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Photo 2.9 HML closeup Inspection of luminaires with remote operated drone..........occeeeeerierienienene st 13
Photo 2.10 Ancillary structure in barrier With Darrier Plates .........cooevieerieieee et 13
Photo 2.11 Sign structure with right pole behind @ SoUNd Wall ...........ccuiiiiiiiiiicece e e 14
Photo 2.12 Conventional luminaires over the scales at @ Weigh STation ..........ccveceeviiiiiiiieieccre et 14
Photo 2.13 Conventional luminaire behind @ SOUN Wall .........ocviiiiiiiii e et 15
Photo 2.14 Luminaires located within @ VDOT SPecial FaCiliLy ......cecoviiiiiiiiriiitieie ettt ettt et e e ene e 15
Photo 3.1 Spall dUE 10 iIMPACE AMAEE ...ccviivieieietieeteeteete ettt et et ete et e e te e e e eteeeteeebe e be e beesteeseesaeesseenseentesareeaseetseebaebsenteenseennas 2
PROTO 3.2 CracK ....ocueecvieiieie ettt ettt et e e et e e te et e et e eabeeaaesaeesaeeebeebeeabeesseeaseesaeebseabeenseesbeeasesasesaeenseenseeabeenseessenbaebeenseensenanas 2
Photo 3.3 Map cracking With @fflor@SCENCE ... ..iciuiieiee e et e et e e ba e e ba e e baeebae e baeebaeenraeenreas 2
Photo 3.4 Spalling with exposed reinforCing STEEI .........iiiiiiiiiee ettt ettt sttt et et e e estesaeesaeenes 2
Photo 3.5 Cracking with exudation and rUST STrAINING .......eceiriiiiiiie ettt et ettt e st et et eenteentesaeesaeeneas 2
Photo 3.6 Delamination and SPallING ........oouiiiieiii et e et e e et e e e e ett e e e e et e e e e e abe e e eeabaeeeabeeeeeeateeeeeabaeaearaaaaans 2
o Te Y o T T V=T ol PSPPI 4
PROTO 3.8 SPlit oouiiiiiiiiiec ettt ettt e et e e bt e e te e e beeebe e e baeeabe e e aaae e baeebeeebeeeabeeebeeeabeeebeeeabeeebeeeabaeebeeebaeebeeeateeeteas 4
Photo 3.9 ShaKe (IN BrOWLN FINE)....ccueiiiii ittt e et e st e e e ste e e beeebeeeabee e aeesabesesaeeaseeebeeensaeesaeenseeebaeebesenseeenteas 4
PROTO 3.10 ROT (WHITE FOL) 1oiiuiieiiiiiiee ettt ettt e et e et e et e e teeeabe e e saeeeabeeebeeeabeeaaeeeabeeenbaeeaseseseeensasesaeenseeebaeenbeeenseeeareas 4
o ey o T 0 B B B 1Yot RS PRPR 4
ey (o T T A T e T o P =TSSR 4
Photo 3.13 INSECt daMAZE (TEIMITE) ..iiuiiitietiete ettt ettt et et e e e te et e e be et e eabesaaesaeesbeeaseenbeenseeaeeessenseensaenbeensesssesasesreesnas 5
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Photo 3.14 Insect damage (CArPENTEL GNT) ..iiiuiiiiieiiiieccieeciie et et et e et e e ste e et e e e bee e beeesaeeebeeeaseeeseeeaseeeseeeasseesaeeasaeeseeeaseeesens 5

Photo 3.15 Insect damage (POWAEr POST DEETIES) ....ueiuiiiuieiieiiee ettt ettt e st e st et e e teentesneesneenes 5
Photo 3.16 COrroSion With NO SECTION 0SS ...cc.uiiiiiiiiie et ciee ettt e et e et e et e e te e e saeeebee e sbaeebeeesseeebeeessaeeseeesseeeseeenseeeseas 6
Photo 3.17 COrroSion With PITEING .......eiiiiietiete ettt ettt et sh e e s bt e sbe e be e bt et e eateeheesbe et e enbeenbeesbesaeesbeeneas 6
Photo 3.18 Corrosion with heavy pitting and SECLION 0SS .....iciuiiii it e e e e e e e st e e e eare e e eeaaaeeeeabaeaens 7
Lo To T o T 0 K I T TP
Photo 3.20 Out of plane distortion

Photo 3.21 Fire damage and out of Plane diSTOrtiON .......cccuiiiiuiiiiie ettt ettt e et e e ebaeebee e baeebeeesreeeareas 7
Photo 3.22 Coating failure with blistering paint

