesssssssssassssesssses 47
D.  Directional Drilling (HDPE Conduit ORly)............occouierieeeneeieeeeeiteeeeeenie et stessest et sssse st st seneeseenens 47
E. BOFe AQNA JACK..........c.ccoooaiiiiieeceeeeteete ettt sttt st s et sas st sttt me e a et et s r et e e an et et b e 50
F. Multi-Duct Installation in QUIEE-DUCE ..............oeuevereeuiriincnininreeeercesectsesteseesisesssssesaesssesssssssonsonssessonssssasssons 50
G.  Reuse Of EXISING CONAUIL .........oenoeeeeeereeirietretesreessstaeesssesesas st sasstesessesessesstssestsssanssessasensstasessssssensssasens 50
8.4. MEASUREMENT AND PAYMENT .....cciiiioiieteerireeieresenceseeersessssnsanssssssesessssessssssassesssesesansscensenssesssasesssssesssssnsensesseses 51
9. JUNCTION BOXES 53
9.1. DESCRIPTION ....cuceresaneerssneressastresssssassseessssesessnseessassesassesssssssseessssessssessesssessssnesssesasnesssssssesssssssssesssesssssesssnnesssnes 53
9.2. IMATERIALS ...ccoioetiaccneerasenersasnteeesanesesssesassssssnnsssasnssseessesnasesses sonsesstsssessasesasnesesassonneesssnssssseessassesseesessnssennasessens 53
Ae GEREFAL.........cooniiiiiiitit ettt et bbb et e ae st bt ae et et et ne et s ae e e e nenenen 53
B.  Standard Sized JUNCLION BOXES.................ooooveioireeeieeiieeet et s st ettt et se e e e s s s eas et et 53
C.  Oversized Heavy-DULy JUNCLHIOPN BOXES.............ccoeeeevrveeeeereneeisssassssssaassssssessessssssssssssssssssssssssessessorsssssessssssssens 53
9.3, CONSTRUCTION METHODS ....cecoeevvressersssssssessssssssssssssesessssssssssesssssssssess s sssesssssesssssssssssssss s 53
9.4.  MEASUREMENT AND PAYMENT...............oovummsmnsssssssssssnsesssssssssssssssssssssssssssssssssssssssssssssmnnsssssssssssssssssssnnessssssees 54
10. 'WOOD POLES 55
10.1. DESCRIPTION .....coeiercmmrrencnerserssstrasansesssnemsssseasessessessseessssassesssassseseseessssssessssessessasnssesssassassnsesssmssessssssanessassasasanese 55
10.2. IMATERIALS ...cceceueererenrernenteraeasstesssnsresssssassasesessassasssnseesssseesstesasasessserasssns sesnesssessnsassessasressssesesnessensessssnenesnassssnes 55
10.3.  CONSTRUCTION METHODS......ccctminietisiisistsiisissssssisssssssssssnssssssasasssssssssssassasasssestsasasssssossssstetsuesossnsssnssssssenens 55
10.4. MEASUREMENT AND PAYMENT.........oociieeieeieeeseereeesisesesssssesssasssasssssssnssssssssassasssesssesasssenssenssssssessssssnsesssssssans 56
11. CCTV METAL POLES AND FOUNDATIONS 57
11.1. DESCRIPTION ....cciieecrcueeeeeeaeseasoraareasasssmseseesaasnstnsstessssssssesssssstnsessssesssesesassmenmeessssssnsssssreessassnsssssssnmneesssssssenssasnes 57
112, MATERIALS ..ucoeeuimecreemrceeceascsaesesassassenssnesessesseessasestassstusstasestasssmas et sasmeeseesessesassessessesasnssesssnsasenssensasssessons 58
Ao MEIALIPOIES..........ocneeeeneere ettt st s e s et se et et e ne s 58
B. FOURAALION ...ttt ettt ae st e e st s a e e st se et e e et enens 59

iv print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System a3

Intelligent Transportation Systems Section

C.  Soil Test and Foundation DeterminaLion .................cocoeeeeeeeeeeeeeeieeeeeeeeeeeeseteseeeteseestesenesasnsssesntsseseesessessesnness 59

11.3. CONSTRUCTION METHODS .....coeiccieeetieiiteeeseeasreesasnreesassmmeeeasaaaassnesasassssrasssssessssnreeaasasnsesssansanesasnesenansmressannenesaen 60

Ao MEEQLI POIES.......ccoooaeeeeceeeeereeescerevtsesssaeests et s secasstesaste et e sans s st e snssssessaesresestesstesarassaeasatnteasesasesasesteetaenes 60

B.  Drilled Pier FOUNAQALION...............c.occoueeeeeeceeeirenrrneeiesassussesasssessssssessassassesssssantessassesstansesansnt st onsensensessessesssaans 62

11.4. CUSTOM DESIGN OF CCTV CAMERA METAL POLES ......coiiiiiiiiterieeeeeecetrreerasesssssssesessssneresssnsessssnasssssanananes 68

A, GOREFAL........eooneeeeeieee et cte e vars st s et e st e e ae et e e et sat e et e ant e et e et e et e s n e e st e e e ae Rt e seeeseeane st e sateeneaantenneneane 68

B, MeLAI POIES. ...ttt ersrecest sttt sttt sttt st e s et et R sttt e st e e s b e a e st b et e et et enteae s 69

11.5. MEASUREMENT AND PAYMENT ......c.vuuiierieestereertessieneecssesssssassesassessssssesessssessessssssssaessesssssasesssesasnsessesssssessnsanssns 71
12. GUY ASSEMBLIES 72
12.1. DESCRIPTION ...coeetitiiieeeeeaeeeerrsnsnnseesenseseesisssssssnsessssssssssssssnssssssssssttassassessssnessssssnsnsssessssesesssosamnsesseesssassnseassasasans 72
12.2. MATERIALS ...cvetetrertresessesseesessesessestessstassasststasessessastontassassssstesansessansaseesessessossessastsstesessrsesesssassessssnssasssssesses 72
12.3. CONSTRUCTION METHODS .......coiiteeeeeceeieereseseesssnsesesessssssasessesasssssesssssssseessssssassnsssseseesssasssassssssessssasesssssanessanns 73

A.  Guy Assemblies for Signal Heads.......................coecreeeeimenirestnesininestrieseeneenrest s cesesesesasssensaesesseansnes 73

B.  Guy Assemblies for Communications Cable or Loop Lead-in Cable....................oocoeeeveemneeencinnencccenrenens 73

12.4. MEASUREMENT AND PAYMENT........cuticrieeeeisieectereeaeessstesessssessessossassssseesssesessssesansassssesssssessnsesassssessassssnns 73
13. RISER ASSEMBLIES 74
13.1.  DESCRIPTION......cociecietecieirerisieseeesestesseesestsssasssssssesssaseassssssnssstestassssassssssssasessesssassssssesssssssensasensessesssasens 74
13.2. . MATERIALS ...t eerecetee e et ss s sesssas e e se st e ssans et s seeas st sata e esesesnanasestertensestansesesssstasessenesnsssnesasssean 74
13.3.  CONSTRUCTION METHODS ........ocooietitentianeaettseeasetrecessentestesessesnssnssssatestsatsntansenssest stessssesennteseansantes 74

A NeW INSIQLIGLIONS...........co.eoneieeiieee ettt ettt st st sttt e sat et mee b e s et e ene et snennasane 74

B.  Reuse EXISNG RISEYS .......c...ovoueeeereceenreeiaesaseeccnsreteeteeseecesaessstassee s e e e s snassas e st e e saeseseasseeaseresaessesntenseesasessanesnne 75

13.4. MEASUREMENT AND PAYMENT .......ccuuttieerieieeetirireessnmeeeseressesssnsesessasnseessasssssssssssasnssessssnsesssesssnessessnseaesassnnnen 75
14. INDUCTIVE DETECTION LOOPS ' 76
14.1. DESCRIPTION ...cccceienscnenensemenessnteeressressrssssnsssssseesessemasesessaessssesaresasassessssssssnsnsetsssenstereemeesesssssassensnsseresasasasssrasen 76
T4.2.  MATERIAL....coueetreenrrrcenreesnrseesesesssessessessesesssestescantsssessastsassssesssssesssessastosensessansseasenssensassnssssensensessssaseseessentonssnn 76

Ao LOOP SeQlaNL...........oucuoieiiin et e e s 76

B.  LOOP WPttt e e et ettt n et en st e b s en 77

G CONAUIL.....oeeeeeeeeerieeeeeeeeeeeee s te et s seesaesse et e te et s e e e s ssassesetastesassaestssessaaessssasenssatamsansss st enteatsseansat et antennans 77

14.3. CONSTRUCTION METHODS ....c...uueeieeeareireeeeesseeesssesasanssssssssssassssassrssssssessessssasssssseassasssssssssssssssssssesssssessnaessssans 77
14.4. MEASUREMENT AND PAYMENT ......ccouiitiiiiiecieeieeeeseseieneeeeseeaesseseasesaesesssnssesssesssnssesasaasassesssssssanssessssnesessssnsssners 80
15. LOOP LEAD-IN CABLE 81
15.1. DESCRIPTION ....oeieieecccerunennsnresnsssseesntesssessessosassasssssssnnsssnsnssnssnssssssssenmsssssessassssessreesesneessssasessenssssnsssessanreeesseneenes 81

v print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System
Intelligent Transportation Systems Section 34

1520 IMATERIALS ...cucteueeniteneuenteraeaeatassentee sttt e et e sttt e st easas s st e et se s e s ettt e e e rase e sesaasesererenertaseressensrnrstasn 81
15.3. CONSTRUCTION METHODS ... .eeeveeeeesueseserascereasessearaosessseeasasssassssessanasssesesessstossnosssesssesssassssssssssasesnnsesns 81
15.4. MEASUREMENT AND PAYMENT.......coeoitiiieieecennteerssnerisieessssserssmessesstasssaresssssasssssesssssessssnsssssessasssessasssssasessssessane 82
16. FIBER OPTIC CABLE 83
16.1. DESCRIPTION ...cccieretereemireenntrerseresssesesersssssssassssserssssssssasessssesesassssasasassssssarassessasesessssnessessesssessssasesssssessesnsesnanes 83
16.2. IMAATERIALS ......ceieeeemeeeaeeeessmreesseeasaesssnassarsasassasessssasesesatssssssssassessssnsasssnsteesssseseneesssseesssasesasssessseessnstesensssasessanne 83
A. SMFO Communications Cable.................coeeoveruivreneeeiiieineeiereneseeeesstaaeseniosessssestrsssssasseesassassamesesasesssssassns 83

B.  Plenum Rated SMEFO Cable............ oottt rtsete sttt st et et st sessesebessa s aessasensens 84

C.  DIOP Cable...........onooeeeeee ettt sttt ettt sttt ae et e e et sae e e eneeaenes 84

D.  Communications Cable Identification MArKErs ...............ouoeeceeiieeeieeieeieeeeeeeeveeeeeevsvessesessssesssssssssssernenes 85

E.  Fiber-Optic Cable Storage GUIAES.................c.uocccremecoraeeeeeetesesteseestsseissteseseaase e tasssssesssssssssasssssessasessens 86
16.3. CONSTRUCTION METHODS .....c.vteeerreescerscrasaaseeseressnseesescassrsessscssnsassasesssssesesesssssassnsesasessesssssasasessasesassesssasssnn 86
Ae  GEREFAL.......aeeee ettt e e et ettt ee et a bbb et b ereaaeaase s anan 86

B, AeFial INSEAIIALION ...ttt ettt ettt et st ese et asa st s st eae s s besaasestesnstnsnsanesasans 87

C.  Underground INSIQIALION..................cc.ooueeueceerenieieesireceeseseseessassesasssesseseses st e e sassae st asessasasaessaseessesssssasseses 88

D.  Installation of Drop Cable............uccciioiieiciiiiiitine ettt sttt ettt et 88

E.  S101GGE fOr FUIUIE USE..........coccoeeeeeaneeeeeieeeeceieesteetese s st tee s e sseeat et esteses et et st et st aste st sssesansessssnsenesasasensan 89

F.  Reuse of Existing Fiber Optic Cable................ccoueueoeoiriirieecceieeeteseesessesesesasstessassesaesaesesssessssssssessssssesasses 89

G.  Removal of Existing Communications Cable eeeeeeeeseeeeeseeseeeseeee e s ee st ee et et oottt e et e 89
16.4.  MEASUREMENT AND PAYMENT .......ccottntmtntietniecensiencntrestencntsesesaesesee st sae s soesssassanssasaestsssssassasssssasanssssnssssens 90
17. FIBER-OPTIC SPLICE CENTERS 92
17.1. DESCRIPTION ......cotiiiecteeeesetseesneerasseessasasessssssassassseessasmmesssssssssmasessssseesssssssassesssstsesansesssnssssssassesssesesssnnsassssseensns 92
172, IMATERIALS ...couceiueutenectrer e e seseeeaststee et ae st soe e se st as e et see e a et st saeae sttt es s st sa s e e serestesentntssessssesasssanssans 92
Ae GOREIAL........c ettt et et et et e et heatne et s eae e 92

B, INLErCONNECE CORLEN .........c..coneeeereereeeireeteete et ettt e st e et ee e e st e e st et esas st e sas st e st e sasasanaras 92

C. Splice ERCIOSUT@ .o s eeeeeeessessesseese st sesesessmese st e et st eeseesemere e s s e esssessseseeeeeeeeee 93
17.3. CONSTRUCTION METHODS......ccccccristerreerarerserseesesssssanssssssssssssassssrsssassssssasssessssessessssassssanssessssesssssssssansassssssssssns 93
Ae  GOREEAL..........oeeeeeeee ettt ettt ettt st a et b et et n et et sa et e tenn e st et ensesesteaen 93

B.  Termination and Splicing within Interconnect Center ................ucmvreseeeseserserrreessessesssssessssessasaesssssssesnas 94

C.  Termination and Splicing within Splice ENCIOSUTe............ueweveoeereeeeeeceeieeeieseserssassssssssessessssessessessessessssenens 94
D TESHIRG ..ttt et e Rt ae e b e e ae R s R e et e e e e sae e e neenneneeasan 94
E.  Modify Existing Interconnect Center or Splice ENCIOSUFE................cueceeesverereneeiineiireeeireeseeeeseeseessesessnsens 95
17.4.  MEASUREMENT AND PAYMENT.........ccovsieuertireentetierseerestsenssssesessssesssssentsasssrsessosssessassessmasasentsssesssesnssnsessssessnns 95

vi print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System_ P as
Intelligent Transportation Systems Section

18. FIBER OPTIC TRANSCEIVERS 97
18.1. DESCRIPTION ...ccoeruteeiirureeiineresaseeeaearaeresastesssmaasesaressssasssssssesssmsssseesassesstassastessstesssseseeenssesessansasarssassessassnsssnses 97
18.2.  MATERIALS.....eiictittiiicieeee st aaesssesreseee s nae e e s e s e seee e e sae s e e ent s et s e e s et s b s e e emt s ma e s s s mn e s b e s b e e et e mebbe bt sa bt e nerabeents 97
A GOREIAL......cconeneeeeeee ettt ettt sttt e ettt e Rt eb ke a e et et R et et ebene s ere e s e b eneanas 97
B.  SKelf MOUNIEd TraNSCEIVELS ..............ccceeeeeceeeceerieieeeieneeaeseeeseessstasseseet s aeent et aet e s e ee et ssaesaentesasanstesssesenneensenens 97
C.  Rack Mounted TrANSCEIVELS ...........ccouveeeenirieeiieenieeesesreesceaentae st s et e sesee e e s sesesese e e s enesae e e e esanesasssanaes 98
D, Video TranSCEIVETS ............coeecereeereeeireeeseene e sesetseeets st et ees e et et st et s et e et st s e e et e sre st st st s e sas st e e e ns 98
E.  Video Optical Transmitter MUItIDIEXer .................ccoveeecceeceurneneeeririrrseseecese e sesreeeteae e sees s seteteassesesenens 102
F.  Video Optical Receiver DemultiDIEXer .................ccouvereeeeueniiieceimnsiricissesresesscsircsscsesssesassessssessesensssesissesosesens 103
18.3.  CONSTRUCTION METHODS .....ctrieeeerurueserisemsessenestisssmssassisisssssesssiassesesesenssessssssesssssesesssensssssstssssssssissssessssssses 104
A.  Shelf and Rack Mounted TrANSCEIVELS ............cweeeereeeeereereaeeeenenireereesesteseeseeessesetssssssesseseserasssssssesssssnssessens 104
B, Video TFANSCEIVETS ........c..ecuermeeerieenireeeteese ettt sens ettt ss s e st s et st et e s oss st e s st saemrennneas 104
C. Video MUILIDIEXEES ........ouoeeeeireetiiseireceteetetetet st teseeens e ssses e et s st e et st et e s e ses s sen st e e s et nasaenea 105
18.4. MEASUREMENT AND PAYMENT........cccoieoieeieeeereeseteensesscensessansstassesssessesesassessssesansesntesssnesasssssesansnnsessannsernes 105
19. DELINEATOR MARKERS 107
19.1. DESCRIPTION ....cuieciutersienineesnreasseasaneeassesassssesaesssssssmassnsrasnsassasaeseesessaessasasasstesssssennesasammessasesssnsensasmesssesasasseans 107
19.2.  MATERIALS...cooiiiiettisireescersatasaeess s se st e s s seseaeeesessasese e st e s et e amseae e aarsemb e as e e aat e s e be s e e mtarameesae sentesnmnanssemeranesanerns 107
A, POSt MOUNE MAPEEYS (TYPE 1) ...ttt seassesesasa e e stesesaessesaeaas et me e sasnsses e et ensseemnanas 107
B, Flush MOunt MArkers (TYPE 2) .......eeeeeeeiueeeeeereesereeieseesesesssasssessstsetassassssesessssantasssasssssnssnssssssssssesassesssens 108
19.3. CONSTRUCTION METHODS ....ccciciteeerrerereeeesneressseessssensesserastesssmssstesasasessasesassnessassensmmessssesssssssessseesassessnnesssnness 109
19.4.  MEASUREMENT AND PAYMENT......oc.ooevseveosesrsssesssssssssessssssessesssssssesssesssssssssesssesssssssessesssessoesne 110
20. CABLE TRANSFERS 111
20.1. DDESCRIPTION ......oieeeeeetrerenresenssseessssessessessssnesssssssasesasesasssnsessesssaesssasesanesessesans aesneasessesssssassesssesssrssassessessassnns 111
20.2. CONSTRUCTION METHODS ......0ecvieueestessesssssessssecssesnsessonesssessssntsassasessensessesasseatosseessssassessesesssssassasasssssassassasns 111
20.3. MEASUREMENT AND PAYMENT.......ccciiiuieseecsteneeersseseasseseesessessarsssessssaessesasssnsssessseassssssssssasssesssassassassesssessasass 111
21. BUILDING MODIFICATIONS AND FIBER OPTIC CABLE TERMINATION 112
21.1. DESCRIPTION ....cortcriireueseerersersrenmessssssessstessasasessasaressssssesssssssssssanssssssossstessanssssssasssnssssssesssssssessnesssntssesanressseesse 112
21,2, MATERIALS ....oouicetiettttite e s eenarenetes s ra s sssc s s e smsee s st e sheesesesab s s et s s mr e b S s st e eabe Ao ab e e s b n e e smtr e se s bma e nesearenameesasannerane 112
A GEREEAL........oeoeeeeeee ettt et e s e et e a ettt et ettt e a e e e e et e et e e vearaarat e et e taatenesteeeaenerasenes 112
B, INEEICONRECT CERLEE .............eoeeeeeeeereeeeeeeeeseeeeetesesessssseseses s s sessteneseentasaesaesaaesatsesensasesneatassasseseanssassnnanssens 112
21.3. CONSTRUCTION METHODS....cceisiteeeciereecneesesissressmeesseseessasessasesassesssessssasesassasesssssssnnsasssassnssnssessssesasassesssanessans 113
A GOREPAL........enieiecteee sttt et st et e s h s se et a et st e et e e atan bt st natraenesens 113

vii print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

Intelligent Transportation Systems Section 3o

B, Traffic Operations Center ...................ereieeiii et sssnese s e e et b s r s s as e n e 114
C.  Remote Traffic Operations Center ...............c.uvoceeeriirsereeersteeseseeeseesenstesesssestesassesessesstsestessstesesseasesesess 114
D, POliCe DEPAFIMENLS ...............oereueeeereeeaieeeneaerueaeaseasasnesssassnssssssateesse s sasatese st easesst et ateasssassastasensasnssssssssasensnsnn 114
E. TOWRIT FQCIHIES .........cvoeereeereeteneecereeeeeeeeeseecteee s et e aessesmeesate st sse s enesens s e mesmrese e e seetenesneseenesasssenenesetons 115
21.4.  MEASUREMENT AND PAYMENT.........ccectvienriricniniisrinestosestisestsnsessesestsesssssasassssassssesensssssessssssssssssstsssnenenssaeses 115
22. SIGNAL CABINET FOUNDATIONS 117
22.1. DESCRIPTION ......uuuveueeeeeerumeeressssesesssnneesssssnsesssssassassesassesesessasnesasastasseessnssessssssnesssasessasessesaserarasasessensareessannnses 117
222, MATERIALS.......oeeieirersceneteneiesaetesensstsassssseses et sasseatesestenstassarassaresesestssesssstasssasseshssestosesensensareneesentsasarassn 117
22.3. CONSTRUCTION METHODS .......ucticatteeerreseeeesseessssessssessssnsssessnsssssssssssasasesassssssssaessssssessssesssasesastsessessssessssesasnn 118
Ao GEREIAL.......ceonniiiiicee ettt ettt st ettt sttt e et s e e et et e es st eee et et saesaes e 118
B.  Install Conduit Entrance into ExiSting FOUNAQALION................o.cceeueceesrseereeerrieeriteseesesseseeseesestessesessesssssssanes 118
C.  Modify FOURNAQALION................cuuoueeemeeieereerireeeeeeeeeetssee et et es e enee s bt st e e e s et e s s e s e s snenes 119
D.  Remove Foundation, Cabinet, CONIFOLIEr ...................eeooeeeeeeeeeeeeeiieeeeeeieereeessreseesueessssssssseesssesssessssessssessnas 120
22.4. MEASUREMENT AND PAYMENT.......coootiectrienteecieeeneersesaseessesssssesesatesesassssessesssssnsassssssesasessatassasessasessntesensnne 120
23. CABINET BASE ADAPTER/EXTENDER 122
23.1. DESCRIPTION ....iiiiiaeereeeerasaesessessasmesesaseessaesseseasanntessnssesassasamnaesassasassessseats s seneseaseennes sesnsesanseranssesnnerass 122
23,2, MATERIALS....cccotetieititieinteeeississstesistsssissssesstsssssetssssesssssesesassssassssessesssessssssssnessssssassesssssssesasssssestasssssssssssasaneas 122
23.3. CONSTRUCTION METHODS ....c...cvttietieeantessssseressasessaseesstaseessnsesssnssessasssssnsessasssssssssssssstessseassssesesseessanesasssesssasnen 122
234. MEASUREMENT AND PAYMENT ......iiiieeceiettiereeeeeesseesesmearessasaraasssassessssssesasssseassasesssssssserassssmrsesasanenesenann 122
24. CONTROLLERS WITH CABINETS 124
24.1.  DESCRIPTION .....cctemiiruermeneereneertsteessccesesssesesessesmensseesenmesesresmassnenseseessnssmsss srsmsassassessessrnsstensaesesassessessrsesesseen 124
242, MATERIALS ....ccvvcrermracreronesresssesnssosessoseessntessasssssmssentesesssanssesassassesesesasssssentseesesessessressasaassesesasssssassss ... 124
T € T 7 USSRt 124
B. CADBINEt PTOLOLYPE .........oc.ccovvenereeraeeeieeanieeteraetesatesatera st essessentsanesassaaent e st ae e sseseats s et e eaaaesassesasneesnanessessannes 124
C.  TYPC 2070L COPLFOIIEES.........oueeeeeeeeeeeeeeeereeeresceeeserseestestseseseseaseeses st e se s s e e ssee st sas st et e sastenessensasanssesassns 124
D, General CADINELS.............couueeoereeeeeeereeeeeeerereeteeret st ees e ae et saee e s e s e s et s sae et e e seese s sansessean s e neennsn 125
E. TYPe IT0E CabBIRELs ..ottt ettt ees ettt et et st sttt sttt ettt s 126