Photo 3.23 Coating failure with peeling paint with underlying COrroSioN ..........cocuiiiiiiiieiiie e 7
Photo 3.24 Coating failure Of GalVANIZING........ouii ittt st st ettt et e et e e et e sbeebeenbeenteentesneesneenes 8
ey o B L T T PSPPI 8
oy o T B T T PSSP 8
Photo 3.27 Broken stainless StEEI DOIT........ccuiiiieiiciecece ettt et e e ae et e e seeese e be e be et e enteessesanesreees 8
Photo 3.28 Protective oXide film (PAtING) .....cceiiciiiie ettt ettt e et e e be e e eteeeteeeetaeebeeeebeeebeseesaeenbeeeebeeebesenreeenteas 9
Phot0 3.29 COrrosion With SECTION 0SS .......ciuiiiieiieieiieste sttt ettt et e et e et e et e s saesaeesteesseesseeseeeseeeseesseenseensensseessesseesseenses 9
Photo 3.30 Corrosion and section loss/break at base of high mast light.........c..ccceeiiiiiiiii e 10
Photo 3.31 Crack at high mast light Pole SHP JOINT......ccuiiiiieceece et re e s e e st e e ereesateesseesareesnneesans 10
Photo 3.32 POWAET COATING FAIlUI....eiuiiieieeciee ettt ettt e s e st e s e e e st e e e aseesabeesasaesabeesaseesaseesnseesnteesnseesnseasnseennns 11
Lo Te Y o T R 1 =T PSPPSR 11
PROTO 3.3 BreaK .. ..oocuieiiiciicic ettt ettt e st e et e et e s aeeete e be e st e e s beeaaesbaeabe et e eaaeeateeaeeeheeeteenteenbeeabeeaaeebeeateeteeteereesarens 11
PROTO 3.35 RUDPTUIE .oecivieetiie ettt ettt et e e et e e et e e etteeetbeeetaeeeabeesaseeaabeeesseeeaseesaseeeabeeeaseeeasessasaeaabeesaseeeabeesnseesaseesnseesareesnseennns 11
Photo 3.36 Galvanic corrosion of strap bolt and zinc strap pin due to stainless steel strap, nut and washer............c...c....... 13
Photo 3.37 Galvanic corrosion of galvanized steel anchor rod to stainless steel NUt.........cceeecveeiiieeeiieciie e 13
Photo 3.38 Localized galvanic corrosion of galvanized steel plate due to stainless steel bolts........ccceeevveeieeicieecieecciee e 14
Photo 3.39 Galvanic corrosion of galvanized washer due to stainless steel bolt assembly...........ccceovveviiiiieeiiiecceeceeceee 14
Photo 3.40 Application of fiberglass repairs t0 SIgN STFUCTUIE .......cciiiiiiieciecce et sbe e s ae e sbe e aee e 14
Photo 3.41 Fiber reinforced plastic repairs t0 SIGN STIUCTUIE........ccuiiiiiiiieeecteeere ettt ettt et b b e etaeeteesteesbeebeereeaeeeaeeeseenns 14
PROTO 4.1 FIrONT VIBW...eitiiiieiicie ettt ettt ettt e et e b e e te et e eaeesaeesaeeeaeebeeaseeaseeaseessessaesbeesbeenseeaseeaseeaeeeseenseenbeensesssesssesseeseenns 4
Photo 4.2 Sign #1 (top) and SigN #2 (DOTLOM) ....ecuiiiiiiicie ettt ettt et s e e s re e beebe e b e eabeeabesbaesbeesbeenseennas 4
PROTO 4.3 SiZN H3.. ettt e e et e et e e et eeetve e etaeeeteeeeaaeeetseeataeeeteeeeabeeeabeeeaseeetbeeeabeeaabeeeareeeabeeeabeeaabeeaateeetreeaareenares 5
Photo 4.4 Sign #4 (top) and SN H5 (DOTEOM) ..iiiuiiiiiiiiieccie ettt ettt e e e e et e e s ae e stbeestbeestbeesabeeeabeessseessbeessseesabeesnseenarens 5
PROTO 4.5 VIEW Of D@SE....cciiiiicie ettt st s bt e te et e e s e e e teeste e te e seesseesteaseesseesseeseenseanteensasssessaesseesseensenneas 5
Photo 4.6 View 0f Chord t0 POIE CONNECTION........uiiiiie ettt et e s ae e s ab e e s beestbeesabeesabeesaseessseessseesnreesaseenanens 5
PROTO 4.7 REAT VIEW .vveuviiiiiieieeieetiestete e st e te s et ekt e st e s et estesbesaeaseeseessesse st e seate et e aseassessessesseabeeseaseessensessessessesseaseassansassessansessensensaans 5
Photo 4.8 Map cracking with efflorescence and exudation in PEAESTal ........c.eccviiiiiieiieiicce e 7
PROTO 4.9 SPAIl iN PEAESTAN....c.viiviieieieeecie ettt ettt ettt e et e e e te e e be e be e b e etbeetaeebe e beebeesseeasesasesaeeseenteeabeeaseesseebeeabeebeenseennas 7
Photo 4.10 Standing water around base of pole located in swale/drainage ditch .........cccoceviriiieienene e 8
Photo 4.11 Pedestal bUri@d OVEr 12”7 EEP ....ccveeeieierieriiete st eteeee et st te sttt et ese et estesbesbesbe e st eseeneansesae st esbesseeseeneensesessessessesseans 8
Photo 4.12 Overgrowth of vegetation 0N PEAESTAL.......c..civi ittt e it e et e e eteeetbe e eabeeeabeesaaeeeabeesaseenanens 8
Photo 4.13 Scaling 0N 0P OF PEAESTAL......cvecviiiicteeeteecteeete ettt ettt et e e e et e ebe e beeeteestesasesaeeeaeeeseentesareeaseessesbeesbeenteenseennas 8
Photo 4.14 Cracks in pedestal extending out from anChor BOIES .......c..ocuiiiviiiiiicccce ettt 8
Photo 4.15 Erosion and undermining around back side of PEAESTal ........ccvcvvieiiiieiiieieece ettt 8
Photo 4.16 Areas of honeycomMBING iN PEAESTAI .....c..ccvviiiiiiiiiei ittt ettt ettt e ere e eteereeabeeabeetseebeeebeeteenseennes 9
Photo 4.17 Damaged median barrier plate with failed/pulled out barrier anChorage ........cocoecvveeeierienene s 9
Photo 4.18 Corrosion Of SEEEI NAUNCN.........cciiiiicieee e st esaeeae et e ese e e st ense e seenseenseensesneesneenes 9
Photo 4.19 Coating failure and corrosion on steel haunch members and connection hardware .........cccccovvveeeeeevieccieeceeenen. 9
Photo 4.20 Partially deteriorated SrOUTL PAd .......c..oiieiierieie ettt sttt ettt e te e bt e beeatesatesaeesaeesaeenseeneesnnenns 10
Photo 4.21 Deteriorated grout pad With MOISTUIE [@AKAZE ........eeeiiuiiiieiee et et ete e e et e e e era e e e aaeeens 10
PROTO 8.22 LOOSE TOP NMUL ..eiiiiiii ettt e ettt eeett e e ettt e e e ettt e e etaeeeeetbeeeeetaeeeeasaeeeesseeeaassseeeasssaeeassseeaasssseeanssseeanssesesansaeeessseeaans 15
Photo 4.23 Heavy corrosion and section loss on anchor bolt below leVeling NUL .........cceeviviiiiiiiiiecceecee e 15
Photo 4.24 TOP NUE 50% ENZAZEA .....eociieiiieeciieeciee et e et e sttt esteesbeesbeestbeesseesabeessaessseessseesssesassaesaseesaseesssasanseessseesseesnseesseennns 15
Photo 4.25 Top nut improperly seated 0N Dase PIate......cccuiiiiiiiiieie ettt e e s e e s ae e s b e e sreesabeesaeesareesaneenans 15
POt 4.26 LOOSE [EVEIING NUL .....iiiiiiieciie ettt ettt e st e sttt e st e e st e e e aeesabeesaseesaseessseessseeassaessseesaseessseeanseesnseesnseesaseesnseennns 16
Photo 4.27 Excessive top of pedestal to bottom of base plate height........coociiiiii i 16
Photo 4.28 Out Of PlUMDB @NChOr DOIE ..o ettt ettt a et besaeese e e e st esensenseseeenes 16
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Photo 4.29 Oversized base plate hole and inadequately sized flat washer under top NUL........cooceevieiieiinienie e 16

Photo 4.30 Corroded and broken anChor DOIT .........uiiiuiiiiece et et e st e et e e e e e teeeaeesbeeeneenans 16
Photo 4.31 Loose top nut and Missing flat WaSher ........ouiiiiii et st st s sae e s 16
Photo 4.32 Distorted/DoWed DASE PIATE .......ceviieriiierie ettt sttt e a et e e e e be s bttt nt et et e st e be b sbeeneeneenes 17
Photo 4.33 Corrosion and section 10SS 0N DASE PIAtE ....ccc.uuiiiiiiie ettt et e e et e e e eabe e e eeaaae e e saaeaens 17
Photo 4.34 Pole eXtensioN @nNd SPICE ......cocuiii it e et e et e e e sttt e e e e aa e e e staeeeesabeeeeeaaaeeesataeeeasteeeeansaeeesnsaeaeans 23
Photo 4.35 MiSSING NaNT NOIE COVET .....veicivieiee ettt e et e e e et e s beeebeesabeeeabeesabeeeabeesabaeenseesabeesseesareseseenans 23
PROTO 4.36 IMISSING POIE CAP .veeieveieiieiieeeiee et et e ettt e et eeteeeteesbeesbeesabeeebeesabeeaasaesabaeenseesabeeansaesabeeenseesabasanseesnbeesnseesaresenseenans 24
Photo 4.37 BOWed/Bent POIE (I-D8AM) ...c.viiiiiieeiiecee ittt ettt ettt ettt e s e s e e ete e eteeateeteeetseebeebeenbeeasesasesaeesaeesseensesnreens 24
Photo 4.38 Leaning POIES (1-DBAM) ...eciiiiiiieciee ettt st e e e e st e e s te e st beeebeesabeeeabeesabeeeaseesataeensaesataeeseesareeeseenans 24
Photo 4.39 Minor impact damage/dent in pole with damaged galvanizing and COrroSion .........cccvecevveieeereenesene e 24
Photo 4.40 Overgrowth of vegetation aroUNd POIE .........iciiiiiiiiiie ettt et e s sae e st eebe e et eeeaeesnbeaeaeennne 24
Photo 4.41 Light corrosion of base plate t0 POIE WEIH ........eiiiiiiiie e s e e aeesbeeeaeeenee 24
Photo 4.42 Impact damage to pole trusSing diagONal.......cc.uceuiiiiiiiiiiieciie ettt e e be e et e et e e ereeebeeebeesbeeereenans 25
Photo 4.43 Measuring impact damage t0 Pole diagONal .......cc.eeiviiiiiiiiee ettt ettt ebe e e ere e e beeeaae e 25
Photo 4.44 Missing bolt at diagonal member to gusset plate connection on pole (I-beam).......ccceeeveeeiiiciiecciecceeceeeeee 25
Photo 4.45 8-bolt pedestal to 4-bolt pole eXteNnsioN rEtrofit.........ccciiiiiieiiicce et re e b e e aee e 25
Photo 4.46 4-bolt pedestal to 8-bolt base Plate reTrOfit........ccieiiiiiiiieiiece e e st e e e s beeenee e 25
Photo 4.47 Buried pole and horizontal truss with heavy corrosion and Section 0SS ........cccveevuieriieeeieesiee e 25
Photo 4.48 Corroded sign to pole CONNECION NArAWAIE .........coiiiriiiiieieeie ettt ettt et st st e b e sbeenaeseesaee e 26
Photo 4.49 Gap in flange mounting plates of chord to pole CONNECTION .......cccviieviiiiiecieecre ettt 27
Photo 4.50 Missing nut on collar plate bolt at upper chord to pole CONNECLION ......cveeeviieiiiciieceeeee e 27
Photo 4.51 Undersized saddle shim at chord to pole CONNECLION .......ccuviiciiiiiiiccecce ettt e 27
Photo 4.52 Cracked weld at single chord t0 Pole CONNECLION .........ciiiiiii ettt e ere et sae e saveeeaaee e 27
Photo 4.53 Area of 100% section loss in upper diagonal member of chord truss ........ccceevviiiiieiie e 29
Photo 4.54 Broken weld at horizontal truss to chord CONNECTION ........cvivieiieiiee e 29
Photo 4.55 Loss/Breakdown of galvanizing with corrosion of the chord, splice plates, and splice bolt nuts.........c...cccueeuu..... 30
Photo 4.56 Gap in of upper half of upper chord splice flanges and breakdown of galvanizing (brown color) with light

[ol0] 4 ¢ 1Y [0 o DU PP PP PUPPPPP 30
Photo 4.57 Bent vertical truss at @nd of Chord BOX TrUSS......ccveiuiiiiiiiiciccecee ettt et e s ae e e reeaeeans 30
Photo 4.58 Missing diagonal truss bolt at chord panel point and bent horizontal truss .........ccccecvveeeeeecreeecee e 30
Photo 4.59 Broken [OWEN rEAr CROIU........c.eiiiieiieiieieee ettt ettt et e et e et e s e e s aeesaeesaeenseesseeseeeteesseenteentesssessaesaeesseensennns 30
Photo 4.60 Light COrroSion 0N ChOId trUSSING ....c.veciuiiiiiieetieeciee et et e et e et e et e e steeebeeeebeeebeeebeeeabeeeseeeabeeeseeebeseseesnseseseeenres 30
Photo 4.61 Missing cap 0N Chord @lECEIICAl POIT....cuiii ittt et et e et e e aeeeabaeebeeebeeebeeenbaeeseeeares 31
Photo 4.62 Gap in lower half of UPPEr ChOrd SPIICE......iiviiiiitiecee ettt ettt ettt et et ete e te et e enteereesaeeeaeereenns 31
Photo 4.63 Spalling behind sign attaChmMent t0 PArapet.......cccecciiiiiiiiiiicrecce ettt ettt ettt e e sbeebeeaaesaaesaeesreeneeans 32
Photo 4.64 Gap between mounting plate and parapet at sign attachment to parapet .......cccccveevieeeeeeciece e 32
Photo 4.65 Pull out of anchor bolt at sign attachment t0 PArapPel ........cceviririririeiee e e 32
Photo 4.66 Corrosion and minor pitting on through bolt parapet attachment plate (traffic side of parapet).........ccccceeueeenee. 32
Photo 4.67 Loose bolt at lower horizontal arm to girder/beam CONNECLION .......c..cevviiiiieiiiiiceee et 32
Photo 4.68 Bent horizontal dia@ONal.......cc.ecueeirieiiieitecie ettt ettt ete e ete et e eaeesaeesaeeeaeenseesseeteeeteebeebeenteensesssesaeenteenseenns 32
Photo 4.69 Impact damage to hangers and WIiNADEAMIS........cveciiiviiiiieicre ettt ettt ere et et eeteeeteeeteebeeaeesaeesaeesaeeneenns 33
Photo 4.70 Missing windbeam t0 hanger CONNECTION .......cveiuieiiieiiiciicte ettt ettt e e et eteere b e eteeeteesbeeebeenbeenaestaesaeesreenseenns 33
Photo 4.71 Weld crack (verified with dye penetrant)in hanger to chord connection clamp (two chord truss) .........ccccueeuu..... 33
Photo 4.72 Dissimilar metals (stainless steel bolt and galvanized clamp) at hanger to chord connection clamp (two chord

L AT SRS 33
Photo 4.73 Oversized U-bolts with dissimilar metals (stainless steel U-bolt with mild steel washers) and excess washers at

haNEEr tO ChOI CONNMECLION ...eueiiiiie ettt e b e e bt e sb e e e bt e e sbb e e bt e e bee e bt e e sbb e e bt e e ssbeebeeennneeanees 34
Photo 4.74 Misaligned hanger to Chord CONNECTION ........c..uii ittt e e st e e e et e e e ett e e e eetbe e e eeabaeeesaaaeeens 34
Photo 4.75 Missing flat washers at hanger to chord connection. Lock washers too small for slotted holes. .........cccccccuuee... 34
Photo 4.76 Bent/Twisted hanger from iMpPact damMage........cocueeiiiiiiieie ettt ettt et e et e s be e e ae e sabeeebeesabeeereesabeesnseenans 34
Photo 4.77 Crack in aluminum angle clip at windbeam to hanger CONNECTION........cccueieiieiiieciee e 34
Photo 4.78 Loose nut on hanger t0 Chord U-DOIt ........c..eoiiiiiieeceecee et be e e re e sbe e s aeesabeeeaeenans 34
Photo 4.79 Cracked hanger at hanger to chord connection U-DOlt ..........cccuiiiiiiiiiiiiicceccee e 35
Photo 4.80 Missing nut on hanger to chord connection U-DOolt...........cocuiiiiiiiiiicicceccecce e 35
Photo 4.81 Misaligned and bent U-bolt at hanger to chord CONNECLION ........coiiieiiiiirieceeeeeee e 35
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Photo 4.82 Broken hanger to chord attachment of extruded sign Panel .........ocoiie et 35

Photo 4.83 Misaligned and loose bolt at windbeam to hanger CONNECTION .......ovveiierierii e 35
Photo 4.84 Oversized clamp at hanger to chord connection of double arm trussed Sign .........cccceeveeiiriirieniie i 35
Photo 4.85 Loose through bolt of sign to windbeam CONNECTION ........couiiiiiiiiiiiieeee e 36
Photo 4.86 Sheared sign clip stud at sign to Windbeam CONNECLION........c...iiiiiiii it aae e 36
Photo 4.87 Sheared backing STHP STUAS ....ccuvii it et e e e st e e e e ettt e e e staeeeesabeeeeaaaaaeesataeeeasreeesansaesessanaeans
Photo 4.88 Misaligned sign panel to windbeam through bolt