T F. TeFMUNGL SPHCE BOX ... ves s eeese s ses s eesassses ettt a ettt aesae st aen 139
24.3. CONSTRUCTION METHODS ......uueereeereecenrissecessecsseressnsssassssssersssassassnsesssasssntesseesssaesessssesassrssssesssasssassssasssasessasese 141
Ao GOREIAL.........eeee ettt ettt e e e E e e st n e e s ne e 141
B, Terminal SPlice BOX ............coceinivuiiiriiiiiiiieiti sttt e s s e en 142
C.  Emergency Vehicle Preemplion...................couoeeviroeeeerseeereeseniresesesesasestsseseseasesssseressessssesatsssssessenesssessesesenss 142
D.  Railroad Preemprion................uooeeeeeueiueieeeieeeereteiee et see et st te s eeeeseasessses et et e s sa b e ta st nsasense e et e saneanaasaan 142

print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

.y
Intelligent Transportation Systems Section 3

24 4. MEASUREMENT AND PAYMENT ......oiiitiieiiieiiaescieentersinesseeeseesresateesssassesaneessesssssesesesassssesssssnssssnssnnesssssssnsessnen 142

25. ELECTRICAL SERVICE 144

25.1. DESCRIPTION ...coeruiiiiiitiisissinsnsenstsaissss s ssesssesnssssssss e as s e b s be st b s b e s e b aa s s b sa b et e bbb e b e s s e b et s s b et e s ennsanasesesananas 144

T A VN 21 ] 7 I T 144

A. GEREFAL...........eoeee ettt e et e e bt e e e s s e s et nenee e nant 144

B.  External Electrical Service DiSCORECL................ooveuvveeeireereriererireneeraeesesaestssesiatenesiessestssaesssasessanssssesssssssns 144

25.3.  CONSTRUCTION METHODS.......ccoimmrmrcretietremessessesstnesessestsesesmsseasssssssosessssassssssssssssntssssesmensasssssasassssssenssses 145

Ao ElCHFICAI SEIVICE ...ttt e b e e n e n et 145

B.  Modify Existing Electrical Service.................couuveiimrctniniiiciiiitis s ssssssssss et sissssnecsssss s 146

25.4. MEASUREMENT AND PAYMENT ........ccccteeetrerteereisessserasesssssosassssessasescesesmessssssasesesesesssassssassssanrstsesesssesssssssassnne 146

26. CELLULAR MODEM 147

26.1. DESCRIPTION .....uvcouureeeeeereresesarsssessassessassssssssssnsmesseseasessssssssssssasnmsessessssesaeasaaaaanseeetessaeeeseseeasesnsessennsesasessssnnnns 147

26.2.  MATERIALS....cctruietriecerecrrenireriseensacsnesesassesessesestsessesssstasestesanesesssssssessrstessseassacstsmmt sncasessesessessssssestssssenesssseses 147

A GOREPAL.....aeeeeeeeee ettt sttt eae e et et h et s et sre et ettt eae e et eneeas 147

B, MOdeM.........uoeeieeeeee ettt et e e bt e b e e st st seme et et et n e et e nenne e 147

C.  APDLicAtion SOfIWATe.............c.oceeieeeeieteeeeeeectatrete st sttt a et et s st sr et et seseseses st s eneent 148

26.3.  CONSTRUCTION METHOD.....cccucucemturructraseeueseaentretees et sesssstetesensentasese sttt sssssae st stssesentsue et susasasessenesenesesasaeas 148

26.4.  MEASUREMENT AND PAYMENT .........cciieurueueanmenittensasntesenssresssssesesenmenssentomsasasencaresssenenssaentsesessssasaenesesonasasas 148

27. CCTV FIELD EQUIPMENT 149

27.1. DESCRIPTION .....ueeireeeeecneresnessennrerssesesssssesssesssassessssanssansessssnssssesessastassessasessnesesastssosssessesssnnsenseassnssessesssnnansse 149

27.2. MATERIALS ......oiieceteeemceuttnt et e e e stecrasaseaasas e eas et te s et teasatetesent e estene st sms s st ae st et s b et et sas st e et st senese e saesasasserasn 149

A GOHEEAL....eoeoeereee ettt ettt ettt et et sttt et s e st et st et saeeae e eae s et sane e erenne 149

B Camera Qnd Lens .................ouueenenereeiniriieeieescreesstsee et as st s et sttt et et sae et e 149

C.  CAMEIA HOUSING ........eeeeveeeeereieermeeseresesstssesscesatesasassseneessesanesesane snesatssas et senesstesnesanteseaassessastassnosessnesssann 150

D, Pan @A Tilt URL...........oocoeoeeeeeeeeeeeeee e s e eseesetest et e saessesesase e s e st st st st e e st s et seaesae s st sanase st eateassanans 150

E. CONtrol RECEIVEF/DFIVEL...........c.ccoeeiniieeeecereceriesearesee st s ssessesat s sese s ssssaee st et sreeesas st ese e e sessearessasnacs 150

F. CCOTV TESt PANEL.........onoeeeeeeeeeeeeee ettt ettt st st e e e s s e ae s s s st e s e s e st ns et eabas e e s et n st nense e 151

G.  CCTV Unified Cable............oeeeeeieereeseeeeeeieeeeee ettt ettt et se sttt sesas s st nenae e 151

H  CCTV Camera AHACRMENE 10 POle.............co.o.coiouieeiaieiineecrie ettt seees e se s et st st ses st a e e s 152

L Surge SuUpPresSiOn...........ouieivctiiiiiiiinccetc e s 152

J. Pole Mounted CCTV CaBiRer............ueceeeerireeeeeeeeeseeesieeeeesereestssssssessenstseeesesiossesssssanssssosssssesessesasssssessssses 152

27.3. CONSTRUCTION METHODS ......ccuvtrerurrrerraerersressssesseessesnasssessaseseneess eetereserterititrabatseettariettantntnnaerrraraa s annnan e 152

Ao GOREEAL......eoeeee ettt ettt et e et e e e et e e R s e s et s eneeanaeae e saeeaeeeanenn 152

ix print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

Intelligent Transportation Systems Section gt
B.  Electrical and Mechanical REQUIFEIMENLS...................c..ccccororseemeueseerairieeeeaaeeeesteseiestaseesessssseasssssesessassenenseses 153
C.  Pole Mounted CCTV EQUIDIMENt CaDINEL...............cccovveriiieseesiiresesassenesesssiesesssesssseestesesssessssenssssssesssssesseses 153
27.4,  MEASUREMENT AND PAYMENT.......coeveuiurcateietrtesenenesesseeseseentsentetssensatensasesatsss et st s sasasasessmsasssseasatasesessnssess 153
28. SYSTEM SOFTWARE 154
28.1.  DESCRIPTION ....coeeueeceerueucmesiniutersesenttasessutateseseaeneseststssenestetsesessensasestassasatansassestetssessntessssasntatasssemensnsetassnsasnsn 154
28.2.  FUNCTIONAL REQUIREMENTS .....cccceeeureesriarneerneesesssessserasassssasssessessssssnsesesssessesssesassessessssesssesssssnsessnnsassesssnenn 154
A GORGHAL........eonnniieeteeeeete ettt et st en s st e st et et st s et ne e e s et s b et enen 154
B.  Distributed Processing Signal SYStem SOfIWAIe.............ccoeeceeveieerireiveaerseeteestsiesteesessessssssssasssesssssessosesens 156
C.  Local CORroller SOfIWaTe..........ueeceeeeeeeeeceeciestesrtsste e e ssss st sa e ssssas e sassstessee st esssssseasesstasssnsasssesssentassans 178
D.  CCOTV SYSEM SOFIWATC.........ceoeeeiirieeeeeeerecieeeret et stes st asste st s s e et et e s e s et e sesaaens et sestrasaeanen 178
E.  Regional ITS Graphical User Interface SOfIWare.............oeececemeerieneieseeeeseneeereseeeesesnseneeeneenens IR 180
F. OREE SOIWATE ...ttt e ettt st sas et es e santb et st e e s e s sansesenessnreeressssnnen 181
28.3. INSTALLATION AND INTEGRATION .....cccceereueeeneererensesssncesoncesaseessessessssessnnessasessnsssassessesseesassasssssssessnesssessssssssers 182
B €T O USROS 182
B.  Distributed Processing Signal System SOfIWare............c.c.oueeeceiueeirnieseeneceerienetesesntsesssesessessessessessesses 183
C.  Local Controller SOfiWare..................ueeveeveereeceriteaeeeiecieeeeaiessssstasssesssasssssssstesssassessaissasssessessessesssssssansessne 184
D, CCTV SYSIEM SOFIWALE.......o.cuoeereeeeeeeeeeerctsereceeeessssessesiessesseesesssss s e e asssssesassae st s s ssessessasasasassasssensensesaansennan 184
E.  Modify Regional ITS Graphical User Interface SOftWare (GUI ..........ccueeeeueeeereemeserienireseeesserenaessesesseneens 184
F.  OtRer SOftWAre...........oooieeeeereeteeeee sttt ettt ettt ee st s ettt et saent et et neens 185
284, TESTING .cocceuereemrcruermeecesstsesseneacteaesssset et esenteseseesstsases st ab e st saenr e serasaesassasatess tenearensatentetanesssusaensestssenesrensan 185
A GOREEAL..........aeeeeeeeeeee ettt et s ettt sttt et s et a et e Ae st et e s e et ne s eneaeneesennans 185
B, SYStem DemONSIFGLION..........oucoveneeeeeereeetieeeeeeeeetente et et e eneat e st et ssaetssesssesessssstsstsatsaeseeneasestastentsnansesnsanssesnane 185
©28.5.  MEASUREMENT AND PAYMENT......curuiumeustmermniastasssss sttt 186
29. COMPUTER HARDWARE AND PERIPHERALS 188
29.1. DESCRIPTION ....coiirmimeutrmrarerarssesessesseteesasstes sesesestsmsnsacamsasocetsssasasscstsassentssentaressesessasrscatntsassssnsasessassenssasasns 188
292, MATERIALS ...ttt sstesisc s csssses e sssssas st st s s s sa s s b esas st ses et e RSO e e RS RS E S H St e reessat s sanaeatetssene 188
Ae GOREIAL........oeee ettt et et ettt sttt bttt neene 188
B, SUFGE SUDPFESSION SIFIPS ...ttt ret et n st s anaae st et ae e e se st sa st e b et et eseseseenesanntons 188
C.  ADDIICUIONS SEIVELS.......coeonriiiniitete sttt bbb 188
D.  Keyboard Video MOUSE SWILCH............coocoeereneeeieeeceeeeereestsee st sesss s et sesseset e aetsesssssesasssssssssessssssnsins 193
E.  Computer WOTKSIALIONS.............o.occcouieeteecriieeireeirnceniiiscese st sassrenssssaessesesstsssncnsesestssesssnesessesssenssssesaessssestone 193
F.  NOIEDOOK COMPULEES .......uoeeveeeereeeerieerssirenreeesessesssstessessesatsssssastassastasasasssaessesssstessssssssssesssssensassessansansasen 195
G. PFIREE ...ttt ettt st st e ettt e et e Rt b e st et e e R e e e sen s 196

X print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System a9
Intelligent Transportation Systems Section

H. GPS AREENNG. ...ttt ettt ettt s et s b s s e r e coe e e s s bbb s b 196
29.3. CONSTRUCTION METHODS .....cceecotiecesmeesarerissenaeassstesssssesssessssasassessesasssesssasassasesssesssssesesnsasssnssssesasssessssansssnns 197
A GEREFAL.......ooeeeeeeee ettt bbbt s st s e st e re et st n e e e s 197

B, SUFGE SUDPFIESSION SIFIPS.......ocevereeeeeieeecireeeeereete et bbb bbb s s 197

C.  ADPLICALIONS SEIVEYS..........ooeneieeecitiriiciiiit ettt eesr et s st s s e bbbt e b e e r e es 198

D.  Keyboard Video MOUSE SWILCH.........c..o.c.corrirueiiiirieccetrererens sttt et ms s s sa s e bn 198

E.  Computer Workstations...................ccue..... 0 O PR 199

F.  NOtebOOK COMPULEES..........cooveeeereereeeeeireteeeeeetere sttt s s e et ae e et e st st nb s ses e e e e e nranes 199

L & 7 OO OO UOURN 199

H.  GPS ARIEIIA ...ttt et s bbb s s s e acn et e st a s b me e e nean 199

L Computer Hardware INtegration......................cccocuiuicueicecuciereeinteieeesceis e isac s aess s s 200
29.4. MEASUREMENT AND PAYMENT .......ccitiiitieaenireraaneessseeassessessensssesessssassnesssasessntesssntenessnnesssmsesensesantesessacesnesnses 201
30. LOCAL AREA NETWORK 203
30.1.  DESCRIPTION ..couetruiierceesentssessssesteseesesteserestsacessosessstsasstsasstessssssssistosesiassesessssssesessanssmssssssiasssessasssssssasonins 203
30.2.  IMATERIALS ..occeteremireeeentattseessasaesessencetracsetsacacsssasacesesssesessatesesmesessssessssasasasatetasessssnsnseseresstssssescsesessesnenentas 203
Ao GOREFAL. ...ttt ettt ettt et ettt ettt ae st st et et e e eaees e e ne s ene s aeaaes 203

B.  Network Performance Management Software..............ccouvicivniiisiirnnnniectscsstete st e 203

C. ELREINEL LAN SWICHES.........ooeeooeeeeeeereeeeeeeeeesseeseveeeeeesssssssssssesas s st sasesssessssnsessassssssssassssasessase s ssssesen 204
D. ROULEE ..ottt ettt s nre e e b s bt et et st e e e s R b e R SR s e e e e b er s sa e sa b et bbb et 206

E. VPN FIFEWAIL........eooeeeeeeeee ettt se st et st eae e s e et st see st st et srese st seeraaees 206

F.  DSL SEIVICE......ocovevieeeeiteeesiecrtsie et ettt sttt st ea s b e e es et R e m e 207

G.  Cable and Wall INfOrMALION QUEIELS ..........eoeeneveeeieeeeeeeeieeees ettt see s s seeebe s e e s ss et e e st ee 207

H.  LAN PAICR PAREL.........oeeeeeneeeeeeeteeeeeerisasesssses et sestesessesassesenesesst st et eesas et se et e st et ses st s mentsenesassesseenesas 207
30.3. CONSTRUCTION METHODS .....cceceieererreeerserenreecssaeessssasesssssesessasssssesssosseesasesesassssasssssanmeesesssssessaesessessssnsosssasses 207
O 07 0 8 (77 s 7 1 o O TR 207

B, Ethernet LAN SWICRES ..ottt ssssss e st sea e e et s st et b et et 208

G ROUECE ...ttt ettt st s s a et s e bt e b s bR st e et e bbb v e b r s 208

D. VPN FIP@WAQL........ceooneeeeeeeetee ettt ettt e st annent s 209

E.  DSL SEFVICE......cocuvueeeeeeetrreseeitrtasesanseseeeseatessatas st seresatstsas sttt asasessaeaetet e ettt s st ebe et e b et sten e et eme e nae e se 209

FE.  Cable and Wall INfOrmation QULELS ..................eccoveuniecueieiiiniriceeeeeeiestesesessessesessesessesaeesssesssesessesssneseessencs 209
G.  LAN PGICh PaAReL...........ooeeeeeeeeeeeeeeeenr ettt ses e ste et e s s s s ettt e st s men s sis s et s s et e s nnas 209
30.4. MEASUREMENT AND PAYMENT.......ccootrtietreircmnceeceneststsesassenssssts st e s sssassssssssasssssssssssssasssssansssnsssesasns 209
31. CENTRAL VIDEO SYSTEM 211

Xi print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System

Intelligent Transportation Systems Section &0
31.1. DESCRIPTION ....ccutiieeirteriennierenessoseeecesersssssesessesseneresatesosassssstosssesssssesasesssannesssstesasassesesossesassesassssassassasesasnerons 211
31,2, MATERIALS ....coiotiueercecrncenererrscetenerannt shesesesssssesente s et sssaesentseasenesssssasassessasatesentseseessessassatesensasasessarnsncnssasates 211
Ao GEREEAL............oeeieeee ettt ettt et et s et e et e e et st et et e et e eeeae e neaan 211
B, CCTV CONFOL PARE............cuoeeeeeeeereeeiecieicestete e esstesessestsaas s s te s e s e st et e s s st e bassa st esass e sassass st esaesnasessanen 211
C. Video CODEC ...ttt e seees e st ae st st et s et st st b be st s st antasasaebe e s esassetebeanssesananin 2]2
D.  Video Marix SWILCH. ...ttt ettt a s st et s et st e s e ae s e s esas e et e e aasnenaens 214
E.  Video MORItOr ProOCeSSOF URIL .........couueueeieenieeieeueeeereeesisietsssasstetsssssnssssssnsnsessssssssasaressesessnsssssnesssssssasasnens 217
F. Video Distribution AMPIfIer.............cccooouvceimeemverierirmiienteientestsee et et st tsseestssteseesesseae e s e saesasensse st e sas e e s es 217
G.  Video MUILIDIEXEF ...ttt se sttt st s e st et s st e e e sen s eaetat e s e et e e aseneas 218
H.  Digital Video RecOrder (DVR)..........cocveuriiimiiniiniintstistis sttt ss s ees 219
I LCD Video MORILOFS .........ccceurcereerieieeeieeeteeieineeceet et nee st sesstene st s e e ssenas st e see st esnesasssatessesnstenesnnnneessssens 220
J Video Projection URIL.............couooeoeoeiiueeeetesiseeeet e ae e e e et ste e e ts s e e s e s sassasseesssassaessasssssnassessensenssensessenns 221
Ko Video Wall...........ooeooeeeee ettt et te e et st b st et st et b ettt st et esasaene et e 223
L. TRTMC Video SWiItCh EXPANSION ...........coueeuereeeeerireirieieceeeeescrneeietetesset et s etsstesstssanssssesasessessnsestensensensesen 223
31.3.  CONSTRUCTION METHODS .......cucueuiuitimimessssisiisistssssssess e bsas st ss s st ssssass st sbs s sesssbssssasasssbsnssnssussesessssine 224
Ao GOREEAL.........ceooeeiiiecii ettt sttt e sttt et et e et ettt bt et st s ne et et et e as 224
B, CCTV CORIrol Panel................coeviviniiiniiecciiiniicstesetsse st asestsessene s sesss st seseess e sas s sessensssessenennas 224
C.  Video CODERC.........o ettt ssec st st e s s s st e st ettt e st saa b et e b esemee et eses et eneerasasenen 224
D, Video MaIriX SWILCH............oouooomeeeeeeineteeceee et tnee st es ettt e es st s a et eme st ss s e et saessesaes et saeseeene e sesennsanas 224
E.  Video MONItor ProcesSSOr URIL .............c..coevermeeeeresiersineesietreeisessenssasssssastsssssessasssssssesssssssesssssessessssessssssens 224
F. Video Distribution AMPIIfier...............cuoeeeercveeeeniieereneee st eeete ettt sessse st et sa st et e ssesanens 225
G Video MUIIDIEXEF ............oooneeeneiieceeeeceete ettt ettt a e e s e et et e e s s e b et e e e e saaese e basansenas 225
H.  Digital Video RecOrder (DVR) ..........coccueuemeeirsieeeeerinieenesiestsistessesssessassesssssessesssssssssssssssesssssssssessessessesnssen 225
L LCD Video MORILOF...............oucvouneiiinininiitiiiicncinsctssesan st st st ese s et et as st et e as e sens e s e e nseneens 225
J. Video Projection Unit.............. oot e e et e e ee e seseeeeeseesssesresssressressrrser 226
K. VO WaL...........oeeeeneeeeeeeee ettt te et ettt et s g et s e e et e e sae st et naane s e et e e s eatens 226
L. TRTMC Video SWitCh EXDARSION ...........cccueeueeureerirereceereraetessesensssssesessesssssessesssssssssssssssessesssssessssansessessssesen 226
314.  MEASUREMENT AND PAYMENT....c.coctstiniiuitireniinnnsesisisiestesessssiansesstsassessessesseseesesssssanensesssnsesssssasstessssnassssarnns 226
32. EQUIPMENT RACK CABINET 229
32.1.  DESCRIPTION .....uoouiuitiumenistinmssessostenisestssssssesssas st st sassaess e s eas sasassassaaesesnsnsesenasssnnensessosistaseseorssentsssssesonass 229
322, MATERIALS.....ooouimiutincniesesiniss s seae st s s st s s b m e s R e s bbbt bbb e et bttt s b easaentsaenens 229
Ai  GEREFAL.......nevitii et e et e R e Rt e R E et et se e nae 229
B, HGIf RACK CABINELS........ccneeeneeeeeeeeee ettt ettt st e ae s ase st et et e s e e sa s s e s estesseseneesensessensensensens 229
C. Full RACK CABINELS ...ttt s e et e v e et sas e aa e sss et et ase et e s esesasenssssasennaneas 229