Photo 4.89 Loose through rivet at sign panel to Windbeam CONNECLION .......cccviieiiieiiiieciec ettt e aee s 37
Photo 4.90 Peeling/Delamination of lettering 0N SigN PANEl.........cvccieiuieiieiieic ettt ettt et aeete e teesaeeeaeeaeeane e 37
Photo 4.91 Crazing/cracking of sign panel reflective Material...........ccvccuieiuieiiiieieeieece ettt eeae e eaeene 37
Photo 4.92 Localized corrosion on Walkway handrail...........coccoveeioiiiiieeciesee ettt st e e 38
Photo 4.93 Corrosion on walkway grating support beam and around grating hiNge ........cccveeviieiiienieenieece e 38
Photo 4.94 Heavily corroded and broken CONUIT STraps......cccuiiiiieiiieiiieiieecieestee st et e st e saeesreessaeesabeesseesabeesseesaseesnseesans 39
Photo 4.95 Broken conduit With @XPOSEA WITINEG .......eeiuiiiiieiieecie et et ete ettt ete e e veeeteeetbeesteestbeesbeesabeeeaseesabeesseesareesnseenans 39
Photo 4.96 Heavy corrosion and section loss on junction box with exposed WIriNg .........cccueevveeiieeeieecie e 39
(3Tl (o ) I A @ Vol =T W ol g o LWL 0 T=T '] =T SRS 39
Photo 4.98 Open junction boX With @XPOSEA WITINE .......ccciiiiiieiie ettt ettt e e et eesaee e taeeesaeestaeessaeessseensaeessseenseeennes 40
Photo 4.99 Corroded luminaire housing to luminaire track attachment DOItS ..........c.coevveeiiiiiiicce e 40
Photo 4.100 Loose conduit hanging below hangers and reducing vertical Clearance .........cccocvveevveecieecee e 40
Photo 4.101 Loose luminaire rail clip at rail to luminaire arm CONNECTION ......cc.eoiiiiiiiiii it 40
Photo 5.1 Front view of structure With SINGIE Mast @rMi........ccuiiiiiiiiiice ettt etre et etr e e e reeetreesaseeeareesareeeanes 4
Photo 5.2 Front view of structure with span wire governing single travel dir€Ction.........cccveviveeeiiiieciecciecce e 4
Photo 5.3 Front view of Structure With tWO Mast @IS ......ueiei ittt e et e s e ta e be et e enseennenneas 5
Photo 5.4 Secondary view of structure With tWO Mast @rmMS ......c..ioiiiiiiiiiie ettt ee e et e s raeeetaeestaeeetreesaeeeaee s 5
Photo 5.5 Front view of span Wire GOVEINING tWO MOULES .........cccuiiiiiieiiieeciee ettt e stee ettt esteeeeteeestaeesteeessseeesseessaeesseeessaeesaeessseenseees 5
Photo 5.6 Secondary view of Span Wire SOVErNiNgG TWO FOULES .......ccvuieiuiieiieiitieeiee ettt esteeeeteeesaeestreesaaeessseessaeessseessseenseeensseensnes 5
PROTO 5.7 VIEW Of D@SE.. ettt st sttt ettt e et e e et e et e et e e s teensesseesseesaeesaeenseenseanteensenseenseenseensesnsesnnas 5
Photo 5.8 View of Mast arm t0 POIE CONMECTION. .......ccuiiiiiiiicie ittt ettt ettt e e e e s e e saeeeaeeseeaveeaseeaseessebeebeenreeasesanas 5
Photo 5.9 View Of Span Wire t0 POI8 CONNMECLION .......ouiiiiiiiiietiie ettt ettt sttt ea et et e besbesbesaeebeeneeneensenseneeee 6
Photo 5.10 Map Cracking in PEAESTA.........cciiieiirieieieeee sttt sttt et e e stesbesaeebesaeeseeseensetesaessesaeeseeneensensensesenes 8
PROTO 5.11 SPAIl iN PEACSTAl....ccvei ittt ettt ettt ettt et e e et e et e eeteeeeaaeeeteeeeaeeeeteeeesaeeeseeeeaseeesseessseensseeesseenseeeaaeeenseens 8
Photo 5.12 Standing water around base of pole located in a swale/drainage ditch ........cccoovviiiiiiieccii e 8
Photo 5.13 Pedestal buried [€5S than 127 EEP c...cccuiiiiee ettt ettt ettt et e et e et e et e e s taeeebee e eaaeeeteeeetaeetseeesaeeseeesneeeseen 8
Photo 5.14 Overgrowth of vegetation 0N PEAESTAL..........cciiiiiiiiii et e st e e saae e ete e e s raeetaeesraeebaeesaaeeraeen 8
Photo 5.15 Delamination 0N tOP OFf PEAESTAl.........ccviiiiiiriiiecee ettt ettt et e e e et sreeeaeeteeareeareeaseetsebeebeenresnsesanes 8
Photo 5.16 Crack in pedestal extending out from anchor DOM .........cc.iiiuiiiiiiiceccecce et 9
Photo 5.17 Erosion around back Side Of PEAESTAl.......c..ccuiiiiiiiiieiecie ettt ere e reere e ar e et e be e beebeenbeeaneeaeas 9
Photo 5.18 Foundation located under Brick SIHEWAIK.........c.eiiiiiiiicie ettt e r e ettt e et ebeeaneeanas 9
Photo 5.19 Damaged cONdUIt at PEABSTAl........iiiiiiieieeeie ettt st sttt e a e et e te s s e besaeebeene et e st eneeeeee 9
Photo 5.20 Foundation adjacent/level with concrete sidewalk, corrosion on base plate, pole, and top nuts.......cccccceveeuveennen.. 9
Photo 5.21 Corrosion Of SEEEI NAUNCHR........cciiiiiececee ettt ettt e s ae b e e sa e b e besse st e saeeteeseessessesensees 9
Photo 5.22 Partially deteriorated grout pad with moiStUre 1€aKage ........cvevrveiviiiiiieiiie ettt 10
Photo 5.23 Deteriorated grout pad with eXposed anChor DOILS ..........ccviiuiiiiiiiiicie ettt 10
Photo 5.24 Sound grout pad WIith WEEP NOIE.........ccuiiiiiiiitiecie ettt ettt eae et ear e eteeeteeebeebeeabeeasesaeesaeenteenneenns 10
Photo 5.25 Loose top nut and missSing flat WaShEr ........c.coiviiiiiiiceee ettt st sae e 15
Photo 5.26 Heavy corrosion and section loss on anchor bolt below leveling NUL .........ccoeeiiiiiie i 15
Photo 5.27 Top nut 75% engaged and missing flat WaSher ..........ooiiiiiioiiiee ettt e 15
Photo 5.28 Top nut improperly seated 0N DAse PIate.......cocuiiiiiiiiieieeee ettt ettt et s te st esbeesaeenaeenaesaeeene 15
Photo 5.29 Loose leveling nut and mMissing flat Washer .........c.uuii ittt et 16
Photo 5.30 Excessive top of pedestal to bottom of base plate height...........c.ooiiiiiiieiiii e 16
Photo 5.31 Out of plumb anchor bolt with improperly seated tOP NUL......c.ccocviiiiiiiiieceeceeeeeee e 16
Photo 5.32 Oversized hole in base plate and Inadequately sized flat washer under top NUt........cceeevieeviiieiiecciec e 16
Photo 5.33 Impact damage to Das@ PIate ....cc..ieceiiiiiece ettt sa e e e e et e e s e e et e e s tbe e sae e eab e e ebeeeabeeereesabeeereenans 17
Photo 5.34 Corrosion and pitting on base plate, bottom of pole and on anchor bolt and top NUt ......ccccvvecieeiiiecieeeee, 17
Photo 5.35 New pole/base plate connected to previous baseplate which is buried in rout .........c.cccceeveveeieeie e, 22
Photo 5.36 Loose hand hole cover due to sheared top DOIt.........ccueiiiiiiiinicieeeee e s 22

i18 of i23



Photo 5.37 Missing hand hole cover, bent ring around hand hole...........occuiiiiiiiiie e 23