Xii print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System ; : 414
Intelligent Transportation Systems Section

D, Uninterruptible POWEr SUPDLY...........c.covearreirieereiesesestssssssesesssssssssesssasssssssnsssesestssssesssssssaessassssasassssenssssses 229
32.3. CONSTRUCTION METHODS .....vveereereresrerersssnmrsssrsesssesesssssessassnsessesssssssessessassssessasssesossssssesssesassssssssssssasesssasansns 230
A. RACK CADINELS........ooeeeneereerte ettt ettt et st s et s a s st s e st e e a e s a e e e ne et e sesneatesasaeesensanan 230

B, Uninterruptible POWEY SUPDIY..........cccoiuemirieiieiiieeteeteciete e sesissre ettt estss e e s eeseesese st aseasassessesesbansansensan 231
324. MEASUREMENT AND PAYMENT ......ccciiiiitiniienrteestisseessanesseeseessssesssessossasssasssessassseessasssnnnsanestnesnsessenssssensesnnns 231
33. SUBMITTAL DATA 232
33,1, DESCRIPTION ...cceoueuimrtetmsmetnaessesmnnsssressssssesssasstssissssssssaestssssnessssssen s sn s snsssasa s s asassnenessssstetessstessessnsesestnsssssonen 232
33.2.  SUBMITTALS ...cocimimiiniieseieesesitesssisesscssssasessesestsassestasessesessestatessssstossasatassasassssssssessssesenssssnasaseasnsasessssssasens 232
A GEREEAL........eeeee ettt ettt sttt ettt et e e e et et e ameenesanet et eneraresetans 232

B.  Project Implementation Schedule......................cccoouniiieoeeeeeesieete ettt st et s e st ne e nes 232

C.  COPHIfICATION ...ttt ettt sttt a et b e et s e b et e a et s b e assmeesasaaseaneenseneanes 233

D, SUBIUAI DI et ete e te e e sasse e sae et st e se et e e e ma e aae s e et esesasasasestantensessnstasessasssnssssnns 233
33.3.  MEASUREMENT AND PAYMENT .......c.ciciiteerenietrcenecstesaseesessessssssenessssesssnsacnsssesssenssessssassessastssestnssntssssensassaas 235
34. DOCUMENTATION 236
34.1. DESCRIPTION ...cuiiiiieetierceeaesreestes et e s et seasasassssteseseneasssssasssaesossesasnssassaasssssessesasssessssnseesssnesenssesanssesnnanssnnne 236
34.2.  DOCUMENTATION ......couiiiiriniiniinsst et et sses et estre et sssstssnssesestssssesssas st nsseessssnssssssnsssemsarasestentssssssnsasesensen 236
A.  GOREEAL.......aneeeentic ettt sttt e st e e e R e et Rt s he ke a e seta st besesnnes 236

B, Plan of Record DOCUMERLALION ..............conueneeiesainircsissisiasseneseeeseatsesassseseseasssstsee st ssastssasssneessasasesessensensasas 236

C.  WIriNG DIGGVAMS............ooueeenieeeeeeeeseteeecsee et te e st e stesas et st st e st e e e sat et st s ae e st et e s as st e st e e s e seenaesaeannsansenn 237

D, SPlICE DIQQEAM.........c..oooreeereceeirteseecieseeceeceeeteeeestestestesssasesssssetesestastesasset et esestantast et et essansassansansesssssoressnans 238

E.  Manuals and Equipment DOCUMERNLGLION.................ccccoeueeueeoeeeeeiesineeetreesaeatestastsseeseeteatantessestessessessessessenseseans 238
34.3. MEASUREMENT AND PAYMENT......ccccotttertietrernmeeecaeesesseessenssesassasasssasssssesssesssmssssnseesessasesssessessssessassosssssessnns 241
35. SYSTEM SUPPORT AND TEST EQUIPMENT 242
35.1. DESCRIPTION .....veteieereriereesseeeeeeressasssnsessessssansmmessssssasmessasassssasmseassasmssnasmsseeesasssesasssansneessasasssssseesssssnsesonsssssnnns 242
Ae  GOAGKAL......coeeeneece ettt ee sttt s et s st st s e e at s b en b et ettt et a et s e e n et et tese e eraeaentnen 242

B, Signal System SUppOrt EQUIDIENL..................cccceeveeeeerereeeeeesseresssesssesssassssssssssssssasssssssssesassssssssssesssasssessssons 242

C.  Communication System Support EQUIDIMENL..............c.coceeuereeorireeeiesrsieineetsteseeeeseessaeseesesssessesassesanesaeseas 242

D.  CCTV Camera System Support EQUIDIMENL...............c.o.coueeverieereerirsssiaiinsssessssssssssssessaessasssssssesssessesssssssesssens 244

E.  Central Video System Support EQUIDMENL................coceeeeeeiereeeeeererreneeiesesissessseestesssennsssssssnssssasassssesessassenee 244
35.2: IMAATERIALS ....cuceiiteecnerenstiasssasesssssssessssnsessssessesanssesessnsessssssesesanseessssssssasasssssasssessasesesssssesssessesssnssesssssssssesrassnnes 244
Ai  GOREEAL.......coneee ettt et ettt et etk et et st r e s et e e e ae et et et sensennan 244

B, Signal System Support EQUIDIENL...................oocoveeeeeeeieaenneeeisieirsieistssssssessesssssssssssstassssssssesasssessasssssessssnsan 244

C.  Communication System Support EQUIDMENL..............c..ccueeueeeerieeeriiieisiasissesiessesssinstessessasassssssassssssssssssessesens 250

Xiii print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System
Intelligent Transportation Systems Section

5 AR

D.  CCTV System Support Equipment.................... e e e e e e et et ae e b b n e Rt sa s a b sas e e e e e e e e er e sacenen 251

35.3.  MEASUREMENT AND PAYMENT.......cotrutetiemercirccemecrcme st e st m e st eene s st st st e e e e e eaes 252
36. TESTING & ACCEPTANCE 257
36.1.  DESCRIPTION ....coveruerererernersrorsrenesccsseseessemmesecressscetentoensssestrsssensesssssesstsa it ssest s e b sssstsaessemsntsens sammssmsascanes 257
36.2. EQUIPMENT TESTS ...cvvierueesrerenersnersncresesessereseessmeseramsseseresmssnnessseassssmessmessmeesstsetesssmessbeesassesesmesseeesnesssenasesscssns 257

A, Manufacturer CertifiCAUION ...........uiveeeuireeerrerceecereeeeseerteseeeseeatsreree st e sessestssesn et sesstssassnssssnesassssssesessnnes 257

B, WOFESROP. ...ttt ettt st ettt e st e st s e sne et e st e e me s st et s 257

36.3.  CABLE TESTS ...ttt ettt s st bbbt s s e s s ea s 258
36.4. INTERSECTION OPERATIONAL TESTS .....ccciivieiietrecetneeneeeseeseessne e ssesessesessenssmcsssssseseesseseesssnnns 259
36.5. SYSTEM OPERATIONAL TEST ....cccverereiircneesrenesesseessncereessensssesesssesesssesssassasesassenssessessassentssssssessssssssssasessessesnann 259
36.6. OBSERVATION PERIOD ......cccociiiiereiscaeesssesessecssasssasssaessessstasssssesessesssssssasssssssssssssssasssssessnssssssssassossnessassssesstenns 261
36.7. FINAL ACCEPTANCE.......ooiteetieereeerctresssasesesssteassssassesssssessasssssssanessasssstessssessessssessssessssesesssssssessssnssssenssnnesssnens 262
36.8. MEASUREMENT AND PAYMENT .......cotiitiiiaairamtenecseneeesaeeessnsssasseesesssssesasssessssssnsessssssnsssssasessssssssnsssnsnsrasasssnsssn 262
37. TRAINING 263
37.1. DESCRIPTION .....ooieeceeeeeeieeeeeeeereeeeeeeaessessssssessasssnesesesssssensssassesesssnseresssssssssssnsesesessantesesssssasansesessassssssssssnmenaans 263
372, MATERIALS....c.coverererressesnsnescnsssnserisassssessesesentsestsssas sorssasassssssmenssemsserstsaeasstassesssintassessnesomsasseessansasnessassre 263

A GOREIAL.......eoeeeereeeee ettt ettt e st e st et et et et e e e me e e e e et e s et et e sanaes 263

B, SUBJECE AFCAS........c..ooeeeeeeee ettt sttt et ettt s et s me s s b e e e st e me et e sat st et enean 264

C.  Required Content and FOTMAL..................cccoumereineereceiiniierceicsiecteseeesssseseseesstsessesse st s s e sesesaessssnsssesesans 264

37.3.  MEASUREMENT AND PAYMENT.......c.cecertiniirtimirnnineiincninisnensssisssssnssssnssssssssssesssisssssasss snsssssmssasssssssssessssessssnnes 270

Xiv print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System 43
Intelligent Transportation Systems Section

1. GENERAL REQUIREMENTS
1.1. DESCRIPTION
A. General

Furnish, install, and fully integrate new fiber optic communications cable, existing fiber optic
communications cable, cellular communications links, new traffic signal controllers and cabinets,
new closed-circuit television camera units and control cabinets, new central hardware and software,
and new traffic operations center to form a complete and operational central distributed processing
traffic signal system for the Towns of Chapel Hill and Carrboro in North Carolina.

Furnish, install, and fully integrate new 2070L traffic signal controllers and new model 332 and
336 style cabinets to replace existing controllers and cabinets at locations shown in the Plans. Fully
integrate existing 2070L traffic signal controllers with signal system. Integrate signal controllers
with fiber optic communications network. Where shown in the plans, integrate signal controllers

using cellular communications.

Furnish, install, and fully integrate new fiber optic communications cable for traffic signal
system as shown on the Plans by lashing to existing cables and new messenger cable installed under
this project, and utilizing new and existing conduit systems.

Furnish and install new fiber optic communications cable to be used by the Town of Chapel Hill
IT Department and the Town of Carrboro IT Department. Town IT cables will be installed as shown
on the Plans by lashing to existing cables and new messenger cable installed under this project, and
utilizing new and existing conduit systems. Town IT cables will be installed concurrently with signal
system cables, or on new cable routing, and terminate inside Town facilities as shown on the cable
routing plans and building detail drawings. The installation of Town IT cables shall be at the
discretion of the Engineer, as it is dependent on funding. In the event that the Engineer directs
the Contractor to not install Town IT cables, those associated pay items will be removed from
the contract and there will be no renegotiation in the price allowed for remaining pay items.

Furnish and install new closed-circuit television (CCTV) camera assemblies at locations shown
in the Plans. Fully integrate camera assemblies with the fiber optic communications network. Allow
for the future installation by others of future CCTV camera assemblies as shown in the Plans by
splicing dedicated fiber to the TOC.

Complete and fully integrate a new traffic operations center (TOC) to be housed at the Town
Operations Center, Building 2, located at 6900 Millhouse Road in Chapel Hill. Terminate all fiber
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optic communications cables at the modified TOC as shown in the Plans. Install and fully integrate
remote TOC functionality at the Town Emergency Operations Center (EOC) in Fire Station 1
located at 403 Martin Luther King Jr. Boulevard in Chapel Hill.

Complete and fully integrate new network access points for future video operations at the
Chapel Hill Police Department building located at 828 Martin Luther King Jr. Boulevard in Chapel
Hill and the University of North Carolina Public Safety building located at 285 Manning Drive in
Chapel Hill. Install new Ethernet switches and integrate with the fiber optic communications
network to establish a connection between the TOC and the police facilities.

The Owner of each facility will be providing any furniture noted in the Plans.

Complete and fully integrate video sharing functionality between the TOC and the NCDOT
Triangle Regional Transportation Management Center (TRTMC) located at 101 Roscoe Trail in
Raleigh. Integrate with existing NCDOT fiber optic cable and fully comply with the existing
regional video sharing architecture.

. Install system detection loops, local detection loops, detector cards, and other traffic signal
equipment as noted in the traffic signal plans.

B. Standard Specifications

Conform to these Project Special Provisions, the Plans, the NCDOT 2006 Standard
Specifications for Roads and Structures (also referred to as the “Standard Specifications™), and
Section 1087 (Pavement Markings) of the Standard Specifications. Also conform to the regulations
and codes described in Section 1700 of the Standard Specifications.

In the event of a conflict between these Project Special Provisions and the Standard
Specifications, these Project Special Provisions shall govern.

1.2. MATERIALS
A. Qualified Products

Furnish new equipment, materials, and hardware unless otherwise required. Inscribe
manufacturer’s name, model number, serial number, and any additional information needed for

proper identification on each piece of equipment housed in a case or housing.

Furnish factory assembled cables without adapters, unless otherwise approved by the Engineer,
for all cables required to interconnect any field or central equipment. This equipment may include,
but is not limited to, conflict monitors, transceivers, codecs, and Ethernet switches.

Signal Equipment Qualified Products List (QPL) is available on the Department’s website. The

2 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System . . 45
Intelligent Transportation Systems Section '

QPL website is:
http://www.ncdot.org/doh/preconstruct/traffic/ITSS/SMS/apl/

Certain signal and communications equipment, material, and hardware shall be pre-approved on
the QPL by the date of installation. Equipment, material, and hardware not pre-approved when
required will not be allowed for use on the project. Consult the QPL website to obtain pre-approval

procedures.

B. Observation Period

Warrant workmanship and Contractor-furnished equipment for a 60-day observation period
under the payment and performance bond from date of acceptance.

If workmanship or equipment fails during the 60-day observation period, repair or replace with

new equipment and begin a new 60-day observation period.

All project documentation shall be submitted to the Engineer prior to completion of the 60-day

observation period.

The observation period for this work will be part of the work to be completed by the project
completion date.

C. Warranties

Unless otherwise required herein, provide manufacturer’s warranties on Contractor-furnished
equipment for material and workmanship that are customarily issued by the equipment manufacturer
and that are at least two years in length from successful completion of the 60-day observation period.
Include unconditional coverage for all parts and labor necessary or incidental to repair defective
equipment or workmanship and malfunctions that arise during warranty period.

Ensure all contractor-furnished equipment, including pieces and components of equipment,
hardware, firmware, software, middleware, internal components, and subroutines which perform any
date or time data recognition function, calculation, or sequencing will support a four digit year
format for a period of at least 50 years.

Upon successful completion of the 60-day observation period, transfer manufacturer’s warranties
with proper validation by the manufacturer to the Department or its designated maintaining agency.

D. Firmware Licensing and Upgrades

Provide the Department with a license to duplicate all programmable devices in equipment for
maintenance and software upgrades. Provide binary or hexadecimal format files for each device that
may be programmed by the Department. Ensure files are provided on PC compatible compact disks
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or other approved media.

Ensure firmware performance upgrades that occur during the contract period are available to the

Department at no additional cost.

Make firmware upgrades that are developed to correct operating characteristics available to the

Department at no additional cost until the warranty period expires.

E. Wire and Cable
Furnish wire and cable on reels. When requested by the Department, furnish samples of wire and
cable to the Department at no additional cost.

Provide either 0.05" x 0.30" aluminum wrapping tape or 0.06" stainless steel lashing wire for
lashing cables to messenger cable. Use 0.045" stainless steel lashing wire to lash fiber-optic

communications cable to messenger cable.

Except for grounding conductors, provide signal cable conductors of size Number 16 AWG that
are fabricated from stranded copper. Number 16 AWG cable can only be used with an all LED
traffic signal intersection. Repairs to a non-LED traffic signal intersection must use Number 14

AWG cable.

F. Painting

Where painting of signal equipment cabinets is required, apply paint at the factory. No field
painting will be allowed except when paint has been scratched or marred. In such cases, apply two
field coats of the same color and grade enamel as the original paint to the scratched or marred
portions. See Section 24 for list of cabinets provided under this project that shall be painted green.

1.3. CONSTRUCTION METHODS

A. General

Before beginning signal work, verify all existing signal equipment is in satisfactory working
order. Report all defective signal equipment to the Engineer so as not to be held responsible for
defects.

Do not remove and replace more than one controller and cabinet per day, unless otherwise
approved by the Engineer. Once controller and cabinet replacement has begun at a given location,
complete the removal and replacement work at that location before beginning removal and

replacement of a controller and cabinet at another location.

Locate existing conduit, cable runs, inductive detection loops, lead-in, junction boxes, and
detection equipment before installing or using equipment that can damage or interfere with such
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facilities. The locations of existing inductive detection loops shown are approximate.
Locate all underground utilities before beginning drilling, digging, or trenching operations.

Immediately cease work and notify the Engineer and affected owners if damage to existing
utilities, cables, or equipment occurs. Make all required repairs and replacements at no additional
cost to the Department.

Utilize IMSA Level II or above Technicians to perform all cabinet placement, cabinet wiring and
controller programming. Program the controllers and wire the cabinets according to the traffic signal
and electrical plans, unless otherwise directed by the Engineer.

At the end of each workday, clean and clear the work site of excess excavation, waste packing
material, wire, and all other debris that results from traffic signal system work. Haul and dispose of
all waste as required by Section 802 of the Standard Specifications.

B. Regulations and Codes

Furnish material and workmanship conforming to the NEC, NESC, UL, and all local safety
codes in effect on the date of advertisement. Comply with Article 4, Chapter 87 of the North
Carolina General Statutes (Licensing of Electrical Contractors). Comply with all regulations and
codes imposed by the owner of affected utility poles. Comply with NESC Part 2 if working within
the power space on utility poles. In the event of a conflict between the NEC, NESC, UL, local safety
codes in effect on the date of advertisement and these Specifications, the cited documents will

govern.

Where required, conform to ITE, IEEE, AASHTO, and ASTM in effect on the date of

advertisement.

Notify the Engineer, local traffic enforcement agency, local utility company, and affected
railroad companies seven business days before operational shutdowns to coordinate connection or

disconnection to an existing utility or system.

Install standoffs, meter bases, and service disconnects as required by the NESC, NEC, local
utility companies, and local ordinances.

Fully comply with all Town of Chapel Hill and Town of Carrboro local ordinances for working

hours and noise levels.

C. Utility Services

Coordinate all work to ensure electrical power of proper voltage, phase, frequency, and ampacity
is available to complete the work. Use electrical services cables with THW insulation.
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When electrical, telephone, and telecommunication service is not furnished by the Department
and is required, contact the utility company and make application to ensure all work can be
completed. Obtain authorization for service in the Department’s name and make application for
service in the Department’s name.

The Department will be responsible for direct payment of monthly utility company usage
charges. The Contractor will be responsible for all expenses associated with utility installation costs,

hookups, etc.

D. Maintenance and Repair of Material

Furnish the Engineer with the name, office telephone number, cellular (mobile) telephone
number, and pager number of the supervisory employee who will be responsible for maintenance
and repair of equipment during all hours. An up to date list of these names and phone numbers shall
be given to the Engineer. Any changes in personnel affecting this list shall be immediately
communicated to the Engineer in writing. '

Maintain and repair all signal and communications related equipment within the project
construction limits until completion of the observation period and receipt of written notification of
final acceptance of the project. Items reused (that are unmodified), such as signal heads, signal cable,
local detector loops and lead-in cable, will be maintained by others.

For all failures, malfunctions, or damages to equipment, begin necessary repairs within two
hours of notification. Complete repairs within four hours of notification. Comply with Section 150 of
the Standard Specifications for maintenance of traffic flow. The inability to contact the supervisory
employee or prearranged alternate will not extend repair time requirements.

Remove and replace all signal and communications related equipment that fails. The Department
will furnish the Contractor replacement equipment for Department-furnished equipment that fails.

Except for damages and malfunctions caused by the Contractor’s work activities, the Contractor
will not be held responsible for pre-existing conditions reported to the Engineer before starting
traffic signal work at the specific intersection. The Contractor will assume responsibility for all
maintenance and emergency services necessary once traffic signal work has begun at the specific
intersection and for all damages and malfunctions caused either directly or indirectly by the
Contractor’s work activities. Repair scratches, dents, or other damage to the cabinet that occur while

the cabinet is in under the Contractor’s responsibility.

In the event the Contractor fails to perform in accordance with the plans and Specifications
within the time frame specified, the Department reserves the right to perform maintenance and
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emergency service necessary to ensure continuous traffic signal operation. Further, all expenses
incurred by the Department in implementing this option will be deducted from payment due the
Contractor, plus $2,500 liquidated damage per occasion, per day, or any portion thereof, until
corrected.

Perform maintenance (testing) on all Traffic Signal Conflict Monitors every twelve (12) months
for the life of the project beginning with the initial test and every twelve (12) months thereafter.
Provide the initial test date via the manufacturer’s certification or via testing prior to installation of
the conflict monitor at an intersection. Use the ATSI Incorporated Model PCMT-2600 Conflict
Monitor Tester, or an Engineer approved equivalent. Ensure that the Conflict Monitor Tester is
maintained and calibrated per the manufacturer’s recommendation. Provide to the Engineer a copy
of the manufacturer’s certification that the Conflict Monitor Tester is in proper working order before
testing the Traffic Signal Conflict Monitors. Perform the test on the Traffic Signal Conflict
Monitors per the manufacturer’s recommendation. For each Traffic Signal Conflict Monitor tested,
provide two (2) dated copies of the test results: submit one (1) copy to the Engineer and place one
(1) copy in the traffic signal cabinet.

Maintain traffic signal system equipment until completion of the 60-day Observation Period and
written notification of final acceptance of the project has been received from the Engineer.