Photo 5.38 Loose pole cap secured With eleCtriCal TaPE.....c.ieui ettt et saeesaeeae e ens 23
Photo 5.39 Broken pole cap with duct tape in place over missing portion of Cap.......coceevirririiiniinieeee e 23
Photo 5.40 Out of plumb pole, note welded splice in pole near mid-height ..........ccoiiiiiiiiiiiiieee e 23
Photo 5.41 TOICh CUL NOIE IN POIE ..ottt e et e e e et e e e e ba e e e etaeeeesabeeeeaasaeeesataeeeasteeeeansaeeesasanaeans 23
Photo 5.42 Impact damage to painted pole with corrosion on affected area..........ccoccueviiiiiieieciie e 23
Photo 5.43 IMpPact damage/deNt 10 PO .....cuii ettt ettt e et e et e e e be e sbeesbeesabeesbeesabeeeabeesabeesbeesabeeereenans 24
Photo 5.44 Buried base plate with corrosion and pitting on base plate, base plate to pole weld and pole ........cccceecvveenenn. 24
Photo 5.45 Crack in Weld at Nand NOIE COVET.........iiiiiieice ettt et e st este et e essesssesseesreesaeeseenaesnnenns 24
Photo 5.46 Checking 0N tiMDEr POIE.......ccvi ittt ettt e st e e st e e e b e e s abeesabaesabeesaaeesabaesnseesabeesnseesareesnseenans 24
Photo 5.47 Timber pole decay DEIOW Srade .......c..oiiiiiiiiiie ettt ettt et et e e entesatesaeesaeesaeenaeeneesnnenes 24
Photo 5.48 Decay below grade, Shown after pole remMOVal........cuii it e e sbe e e aeesane 24
Photo 5.49 Corroded sign to pole CONNECLION NArAWAIE ......ccuiiiiiiiiieiiie ettt st ae e st eebe e s beesaeesnbeaeaeennne 25
Photo 5.50 Undersized luminaire attachment saddle Clamp ......c.eoiuiiiiii ettt et ebe e e re e s be e e nee e 25
Photo 5.51 Loose nut at luminaire attachment saddle Clam ........oouiiiiiiciicce et re e e e ree e 25
Photo 5.52 Failed securing straps on control box MouNted 0 POIE ....c...eeciiiiiiiecieeceecee e et 25
Photo 5.53 Gap in flange mounting plates of mast arm to pole CONNECLION .....cccueeiuviieiiiiieece e 26
Photo 5.54 Missing nut on flange mounting plate of mast arm to pole CONNECLION .....cc.cccvvieiiieiiieecieee e 26
Photo 5.55 Loose bolt at flange mounting plates of mast arm to pole CONNECLION.......cccecviieiiiiciieeeieee e 27
Photo 5.56 Broken weld at flange mounting plate to pole CONNECTION .......ooviiiiiiiiiiiieiie et 27
Photo 5.57 Oversized flat washer under bolt at flange mounting plates of mast arm to pole connection...........ccceeevvveneenee. 27
Photo 5.58 Corrosion on excessive flat washers at flange mounting plates of mast arm to pole connection ...........c..cuu...... 27
Photo 5.59 Crack in weld at gusset plate at mast arm to Pole CONNECLION.........coviiiiiiiie ettt e e 27
Photo 5.60 Loss of galvanization and light corrosion on flange mounting plates, bolts and washers at mast arm to pole

[ol0] oY g =T ol 4T ] o FS PP PP PPPRPPI 27
Photo 5.61 Line attached to span wire at span Wire to pPole CONNECLION.......ccuiiiiieiiiicie e e 28
Photo 5.62 Broken strands on span wire at CONNECTION t0 POIE ......c.eeeviieiiiiiii ettt e et e e e 28
Photo 5.63 Bent thimble eye bolt on timber pole due to guy wire attached on backside of bolt...........ccccoveveeiiiciiieeireene, 29
Photo 5.64 Area Of COrrOSION 0N MAST @M . ..ccuiiiiiiiiiciciie ettt ettt et e et e et e et esaaesaeesaeesaeeaseeaseesseeteesbsebeenbesasesseesaeesseenseenns 31
Photo 5.65 Utility lin€ resting 0N Mast @M ........ceieieieiee ettt sttt st et s e et seesee e e sebesaeetesseeneeneensenseseenas 31
PROTO 5.66 DENE IN MAST GIMN L.iiiiiiiiiieciieecceeeete ettt e s te e s te et e e teeeteeeteesbeesbeesbeassesseesseesseenseeaseesseetseseenbeentesssesssesaeenseenseenns 31
Photo 5.67 Loose, oversized (length), and undersized (diameter) bolt at bolted mast arm slip joint........cccceeeveeceeeiieccneenee. 31
Photo 5.68 Tear in bolt hole in mast arm at bolted SliP JOINT.....ccii ittt et re e e eree e 32
Photo 5.69 Corrosion around electrical port and missing rubber grommet...........ccoviiiiiiiii i 32
Photo 5.70 IMpact damage t0 MAST @M. ...c.eccrieiriereeeeceeite ettt eve e eteeeteeebeebeetaeeaeesaeesseeateenseeaseesseeteebeenteenseeasesseesaeenseenseenns 32
Photo 5.71 Improperly secured cable fastened to tOp Of MASt @M ........cciiiiiiiiiiiiice ettt 32
Photo 5.72 Improperly sized and fastened end cap at end of Mast @M ......c..coiiiiiiiiiiieiecce et e 32
Photo 5.73 Missing end cap on mast arm with bird nesting debris inSide arm ..........ccceviiiririnieeieee e 32
Photo 5.74 Span wire resting on top Of ULHILY [INES ......coviiiiiiiiiieee e sttt se e 33
Photo 5.75 Loss of galvanization on span wire and wire clips with light to moderate corrosion.........ccoveeeveeceeeceeecreeceneenne, 33
Photo 5.76 Typical band mount orbital DraCKet.........cc.iieiiiiiiiicice ettt et ettt e b e b e e staesaeenteenneenns 34
Photo 5.77 Typical cable Mmount 0rbital BIraCKET ........cc.civiiiiiiiieice ettt et ettt te et e be et e eaeesteesaeenaeeneeenns 35
Photo 5.78 Crack in Orbital BraCKet.......c.couiriiriiirecieieees ettt ettt e e et e s te st e s seese et e eseessessesteseeaseeseeneensensenss 36
Photo 5.79 Crack in Orbital BraCKet.......c.cviiiiiiiiieecicteie ettt st e st et e e s testesteeseeseesaessesaestesseaseesaensensensenss 36
Photo 5.80 Broken curved washer at band bolt to orbital bracket CONNECHION..........ccceevieiiiiiiiciicecceereee e 36
Photo 5.81 Crack in insert bracket at gusseted tube connection on orbital bracket..........ccceceveririnininicice 36
Photo 5.82 1 of 2 clamp bolts broken at orbital Drackert ........c.ooceiiiiiiiie e e 36
Photo 5.83 Zinc pin not fully seated at stainless steel band connection, note corrosion on PiN........ccccecveeeceercieecieeccieecieennns 36
Photo 5.84 1 of 2 V-bolts broken at gusseted tube connection to orbital bracket............cccceiieiiiiiiciiii e, 37
Photo 5.85 Corrosion on non-stainless connection hardware of orbital bracket ..........ccccevciiiiiiiiiiecie e 37
Photo 5.86 Loose bolts at cable clamping connection to orbital bracket........c.ccoceeiiiiiiiiiiiiececeeeeeee e 37
Photo 5.87 Additional stainless steel bands installed at orbital Bracket ...........ccovvverieriieri e 37
Photo 5.88 1 of 2 broken band bolts on orbital Dracket ............ccueiieiieiiieieeece e e e e sae e snne e 37
Photo 5.89 Missing set screws at lower gusseted tUDE CONNECTION ......c.eccviiiiieiiic e 37
Photo 5.90 Moderate corrosion on span wire clamp bolts and pin at leveling assembly connection..........ccccccveeeieeriveeecneenns 38
Photo 5.91 Lo0SE DOItS @t SPAN WIFE ClamID...cc.ceieieiiiiicieieeeeteete ettt sttt e be s aesteese e st enae e enbessestesneeneenes 38

i19 of i23



Photo 5.92 Corrosion and wear on sign attachment hardWare ........c..oouieeiieiiee st e e e st aeaee e 38

Photo 5.93 Loose bolt at hanger assembly on signal attachment to SPaN Wire..........coocveviiiiiniinienieeee e 38
Photo 5.94 Missing connection hardware at signal head to sway Wire CONNECTION .......covuiriiiiinieniieieeie e 39
Photo 5.95 Misaligned signal head, note coating failure on backside of signal head...........cccocoiiiiiiiiiiinine 40
Photo 5.96 Broken backplate on SiIgNal NEAG ..........couviiiieee ettt et e e et e e ta e e e sta e e e e treeeeeabaeeesabaeaeans 40
Photo 5.97 Detached backplate 0n SigNal NEAd ...........ooo oo e e st e e e et e e e e eabae e e e aaeaeans 40
Photo 5.98 Broken ViSor 0N SIZNal NEAG...........coocuiiiiie ettt st e e e e te e e b e e beesabeeebeesabeeenbeesabeesaseesareesnseenans 40
Photo 5.99 Loose wires at bottom of SiGNAl NEAM.........c.ccocuiiiiiiiee ettt b e e e re e sbe e e reesabeeeneeeans 40
Photo 5.100 Bullet holes in backside of SIZNal NEAM ........ccuiiiieeieecee et e e e e e s be e e aeesbeeeaeeeans 40
Photo 5.101 Impact damage to Sign MoUNTEd 0 MAST AIM ....eiiiiiiiiie ettt e e s e e e eae e sabe e ereesabeeeseesabeeenseenans 41
Photo 5.102 Peeling of I€TLEIING ON TUIM @ITOW .....oiuiiiiieiieie ettt st st st et e se e st e s et e s st e bt enbeensesatesseesaeesaeenseeneesnnenns 41
PROTO B.1 FIONT VIEW .. utiiiiiiiiieciee et e et et e et e et e et e e teeeateeeateeeateeeabeeesteeeaaeeeaseeaaseeenbeeaaseeenbeeeaseeeaseeaseeenseeansaeensaeeseeenbeeeseeenseas 5
Photo 6.2 View Of [UMINGINTE NEAM.......c.cuii it et e et e et e e rte e e abe e e beeeabeeeabeeenseeesaeenseeebeeensesenseeenseas 5
gL (ol T AT Yo lor=T 1 4 1Y = TSRS 5
Photo 6.4 View of high mast gt IUMINGITE FING .....c..iiiiiiiie et ettt et e et e ete e e tee e etae e bee e e baeebeeeereeeteas 5
Photo 6.5 View Of OffSet IUMINGIrE NEAGS .......cvieiiciece ettt e st e e te e e e eseeeseesseeseenseesteessesnnesseenns 5
Photo 6.6 View 0f Chord t0 POIE CONNECTION......ccuiiiiii ettt ettt e et e et e e te e e ebaeebe e e ebaeebeseebaeenbeeeebaeebesenseeeareas 5
PROTO 8.7 VIEW Of DASE....cieieiiiie ettt ettt et e et e s et e e te et e e s teenteessesaeesaeesseeseenseenseeneeeseenseenseenseenseensenneesneenes 6
Photo 6.8 Map cracking with efflorescence in PEAESTAl ........cceiiiii i et e rae e e e baeeebe e e reeereas 8
PROO 6.9 SPAll iN PEAESTAL...c.eiiiiiii ittt ettt ettt e b et et e eatesaeesaeesb e e bt enbeenteeaeeeaeenbeenbeenbeentesntesaeesaeenes 8
Photo 6.10 Standing water around transformer base located in a swale/drainage ditch ........c.ccccviiivieiiiicieccie e, 8
Photo 6.11 Erosion of pedestal, note hand hole COVEI MISSING .......ccviiiriiiiiecctie ettt ettt et e etae et e e teeeeteeeeaee et 8
Photo 6.12 Overgrowth of vegetation on, and erosion of, PEAEStal ..........ccueecuiiiiiiiiii ittt et 8
Photo 6.13 Scaling 0N tOP OF PEAERSTAL....ccviiiiiieieecee ettt et e et e e bt e e be e e taeebe e e ebeeeabesebaeenbee e baeenbesenseeenrens 8
Photo 6.14 Cracks in pedestal extending out from anchor DOIES .........cccviiiiiiieiiii et e 9
Photo 6.15 SPall in Dridge PArapel.....cccueiicieeiiie ettt ettt e et e st e s eteeebe e e beeeabeeabeesabeeebaeeaseeebeeeasesenbaeenbeeenbeesabeseseeenrens 9
Photo 6.16 Areas of poor consolidation iN PEAESTAl........ccuiiiviieeiie e et e et e et e e e baeebe e e beeebeeeraeenreas 9
Photo 6.17 Damaged median barrier plate with failed/pulled out barrier anchorage ........ccccooveveeviieiiciecicceeceeeee e 9
Photo 6.18 Corrosion Of SEEEI NAUNCR.........ccuiiiiciece ettt et e et e e be et e e st e e ae e beebeenbeensesssesasesreeanas 9
Photo 6.19 Deteriorated GrOUL PAU.......cci ieieieieieieste ettt ettt et ste st teste e st et estesaesbesaeeseeseeneensensessesaeeseeseeneensensensessessesneeneenes 10
Photo 6.20 Deteriorated grout pad With MOIStUIE [EAKAZE ......eecviiieeecee ettt ettt ettt ebe e ereeebe e ereeeareeeaeenans 10
Photo 6.21 Loose top nNut and BeNt aNChOr DOIT .........oouiiiiiicecce ettt st e e e e s re e sabe e s reesabeeeneenans 15
Photo 6.22 Heavy corrosion and section loss to anchor bolt and nut inside transformer base ........ccccoeevvevieeccieecceccciec e, 15
Photo 6.23 Top nuts less than 100% ENZAZEM .......cccueeiuieiiie it e st e et eerteesveesteesbeesbeestbeessaesabeesseesabessnseessseesaseesaseesseesnns 15
Photo 6.24 Top nut NOt fully SEAtEd 0N DASE PIATE ....ccveevieiicie ettt ettt et eee et e et e te e teebeeareetaesaeesteesaeeneeneesanenns 15
Photo 6.25 Missing anchor bolt assembly in transformMer Dase .........cvcviciiiiiiiciecce et 16
Photo 6.26 Out of plumb anchor bolt aNd 100SE TOP NUL......cceiiuiiiiiciicieeeeceece ettt ettt e eteeaeeaeeereeereenns 16
Photo 6.27 Oversized hole in base plate and inadequately sized flat washer under top NUL.......ccceviriiireninieeee e 16
PROTO 6.28 CraCk@a NUL....c.viiiiieiecieecie ettt ettt et e e e st e e te e be et e easeetseebe e beeabeenseeaseeseeeaeenseenbeeaseesseetseabeesbeenseensesanesseenseenns 16
Photo 6.29 Coupler with excess washers and excess height off pedestal ..........ccceeiiiieiiiiiiiiciicce e 22
PROTO B.30 COUPIET BIOKEN ....vcveecee ettt ettt ettt et e e e ta e e te e e beeteeteeatesaeeeaeeseeabeeaseetseetseateenteenteentesaeesreeseenns 22
Photo 6.31 Protective skirt damaged and tOP NUE IOOSE........cveiieiriiiriiriete ettt ettt et ettt et er e e et eeteesteesteeteeraesaeeereeeaeenns 22
Photo 6.32 Transformer base filled With dEDIiS........coiiiiiiieieieee ettt saeste e ess e s e s e aesreens 25
Photo 6.33 Transformer base with crack at bottom adjacent to anchor BOlt..........cceevviieiieececiecececeeceee e 25
Photo 6.34 Transformer base With IMPact damMage......cccvcivirieieieeece ettt st et et e e ebenteseeenas 25
Photo 6.35 Torque control component installed upside down and not separated from NUES ........ccccceeveiieeieecciee e 25
Photo 6.36 Improperly sized, iNcorrect, and eXCESS WASHEIS .......ociiiiiiieiieie ettt st st s s sae e snee e 25
Photo 6.37 Improperly sized washer embedded iNTO SIOt........coiiiiiriiiiiiiiee et 25
Photo 6.38 Broken base plate at @nChor DOIT...........ooviiiiie ettt e et e et e e et e e e e tte e e eeabaeeeeaaeaeans 26
Photo 6.39 CorroSioN O DaSE Plate.......uii ittt e et e e e ettt e e e e aa e e e e taeeeeeateeeeeaaaeeesataeeeeasteseeensaeeessaeeans 26
Photo 6.40 Crack at SIIP JOINT ..eiiiuiiiiiiiiie ettt ete e et e st e e et e e e be e e beeeabeesaseesabeeeaseesabeeessaesabaesaseesasaeenseesabeesaseesaressseesans 26
PhOto 6.41 Crack at SIIP JOINT .ueiiiiiiiieiiiecie sttt e st e st e st e e st e e e beesabeesaseesabeeeaseesabeeaasaesabaesaseesabaesnsaesnseesseesnseesnseenans 26
Photo 6.42 Pole holding water, released on loosening of hand hole COVEN..........cciiiiiiiiiiiieceecec e 32
Photo 6.43 Missing hand hole cover With WIres @XPOSEA ..........ccviiiiieiiiecic ettt e s sbe e e e e sbeesaeesabeeeneennns 32
POt 6.44 IMISSING POIE CAP ..veeiurieiiieiiieeieeeiee et e sttt e st e sttt esaeestbeesaeesabeeaseesaseesasaesssaessseessseeassaessseessseessseeanseesnsessnseesnseesseennns 33
PROTO B.45 LEANING POIE....ieiieieiieiieietesie ettt e st sttt et e s et et e stesteebeeseeseeseente s eebeeseeseeneensense s esesaeeseeseeneensensentesaesteeneeneenes 33