E. Performance of Warranty Repair and Maintenance

Provide authorization to the Town of Chapel Hill to perform all warranty repairs after project
acceptance. The decision to perform warranty work by Town electronics technicians or to have
warranty work performed by the vendor shall be at the discretion of the Town. Provide any training
required by the manufacturer to authorize the Town to perform warranty work and ensure
manufacturer will furnish parts to the Town for all warranty repairs at no cost to the Town. In
addition, ensure the manufacturer agrees to provide prompt technical support to the Town electronics
technicians for a period of one year after the end of the warranty period (three years total) at no cost
to the Town. Defective parts replaced under warranty by the Town will be returned to the vendor at
the vendor’s request. Provide schematics, part lists, and other documentation to perform bench
repair to the Town within two weeks upon request. The Town agrees not to divulge any proprietary
information in the schematics, part lists, and other documentation upon request from the vendor.
After project acceptance and at the request of the Town, manufacturer shall perform warranty repairs
to equipment which fails during the warranty period at no cost to the Town including freight costs to
ship repaired equipment back to the Town. Ensure all equipment is repaired and returned to the
Town within twenty-one calendar days of receipt by the manufacturer.
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F. Inspections
The Department may access the Contractor’s equipment to perform railroad, signal, and
preventative maintenance inspections, or conflict monitor certification as necessary. The Contractor

shall be present for these inspections.

G. - Removal of Existing Equipment and Material

Remove all Department-owned signals and communications related equipment and material that
will not be used. Assume ownership of the removed poles, cabinet foundations, messenger cable,
guy assemblies, interconnect cable, communications cable, and supporting hardware. Return all
other traffic signal equipment including GPS units and material between 8:00 a.m. and 12:00 p.m.,
Monday through Thursday, to the Division 7 Traffic Services Office, located at 1584 Yanceyville
Street in Greensboro, or at a time mutually agreed to by the Contractor and Engineer. Replace or
repair all material lost or damaged during its removal and transit. Label all returned equipment and
material to indicate the location from which it was removed.

Remove all Town of Chapel Hill owned signals and communications related equipment and
material that will not be reused. Assume ownership of the removed poles, cabinet foundations,
messenger cable, guy assemblies, interconnect cable, communications cable, and supporting
hardware. Return all other traffic signal equipment and material to the Town of Chapel Hill Signal
Shop, located at 6900 Millhouse Road in Chapel Hill, between 8:00 AM and 12:00 PM, Monday
through Thursday, or at a time mutually agreed to by the Contractor and the Signal System Manager.
Replace or repair all material lost or damaged during its removal and transit. Label all returned
equipment and material to indicate the location from which it was removed.

Comply with the sequence of construction in the Plans and these Project Special Provisions when

removing existing communications cable.

The Department will deduct the cost of Department-owned or Town-owned equipment damaged
by the Contractor from money due to the Contractor.

H. Railroad Preemption

Where existing railroad preemption is present at signals, re-install preemption equipment in new
cabinets. Ensure preemption functions properly after construction at the signal.
L Emergency Vehicle Preemption Systems

Where required, implement and install emergency vehicle preemption systems. Coordinate
emergency vehicle preemption work with the proper operating authority. Contact the proper
operating authority and schedule installation of emergency vehicle preemption equipment.
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J. Timing of Signals

Implement timing values for signal controllers. Extract all parameters necessary to implement
coordinated signal operations from the existing controllers. Where applicable, request coordinated
timing parameters from the Engineer. Make any modifications to the cycle, split, and offset
information extracted from the existing controllers that are necessary to implement the timing plans
into the new 2070 controllers and system database. The Engineer may, at his/her option, observe the

loading of the timing plans.

Reinstall all existing time-based coordination. As directed, make modifications to existing

coordination to account for changes in signal phasing.

The Department reserves the right to make, or have the Contractor make, field timing changes
necessary for pattern optimization and to eliminate identifiable, potential hazards to the motoring
public. The Engineer will notify the Contractor of timing changes made.

K. Wire and Cable

For installation in a conduit system, lubricate cable and wires before installing in conduit. Use
lubricant that will not physically or chemically harm cable jacket, wire insulation, and conduit.

Splice all electrical wire and cable at recessed-screw, barrier type terminal blocks, in junction
boxes, or in condulets. Unless specifically allowed, connect no more than two conductors to the

same terminal screw.
Maintain color coding of wires through splices.
Protect ends of wire and cable from water and moisture.

Install all wire and cable with necessary hardware including, but not limited to shoulder eyebolts,
washers, nuts, thimbleyelets, three-bolt clamps, J-hooks, split bolt connectors, grounding clamps,

and lashing material.

L. Grounding
Provide a grounding system at all new and revised electrical service points unless otherwise

specified.

In addition to NEC requirements, test grounding electrode resistance at connection point to
electrical service ground bus for a maximum of 20 ohms. Furnish and install additional ground rods
to grounding electrode system as necessary to meet test requirements. Submit a completed Inductive
Detection Loop & Grounding Test Results form. The form is located on the Department’s website at:

http://www.ncdot.gov/doh/preconstruct/traffic/ITSS/ws/signal data.xls

9 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System
Intelligent Transportation Systems Section

Provide a length of marker tape 6 to 12 inches below finished grade directly over grounding

electrodes and conductors.

M. Contractor’s Office

Throughout the project until final acceptance, the Contractor shall maintain full-time staffed
office with storage and testing facilities within the Chapel Hill or Carrboro Town Limits.

N. Related Projects

The Town has general maintenance backlog work for public safety that will need to be continued
throughout the duration of this project. Coordinate with Engineer if construction is not complete for
actions to be taken until construction is complete.

0. Sequence of Construction

At the direction of the Engineer, install new messenger cable at the beginning of construction to
reserve spot on existing utility poles for fiber optic cable to be install under this project. Identify
fiber optic cable attachment location by installing communications cable ID markers on messenger

cable.

Perform construction of the project in the sequence called for in these Project Special Provisions
and as shown in the Plans. All work not performed in accord with the sequence of construction must
be approved by the Engineer. Adherence to the sequence of construction must be reflected in the
Contractor’s project schedule and all updates to the project schedule. As new intersections are
installed but are not under monitoring and supervision of the new central system, maintain common
controller clock time. Insure clock time is in synch with clock time of existing central software until
it is removed. All clocks that are updated shall be updated from a single clock source. Review each
intersection that has been installed but is not online on a weekly basis in the form of a field visit and
review the controller clock for drift against the common time source. Reset clock to common time
source if it has drifted. Record time and date of each visit, activity performed, and person
performing visit. Maintain of clock maintenance activity in a single document and furnish to the
Engineer for review upon request. Failure to visit each intersection that is not online to check and

update clocks will result in a liquidated damage of $1,500 per visit not performed.

As shown on the Sequence of Construction Detail in the Plans, each traffic signal location has
been defined a Zone. Zone A includes traffic signals that are in an existing closed loop system. Zone
B includes traffic signals that are not in an existing closed loop system. Zone C includes traffic
signals that are in an existing closed loop system on a SuperStreet.

Construction at Zone B traffic signals may be completed at any time during this project.
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Construction at Zone A traffic signals must be completed by entire control zone. Contractor must
ensure that time-of-day plans are installed and running to ensure coordination while off-line.

Construction at Zone C traffic signals must be completed such that communication and
coordination is maintained during construction.

Construction at CCTV camera and other non-signal locations may be completed at any time

during this project.
P. Electrical Requirements

All electrical equipment shall conform to the applicable standards of the National Electrical
Manufacturers Association (NEMA), the Electronic Industries Association (EIA), the International
Municipal Signal Association (IMSA), the Rural Electrification Administration (REA), the National
Electric Code (NEC), the National Electrical Safety Code (NESC), the Telecommunications Industry
Association (TIA), and Underwriters Laboratories (UL).

Furnish materials and workmanship conforming to the latest requirements of the Standards of the
American Society for Testing and Materials (ASTM); American National Standards Institute
(ANSI); and all local ordinances and regulations.

Q. Requirements for Cables Crossing Railroads
Copies of all executed railroad agreements and related correspondence may be obtained from the

Resident Engineer.

Q.1. Railroad Crossings

Do not commence cable routings over or under railroad-owned facilities until notification and
coordination with Engineer and the appropriate railroad company has occurred. All affected railroad
facilities on this project are listed below and owned by Norfolk Southern Railway Company
(NSRC). Install fiber optic communications cable as shown on the plans.

Encroachment Near Agency | Route
1 | Homestead Rd. Merin Rd. NSRC Overhead Crossing
2 | Cameron Ave. Merrit Mill Rd. NSRC Underground Crossing
3 | E. Main St. Roberson St. NSRC Underground Crossing
4 | N. Greensboro St. Poplar Ave. NSRC Underground Crossing
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- Q.2. Requirements for Insurance

In addition to any other forms of insurance or bonds required under the terms of the contract and
specifications, the Prime Contractor will be required to provide coverage conforming to the
requirements of the Federal-Aid Policy Guide outlined under 23 CFR 646A for all work to be
performed on Railroad right(s) of way by carrying insurance of the following kinds and amounts:

Q.2.1. Contractor’s Commercial General Liability Insurance

The Contractor shall furnish an original and one copy of the certificate of insurance and one
certified copy of the policy to the Department as evidence that, with respect to the operations he
performs on railroad right of way, he carries regular Commercial General Liability Insurance having
a combined single limit of not less than $2,000,000 per occurrence for all loss, damage, cost and
expense, including attorneys' fees, arising out of bodily injury liability and property damage liability
during the policy period. Said policy shall include explosion, collapse, and underground hazard
(XCU) coverage, shall be endorsed to name Railroad specified below as an additional insured, and

_ shall include a severability of interests provision.

Q.2.2. Railroad Protective Liability Insurance

The Contractor shall furnish to the Department an original and one duplicate of the Railroad
Protective Liability Insurance having a combined single limit of not less than $2,000,000 each
occurrence and $6,000,000 in the aggregate applying separately to each annual period. If the project
involves track over which passenger trains operate, the insurance limits required are not less than a
combined single limit of $5,000,000 each occurrence and $10,000,000 in the aggregate applying
separately to each annual period. Said policy shall provide coverage for all loss, damage or expense
arising from bodily injury and property damage liability, and physical damage to property attributed
to acts or omissions at the job site.

The standards for the Railroad Protective Liability Insurance are as follows:
a. The insurer must be rated A- or better by A.M. Best Company, Inc.

b. The policy must be written using one of the following combinations of Insurance Services
Office (“ISO”) Railroad Protective Liability Insurance Form Numbers:

(1) CG 00350196 and CG 28 31 10 93; or
(2) CG 003507 98 and CG 28 31 07 98; or
(3) CGO00351001;0r

@  CG 003512 04.
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c. The named insured shall read:

Norfolk Southern Railway Company

Three Commercial Place

Norfolk, Virginia 23510-2191

Attn: Scott Dickerson, Risk Management

d. The description of operations must appear on the Declarations, must match the project

description in this agreement, and must include the appropriate Department project and contract

identification numbers.

The Description and Designation shall read:

Installation of fiber optic cable over/under tracks in Orange County, North Carolina, U-4704.

e. The job location must appear on the Declarations and must include the city, state, and

appropriate highway name/number.

f. The name and address of the prime contractor must appear on the Declarations.

g. The name and address of the Department must be identified on the Declarations as the
“Involved Governmental Authority or Other Contracting Party.”

h. Other endorsements/forms that will be accepted are:

(D
@
€))
“)

Broad Form Nuclear Exclusion — Form IL 00 21

30-day Advance Notice of Non-renewal or cancellation

60- day written notice be given the Department prior to cancellation or change
Quick Reference or Index Form CL/IL 240

i. Endorsements/forms that are NOT acceptable are:

1)
@
€)
(4)
©)

Any Pollution Exclusion Endorsement except CG 28 31
Any Punitive or Exemplary Damages Exclusion
Known injury or Damage Exclusion form CG 00 59
Any Common Policy Conditions form

Any other endorsement/form not specifically authorized in item no. h above.
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If any part of the work is sublet, similar insurance, and evidence thereof as specified above, shall
be provided by or on behalf of the subcontractor to cover its operations on Railroad’s right of way.
As an alternative, the Prime Contractor may provide insurance for the subcontractor by means of

separate and individual policies.

Prior to entry on Railroad right-of-way, the original and one duplicate copy of the Railroad
Protective Liability Insurance Policy shall be submitted by the Prime Contractor to the Department
at the address below for its review and transmittal to the Railroad. In addition, certificates of
insurance evidencing the Prime Contractor’s and any subcontractors’ Commercial General Liability
Insurance shall be issued to the Railroad and the Department at the addresses below, and one
certified copy of the Prime Contractor and any Subcontractors policy is to be forwarded to the
Department for its review and transmittal to the Railroad. All policies and certificates of insurance
shall state that the insurance coverage will not be suspended, voided, canceled, or reduced in
coverage or limits without (30) days advance written notice to Railroad and the Department. No
work will be permitted by Railroad on its right-of-way until it has reviewed and approved the

evidence of insurance required herein.

DEPARTMENT: RAILROAD:

Department of Transportation Mr. Scott Dickerson

Rail Division Risk Management

c/o Mr. David Hinnant, State Railroad Agent Norfolk Southern Railway Company
1556 Mail Service Center Three Commercial Place

Raleigh, NC 27699-1556 Norfolk, Virginia 23510-2191

The insurance required herein shall not limit the obligations of Department or its Contractors
under the terms of this agreement.

All insurance herein before specified shall be carried until the final inspection and acceptance of
the project, or that portion of the project within railroad right of way, by the Department or, in the
case of subcontractors, until the Contractor furnishes a letter to the Engineer stating that the
subcontractor has completed his subcontracted work within railroad right of way to the satisfaction
of the Contractor and that the Contractor will accomplish any additional work necessary on railroad
right of way with his own forces. It is understood that the amounts specified are minimum amounts
and that the Contractor may carry insurance in larger amounts if he so desires. As to "aggregate
limits", if the insurer establishes loss reserves equal to or in excess of the aggregate limit specified in
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any of the required insurance policies, Contractor shall immediately notify the Department of
Transportation and shall cease all operations until the aggregate limit is reinstated. If the insurer
establishes loss reserves equal to or in excess of one/half of the aggregate limit, Contractor shall
arrange to restore the aggregate limit to at least the minimum amount stated in these requirements.
Any insurance policies and certificates taken out and furnished due to these requirements shall be
approved by the Department and the Railroad Company as to form and amount prior to beginning

work on railroad right of way.

No separate payment will be made for any extra cost incurred on account of compliance with
these special provisions. All such cost shall be included in prices bid for other items of the work as

specified in the payment items.

Furnish evidence of insurance as required above for review to the Department of Transportation
at the address shown below after which it will be forwarded by the Department of Transportation to
the Railroad.

Send to Department:

Department of Transportation

Rail Division

c/o Mr. David Hinnant, State Railroad Agent
1556 Mail Service Center

Raleigh, NC 27699-1556

Q.3. Failure to Comply
In the event the Contractor violates or fails to comply with any of the requirements of these

Special Provisions:
(1)  The Railroad Engineer may require that the Contractor vacate Railroad property.
(2)  The Engineer may withhold all monies due the Contractor on monthly statements.

Any such orders shall remain in effect until the Contractor has remedied the situation to the
satisfaction of the Railroad Engineer and the Engineer.

Q.4. Delays Caused By Operations of Others

Neither the Department of Transportation nor the Railroad Company assumes any responsibility
for any work performed by others in connection with the construction of the project, and the
Contractor shall have no claim whatsoever against the Department of Transportation, or the Railroad
Company for any inconvenience, delay, or additional cost incurred by him on account of such

operations by others.

15 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System 55
: - <
Intelligent Transportation Systems Section

Q.5. Cooperation with Others
Cooperate with others participating in the construction of the project to the end that all work may
be carried on to the best advantage.

Q.6. Authority of Railroad Engineer
The authorized representative of the Railroad Company hereinafter referred to as the Railroad
Engineer, shall have the final authority in all matters affecting the safe maintenance of railroad

traffic of his company.

Q.7. Interference with Railroad Operations

Arrange and conduct work so that there will be no interference with railroad operations,
including train, signal, telephone and telegraphic services, or damage to the property of the Railroad
Company or to the poles, wire, and other facilities of tenants on the rights of way of the Railroad
Company. Wherever work is liable to affect the operations or safety of trains, the method of doing
such work shall first be submitted to the Railroad Engineer for approval, but such approval shall not
relieve the Contractor from liability.

Should conditions arising from or in connection with the work, require that immediate and
unusual provisions be made to protect train operations and property of the Railroad Company, it
shall be a part of the required services by the Contractor to make such provisions and if, in the
judgment of the Railroad Engineer such provisions is insufficient, the Railroad Engineer or the
Department of Transportation, may at the expense of the Contractor, require or provide such

provisions as may be deemed necessary.

Q.8. Storage of Materials

Materials and equipment shall not be stored where they will interfere with railroad operations,
nor on the rights of way of the Railroad Company without first having obtained permission from the
Railroad Engineer, and such permission will be with the understanding that the Railroad Company
will not be liable for damage to such material and equipment from any cause and that the Railroad
Engineer may move or require the Contractor to move, at the Contractor’s expense, such material

and equipment.

Q.9. Flagging Protection or Watchman Service

The Contractor shall give 72 hours advance notice to the Railroad Company in order that
flagging service can be arranged and provided. No work shall be undertaken until the flagman is at
the job site.
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Q.10. Completion and Acceptance of Work

Upon completion of the work, remove from within the limits of the railroad right of way all
machinery, equipment, surplus materials, or rubbish and leave said rights of way in a neat and
orderly condition. After the final inspection has been made and work found to be completed in a
satisfactory manner acceptable to the Department of Transportation and the Railroad Company, the
Department of Transportation will be notified of the Railroad Company’s acceptance in writing by
the Railroad Company.

R. Requirements for Historic Areas

As shown in the Plans, some work will be conducted within areas determined to contain
properties with documented historic significance. If it is necessary to deviate from the Plans in these
areas, alert the Engineer to contact Project Development And Environmental Analysis Branch-
Historic Architecture Group of the North Carolina Department of Transportation for an effects

determination before proceeding.
1.4. MEASUREMENT AND PAYMENT

There will be no direct payment for work covered in this section. Payment at the contract unit
prices for the various items in the contract will be full compensation for all work covered by this

section.
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2, MOBILIZATION
2.1. DESCRIPTION

This work consists of preparatory work and operations to mobilize personnel, materials and

equipment to the project site.
2.2. MEASUREMENT AND PAYMENT
Mobilization will be paid for as contract lump sum price.

Partial payments for mobilization will be made with the first and second partial pay estimates
paid on the contract, and will be made at the rate of 50% lump sum price on each of these partial pay
estimates, provided the amount bid for mobilization does not exceed 5 percent of the total amount
bid for the contract. Where the amount bid for the item of mobilization exceeds 5 percent of the total
amount bid for the contract, 2 1/2 percent of the total amount bid will be paid on each of the first two
partial pay estimates, and that portion exceeding 5 percent will be paid on the last partial pay

estimate.

Such price and payment includes but is not limited to the movement of personnel, equipment,
supplies, and incidentals to the project site, for the establishment of offices, buildings, and other
facilities necessary for work on the project; the removal and disbandment of those personnel,
equipment, supplies, incidentals, or other facilities that were established for the prosecution of work
on the project; and for all other work and operations that shall be performed for costs incurred prior

to beginning work on the various items on the project site.
Payment will be made under:

IMODIIIZALION.....c..eeeeeeeieneeieeeet et et eee et et e s e e s s st s e e e s s et e e s e ensane st e e e s sasaanmnsanns Lump Sum
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3. SIGNAL HEADS
3.1. DESCRIPTION

Furnish and install vehicle and pedestrian Light Emitting Diode (LED) signal heads, visors,
interconnecting brackets, wire entrance fittings, mounting assemblies, signal cable, lashing wire,
pedestrian push buttons, R10-3B pedestrian push button signs, grounding systems, and all necessary

hardware in accordance with the plans and specifications.

3.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL by the date of equipment installation.

A. General

Fabricate vehicle signal head housings and end caps from die-cast aluminum. Fabricate 12-inch
and 16-inch pedestrian signal head housings and end caps from die-cast aluminum. Fabricate 9-inch
pedestrian signal head housings, end caps, and visors from virgin polycarbonate material. Provide
visor mounting screws, door latches, and hinge pins fabricated from stainless steel. Provide interior
screws, fasteners, and metal parts fabricated from stainless steel or corrosion resistant material.

Fabricate tunnel and traditional visors from sheet aluminum.

Paint all surfaces inside and outside of signal housings and doors. Paint outside surfaces of
tunnel and traditional visors, messenger cable mounting assemblies, pole and pedestal mounting
assemblies, and pedestrian pushbutton housings. Have electrostatically-applied, fused-polyester
paint in highway yellow (Federal Standard 595A, Color Chip Number 13538) a minimum of 2.5 to
3.5 mils thick. Do not apply paint to the latching hardware or rigid vehicle signal head mounting
brackets for mast-arm attachments.

Have the interior surfaces of tunnel and traditional visors painted an alkyd urea black synthetic
baking enamel with a minimum gloss reflectance and meeting the requirements of MIL-E-10169,
“Enamel] Heat Resisting, Instrument Black.”

For pole mounting, provide side of pole mounting assemblies with framework and all other
hardware necessary to make complete, watertight connections of the signal heads to the poles and
pedestals. Fabricate the mounting assemblies and frames from aluminum with all necessary
hardware, screws, washers, etc. to be stainless steel. Provide mounting fittings that match the
positive locking device on the signal head with the serrations integrally cast into the brackets.
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Provide upper and lower pole plates that have a 1 Y4-inch vertical conduit entrance hubs with the
hubs capped on the lower plate and 1 %2-inch horizontal hubs. Ensure that the assemblies provide
rigid attachments to poles and pedestals so as to allow no twisting or swaying of the signal heads.
Ensure that all raceways are free of sharp edges and protrusions, and can accommodate a minimum
of ten Number 14 AWG conductors.

For pedestal mounting, provide a post-top slipfitter mounting assembly that matches the positive
locking device on the signal head with serrations integrally cast into the slipfitter. Provide stainless
steel hardware, screws, washers, etc. Provide a minimum of six 3/8 X 3/4-inch long square head
bolts for attachment to pedestal. Provide a center post for multi-way slipfitters.

For light emitting diode (LED) traffic signal modules, provide the following requirements for
inclusion on the Department’s Qualified Products List for traffic signal equipment.

1. Sample submittal,

2. Third-party independent laboratory testing results for each submitted module with evidence of
testing and conformance with all of the Design Qualification Testing specified in section 6.4 of each
of the following Institute of Transportation Engineers (ITE) specifications:

e Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Circular Signal
Supplement

e Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Vehicle Arrow
Traffic Signal Supplement

e Pedestrian Traffic Control Signal Indications — Part 2: Light Emitting Diode (LED)
Pedestrian Traffic Signal Modules.

VTCSH Circular Supplement. (Note: The Department currently recognizes two approved
independent testing laboratories. They are Intertek ETL Semko and Light Metrics, Incorporated with
Garwood Laboratories. Independent laboratory tests from other laboratories may be considered part
of the QPL submittal at the discretion of the Department,

3. Evidence of conformance with the requirements of these specifications,
4. A manufacturer’s warranty statement in accordance with the required warranty, and

5. Submittal of manufacturer’s design and production documentation for the model, including
but not limited to, electrical schematics, electronic component values, proprietary part numbers, bill
of materials, and production electrical and photometric test parameters.

In addition to meeting the performance requirements for the minimum period of 60 months,
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provide a written warranty against defects in materials and workmanship for the modules for a
period of 60 months after installation of the modules. During the warranty period, the manufacturer
must provide replacement modules within 45 days of receipt of modules that have failed at no cost to
the State. Provide manufacturer’s warranty documentation to the Department during evaluation of
product for inclusion on the Qualified Products List (QPL).

B. Vehicle Signal Heads
Comply with the ITE standard “Vehicle Traffic Control Signal Heads”. Provide housings with

provisions for attaching backplates.

Provide visors that are 8 inches in length for 8-inch vehicle signal head sections. Provide visors
that are 10 inches in length for 12-inch vehicle signal heads.

Provide a termination block with one empty terminal for field wiring for each indication plus one
empty terminal for the neutral conductor. Have all signal sections wired to the termination block.
Provide barriers between the terminals that have terminal screws with a minimum Number 8 thread
size and that will accommodate and secure spade lugs sized for a Number 10 terminal screw.

Mount termination blocks in the yellow signal head sections on all in-line vehicle signal heads.
Mount the termination block in the red section on five-section vehicle signal heads.

Furnish vehicle signal head interconnecting brackets. Provide one-piece aluminum brackets less
than 4.5 inches in height and with no threaded pipe connections. Provide hand holes on the bottom
of the brackets to aid in installing wires to the signal heads. Lower brackets that carry no wires and
are used only for connecting the bottom signal sections together may be flat in construction.

For messenger cable mounting, provide messenger cable hangers, wire outlet bodies, balance
adjusters, bottom caps, wire entrance fitting brackets, and all other hardware necessary to make
complete, watertight connections of the vehicle signal heads to the messenger cable. Fabricate
mounting assemblies from malleable iron or steel and provide serrated rings made of aluminum.
Provide messenger cable hangers and balance adjusters that are galvanized before being painted.
Fabricate balance adjuster eyebolt and eyebolt nut from stainless steel or galvanized malleable iron.
Provide messenger cable hangers with U-bolt clamps. Fabricate washers, screws, bolts, clevis pins,
cotter pins, nuts, and U-bolt clamps from stainless steel.

For mast-arm mounting, provide rigid vehicle signal head mounting brackets and all other
hardware necessary to make complete, watertight connections of the vehicle signal heads to the mast
arms and to provide a means for vertically adjusting the vehicle signal heads to proper alignment.
Fabricate the mounting assemblies from malleable iron or aluminum, and provide serrated rings
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made of aluminum.

Provide LED vehicular traffic signal modules (hereafter referred to as modules) that consist of an
assembly that uses LEDs as the light source in lieu of an incandescent lamp for use in traffic signal
sections. Use LEDs that are aluminum indium gallium phosphorus (AliInGaP) technology for red and
yellow indications and indium gallium nitride (InGaN) for green indications. Install the ultra bright
type LEDs that are rated for 100,000 hours of continuous operation from -40°F to +165°F. Design
modules to have a minimum useful life of 60 months and to meet all parameters of this specification

during this period of useful life.

For the modules, provide spade terminals crimped to the lead wires and sized for a #10 screw
connection to the existing terminal block in a standard signal head. Do not provide other types of
crimped terminals with a spade adapter.

Ensure the power supply is integral to the module assembly. On the back of the module,
permanently mark the date of manufacture (month & year) or some other method of identifying date
of manufacture.

Tint the red, yellow and green lenses to correspond with the wavelength (chromaticity) of the
LED. Transparent tinting films are unacceptable. Provide a lens that is integral to the unit with a

smooth outer surface.

B.1. LED Circular Signal Modules

Provide modules in the following configurations: 12-inch circular sections, and 8-inch circular
sections. All makes and models of LED modules purchased for use on the State Highway System
shall appear on the current NCDOT Traffic Signal Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Vehicle Traffic Control Signal Heads — Light Emitting
Diode (LED) Circular Signal Supplement” dated June 27, 2005 (hereafter referred to as VTCSH
Circular Supplement) and other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Circular Supplement:
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Module Type Max. Wattage at 165° F | Nominal Wattage at 77° F
12-inch red circular 17 11

8-inch red circular 13 8

12-inch green circular | 15 15

8-inch green circular 12 12

For yellow circular signal modules, provide modules tested under the procedures outlined in the
VTCSH Circular Supplement to insure power required at 77° F is 22 Watts or less for the 12-inch
circular module and 13 Watts or less for the 8-inch circular module.

Note: Use a wattmeter having an accuracy of +1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module. Power may also be derived from voltage,
current and power factor measurements.

B.2. LED Arrow Signal Modules

Provide 12-inch omnidirectional arrow signal modules. All makes and models of LED modules
purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the requirement for 12-inch omnidirectional modules specified in the
ITE “Vehicle Traffic Control Signal Heads — Light Emitting Diode (LED) Vehicle Arrow Traffic
Signal Supplement” dated July 1, 2007 (hereafter referred to as VTCSH Arrow Supplement) and
other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Arrow Supplement:

Module Type Max. Wattage at 165° F | Nominal Wattage at 77° F
12-inch red circular 12 9
12-inch green circular | 11 11
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For yellow arrow signal modules, provide modules tested under the procedures outlined in the
VTCSH Arrow Supplement to insure power required at 77° F is 22 Watts or less.

Note: Use a wattmeter having an accuracy of 1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module. Power may also be derived from voltage,
current and power factor measurements.

C. ~ Pedestrian Signal Heads:
Provide pedestrian signal heads with international symbols that meet the MUTCD. Do not

provide letter indications.

Comply with the ITE standard for “Pedestrian Traffic Control Signal Indications” and the
following sections of the ITE standard for “Vehicle Traffic Control Signal Heads” in effect on the
date of advertisement:

e Section 3.00 - “Physical and Mechanical Requirements”

e Section 4.01 - “Housing, Door, and Visor: General”

e Section 4.04 - “Housing, Door, and Visor: Materials and Fabrication”
e Section 7.00 - “Exterior Finish”

Provide a double-row termination block with three empty terminals and number 10 screws for
field wiring. Provide barriers between the terminals that accommodate a spade lug sized for number
10 terminal screws. Mount the termination block in the hand section. Wire all signal sections to the
terminal block.

Where required by the plans, provide 16-inch pedestrian signal heads with traditional three-
sided, rectangular visors, 6 inches long. Where required by the plans, provide 12-inch pedestrian
signal heads with traditional three-sided, rectangular visors, 8 inches long.

Design the LED pedestrian traffic signal modules (hereafter referred to as modules) for
installation into standard pedestrian traffic signal sections that do not contain the incandescent signal
section reflector, lens, eggcrate visor, gasket, or socket. Provide modules that consist of an assembly
that uses LEDs as the light source in lieu of an incandescent lamp. Use LEDs that are aluminum
indium gallium phosphorus (AlInGaP) technology for the Portland Orange hand and countdown
displays. Use LEDs that are of the latest indium gallium nitride (InGaN) technology for the Lunar
White walking man displays. Install the ultra bright type LEDs that are rated for 100,000 hours of
continuous operation from -40°F to +165°F. Design modules to have a minimum useful life of 60
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months and to meet all parameters of this specification during this period of useful life.

Provide modules in the following configuration: 16-inch displays which have the solid
hand/walking man overlay on the left and the countdown on the right, and 12-inch displays which
have the solid hand/walking man module as an overlay. All makes and models of LED modules
purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2006 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Pedestrian Traffic Control Signal Indications — Part 2: Light
Emitting Diode (LED) Pedestrian Traffic Signal Modules” dated March 19, 2004 (hereafter referred
to as PTCSI Pedestrian Standard) and other requirements stated in this specification.

Design all modules to operate using a standard 3 - wire field installation. Provide spade terminal
crimped to the lead wires and sized for a #10 screw connection to the existing terminal block in a
standard pedestrian signal housing. Do not provide other types of crimped terminals with a spade
adapter.

Ensure the power supply is integral to the module assembly. On the back of the module,
permanently mark the manufacture (month & year) or some other method of identifying date of

manufacture.

Provide module lens that is hard coated or otherwise made to comply with the material exposure
and weathering effects requirements of the Society of Automotive Engineers (SAE) J576. Ensure all
exposed components of the module are suitable for prolonged exposure to the environment, without
appreciable degradation that would interfere with function or appearance.

Design the walking man and hand as a solid display. Ensure the hand/walking man symbols for
the 16-inch display modules meet the dimension requirements cited in PTCSI Pedestrian Standard
Table 1 “Dimensions of Signal Sizes” for Class 3 or Class 4. Ensure the hand/walking man symbols
for the 12-inch display module meet the dimension requirements cited in PTCSI Pedestrian Standard
Table 1 “Dimensions of Signal Sizes” for Class 2. '

Provide the countdown number display that is at least 9 inches high by 6 inches wide. Ensure the
minimum luminance value for the countdown number display is 1,400 cd/m>. Provide the
countdown number display that will conform to the chromaticity requirements of the hand symbol as
specified by section 4.2 (Chromaticity) of the PTCSI Pedestrian Standard.
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Furnish the countdown display to continuously monitor the traffic controller to automatically
learn the pedestrian phase time and update for subsequent changes to the pedestrian phase time.
Design the countdown display as a double row of LEDs or with a minimum thickness of 0.5 inch.
Ensure the countdown display blanks-out during the initial cycle while it records the countdown
time. Ensure that the countdown display is operational only during the flashing don’t walk, clearance
interval. Blank-out the countdown indication after it reaches zero and until the beginning of the next
flashing don’t walk indication. Design the controlling circuitry to prevent the timer from being
triggered during the solid hand indication.

Provide modules that meet the following requirements when tested under the procedures outlined
in the PTCSI Pedestrian Standard: '

Module Type Max. Wattage at 165° F | Nominal Wattage at 77° F
Hand Indication 16 13

Walking Man Indication | 12 9

Countdown Indication 16 | 13

Note: Use a wattmeter having an accuracy of =1% to measure the nominal wattage and
maximum wattage of a pedestrian signal module. Power may also be derived from voltage, current
and power factor measurements.

D. Pedestrian Push-Buttons

Provide 2-inch diameter pedestrian push-buttons with weather-tight housings fabricated from
die-cast aluminum and threading in compliance with the NEC for rigid metal conduit. Provide a
weep hole in the housing bottom and ensure that the unit is vandal resistant.

Provide push-button housings that are suitable for mounting on flat or curved surfaces and that
will accept 1/2-inch conduit installed in the top. Provide units that have a heavy duty push-button
assembly with a sturdy, momentary, normally-open switch. Have contacts that are electrically
insulated from the housing and push-button. Ensure that the push-buttons are rated for a minimum of
5 mA at 24 volts DC and 250 mA at 12 volts AC.

Provide standard R10-3 signs with mounting hardware that comply with the MUTCD in effect
on the date of advertisement. Provide R10-3E signs for countdown pedestrian heads and R10-3B for
non-countdown pedestrian heads.

Where required, provide post mounting for push-buttons. Use 2 maximum metallic conduit for
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push-button post with minimum height of 5’ above ground level. Use class B or better concrete for
‘post foundation with minimum dimensions of 12”7 x 12”x 18” (L x W x D). Use 2” metallic condult
elbow in concrete foundation to connect post to conduit for lead-in cable
E. Signal Cable

Furnish 16-4 and 16-7 s1g11a1 cable that comphes with IMSA specification 20-1 except prov1de
the following conductor insulation colors: - :

e For 16-4 cable: white, yellow, red, and green

e For 16-7 cable: white, yellow, red, green, yellow with black stripe tracer, red with black
stripe tracer, and green with black stripe tracer. Apply continuous stripe tracer on
conductor insulation with a longitudinal or spiral pattern.

Provide a ripcord to allow the cable jacket to be opened without using a cutter. IMSA
specification 19-1 will not be acceptable. Provide a cable Jacket labeled with the IMSA spec1ﬁcat10n
number and provide conductors constructed of stranded copper. '

33. CONSTRUCTION METHODS

A. General ‘ _ » _
Bag new vehicle signal heads with burlap bags or bags : made of nonripping material specifically
de51gned for covermg signal heads until the signal heads are placed in operation.

_ When new signal heads are placed into operation, 1mmed1ately bag and remove signals heads =
that are not to be reused. a

Vertlcally and honzontally adjust each SIgnal head so that hght output w111 be of maxnnum :
effec‘uveness for the traffic. Do not tilt 51gna1 heads forward.

Reposition signal heads as reqUired for various construction phases.

B. Vehlcle Slgnal Heads

Install vehlcle signal heads at the helghts required in the North Carohna Supplement to the
MUTCD in effect on the date of advertisement. : :

Where vehicle signal heads are mstalled on messenger cable, install mounting hardware
consisting of a messenger cable hanger, balance adjuster, bottom cap, wire entrance fitting bracket
and insulating bushings.

Where vehicle signal heads are installed on mast arms, install mounting hardware consisting of
rigid vehicle signal head mounting brackets. '
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Install signal cable in continuous lengths between signal controller cabinets and signal heads.
Route signal cable to minimize the length of cable installed, and the number of cables and
conductors in each run. Pull 36 inches of additional signal cable into controller cabinets. Do not
install more than six signal heads on one neutral conductor.

Wrap signal cable to messenger cable with at least four turns of wrapping tape spaced at intervals
less than 15 inches or lash signal cable to messenger cable with one 360 degree spiral of lashing wire

per 12 inches.

Make electrical connections inside each signal head, signal controller cabinet, and termination
compartment in metal poles. Do not splice cable outside signal heads.

Coil sufficient signal cable besidé each vehicle signal head to accommodate head shifts during
various construction phases. For all cables entering or leaving vehicle signal heads at final head
locations, provide a minimum of 36 inches of signal cable coiled beside each head.

C. Pedestrian Signal Heads

Where new countdown pedestrian heads are called to be installed in the plans to replace existing
pedestrian signal heads, remove the existing heads and replace sign with new countdown pedestrian
sign (R10-3b). ' '
D.  Pedestrian Push-Buttons

Comply with Standard Drawings 1705.02 for mounting push-buttons and signs. Mount push-
buttons on existing supports or new posts as shown in the Plans. Ensure push-buttons are mounted 3’
6” above ground level, and are accessible from an adjacent paved surface. Install signs with
mounting hardware immediately above pedestrian push-buttons.

Connect new push-buttons to the cabinets as shown in the Plans and using lead-in cable as
specified in Section 15 of these Project Spécial Provisions. Ensure each push-button is wired
independently.- ' '

Connect existing push-buttons to the controller cabinets as shown in the Plans, either by using

 the existing cable or by installing new lead-in cable as speciﬁed in Section 15 of these Project
'Special Provisions. Ensure each push-button is wired independently. Connect the push-buttons as
shown on the electrical detail to the correct DC isolator(s) furnished as part of the cabinet specified
in Section 24 of these Project Special Provisions. |

34. MEASUREMENT AND PAYMENT _
Vehicle signal head ( ) and Pedestrian signal head ( ) will be measured and paid
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for as the actual number of signal heads of each type, size, and number of sections with mounting
hardware furnished, installed, and accepted. - ‘

Signal Cable will be measured and paid for as actual linear feet of signal cable ﬁlrhiShed
installed and accepted. Measurement will be point to point with no allowance for sag. Twenty five
feet w1ll be allowed for vertical segments up or down poles.

No measurement will be made of visors, wire entrance fittings, mterconnectmg brackets
mounting assemblies, pedestrian push_buttons, and R10-3B pedestnan signal 51gns as these w1_ll be
considerod incidental to furnishing and ihstalling signal heads. No measurement will be made for
drip loops, coiled sections, or lashing wire as these will be considered incidental to furnishing and
installing signal cable. ' ‘

Pedestridn push-button, when installed and to be integrated with existing pedestri.an signal
heads, will be measured and paid for as the actual number furnished, installed, and accepted.

Pedés_trian push-button, when eXisting and to be integrated with the cabinet that require new -
lead-in cable, risers, trenching, or other work, will be measured and paid for under applicable line
items listed in these Project Special Provisions..

No measurement will be made of signs, conduit for mounting posts, conduit connectors, conduit
caps, other associated mounting hardware, or bonding and grounding as these will be considered
incidental to furnishing and installing pedestrian bush-buttons or updating pedestrian signal heads.

Payinent_will be made under:

Vehicle Signal Head (127, 3 Sectlon) ................. ......... Bach .
Vehicle Signal Head (127, 4 Sectioo) ...... ettt R S o Each
Vehicle Signal Head (127, 5 Section)..... | erereeteaetirere e re e nnereaes ............. ................... Each
Pedestnan Slgnal Head (16”, 1 Section with Countdown) ettt ts S Each
Slgnal Cable ........... eereereeresteenenens it es _ ........ ..Linear Foot
Pedestrian Push-Button..........-.,.....;........'...............'. ......................... ettt b.’.'. ..... Each
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4. SIGNAL PEDESTAL
4.1. DESCRIPTION
Furnish and install signal pedestal assemblies with foundations, grounding systems and all

necessary hardware.
42. MATERIAL
A.  General
Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

B.  Pedestals

Provide aluminum pedestals with foundations that conform to AASHTO. Furnish Class B
minimum concrete that conforms to the applicable parts of the Standard Specifications Section 1000
for Portland Cement Concrete Production and Delivery.

Prov1de reinforcing steel that conforms to the apphcable parts of the Standard Specifications
Section 1070 for Reinforcing Steel.

- Provide caps and bases as part of pedestal assemblies. Unless otherwise required, furnish
pedestals that provide the following heights:

To support traffic signal equipment cabinets — 30" abové foundation.
To support signal heads, see Section 3 for required signal head height.

Prov1de pedestal caps fabricated from cast aluminum that meets Alummum Assoc1at10n Alloy

356.0F. Provide stainless steel set screws as fasteners.

Provide either shoe-type or transformer-type pedestal bases made of aluminum that meets
Aluminum Association Alloy 356.0 or equivalent, and designed to break _upon impact in accordance
with AASHTO requirements. For shoe-type bases, provide aluminum flange plate with four anchor
boltholes, a hole to match the shaft, and a 4 x 8" hand hole with a reinforced frame located 8" above
base. For transformer-type bases, provide overall dimensions of 15"(1) x 13"(w) x 13"(d) and an 8" x
8" hand hole with removable cover. Ensure bases are continuously welded to shafts or threaded to
receive shafts. For use in grounding, provide a 1/2" minimum diameter, coarse thread stud located

inside base at the handhold and oriented for easy access.

For each pedestal, provide four bolts with outside diameter of 3/4" and length of 18" each with
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leveling nut and washer. Ensure anchor bolts are hot-dipped galvanized in accordance with ASTM A

153 with completely galvanized nuts and washers.
4.3. CONSTRUCTION METHODS
Comply with Standard Drawings 1705.02.

Locate foundations, determine elevation, and submit findings. Obtain the Engineer’s approval of

foundation locations and elevations before constructing foundations.

Excavate in accordance with the Standard Specifications Section 410 for Foundation Excavation.
If encountered, remove rock or boulders to a depth sufficient to obtain stability necessary to support

the structure for design loads. Ensure ground is level before installing foundations.

Construct foundations in accordance with the Standard Specifications Section 825 for Incidental
Concrete Construction. Cast concrete for pole foundations against undisturbed soil unless otherwise
permitted. Provide forms with chamfer strips that measure one inch along diagonal face at all corners
above ground level. Do not install foundations over uncompacted fill or muck. Install conduit in

- foundations.
Securely place, position, and align anchor bolts symmetrically about the center of foundation."i -

Give exposed vertical concrete surfaces an ordinary surface finish. Give exposed horizontal

surfaces a float finish.

Level tops of concrete foundations. Do not allow tops to exceed 6 inches above adjacent ground
surface. Pour and finish foundation to a level flush with surrounding sidewalk when possible.

Do not erect pedestals until concrete has attained a minimum compressive strength of 2500 psi as

determined by cylinder breaks.
4.4. MEASUREMENT AND PAYMENT

Signal pedestal ‘with foundation will be measured and paid as the actual number of signal
pedestals with foundations furnished, installed, and accepted.

Payment will be made under:
Signal Pedestal with FOundation............ccceeeeriiiiniinncnirniniitiitie et sen e e saneaeenne Each
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S. SIGNS INSTALLED FOR SIGNALS
5.1. DESCRIPTION

Furnish and install signs for signals with cable hangers, rigid sign mounting brackets, U-channel
post, and all necessary hardware.

Signs related to bicycle detection will be provided and installed by the Town of Chapel Hill.
Coordinate with the Engineer to provide 30-day notice on when the signs will be required to be
installed.

5.2. MATERIALS
Comply with Article 901-2 (Sign Fabrication) of the Standard Specifications.
Use Type III reflective sheeting, except for black sheeting. Use non-reflective for black sheeting.
Conform to the message layout, size, and color as required in the MUTCD.

For messenger cable mounting, furnish either messenger cable hangers with free-swinging, 360
degree adjustable sign brackets or three bolt clamps as directed. Furnish aluminum, galvanized steel,
or stainless steel messenger cable mounted sign supporting hardware.

For ground mounting, furnish steel, 3 1b., U-channel posts with hardware for ground mounting. -
Comply with Article 903-2 (Sign Supports) of the Standard Specifications.

For mast-arm mounting, furnish rigid aluminum, galvanized steel or stainless steel sign mounting

brackets.
5.3. CONSTRUCTION METHODS

Install signs with applicable mounting hardware. Comply with sign offsets and mounting heights
~ as shown in the MUTCD and Standard Drawing numbered 904.50.

For messenger cable mounting, install signs a minimum of 6 inches from signal heads.
For ground mounting, comply with Article 903-3 of the Standard Specifications.