i20 of i23



Photo 6.46 IMPACT dAMAZE 10 POIE .. .eieiiiieieeieee ettt ettt shee st e e s ae e st eneeeseesae e beenteenseentesneesneesaeenseensesnnenns 33

PROTO 6.47 LEANING POIE.....eiieieie ettt ettt ettt et et e b e e teeateeatesaeesseesaeenseenteeneeeseeseenseenseensesaeesaeesaeenseensesnsenns 33
Photo 6.48 Crack in weld at hand hole cover extending iNt0 POIE .......ccuiiiiiiiiiiiie et 33
Photo 6.49 Crack in Weld at NanNd NOIE COVE.......uiiiiiiiiieciee ettt e et et e e be e s be e s bee s beeenbeesnteaenseesnseaenseesnns 33
Photo 6.50 CorroSion @t Dase Of POIE......co it et e e st e e e et e e e e tb e e e e sateeeeaaaaseesataeeeasteeeeansaeeesnsaeeaans 34
Photo 6.51 8-bolt pedestal to 4-bolt pole extensioN retrofit.........cciii i e 34
Photo 6.52 Timber pole decay DEIOW Srade ......cc.ecivii ittt e e et e et e e b e e e be e sbeeebeesabeeeabeesabeeeaseesareesnseesans 34
Photo 6.53 Timber pole decay and SPIITtING.......cciiiiii ittt et e e e et e et e e e beesabeeebeesabaeeabeesabeeenseesareesnseenans 34
Photo 6.54 Decay below grade, Shown after Pole remMOVal .........c.eciiiiiiiiciiccee ettt sre e e re e s be e e aee e 34
Photo 6.55 Corroded sign to pole CONNECLION NardWAarE ........c.eciviiiiieiiie ettt e et s te e s reesabeesseesabeeeneenans 35
Photo 6.56 Loose chord collar CONNECLION DOIL..........iiiiiiiiieciece ettt e et s e e s ae e st eesreesnbeesseesareasnneennns 36
Photo 6.57 Chord t0 pole CONNECTION COMTOSION ....ciuviiiiieiiiecieectee et e st e et e et e e st e et eeeaeeeabeesabeessbeesaeessbeesnseesnbeasnseesnseasseennne 36
Photo 6.58 Chord to timber pole missing and [00S€ 138 DOILS .......ccouiiiiiiiiiicie e 36
Photo 6.59 Chord to timber pole connection plate cracked, bolt missing, Wiring eXposed ..........ccueeveeeirieeieeeireeecee e 36
Photo 6.60 Lower chord to pole connection cracked/Broken .........cc.eooviieiiiciiicee ettt et aee e 36
Photo 6.61 Lower chord member and weld along Strut Cracked .........cccuvecueiiieiiieeciee et enee e 37
Photo 6.62 Lower chord cracked/ruptured along DOtEOM .........coviiiiiiiiic ettt e e sabe e e aeesbeeeaeenans 37
Photo 6.63 Lower chord member to Strut Weld Cracked ..........ooveieiieiieiesiesiese ettt e 38
Photo 6.64 Sheared tenoN SEt SCreW With COMOSION ....cc.uiiiiiieiieicct ettt e st e s te e teeaesraesneesseeneeenes 38
Photo 6.65 Open 1atch 0N TUMINGIIE FINE ...oouiiiiieieee ettt ettt st st esae et e et eabeeaeesaeesbe e beebeentesaeesaeenee 38
Photo 6.66 Missing [uminaire 18NS 0N IUMINGITE FINE.......coiviiiieeiie et ceee et e e etveeeteeeetaeeeteeestaeeeseeeeteeeeseeessseeeseeestseeesneesns 38
Photo 6.67 Luminaire head [€NS DrOKEN .......ccuiiiieeeeee ettt e e st s b e e st e e te et e essestaesbe e beebeeasesreesananns 40
Photo 6.68 LUMINAINE NEAT [00SE.......ieiieiiieeieetiecteete ettt s ettt e et e e te e s teesteebeesaeeseesseesae e seenseesseessesssesseesseenseensesneenseenseanes 40
[ a0 (o T I o Yo o T Y KoYl o o =T o PR S 40
POt 6.70 HINGE DIrOKEN ...ooiiiiiiieeie ettt ettt e s e e ta e e s ae e e taeesaae e tae e sae e bbeeasse e baeenseeebseeasseesbeeseeesaeesneenses 40

i21 of i23



i22 of i23



PREFACE

Purpose of the Program and Manual

The purpose of the Traffic Ancillary Structure Program is to provide the Virginia Department of Transportation (VDOT)
with the inventory and inspection information necessary to determine the ancillary structures’ physical and functional
condition. This information will be used to develop priorities for their maintenance or replacement.

Due to their typically non-redundant structural configuration and proximity to the roadway, these ancillary structures
have the potential to directly affect the safety of the roadways. This program primarily focuses on structural evaluation,
with a secondary focus on functionality. This focus is mandated by the level of impact a structural defect could have on
the roadway. As an example, a sign with poor legibility may cause distraction or hazards along the roadway it serves, and
the program should address such a defect. However, a collapsing sign may land in the roadway, posing a much larger
danger. For this reason, the primary focus of the program is on the structural evaluation of the traffic ancillary structures.

Due to several significant failures having occurred throughout the US, increasing focus has and is being placed by many
States, as well as the Federal Highway Administration (FHWA), on the proper management, inventory, and inspection of
these structures.

VDOT has long recognized the value of such a program, having officially issued the first inspection manual in 1999 with
updates in 2006 and 2014. Throughout the years, more structure types have been identified as necessitating inspection,
better inspection methodologies developed, and the program has continued to grow. The purpose of this manual is to
provide the most current inventory and inspection practices and procedures that will continue to ensure safety on the
roadway.

Due to the vast variation of the elements, configurations, and inspection techniques of ancillary structures, it is not
practical to capture all of these variations within the manual. The intent of the manual is to outline some of the most
common of these variations. Through comparison to what has been provided here, and through judgment and experience,
the inspector should be sufficiently equipped to distinguish the appropriate approach to the inspection.

Responsibilities and Duties of the Inspector
The inspectors play a critical role in the Traffic Ancillary Structure Program. It is only through their diligence and attention
to fine detail that structural deficiencies may be found. The collection of inspection information will save lives.

Historically, when a structure has suffered a failure, this failure has been directly linked to specific features of the
structure. Shared failure prone details that have been properly inventoried can be isolated, allowing for a rapid, accurate,
and efficient inspection effort of the structures sharing these potentially compromising features. For this reason, along
with evaluation of the structures through inspection, the accurate inventorying of the structures plays a crucial role.

In combination with the Bridge Inspection and Tunnel Inspection Programs, a safe and reliable roadway infrastructure is
only achievable through the direct efforts of the Inspector. The Traffic Ancillary Structure Program inspector’s
responsibilities and duties shall conform to the current Bridge Inspector’s Reference Manual.