For signs mounted on mast arms, install attachment brackets to signs to allow the positions to be
adjusted so that signs:

e are aimed in the required direction,
e are plumb as viewed from their respective approaches,

e may be tilted forward or backward as required,
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e and may be raised or lowered on the mast arm throughout the full length of the sign.

5.4. MEASUREMENT AND PAYMENT

Sign for Signals will be measured and paid as the actual number of signs for signals, regardless
of mounting method, furnished, installed, and accepted.

Payment will be made under:

Sign fOr SIGNalS....couovieiiiie e Each

33 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System
.‘- el
Intelligent Transportation Systems Section )

6. PAVEMENT MARKING SYMBOLS
6.1. DESCRIPTION

Furnish and install pavement markings in accordance with the plans.
6.2. MATERIALS

A. General
Refer to and fully comply with section 1087 of the standard specifications.

B. Material Qualification

Use pavement markings which are on the Department’s Approved Products List or are traffic
qualified by the Traffic Control Unit.
C. Historical Performance

Historical performance of the pavement marking material will be used in determining future use
of the material by the Department, even if material has been traffic qualified. Poor past or poor
current performance of pavement marking material at any site, whether or not related to a specific
contract may be grounds for non-acceptance of a product on any project under contract.

6.3. CONSTRUCTION METHODS

A. General
Refer to and fully comply with section 1205 of the standard specifications.

B. Application Equipment
Use pavement marking application equipment such that all parts that come in contact with

pavement marking material are constructed for easy accessibility during cleaning and maintenance.

Keep the marking guns of the application device in full view of the operators at all times. Use
applicators that are mobile and maneuverable to the extent that straight lines can be followed and all
standard curves can be made in true arcs. '

C. Surface Preparation and Curing Compound Removal

Prepare the pavement to accept pavement markings to insure maximum possible adhesion.
Clean, seal and remove curing compound as necessary to insure that the markings adhere to the
pavement. Obtain approval for all surface preparation methods prior to implementing.

Pavements shall be free of grease, oil, mud, dust, dirt, grass, loose gravel and other deleterious
material, prior to applying pavement markings.
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Prepare the pavement surface, including removal of curing compound, a minimum of 2" wider
than the pavement markings to be placed, such that, an additional 1" of prepared area is on all sides
of the pavement markings after they are applied.

Remove all curing compound and surface laitance on Portland cement concrete pavements where
long-life pavement markings will be placed. Perform curing compound removal by high-pressure
water or shot blasting methods. Ensure that the surface is free of all residue, laitance and debris prior

to applying the pavement marking.

When surface preparation and curing compound removal operations are completed, blow the
pavement surface clean by compressed air to remove residue or debris.

Curing compound removal will be paid for at the applicable contract unit price. All other surface
preparation will be considered incidental to the work covered by this specification.

If required, apply a primer sealer to pavement surfaces before applying pavement marking
material as recommended by the manufacturer. Apply primer sealer in a continuous film in such a
way as to not cause any noticeable change in the appearance of the pavement markings. Submit a
sample of the primer sealer to the Engineer, prior to application.

Conduct all pavement surface preparation including curing compound removal in such a manner
that the pavement or joint material is not damaged or left in a condition that will mislead or misdirect
the motorist. Repair any damage caused to the pavement, or joint materials caused by surface
preparation or the removal of curing compound by acceptable methods and at no additional cost to
the Department.

Where pavement surface preparation results in obscuring existing pavement markings of a lane
occupied by traffic, immediately remove the residue, including dust, by approved methods.

D. Application of Pavement Markings

Install pavement marking material that has a uniform thickness, a smooth surfaced cross section
throughout its entire length, width and length not less than the dimensions specified in the plans and
that does not exceed the dimension by more than 1/2".

Do not apply pavement marking materials over a longitudinal joint. See Standard Drawing No.
1205.01 sheet 2 of 2 for details.

Install pavement marking lines that are straight or have uniform curvature and conform with the

tangents, curves, and transitions as specified in the plans.

Produce ﬁnished lines that have well defined edges and are free of horizontal fluctuations. Do
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not exceed 1/2" in lateral deviation from the proposed location alignment at any point. Any greater
deviations may be cause for requiring the material to be removed and replaced at no additional cost.

Apply all longitudinal pavement marking lines 8" or less in width with one pass of the pavement
marking equipment. Pavement marking lines greater than 8" in width and pavement marking
symbols may be applied with multiple passes of the pavement marking equipment

The stem portion of straight arrows shall be applied in a single pass and the stem portion of turn
arrows is to be applied in a maximum of 2 passes of the application equipment. Arrowheads may be
applied by multiple passes of the application equipment, not to exceed three passes.

Install all pavement marking lines, characters, and symbols that require multiple passes of the
application equipment such that there are no gaps separating the application passes.

Install characters and symbols so that they conform to the sizes and shapes shown in the plans.
Use pavement marking material that is capable of accepting an overlay of compatible material.

Protect the pavement markings until they are track free. Remove any markings tracked by a
vehicle by acceptable methods and at no additional expense to the Department.

Reapply any molten pavement marking that is crossed by a vehicle. Payment will only be made
for 1 application of molten pavement marking.

Remove all pavement marking materials spilled on the road surface by acceptable methods at no
additional expense to the Department.

Use yellow, white, and black pavement markings, without drop-on glass beads, that visually
match the color chips that correspond to the Federal Test Standard Number 595a for the following
colors. Use markings that when subjected to accelerated weathering as described in U.S. Federal
Specification No. (TT-P-115F) are within the tolerance limits of the color chips listed below:

e WHITE: Color 17886
o YELLOW: Color 13538
o BILACK: Color 37038

E. Pavement Markings Observation Period

This pavement markings observation period shall be a separate entity than the system
observation period defined in these Project Special Provisions. '

Maintain responsibility for the pavement markings for a 180 day observation period beginning
upon the satisfactory completion of all work required in the plans. Guarantee the markings under the
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payment and performance bond in accordance with Article 105-17.

Have traffic operating on the facility during the entire 180 day observation period unless
otherwise directed.

During the 180 day observation period provide pavement marking material that shows no signs
of failure due to blistering, excessive cracking, chipping, bleeding, staining, discoloration, oil
content of the pavement materials, smearing or spreading under heat, deterioration due to contact
with grease deposits, oil, diesel fuel, gasoline drippings, spilling, poor adhesion to the pavement
materials, loss of reflectivity, vehicular damage, or normal wear.

Replace, at no additional expense to the Department, any pavement markings that do not perform
satisfactorily under traffic during the 180 day observation.

F. Pavement Marking Installer Qualifications

Have at least one member of every pavement marking crew certified through the NCDOT
Pavement Marking Technician Certification Process. Keep the certification current throughout the
life of the project. The certified crewmember is not required to be the same person throughout the
life of the contract.

6.4. THERMOPLASTIC (ALKYD/MALEIC)

. Al Application Equipment
Use equipment to install hot thermoplastic pavement marking material that includes the
following features:

Premelting Kettle: oil-jacketed or air-jacketed utilized for uniform heating and melting of the
thermoplastic material. Use a kettle that is equipped with an automatic thermostat control device to
provide positive temperature control and continuous mixing and agitation of the thermoplastic
material. Do not premelt thermoplastic material in handliner type equipment.

Applicator Storage Kettle: Equip long line pavement marking vehicles with an automatic
thermostat control device to maintain the thermoplastic material at the application temperature and
provide continuous mixing and agitation of the thermoplastic material during installation. Construct
the equipment so that all mixing and conveying parts, up to and including the application apparatus,
maintains the thermoplastic pavement marking material at the specified installation temperature and
which has a capacity of a minimum of 1500 1bs. of molten thermoplastic pavement marking
material. Hand transfer is not allowed. |

Hand Liner type application vehicles may contain the premelting and applicator storage
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functions in the same kettle. Agifation and mixing can be done manually. Drag box type and bucket

type application is not allowed.

Use premelting and applicator storage kettles that meet the requirements of the National Board of
Fire Underwriters, the National Fire Protection Association, and State and local authorities.

Use application equipment that is constructed to assure continuous uniformity in the thickness

and width of the thermoplastic pavement marking.

Use application equipment that provides multiple width settings ranging from 4" to 12" and
multiple thickness settings to achieve the pavement marking thickness ranging from 0.090" to
0.120". Special thickness equipment may be required for in lane or shoulder transverse rumble strip

pavement markings.

Do not use spray thermoplastic unless approved by the Work Zone Traffic Control Unit.

B. Weather Limitations and Seasonal Limitations

Do not apply thermoplastic pavement markings on existing or new pavements unless the ambient
air temperature and the temperature of the pavement is 50°F or higher.

Do not apply thermoplastic pavement markings between November 30 and the following April 1.

Exception to the above: When traffic is maintained on a portion of roadway and thermoplastic
pavement marking will not be placed within 30 calendar days due to seasonal limitations, place
pavement marking paint and beads in accordance with Subarticle 1205-8(C).

C. Application

Use only thermoplastic markings that are of the hot, machine applied type. Apply Alkyd/Maleic
thermoplastic pavement markings by extrusion methods only. Extrusion may be accomplished using
either conventional extrusion equipment or ribbon gun extrusion devices. '

Apply Drop-on Beads uniformly to the surface of the molten thermoplastic material so that the
beads are partially embedded and at a rate to immediately obtain the minimum reflectance values. At
the time of installation, produce in place markings with the minimum retroreflective values shown
below, as obtained with a LTL 2000 Retroreflectometer or Department approved mobile
retroreflectometer. Maintain the retroreflective values shown below for a minimum of 30 days from

the time of placement of the marking material.
e White: 375 med/lux/m2
e Yellow: 250 mcd/lux/m2

38 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System 84
Intelligent Transportation Systems Section -

Ensure that the marking is uniformly retroreflective upon cooling and has the ability to resist
deformation caused by traffic throughout its entire length.

A thin layer of pavement marking paint at the proper width may be placed prior to applying the
thermoplastic markings. If this option is chosen, when not specified in the plans or by the Engineer,
direct payment for the paint will not be made. Cover any such thin layer of pavement marking paint
with thermoplastic pavement marking within 30 calendar days of placement. Apply the thin layer of
pavement marking paint and beads at the rate necessary to produce a dry film thickness of 5 - 8 mils.
Apply drop-on glass beads at a rate of 1-3 pounds per gallon of paint.

Provide drainage openings at intervals of 250 feet in edge lines placed on the inside of curves
and in edge lines on the low side of tangents. Provide openings that are a maximum of 12" and a

minimum of 6" in length.

Produce a cross sectional thickness of the thermoplastic markings above the surface of the

pavement as follows:

e 240 mils: In-lane and shoulder-transverse pavement markings (rumble strips) may be
placed in 2 passes.

e 120 mils: Center lines, skip lines, transverse bands, mini-skip lines, characters, and

crosswalk lines.
e 90 mils Edge lines, gore lines, diagonals, and arrow symbols.

D. Testing

Retroreflective measurements will be taken within 30 days prior to the end of the 180 day
pavement markings observation period. Maintain minimum retroreflective values as shown below
throughout the 180 day pavement markings observation period.

e White: 325 med/lux/m2
e Yellow: 200 mcd/lux/m2

At the end of the Pavement Markings Observation Period, the thermoplastic pavement marking
material shall be within 10 mils of the initial pavement marking thickness as required in the plan.
Take the thickness measurements as specified by Materials and Tests Unit Procedure PM-1.0. See
the Construction Manual for details.

6.5. MEASUREMENT AND PAYMENT

Pavement Marking Symbols will be measured and paid for as the actual number of pavement
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marking symbols that have been satisfactorily placed and accepted by the Engineer.

Payment at the contract unit price for the item above will be full compensation for the item. No
direct payment will be paid for work involved in applying the symbols, reapplication of molten
pavement marking crossed by a vehicle, removal of all pavement marking materials spilled on the

roadway surface.
Payment will be made under:

Thermoplastic Pavement Marking Symbol (Bicycle LoOp) .......cceeerrueererrerecerrecenerrceceneenseesseeenenns Each
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7. MESSENGER CABLE
7.1. DESCRIPTION

Furnish and install messenger cable (spanwire) with cable clamps, machine bolts, eyebolts, 3 bolt
clamps, eye nuts, split-bolt connectors, and all necessary hardware.

7.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with ASTM A 475 for extra high strength grade wire strand, Class A zinc coating.
Fabricate messenger cable from seven steel wires twisted into a single concentric strand.

Provide universal grade strandvises used for extra high strength steel messenger cable. Provide
other pole line hardware constructed of hot-dipped galvanized steel. Provide machine bolts, eyebolts,
and thimbleye bolts with minimum tensile strength of 12,400 1bs. Provide galvanized nuts, washers,

and thimbleyelets.

7.3. CONSTRUCTION METHODS
Install guy assemblies before installing messenger cable.
Use 1/4-inch messenger cable for spans supporting only cables unless otherwise specified.
Use 3/8-inch messenger cable for spans supporting signal heads.

For messenger cable crossing over railroad tracks, provide a minimum of 30 feet of vertical
clearance, unless otherwise shown on the Plans.

For permanent installation, install messenger cable in continuous lengths with no splices except
where an insulator is required. With prior approval, existing messenger for temporary installations
may be extended instead of installing new messenger cable.

Tension messenger cable to eliminate appreciable sag and to match the sag of surrounding
utilities. Otherwise, allow 3 to 4 percent sag of the span length between poles. Use crossover clamps
to maintain proper vertical and horizontal alignment of adjoining cable runs.

Provide 3-bolt clamp assemblies consisting of 5/8 inch diameter machine bolts, j-hooks, washers,
and square nuts to attach messenger cable to wood poles. Provide machine bolts that are 3 inches

longer than the pole diameter.

Attach messenger cable to poles using three bolt cable clamps with J-hooks in mid-runs and
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deadend strandvises at termination poles.
Maintain electrical continuity at all splices.

For messenger cable for signal heads or loop lead-in cable attached to joint use poles, install a
new grounding system that complies with Article 1720-3 for bonding messenger cable. If a pole
ground exists on the joint use pole, bond new pole grounding system to existing pole ground using
number 6 AWG minimum solid bare copper grounding wire terminated with split bolt connectors or
Burndy clamps (UCG25RS) at each end.

For messenger cable for communications cable attached to joint use poles, bond messenger cable
to existing pole ground using Burndy clamps (UCG25RS) at ends and at 1300-foot intervals. If
existing poles do not have a grounding system, install new grounding system that complies with
Article 1720-3 for bonding messenger cable.

On multiple messenger cable arrangements, connect all messenger cable ends with number 6
AWG minimum solid bare copper wire and bond with split bolt connectors or Burndy clamps
(UCG25RS) or equivalent and terminate to pole ground.

7.4. MEASUREMENT AND PAYMENT

Messenger cable ( ) will be measured and paid for as actual horizontal linear feet of
messenger cable furnished, installed, and accepted. Measurement will be point to point with no

allowance for sag.

No measurement will be made of cable clamps, machine bolts, eyebolts, strandvises, 3 bolt
assemblies, eyenuts, split bolt connectors, messenger cable bonding, or pole grounding system as
these will be considered incidental to furnishing and installing messenger cable.

Payment will be made under:
MesSenger Cable (1/4”) ...ttt s Linear Foot
MESSENZET CaADIE (3/87) cuueeneeteeeeerereeeee ettt st esae e e s s e e sae s se s s st s nesae s s enesnennas Linear Foot
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8. UNDERGROUND CONDUIT
8.1. DESCRIPTION

Furnish and install conduit for underground installation with tracer wire, miscellaneous fittings,
all necessary hardware, marker tape, backfill, graded stone, paving materials, and seeding and
mulching.

8.2. MATERIALS

A. General

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with the Standard Specification Article 1018-2 for backfill and Articles 545-2 and 545-3
for graded stone.
B. Rigid Metallic Conduit

Provide rigid hot dipped galvanized steel conduit that meets UL Standard 6 Electrical Rigid
Metal Conduit-Steel with rigid full weight sherardized or galvanized threaded fittings.

C. Polyvinyl Chloride (PVC)

Provide non-metallic conduit and duct including associated couplings, approved for above and
below ground use with or without concrete encasement in accordance with UL Standard 651A Type
EB and A Rigid PVC Conduit and HDPE Conduit. Provide Schedule 40 conduit unless otherwise

specified.
D. High Density Polyethylene Conduit (HDPE)

Provide HDPE conduit with an outer diameter to minimum wall thickness ratio that complies
with ASTM D 3035, Standard Dimension Ratio (SDR) 13.6.

Provide conduit that meets the following:

ASTM D 638 Tensile Strength — 3,000 psi, min; Elongation — 400 percent, min
ASTM D 1238 Melt Index — 0.4 maximum

ASTM D 1505 Density — (0.941-0.955g/cc)

ASTM D 1693 Condition B — 20 percent failure, maximum

ASTM D 2444 Impact — NEMA Standards Publication Number TC7
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ASTM D 3350 Cell Classification — 334420 or 344420

Ensure HDPE conduit is resistant to benzene, calcium chloride, ethyl alcohol, fuel oil, gasoline,
lubricating oil, potassium chloride, sodium chloride, sodium nitrate, and transformer oil, and is
protected against degradation due to oxidation and general corrosion. Furnish conduit with a
coefficient of friction of 0.09 or less in accordance with Telcordia GR-356.

Furnish factory lubricated, low friction, coilable, conduit constructed of HDPE. Furnish conduit
with nominal diameter as required. Provide conduit with smooth outer wall and ribbed inner wall.
Ensure conduit is capable of being coiled on reels in continuous lengths, transported, stored
outdoors, and subsequently uncoiled for installation without affecting its properties or performance.

Furnish conduit that is suitable for underground use in an ambient temperature range of -30 to
130 degrees F without degradation of material properties.

Dependent upon the number of conduits required, furnish conduits in black, orange, blue and
white colors. Provide conduits that are factory extruded with the appropriate colors.

Furnish conduit organizers at all points where multiple conduits enter and exit a junction box or
cabinet. Furnish conduit organizers that are appropriately sized with regards to the conduits. Provide

conduit organizers that are removable.

E. Conduit Plugs, Pull Line, and Tracer Wire

Furnish duct plugs that provide a watertight barrier when installed in conduit. Furnish duct plugs
sized in accordance with conduit. Ensure duct plug provides a means to secure a pull line to the end
of the plug. Provide removable and reusable duct plugs.

Furnish mechanical sealing devices that provide a watertight barrier between conduit and cables
in conduit. Furnish mechanical sealing devices sized in accordance with conduit and with
appropriately sized holes to accommodate and seal cables. Provide removable and re-usable

mechanical sealing devices.

Furnish conduit spacers to bind the individual conduits together when installed in a common
trench. Furnish conduit spacers that are appropriately sized with regards to the conduits.

Furnish 1/2", pre-lubricated, woven polyester tape, pull line with minimum rated tensile strength
0f 2,500 1b.

Provide green insulated number 14 AWG, THW, stranded copper wire to serve as tracer wire.

Comply with Subarticle 1400-2(H) Duct and Conduit Sealer.
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Furnish non-detectable underground marker tape with the wording “WARNING - Fiber Optic
Cable” in all trenches in accordance with the typical drawings in the Plans.

8.3. CONSTRUCTION METHODS
A. General

Ensure conduit is free of moisture and debris before pulling cables.

Following installation of conduit where cable is not immediately installed, or conduit is for
future use (spare), seal the ends of the conduit with a duct plug. Secure a pull line to the duct plug in
such a manner that it will not interfere with installation of the duct plug and provides a watertight
seal.

Extend ends of conduit 2 to 4 inches above concrete surfaces and 4 inches above crushed stone
bases. For metallic conduit, install metallic bushings and bond conduits.

A.l. Conduit Entering Junction Boxes

Terminate conduits installed for communications cables in oversized junction boxes. Do not
install other conduits in the oversized junction box unless otherwise specified.

Terminate conduits installed for signal wiring, including loop lead-in cable, in standard size
junction boxes unless otherwise specified.

For all conduits entering junction boxes, seal spare conduits with approved duct plugs. Seal
conduits containing fiber-optic communications cable with mechanical sealing devices. Seal
conduits containing signal cable and loop lead-in wire with moldable duct seal.

A.2. Tracer Wire

Install tracer wire in all conduits containing fiber-optic cable. Pull tracer wire simultaneously in a
continuous length with the fiber-optic cable. Where multiple pulls of fiber-optic cable are required
and conduit is placed in the same trench, only one tracer wire is required. Where multiple pulls of
fiber optic cable are required and conduits may separate into individual trenches, install a tracer wire
in each conduit run. Provide waterproof butt splices where tracer wire is spliced. Splicing is allowed
only in cabinets and junction boxes. Label all tracer wires entering the equipment cabinet.

A.3. Plan of Record Drawings

Upon completion of the conduit system for communications, furnish the Engineer with a plan of
record drawing detailing the horizontal and vertical locations of the conduit system.
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. B. Trenching
In certain cases the Contractor may use an alternate material other than HDPE and method of
installation between trenching and plowing based on existing field conduits and preferences. Obtain

approval before proceeding.

B.1. General

Install PVC, HDPE, or rigid metallic conduit for all underground runs. Install rigid metallic
conduit for all underground runs located inside railroad right-of-way. Clean existing underground
conduit to be incorporated into a new system. Bond all metallic conduit.

If more than one conduit is required between the same points, install conduit in one common

trench. Install non-detectable marker tape.

Install longitudinal runs of conduit a minimum of 1 foot from back of curb or 6 feet from edge of

pavement in the absence of curb.

Maintain a minimum trench depth of 30 inches below finished grade or 6 inches below roadway

subgrade, whichever is deeper.

Extend the ends of the conduits such that upon completion of the installation the conduits will
extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed stone bases.

Upon completion, restore surface to like-original condition within seven calendar days of
occurrence of damage. Remove all rock and debris from backfill material. Remove excess material
from site and compact area according to Article 300-7. Backfill with excavated material and

compact to 95% of original density.

Backfill trench at locations along the trench path where non-movable objects, such as rocks and
boulders, cannot be avoided. The purpose of the backfill is to provide a gradual change in elevation
of the trench, so that excessive bending and stress will not be transferred to conduits once

underground conduit system is installed.

After installation of conduits and upon completion of tamping and backfilling, perform a
mandrel test on each conduit to ensure no conduit has been damaged. Furnish a non-metallic
mandrel having a diameter of approximately 50% of the inside diameter of the conduit in which it is
to be pulled through. If damage has occurred, replace the entire length of conduit. Ensure pull line is

re-installed.
B.2. Paved Trenching

" On concrete surfaces, replace the entire joint'of concrete unless otherwise specified. On all other
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surfaces, neatly cut and replace the width of trench with like material.

Finish paved areas with materials matching damaged areas. For conduit installed under
roadways, cut neatly and replace the width of paved area damaged by trenching. For conduit
installed under sidewalks and walkways, remove entire section of slab from joint to joint and
replace. Place graded stone material to temporarily maintain traffic where repairs cannot be
performed immediately. Comply with Article 545-4.

B.3. Unpaved Trenching

Install conduit in all unpaved areas. Rake smooth the top 1 1/2 inches seed with same type of
grass as surrounding area. Finish unpaved areas flush with surrounding natural ground.

C. Plowing (HDPE Conduit Only)

Direct plow HDPE ducts simultaneously using chute plow method. Direct plow ducts at a
minimum depth so the top of the highest duct is 30 inches deep unless otherwise approved.

Provide sufficient personnel to feed chute, operate prime mover and equipment carrying reels (if
separate equipment is used), observe chute feeding, observe plowing, and observe reel payout. Use
chute with adequate dimensions to allow for passage of duct without damage. During plow
operation, continuously check chute opening and path to be sure there are no obstructions and
monitor payout reels to be sure reels are turning at a steady rate.

With prior approval, install a junction box at locations where splicing or coupling of the
underground polyethylene conduits is necessary. Otherwise, splicing or joining of underground
polyethylene conduit is prohibited.

D. Directional Drilling (HDPE Conduit Only)
D.1. Pre-Approvals and Minimum Depth Requiremehts

Obtain approval before beginning drilling operations.

At all points where HDPE conduit will traverse under roadways, driveways, sidewalks, or
Controlled Access Areas including entrance/exit ramps, maintain a minimum depth of 4 feet or 8
times the back reamer’s diameter, whichever is deeper. For an installation that runs parallel to a
controlled access area or entrance/exit ramps maintain a minimum depth of 30 inches below finished

grade. Maintain a minimum clearance of 30 inches below finished grade when crossing ditch lines.
For the following structures, the minimum clearance requirements are:
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Man-made Structure Minimum Clearance Requirement

5’ horizontal & 4’ vertical (clearances greater
than minimum horizontal should continue to

Bridge foundation .. )
use the 4V:5H ratio, i.e., 10’ horizontal should
be no deeper than 8°)
. . 1’ above or below [while maintaining a
Drainage pipes less than 60”

minimum depth of 30” below grade]

. . 1’ above or 4’ below [while maintaining a
Drainage pipes greater than 60” ..
minimum depth of 30” below grade]

1’ above or 4’ below [while maintaining a

Box Culverts

ox Lulve minimum depth of 30” below grade]
Slope protection 2’ below
Slope protection foundation footing 5’ below

Guarantee the drill rig operator and digital walkover locating system operator are factory-trained
to operate the make and model of equipment provided and have a minimum of one year experience
operating the make and model of drill rig. Submit documentation of the operators' training and
experience for review at least two weeks before start of directional drilling operations.

Provide a means of collecting and containing drilling fluid/slurry that returns to the surface such
as a slurry pit. Provide measures to prevent drilling fluids from entering drainage ditches and storm
sewer systems. Prevent drilling fluid/slurry from accumulating on or flowing onto pedestrian
walkways, driveways, and streets. Immediately remove all drilling fluids/slurry that are accidentally
spilled.

D.2. Directional Drill Operations

Provide grounding for the drill rig in accordance with the manufacturer’s recommendations.

Place excavated material near the top of the working pit and dispose of properly. Backfill pits
and trenches to facilitate drilling operations immediately after drilling is completed.

Use drill head suitable for type of material being drilled and sized no more than 2 inches larger
than the outer diameter of the conduit. Direct drill to obtain proper depth and desired destination.
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Pressure grout with an approved bentonite/polymer slurry mixture to fill all voids. Do not jet alone

or wet bore with water.

During drilling operation, locate drill head every 10 feet along drill path and before traversing
underground utilities or structures. Use digital walkover locating system to track drill head during
directional drilling operation. Ensure locating system is capable of determining pitch, roll, heading,
depth, and horizontal position of the drill head at any point.

Once drill head has reached final location, remove head, and install back reamer of appropriate
size (no more than 2 inches larger than outer diameter of conduits) to simultaneously facilitate back
reaming of drill hole and installation of conduit. Back reamer is sized larger than actual conduits to
ensure conduits are not adversely subjected to deviations caused by the original drill operation and
are as straight as practical in their final position.

The intent of these Specifications is to limit the diameter of the actual drill shaft/hole so that it is
no more than 2 inches larger than the conduit outer diameter. The 2-inch larger diameter may be
accomplished during the original bore or during the back reaming/conduit installation process.

Once installation of conduit has started, continue installation without interruption so as to
prevent conduit from becoming firmly set. Apply bentonite/polymer slurry mixture during conduit

installation.

Upon completion of conduit installation, perform a mandrel test on conduit system to ensure
conduit has not been damaged. Furnish non-metallic mandrel with a diameter of approximately 50%
of the inside diameter of the conduit in which it is to be pulled through. If damage has occurred,
replace the entire length of conduit and ensure that pull line is re-installed.

D.3. Drilling Fluids

Use lubrication for subsequent removal of material and immediate installation of the conduit.
The use of water and other fluids in connection with directional drilling operations will be permitted
only to the extent necessary to lubricate cuttings. Do not jet alone or wet bore with water. Use
drilling fluid/slurry consisting of at least 10 percent high-grade bentonite/polymer slurry to
consolidate excavated material and seal drill hole walls.

Transport waste drilling fluid/slurry from site and dispose of in a method that complies with
local, state and federal laws and regulations.

D.4. Conduit Splicing

With prior approval, install a junction box at locations where splicing or coupling of conduit is
necessary. Otherwise, splicing or joining of HDPE conduit is prohibited.
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E. Bore and Jack
For bore and jack areas, comply with Subarticles 1540-3 A & B except as follows:

For bore and jack areas, install metallic conduit at a minimum depth of 30 inches below finished
grade or 6 inches below roadway sub-grade, whichever is greater. Provide 3 feet clearance to conduit
from back of curb or from edge of pavement. Terminate ends of conduit into junction boxes.

Comply with the NCDOT Policies and Procedures for Accommodating Utilities on Highway
Rights-of-Way in effect on the date of advertisement.

F. Multi-Duct Installation in Outer-Duct

At locations called for jack and bore in the Plans, install multi-duct conduit system in single
outer-duct conduit that was installed during jack and bore. Simultaneously install the individual
colored conduits in the outer-duct conduit. Install the multi-duct conduits using an approved cable

pulling lubricant.

Use a dynamometer (clutch device) so as not to exceed the maximum allowable pulling tension.

Do not use a motorized vehicle to generate pulling forces.

Keep tension on the conduit(s) and the pulling line at the start of each pull. Do not release the
tension if the pulling operation is halted. Restart the pulling operation by gradually increasing the
tension until the multi-ducts are in motion. Once the multi-duct system is installed in the outer-duct,
install the duct organizers at the point where the multi-duct system enters or exits outer-duct.

Extend the ends of the multi-duct conduit such that upon completion of the installation, the
conduits will extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed

stone bases.

After installation of the multi-duct conduits, perform a mandrel test on each individual conduit to
ensure that no conduits have been damaged. Furnish a non-metallic mandrel having a diameter of
approximately 50% of the inside diameter of the conduit in which it is to be pulled through. If
damage has occurred replace the entire length of conduit.

G. Reuse of Existing Conduit
At certain locations, the Plans call for the use of existing communications ducts made available

by the Town of Chapel Hill, NCDOT, or others.

Prior to use of existing conduit, the Contractor shall be responsible for verifying the usability of
the conduit for the size cable(s) called for in the Plans. For any locations where new conductors are
to be installed where existing cable is present, the Contractor shall not damage nor affect the
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usability of performance of the existing cable.
8.4. MEASUREMENT AND PAYMENT

Tracer wire will be measured along the horizontal linear feet of tracer wire furnished, installed,
and accepted. Measurement will be along the approximate centerline of the conduit system. Payment
will be made in linear feet. No payment will be made for excess tracer wire in junction boxes and/or

cabinets.

Paved trenching (qty, size) will be measured in horizontal linear feet of trenching for
underground conduit installation of each type furnished, installed, and accepted. Measurement will
be along the approximate centerline of the conduit system. Payment will be in linear feet. No
payment will be made for restoring surface to like-original conditions.

Unpaved trenching (qty, size) will be measured in horizontal linear feet of trenching for
underground conduit installation of each type furnished, installed, and accepted. Measurement will
be along the approximate centerline of the conduit system. Payment will be in linear feet. No
payment will be made for restoring surface to like-original conditions.

Directional drill (qty, size) will be measured in horizontal linear feet of directional drill for
underground conduit installation furnished, installed, and accepted. Measurement will be along the
approximate centerline of the conduit system. Payment will be in linear feet.

Bore and jack (qty, size) will be measured in horizontal linear feet of bore and jack for
underground conduit installation furnished, installed, and accepted. Measurement will be along the
approximate centerline of the bore from junction box to junction box. Payment will be in linear feet.

Multi-duct (qty, size) in outer-duct (qty, size) will be measured in horizontal linear feet of multi-
duct conduit installed and accepted. Measurement will be along the approximate centerline of the

conduit system. Payment will be in linear feet.

No measurement will be made of vertical segments, sealing devices, backfill, graded stone,
paved materials, miscellaneous fittings, pull _lines, marker tape, mechanical sealing devices, duct
plugs, conduit organizers, plan of record drawings, and seeding and mulching as these will be
considered incidental to conduit installation.

Payment will be made under:

TTACET WITE ....eeeeeiiiieeecceee et e ee ettt e e s sere e sseve e e e e ee s e e ee s se s sasaeesasssseasssssasessastanesssssseensnsnsenasnnnns Linear Foot
Paved Trenching (1, 27) e e oeeeeeereercereeeeteereterererstesceceseeseseeseessaessssesensessnaeesassssssassnssesnns Linear Foot
Paved Trenching (2, 27) ...co ettt seteee et seaesse e e st see s s ssesentsssasaes s asasananans Linear Foot
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Unpaved Trenching (1, 27) c.ccceeeeeiiererreeeesieetesenseeeeseseeseesnssessessssseesssssessnsassasssesssssssesssens Linear Foot
Unpaved Trenching (2, 27) ...cccceeceeceerceriereeersesseeeenreessessiesesssssessssssesssessssssssssssssesssssssseesss Linear Foot
Directional DIIlL (2, 27) c..cieirieieceeseererceete ettt et eseeesaesaesasesessessesaasaessaesssesssesssassssssenns Linear Foot
Bore and JACK (1, 57) weociiererieeeeeeeesteeeereeeseeeseestesstessee st sstaessee s e seessesssaessssessssssrssesnssessnnnn Linear Foot
Multi-Duct (2, 2”) in QOUter-DUCt (1, 57) .ceueeeiriirierieieceeesteerrresreseseeveesese s e e svesaesnessanenens Linear Foot
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9. JUNCTION BOXES
9.1. DESCRIPTION

Furnish and install junction boxes (pull boxes) with covers, graded stone, grounding systems,

and all necessary hardware.
9.2. MATERIALS

A General
Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with Section 545 of the Standard Specifications for graded stone.
Comply with Article 1411-2 Electrical Junction Boxes except as follows:

e Provide junction box covers with standard Traffic Signal or Fiber Optic logos, pull slots,
and stainless steel pins.

e Do not provide sealant compound between junction boxes and covers.

B. Standard Sized Junction Boxes

Provide standard sized junction boxes with minimum inside dimensions of 16(1) x 10(w) x 10(d)
inches. Provide a depth range for vertical extension of the junction box of 6 to 12 inches.

C. Oversized Heavy-Duty Junction Boxes

Provide oversized heavy-duty junction boxes and covers with minimum inside dimensions of
30"(1) x 15"(w) x 24"(d) that meet or exceed the Tier 15 requirements of ANSI/SCTE 77. Provide
certification that testing methods are compliant with ANSI/SCTE 77.

9.3. CONSTRUCTION METHODS
Comply with the Article 1411-3 of the Standard Specifications except as noted herein:

Install the junction boxes flush with finished grade. Do not install sealant compound between

junction boxes and covers.

Install standard junction boxes at maximum intervals of 250 feet, or where shown on the plans
and at locations where underground splicing of lead-in cable is necessary, whichever is less.

At locations where an existing junction box is removed and replaced by a new junction box, the
Contractor shall remove the junction box with minimal disruption to the surface of the surrounding
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area. The Contractor shall seal the existing conduit, protect any existing cables, and replace any
surface materials in kind. The junction box should be disposed of by the Contractor in a manner
approved by the Engineer.

At certain locations shown in the Plans, reuse existing pull boxes. Precaution shall be taken to
prevent damage to the existing conduit or cables. Coil fifteen (15) feet of each new fiber optic cable
entering each existing pull box unless otherwise noted. At locations where a new junction box or
new conduit is to be connected to an existing junction box, use method to enter existing junction box
as approved by the Engineer. Do not damage existing junction box or existing junction box
contents. Junction boxes or cable damaged shall be replaced at the Contractor’s expense. At
locations where work is called for at manholes, follow all applicable Town, State, and Federal

requirements regarding work in enclosed spaces.
94. MEASUREMENT AND PAYMENT

Junction box ( ) will be measured and paid in actual number of junction boxes of
each size and type furnished, installed, and accepted.

No measurement will be made of covers, graded stone, and grounding systems as these will be
considered incidental to furnishing and installing junction boxes.

No measurement will be made for the removal and disposal of existing junction boxes as these
will be considered incidental to furnishing and installing new junction boxes.

Payment will be made under:
Junction Box (Standard SiZe).......c.cooeeociieeieecrenireetereere ettt e Each
Junction Box (Over-Sized Heavy DULY) ....cc.ceceeveereerierreeieeerreerereesreeseeeeesesssessesenessesssessessansassnsens Each

54 : print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System 9/
Intelligent Transportation Systems Section

10. WOOD POLES
10.1. DESCRIPTION

Furnish and install wood poles with grounding systems and all necessary hardware.

10.2. MATERIALS

Material, equipment, and hardware furnished under this section shall be pre-approved on the
Department’s QPL.

Comply with Subarticles 1082-3(F) Treated Timber and Lumber — Poles and 1082-4(G)
Preservative Treatment — Poles in the Standard Specifications.

Use treated wood poles meeting the requirements of Section 1082. Unless otherwise required by
the contract, use Class 3 or better wood poles. For new wood poles that will have communication
cable attachments, provide poles that have a minimum length of 40 feet and are of a sufficient length
to maintain the minimum required clearances above the roadway, obstructions, and affected railroad
tracks. For new wood poles that will have a CCTV camera attachment, provide poles of sufficient
length to be properly installed and have the camera attached at a minimum of 40 feet above ground

level.
10.3. CONSTRUCTION METHODS

Mark final pole locations and receive approval before installing poles. Unless otherwise
specified, locate poles a minimum of 6 feet behind face of curb or 10 feet from edge of travelway.

Drill or auger a hole for placement of pole and to allow for compacting. Set pole at
manufacturer’s recommended depth, but at a minimum depth of 5 feet. Ensure the pole is within two
degrees of vertical when fully loaded.

Backfill hole with pole installed and tamp backfill in 6 inch lifts with a mechanical tamp until
compacted density is at least 95% of original density.

On new Department owned poles, install a grounding system consisting of number 4 or 6 AWG
solid bare copper wire that is exothermically welded to a ground rod. Install ground wire so as to
minimize damage from vandalism and environmental exposures. Install ground wire up pole to a
point adjacent to the uppermost span. Use hot-dipped galvanized wire staples to secure ground wire
to pole. Install ground rod at base of pole.
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10.4. MEASUREMENT AND PAYMENT

Wood pole will be measured and paid as the actual number of wood poles for either
communications cable or CCTV camera attachments furnished, installed, and accepted.

No measurement will be made for installing grounding systems as these will be considered
incidental to furnishing and installing wood poles.

Payment will be made under:

WWOOA POLE.....eeeeeeeeeeeeeeet ettt et e et e s s s nseseeee s s snesaes e saneseseasesemessesssaneaeeesasesessaeasaessennean
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11. CCTV METAL POLES AND FOUNDATIONS
11.1. DESCRIPTION

Furnish and install metal poles, grounding systems, and all necessary hardware. The work
covered by this special provision includes requirements for the design, fabrication, and installation
of both standard and custom/site specifically designed metal traffic signal supports and associated

foundations.

Provide metal poles that contain no guy assemblies, struts, or stay braces. Provide designs of
completed assemblies with hardware that equals or exceeds AASHTO Standard Specifications for
Structural Supports for Highway Signs, Luminaries and Traffic Signals 4th Edition, 2001 (hereafter
called 4th Edition AASHTO), including the latest interim specifications. Provide assemblies with a
round or near-round cross-sectional design consisting of no less than six sides. The sides may be

straight, convex, or concave.

Standard Drawings for Metal Poles are available that supplement these project special
provisions. These drawings are located on the Department’s website:

http://www.ncdot.org/doh/preconstruct/traffic/ITSS/ws/mpoles/poles.html
The required drawings are M 1, M2, M3, M 6, and M 7.

Comply with Subarticle 1098-1B “General Requirements” of the Standard Specifications for
submittal requirements. Furnish shop drawings for approval. Provide triplicate copies of detailed
shop drawings for each type of structure. Ensure that shop drawings show materials specifications
for each component and identifies welds by type and size. Do not release structures for fabrication
until structural drawings have been approved. Provide an itemized bill of materials for all structural
components and associated connecting hardware on the drawings.

Provide a sealed copy of the pre-approved shop drawings that includes a project number or work
order number on the drawings. Provide design calculations with these submittals.

Summary of information needed for metal pole review submittals:
e Shop drawings & supporting calculations
e Foundation design
e Soil boring logs

e Soil boring location map or other means to correlate borings and the corresponding poles
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e Geotechnical report
11.2. MATERIALS

A. Metal Poles

Fabricate monotube shafts with a uniform linear taper of 0.14 in/ft with steel that conforms to
ASTM A-595 minimum Grade A or an approved equivalent. Galvanize in accordance with
AASHTO M111.

Use the submerged arc process to continuously weld shafts for the entire length. Ground or roll
smooth exposed welds until flush with the base metal. Ensure shafts have no circumferential welds
except at the lower end joining the shaft to the base. Provide welding that conforms to Article 1072-
20 of the Standard Specifications, except that no field welding on any part of the pole will be

permitted.

Refer to Standard Drawings for Metal Poles M2 for fabrication details. Fabricate anchor bases
from plate steel meeting the requirements of ASTM A 36M or cast steel meeting the requirements of
ASTM A 27M Grade 485-250, AASHTO M270 grade 36 or an approved equivalent. Conform to the
applicable bolt pattern and orientation specified by the design as shown on drawing M2.

Ensure hardware is galvanized steel or stainless steel.

Ensure material used in steel anchor bolts conforms to AASHTO M 314, and yield strength does
not exceed 55,000 psi. Unless otherwise required by the design, ensure each anchor bolt is 2” in
diameter and 60 in length. Provide 10” minimum thread projection at the top of the bolt, and 8”
minimum at the bottom of the bolt. Galvanize each anchor bolt in accordance with AASHTO M232
or M298 from the top of the bolt to a minimum of 2 below the threads.

Provide a circular anchor bolt lock plate that will be secured to the anchor bolts at the embedded
end with 2 washers and nuts. Provide a base plate template that matches the bolt circle diameter of
the anchor bolt lock plate. Construct plates and templates from 4” minimum thick steel with a

minimum width of 4”. Galvanizing is not required.

Provide 4 heavy hex nuts and 4 flat washers for each anchor bolt. For nuts, use AASHTO M291
grade 2H, DH, or DH3 or equivalent material. For flat washers, use AASHTO M293 or equivalent

material.

Ensure end caps for poles are constructed of cast aluminum conforming to Aluminum
Association Alloy 356.0F.

Provide ground lug at 0° on the pole’s radial index for grounding spanwire. Ensure #4 or #6
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AWG wire will pass through opening.

B. Foundation

Perform a soil test at each proposed metal pole location. Furnish and install foundations for
NCDOT metal poles with all necessary hardware in accordance with the plans and specifications.

Design the foundation to conform to the applicable provisions in the NCDOT Metal Pole
Standards and Non-Standard Foundation Design Section below. If non-standard site specific
foundations are designed for standard QPL approved strain poles, the foundation designer must use
the design moment specified by load case on drawing M8 of the Standard Drawings for Metal Poles.
Failure to conform to this requirement will be grounds for rejection of the design.

C. Soil Test and Foundation Determination

C.1. General

Drilled piers are reinforced concrete sections, cast in place against in situ, undisturbed material.
Drilled piers are of straight shaft type and vertical.

For non-standard site-specific poles, the contractor-selected pole fabricator will determine if the
addition of wing walls is necessary for the supporting foundations.

C.2. Soil Test

Perform a soil test at each signal location. Complete all required fill placement and excavation at
each signal pole location to finished grade before drilling each boring. Drill one boring to a depth of
26 feet.

Perform standard penetration tests (SPT) in accordance with ASTM D 1586 at depths of 1, 2.5,
5,7.5, 10, 15, 20 and 26 feet. Discontinue the boring if one of the following occurs:

e A total of 100 blows have been applied in any 2 consecutive 6-in. intervals..
e A total of 50 blows have been applied with < 3-in. penetration.

Describe each intersection as the “Intersection of (Route or SR #), (Street Name) and (Route or
SR #), (Street Name), Orange County, CCTV No. ™. Label borings with “B- N, S, E, W, NE,
NW, SE or SW” corresponding to the quadrant location within the intersection. Pole numbers should
be made available to the drill contractor. Include pole numbers in the boring label if they are

available. If they are not available, ensure the boring labels can be cross-referenced to corresponding
pole numbers. For each boring, submit a legible (hand written or typed) boring log signed and sealed
by a licensed geologist or professional engineer registered in North Carolina. Include on each boring
the SPT blow counts and N-values at each depth, depth of the boring, and a general description of
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- the soil types encountered.

C.3. Non-Standard Foundation Design

Design non-standard foundations based upon site-specific soil test information collected in
accordance with Soil Test above. Provide a drilled pier foundation for each pole with a length and
diameter that results in a horizontal lateral movement of less than 1 inch at the top of the pier and a
horizontal rotational movement of less than 1 inch at the edge of the pier. Contact the Engineer for
pole loading diagrams for standard poles to be used for non-standard foundation designs. Submit any
non-standard foundation designs including plans, calculations, and soil boring logs to the Engineer
for review and approval before construction. A professional engineer registered in the state of North
Carolina must seal all plans and calculations.

11.3. CONSTRUCTION METHODS
A. Metal Poles

Erect metal poles only after concrete has attained a minimum allowable compressive strength of
3000 psi. Follow anchor nut-tightening procedures below to complete the installation of the upright.

Connect poles to grounding electrodes and the intersection grounding systems.

For holes in the poles used to accommodate cables, install grommets before wiring pole or arm.

Do not cut or split grommets.

Attach the terminal compartment cover to the pole by a sturdy chain or cable. Ensure the chain or
cable is long enough to permit the cover to hang clear of the compartment opening when the cover is
removed, and is strong enough to prevent vandals from being able to disconnect the cover from the
pole. Ensure the chain or cable will not interfere with service to the cables in the pole base.

Attach cap to pole with a sturdy chain or cable. Ensure the chain or cable is long enough to
permit the cap to hang clear of the opening when the cap is removed.

Perform repair of damaged galvanizing that complies with the Standard Specifications, Article
1076-6 “Repair of Galvanizing.”

Install metal poles, hardware, and fittings as shown on the manufacturer’s installation drawings.
Install metal poles so that when the pole is fully loaded it is within 2 degrees of vertical. Install poles
with the manufacturer’s recommended “rake.” Use threaded leveling nuts to establish rake.

Maximum deflection at top of pole shall not exceed 1-inch in 30 mph non-gusting wind.
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A.l. Anchor Nut Tightening Procedure

Compute the required projection of the anchor bolt above the foundation top. Compute the total

projection based on the following:

Provide between 3 and 5 threads of anchor bolt projection above the top nut after
tightening is complete. Avoid any additional projection, or a normal depth socket torque
wrench cannot be used on top nuts.

Include the sum of the thickness of top nut, top nut flat washer or top nut beveled washer,
base plate, leveling nut flat washer or leveling nut beveled washer, and leveling nut.

Set the maximum distance between the bottom of the leveling nut and the foundation top
to one nut height to avoid excessive bending stresses in the anchor bolt under service

conditions.

Do not use lock washers.

Installation Procedure:

1.

Place a leveling nut and washer on each anchor bolt and install a template on top of the
leveling nuts to verify that the nuts are level and uniformly contact the template. Use
beveled washers if the leveling nuts cannot be brought into firm contact with the
template. Verify that the distance between the bottom of the leveling nuts and the top of
the concrete is no more than one nut height. Consider how attachments and applied loads
may affect the vertical nature of the metal pole after erected and fully loaded. If
necessary, induce a rake to the upright in the opposite direction of the anticipated loads
during the initial erection by adjusting the leveling nuts accordingly. Failure to consider
this could result in the upright being out of the allowable vertical tolerance as specified in
the Construction Methods of this special provision.

Install the vertical upright on the anchor bolts, and tighten nuts in compliance with steps
3, 4, and 5 below. Do not attach cantilever arms or messenger cable to the vertical post
until all of the top nuts and leveling nuts have been properly tightened on the anchor
bolts.

Install top nuts and washers. Install flat washers under the top and leveling nuts. Use
beveled washers if the nuts cannot be brought into firm contact with the base plate.
Lubricate threads of the anchor bolts, nuts, and bearing surface of the nuts and tighten to
a snug-tight condition with a spud wrench following a star pattern (using at least two
increments). Snug-tight condition is defined as 20% to 30% of the verification torque
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(600 ft-1bs.). Ensure lubricant is beeswax, stick paraffin, or other approved lubricant.

4. After the top nuts have been snug tightened, snug tighten the bottom nuts up to the base
plate using the same procedure as described above. The base-plate must be in firm
contact with both the top and bottom nuts to achieve the proper pretension in the anchor
bolts.

5. Before further turning of the nuts, mark the reference position of the top nut in the snug-
tight condition by match marking each nut, bolt shank, and base plate. Use ink or paint
that is not water-soluble.

6. Turn the top nuts in increments using the star pattern (using at least two full tightening
cycles) to 1/6 of a turn. Use a torque wrench to verify that at least 600 ft-1bs. is required
to further tighten the top nuts. At least 48 hours after the entire structure and any
attachments are erected, use a torque wrench again to verify that at least 600 ft-1bs. is still
required to tighten the top nuts. Verify that the leveling nuts remain in firm contact with
the base plate.

7. Do not place non-shrink grout between the base plate and foundation. This will allow for
future inspection of leveling nuts and for adequate drainage of moisture.

B. Drilled Pier Foundation
B.1. Excavation

Perform excavations for drilled piers to the required dimensions and lengths including all
miscellaneous grading and excavation necessary to install the drilled pier. Depending on the
subsurface conditions encountered, excavation in weathered rock or removal of boulders may be

required.

Dispose of drilling spoils as directed and in accordance with Section 802 of the Standard
Specifications. Drilling spoils consist of all material excavated including water or slurry removed

from the excavation either by pumping or with augers.

Construct all drilled piers such that the piers are cast against undisturbed soil. If a larger casing
and drilled pier are required as a result of unstable or caving material during drilling, backfill the
excavation before removing the casing to be replaced. No additional payment will be made for
substituting a larger diameter drilled pier in order to construct a drilled pier cast against undisturbed

soil.

Construct drilled piers within the tolerances specified herein. If tolerances are exceeded, provide
additional construction as approved by the Engineer to bring the piers within the tolerances
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specified. Construct drilled piers such that the axis at the top of the piers is no more than 3 inches in
any direction from the specified position. Build drilled piers within 1% of the plumb deviation for
the total length of the piers. Construct the finished top of pier elevation between 5 inches above and
2 inches above the finished grade elevation. Form the top of the pier such that the concrete is smooth

and level.

If unstable, caving, or sloughing soils are anticipated or encountered, stabilize drilled pier
excavations with either steel casing or polymer slurry. Steel casing may be either the sectional type
or one continuous corrugated or non-corrugated piece. Ensure all steel casings consist of clean
watertight steel of ample strength to withstand handling and driving stresses and the pressures
imposed by concrete, earth or backfill. Use steel casings with an outside diameter equal to the
specified pier size and a minimum wall thickness of 1/4 inches. Extract all temporary casings during
concrete placement in accordance with this special provision unless the Contractor chooses to leave

the casing in place in accordance with the requirements below.

Any temporary steel casing that becomes bound or fouled during pier construction and cannot be
practically removed may constitute a defect in the drilled pier. Improve such defective piers to the
satisfaction of the Engineer by removing the concrete and enlarging the drilled pier, providing a
replacement pier or other approved means. All corrective measures including redesign as a result of

defective piers will not be cause for any claims or requests for additional compensation.

Any steel casing left in place will be considered permanent casing. Permanent steel casings are
only allowed for strain poles. When installing permanent casing, do not drill or excavate below the
tip of the permanent casing at any time such that the permanent casing is against undisturbed soil.
The Contractor may excavate a hole smaller than the specified pier size to facilitate permanent
casing installation. Ensure the sides of the excavation do not slough during drilling. Ensure the hole
diameter does not become larger than the inside diameter of the casing. No additional compensation

will be paid for permanent casing.

If polymer slurry is chosen to stabilize the excavation, use one of the following polymers listed

in the table below:

PRODUCT MANUFACTURER

KB Technologies Ltd

3648 FM 1960 West, Suite 107
Houston, TX 77068

(800) 525-5237

SlurryPro CDP

63 print date: 12/30/08



U-4704 Chapel Hill-Carrboro Signal System
Intelligent Transportation Systems Section

106

PDS Company
105 West Sharp Street
El Dorado, AR 71730
(800) 243-7455

Super Mud

CETCO Drilling Products Group
1500 West Shure Drive
Arlington Heights, IL 60004
(800) 527-9948

Shore Pac GCV

Geo-Tech Drilling Fluids

220 North Zapata Hwy, Suite 11A
Laredo, TX 78043

(210) 587-4758

Novagel Polymer

Use slurry in accordance with the manufacturer’s guidelines and recommendations unless
approved otherwise by the Engineer. The Contractor should be aware that polymer slurry may not be
appropriate for a given site. Polymer slurry should not be used for excavations in soft or loose soils
as determined by the Engineer.

In wet pour conditions, advise and gain approval from the Engineer as to the planned
construction method intended for the complete installation of the drilled pier before excavating.

B.2. Reinforcing Steel

Combpletely assemble a cage of reinforcing steel consisting of longitudinal and spiral bars and
place cage in the drilled pier excavation as a unit immediately upon completion of drilling unless the
excavation is entirely cased. If the drilled pier excavation is entirely cased down to the tip,
immediate placement of the reinforcing steel is not required.

Lift the cage so racking and cage distortion does not occur. Keep the cage plumb during concrete
operations and casing extraction. Check the position of the cage before and after placing the

concrete.

Securely cross-tie the vertical and spiral reinforcement at each intersection with double wire.
Support or hold down the cage so that the vertical displacement during concrete placement and
casing extraction does not exceed 2 inches.

Do not set the cage on the bottom of the drilled pier excavation. Place plastic bolsters under each
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vertical reinforcing bar that are tall enough to raise the rebar cage off the bottom of the drilled pier
excavation a minimum of 3 inches.

In order to ensure a minimum of 3 inches of concrete cover and achieve concentric spacing of
the cage within the pier, tie plastic spacer wheels at five points around the cage perimeter. Use
spacer wheels that provide a minimum of 3 inches "blocking" from the outside face of the spiral bars
to the outermost surface of the drilled pier. Tie spacer wheels that snap together with wire and allow
them to rotate. Use spacer wheels that span at least two adjacent vertical bars. Start placing spacer
wheels at the bottom of the cage and continue up along its length at maximum 10-foot intervals.
Supply additional peripheral spacer wheels at closer intervals as necessary or as directed by the

Engineer.

B.3. Concrete
Begin concrete placement immediately after inserting reinforcing steel into the drilled pier
excavation. If the drilled pier excavation is entirely cased down to the tip, immediately placement of

the concrete is not required.

B.3.1. Concrete Mix

Provide the mix design for drilled pier concrete for approval and, except as modified herein,
meeting the requirements of Section 1000 of the Standard Specifications.

Designate the concrete as Drilled Pier Concrete with a minimum compressive strength of 4500
psi at 28 days. The Contractor may use a high early strength mix. Make certain the cementitious
material content complies with one of the following options:

e Provide a minimum cement content of 640 Ibs/yd3 and a maximum cement content of
800 Ibs/yd3; however, if the alkali content of the cement exceeds 0.4%, reduce the
cement content by 20% and replace it with fly ash at the rate of 1.2 Ib of fly ash per Ib of

cement removed.

e If Type IP blended cement is used, use a minimum of 665 Ibs/yd3 Type IP blended
cement and a maximum of 833 Ibs/yd3 Type IP blended cement in the mix.

Limit the water-cementitious material ratio to a maximum of 0.45. Do not air-entrain drilled pier

concrete.

Produce a workable mix so that vibrating or prodding is not required to consolidate the concrete.
When placing the concrete, make certain the slump is between 5 and 7 inches for dry placement of

concrete or 7 and 9 inches for wet placement of concrete.
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Use Type I or Type II cement or Type IP blended cement and either No. 67 or No. 78M coarse
aggregate in the mix. Use an approved water-reducer, water-reducing retarder, high-range water-
reducer or high-range water-reducing retarder to facilitate placement of the concrete if necessary. Do
not use a stabilizing admixture as a retarder in Drilled Pier Concrete without approval of the
Engineer. Use admixtures that satisfy AASHTO M194 and add admixtures at the concrete plant
when the mixing water is introduced into the concrete. Redosing of admixtures is not permitted.

Place the concrete within 2 hours after introducing the mixing water. Ensure that the concrete
temperature at the time of placement is 90 degreed F or less.

B.3.2. Concrete Placement

Place concrete such that the drilled pier is a monolithic structure. Temporary casing may be
completely removed and concrete placement may be temporarily stopped when the concrete level is
within 42 to 48 inches of the ground elevation to allow for placement of anchor bolts and conduit.
Do not pause concrete placement if unstable caving soils are present at the ground surface. Remove
any water or slurry above the concrete and clean the concrete surface of all scum and sediment to
expose clean, uncontaminated concrete before inserting the anchor bolts and conduit. Resume

concrete pouring within 2 hours.

Do not dewater any drilled pier excavations unless the excavation is entirely cased down to tip.
Do not begin to remove the temporary casing until the level of concrete within the casing is in excess
of 10 feet above the bottom of the casing being removed. Maintain the concrete level at least 10 feet
above the bottom of casing throughout the entire casing extraction operation except when concrete is
near the top of the drilled pier elevation. Maintain a sufficient head of concrete above the bottom of
casing to overcome outside soil and water pressure. As the temporary casing is withdrawn, exercise
care in maintaining an adequate level of concrete within the casing so that fluid trapped behind the
casing is displaced upward and discharged at the ground surface without contaminating or displacing
the drilled pier concrete. Exerting downward pressure, hammering, or vibrating the temporary casing

is permitted to facilitate extraction.

Keep a record of the volume of concrete placed in each drilled pier excavation and make it
available to the Engineer.

After all the pumps have been removed from the excavation, the water inflow rate determines the
concrete placement procedure. If the inflow rate is less than 6 inches per half hour, the concrete
placement is considered dry. If the water inflow rate is greater than 6 inches per half hour, the

concrete placement is considered wet.
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¢ Dry Placement: Before placing concrete, make certain the drilled pier excavation is dry
so the flow of concrete completely around the reinforcing steel can be certified by visual
inspection. Place the concrete by free fall with a central drop method where the concrete
is chuted directly down the center of the excavation.

e Wet Placement: Maintain a static water or slurry level in the excavation before placing
concrete. Place concrete with a tremie or a pump in accordance with the applicable parts
of Sections 420-6 and 420-8 of the Standard Specifications. Use a tremie tube or pump
pipe made of steel with watertight joints. Passing concrete through a hopper at the tube
end or through side openings as the tremie is retrieved during concrete placement is
permitted. Use a discharge control to prevent concrete contamination when the tremie
tube or pump pipe is initially placed in the excavation. Extend the tremie tube or pump
pipe into the concrete a minimum of 5 feet at all times except when the concrete is
initially introduced into the pier excavation. If the tremie tube or pump pipe pulls out of
the concrete for any reason after the initial concrete is placed, restart concrete placement
with a steel capped tremie tube or pump pipe.

Once the concrete in the excavation reaches the same elevation as the static water level, placing
concrete with the dry method is permitted. Before changing to the dry method of concrete
placement, remove any water or slurry above the concrete and clean the concrete surface of all scum
and sediment to expose clean, uncontaminated concrete.

Vibration is only permitted, if needed, in the top 10 feet of the drilled pier or as approved by the
Engineer. Remove any contaminated concrete from the top of the drilled pier and wasted concrete
from the area surrounding the drilled pier upon completion.

Permanently mark the top of each foundation with a stamp or embedded plate to identify the
depth of the foundation.

B.4. Concrete Placement Time

Place concrete within the time frames specified in Table 1000-2 of the Standard Specifications
for Class AA concrete except as noted herein. Do not place concrete so fast as to trap air, water,
fluids, soil or any other deleterious materials in the vicinity of the reinforcing steel and the annular
zone between the rebar cage and the excavation walls. Should a delay occur because of concrete
delivery or other factors, reduce the placement rate to maintain some movement of the concrete. No
more than 45 minutes is allowed between placements. |
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B.S. Scheduling and Restrictions

During the first 16 hours after a drilled pier has achieved its initial concrete set as determined by
the Engineer, do not drill adjacent piers, install adjacent piles, or allow any heavy construction
equipment loads or “excessive” vibrations to occur at any point within a 20 foot radius of the drilled
pier.

The foundation will be considered acceptable for loading when the concrete reaches a minimum
compressive strength of 3000 psi. This provision is intended to allow the structure to be installed on
the foundation in a shorter time frame, and does not constitute full acceptance of the drilled pier. Full
acceptance will be determined when the concrete meets its full strength at 28 days.

In the event that the procedures described herein are performed unsatisfactorily, the Engineer
reserves the right to shut down the construction operations or reject the drilled piers. If the integrity
of a drilled pier is in question, use core drilling, sonic or other approved methods at no additional
cost to the Department and under the direction of the Engineer. Dewater and backfill core drill holes
with an approved high strength grout with a minimum compressive strength of 4500 psi. Propose
remedial measures for any defective drilled piers and obtain approval of all proposals from the
Engineer before implementation. No additional compensation will be paid for losses or damage due
to remedial work or any investigation of drilled piers found defective or not in accordance with these

special provision or the plans.
11.4. CUSTOM DESIGN OF CCTV CAMERA METAL POLES

A. General
Design CCTV camera metal poles with foundations.

CCTYV camera heights above the roadway are detailed in Section 27 of these project special
provisions. Determine the actual length of each pole to achieve mounting height above roadway
from field measurements and adjusted cross-sections. Furnish the revised pole heights to the
Engineer. Use all other dimensional requirements shown on the plans.

Design all traffic signal support structures using the following 4th Edition AASHTO

specifications:

e Design for a 50 year service life as recommended by Table 3-3 (Recommended
Minimum Design Life) in the 2003 Interim to the 4th Edition AASHTO.

e Use the wind pressure map developed from 3-second gust speeds, as provided in Article
3.8.
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e Ensure metal poles include natural wind gust loading and truck-induced gust loading in
the fatigue design, as provided for in Articles 11.7.3 and 11.7.4, respectively. Designs
need not consider periodic galloping forces.

e Assume the natural wind gust speed in North Carolina is 11.2 mph.
e Design for Category II fatigue, as provided for in Article 11.6, unless otherwise specified.

e Calculate all stresses using applicable equations from Section 5. Maximum allowable
stress ratios for all signal support designs is 0.9.

e Conform to article 10.4.2 and 11.8 for all deflection requirements.

Ensure that the design permits cables to be installed inside poles as shown in the details of the

Plans.

B. Metal Poles

Submit design drawings for approval including pre-approved QPL poles. Show all the necessary
details and calculations for the metal poles including the foundation and connections. Include project
number on design drawings. Include as part of the design calculations the ASTM specification
numbers for the materials to be used. Provide the types and sizes of welds on the design drawings.
Include a Bill of Materials on design drawings. Ensure design drawings and calculations are signed,
dated, and sealed by the responsible Professional Engineer licensed in the State of North Carolina.
Immediately bring to the attention of the Engineer any structural deficiency that becomes apparent in
any assembly or member of any assembly as a result of the design requirements imposed by these
Specifications, the plans, or the typical drawings. Said Professional Engineer is wholly responsible
for the design of all poles and arms and review and acceptance of these designs by the Department
does not relieve said Professional Engineer of this responsibility. Do not fabricate the assemblies
until receipt of the Department’s approval of the design drawings.

For metal poles, where ice is present, assume wind loads as shown in Figure 3-5 of the 4th
Edition AASHTO Specification for Group III loading.

Design tapers for all pole shafts that begin at the base with diameters that decrease uniformly at
the rate of 0.14 inch per foot of length.

Design a base plate on each pole. The minimum base plate thickness for all poles is determined

by the following criteria:

Case 1 Circular or rectangular solid base plate with the upright pole welded to the top
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surface of base plate with full penetration butt weld, and where no stiffeners are provided. A base

plate with a small center hole, which is less than 1/3 of the upright diameter, and located
concentrically with the upright pole, may be considered as a solid base plate.

The magnitude of bending moment in the base plate, induced by the anchoring force of each
anchor bolt is M = (P x D) / 2, where

M = bending moment at the critical section of the base plate induced by one anchor bolt
P = anchoring force of each anchor bolt

D; = horizontal distance between the anchor bolt center and the outer face of the upright, or the
difference between the bolt circle radius and the outside radius of the upright

Locate the critical section at the face of the anchor bolt and perpendicular to the bolt circle
radius. The overlapped part of two adjacent critical sections is considered ineffective.

Case 2 Circular or rectangular base plate with the upright pole socketed into and attached to
the base plate with two lines of fillet weld, and where no stiffeners are provided, or any base plate
with a center hole that is larger in diameter than 1/3 of the upright diameter.

The magnitude of bending moment induced by the anchoring force of each anchor bolt is M =P

x D,, where
P = anchoring force of each anchor bolt
D, = horizontal distance between the face of the upright and the face of the anchor bolt nut

Locate the critical section at the face of the anchor bolt top nut and perpendicular to the radius of
the bolt circle. The overlapped part of two adjacent critical sections is considered ineffective.

If the base plate thickness calculated for Case 2 is less than Case 1, use the thickness calculated

for Case 1.

The following additional owner requirements apply concerning pole base plates.

e Ensure that whichever case governs as defined above, the anchor bolt diameter is set to
match the base plate thickness. If the minimum diameter required for the anchor bolt
exceeds the thickness required for the base plate, set the base plate thickness equal to the

required bolt diameter.
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Ensure that designs have anchor bolt holes with a diameter 1/4 inch larger than the anchor bolt

diameters in the base plate.

Ensure that the anchor bolts have the required diameters, lengths, and positions, and will develop

strengths comparable to their respective poles.
Provide designs with a 6 x 12-inch hand hole with a reinforcing frame for each pole.

Provide designs with a terminal compartment with cover and screws in each pole that
encompasses the hand hole and contains provisions for a 12-terminal barrier type terminal block.

For each pole, provide designs with provisions for a 1/2 inch minimum thread diameter, coarse
thread stud and nut for grounding which will accommodate a Number 6 AWG ground wire. Ensure
the lug is electrically bonded to the pole and is conveniently located inside the pole at the hand hole.

Where required, design couplings on the pole for mounting pedestrian pushbuttons at a height of
42 inches above the bottom of the base. Provide mounting points consisting of 1-1/2 inch internally
threaded half-couplings that comply with the NEC that are mounted within the poles. Ensure the
couplings are essentially flush with the outside surfaces of the poles and are installed before any
required galvanizing. Provide a threaded plug for each half coupling. Ensure that the surface of the
plug is essentially flush with the outer end of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>