Above all, the inspector’s judgment must be exercised at all times to ensure critical thinking and appropriate inspection is

being applied to the ancillary structures. Due to the vast number of structures and their significant variation of condition,
configuration, type, and inspection techniques, the inspector’s judgment is of the utmost importance.
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CHAPTER 1. TYPES OF TRAFFIC ANCILLARY STRUCTURES

1.1

Introduction

This chapter covers the various types of traffic ancillary structures within VDOT’s inventory. Altogether, the Department
currently manages over 35,000 traffic ancillary structures. It is expected this number will continue to climb as more areas are
increasingly developed.

The Department currently recognizes three main groups of structures, which are listed below. In the remainder of the chapter,
each group will be further subdivided and discussed, with common elements being identified and nomenclature developed.
e  Sign Structures, which include:
o Overhead Span Sign Structures
o Cantilever Sign Structures
o Butterfly Sign Structures
o Bridge Parapet Mount Sign Structures
e  Traffic Signal Structures, which include:
o Mast Arm Traffic Signal Structures
o  Span Wire Traffic Signal Structures
o Overhead Span Traffic Signal Structures
e  Pole Structures, which include:
o Conventional Luminaire Pole Structures
Offset Luminaire Pole Structures
High Mast Light Pole Structures
Camera Pole Structures
Cell Tower Pole Structures

O O O O

Do note that significant variation of configurations exists throughout the structures, so the examples shown may not always
be applicable. Therefore, this chapter should provide an excellent introduction to the traffic ancillary structures.

Some structures may be of a hybrid type, where they have characteristics that may be applicable to more than one type of
structure. In this case, the primary function of the structure will be assessed, and this will be how the structure is classified.
As an example, a traffic signal that also has a conventional luminaire attached should be classified by the primary function,
which is as a traffic signal structure.
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1.2

Sign Structures

Sign structures typically consist of four main components: the sign panel that displays the message, the horizontal portion of
the structure that carries the sign panels and is located over traffic, the vertical supports adjacent to the roadway that carry
the horizontal component of the structure, and the foundation that anchors the vertical supports and so, also anchors the
structure overall.

The sign panels may be rigid panels on which a message is placed using reflective material. They may also be variable message
signs (VMS), which are signs that can vary light emitting elements to display various messages. For both types of panels,
reflective material and lights are arranged and displayed in accordance with the message they are intended to communicate
to traffic.

The horizontal component of the structure, which the signs are attached to, provide structural support for the sign over the
roadway. The three main types are overhead span, cantilever, and butterfly structures. The type of horizontal support
typically determines the nomenclature of the structure. These configurations usually involve one or more horizontal members
called chords. In case of multiple chords, the chords are connected by intermediate bracing members, forming a truss.

The vertical supports provide structural support for the horizontal components of the structure. The vertical supports also
extend the sign upward, creating clearance between traffic on the roadway and the bottom of the sign structure. These

vertical supports are usually single poles or a vertical plane truss with two main vertical members.

The foundation provides structural support for the vertical supports. The majority of the foundation is below ground. The
foundation transfers the loads that act on the structure to the ground.

While general nomenclature and other various structure details will be discussed within this chapter, numbering and
orientation of specific structures, components, and elements will be covered in Section 4.6.
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1.2.1

Overhead Span

These structures span the roadway, with poles on both sides of the structure. They may span the roadway in both directions
of traffic, with poles on the outside edges of the roadway. Overhead spans may also span a single direction of traffic, with
one pole in the median and one pole on the outside edge of roadway. Depending on the structure’s requirements and design,
one of four configuration types may be chosen. The types are listed by the number of chords that make up the horizontal
portion of the structure that spans the roadway. The four types of overhead span structures are the Single Chord, Two Chord
Truss, Tri-Chord Truss, and Four Chord Truss.

Figure 1.1 Overhead Span, Single Chord Figure 1.2 Overhead Span, Multi Chord with Truss

k2

Photo 1.1 Overheadpan sign structure Photo 1.2 Overhead span sign structure

The overhead span structures will be discussed by major components, which include the items in the bulleted list below.
These major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Sign panels

e Horizontal supports

e  Vertical supports

e  Foundation
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1.2.1a

Sign Panel: Zee Bar Type

The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. Some of the specific subcomponents of the sign panel are detailed
in the list below. For numbering convention and orientation of the structure, refer to Section 4.6.3.

\

-
A8\

i

N X

Reflective Material: The sign panel displays information that is coated in a light reflective material.

Sign Panel: The sign panel displays information that is applied to one or more thin aluminum sheets. These sheets are
combined to form larger signs, held together by backing strips.

Backing Strip: Thin strip of aluminum that overlap a portion of two sign panels, attaching them to one another. The
backing strip is held in place by a backing strip stud.

Backing Strip Stud: The fastener connecting the backing strip to the sign panels. The backing strip studs are resistance
welded to the panels.

Windbeam: The horizontal members supporting the sign panels. Windbeams typically consist of aluminum Zee bars.
Most sign panels are attached to the windbeams using aluminum sign clips and threaded studs resistance welded to the
sign panels. Due to the common failure of the resistance welded studs, most of these connections have been retrofit
with through bolts. Standards that are more recent require the panels to be connected directly to the windbeams with
through bolts.

Hanger: The vertical members are called hangers. Hangers typically consist of steel or aluminum I-beams. On one side,
the hangers connect to the windbeams via steel or aluminum bolts, nuts, and flat washers. On the other side, the hangers
connect to the sign support structures, which are detailed in the following sections.

— Backing strip
- = Backing strip stud

|

Back of sign
panel

Through bolt — "= gjon clip

retrofit

Windbeam

Photo 1.3 Sign panel attachment to windbeam with retrofitted through bolt
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Figure 1.3 Sign Panel, Zee Bar Type
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1.2.1b Sign Panel: Extruded Type

The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side

away from traffic, where it connects to the superstructure. Some of the specific subcomponents of the sign panel are detailed

in the list below. For numbering convention and orientation of the structure, refer to Section 4.6.3.

o Reflective Material: The sign panel displays information, which is coated in a light reflective material.

e Sign Panel Extruded Section: The sign panel displays information that is applied across several aluminum extruded
sections that are bolted together with stitch bolts. This system eliminates the backing strips and windbeams found in the

type of sign panel previously discussed.

e Hanger: The vertical members are called hangers. Hangers typically consist of steel or aluminum I-beams. On one side,
the hangers connect to the extruded sections via steel or aluminum bolts, nuts, and flat washers. On the other side, the
hangers connect to the sign support structures, which are detailed in the following sections.
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Figure 1.4 Sign Panel, Extruded Type

Photo 1.4 Sign panel, extuded tpe, rear view
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1.2.1c Sign Panel: Connection to Superstructure
Sign panels connect to the support structure, or superstructure, via the hangers. For tubular superstructure members, the
hanger to support structure connection is typically made with stainless steel U-bolts, nuts, and flat washers. The connection
may also be made using a clamp type setup. For angular superstructure members, the connection may be made using steel
through bolts, nuts, and washers.

1.2.1d  Sign Panel: Luminaire System

The luminaire system illuminates the sign and extends from the bottom of the hangers, out beyond the front of the sign.

Some of the specific subcomponents of the luminaire system are detailed in the list below.

e Luminaire: The lights that illuminate the sign. The luminaire sits at the end of the luminaire arm or on the luminaire rail,
pointed toward the sign panel’s reflective side.

e Luminaire Arm: The arms carry the luminaire system, extending from the sign panel hangers, positioning the luminaires
toward the front of the sign. The arms are typically the same material and beam type as the hangers. The luminaire arms
may be connected to the hangers via a welded gusset plate, perimeter welded to one another, or bolted together.

e  Luminaire Rail: The luminaire rail spans across the luminaire arms, with the luminaires and conduit typically positioned
on the luminaire rail.

s Sk
Photo 1.5 Sign panel luminaire system
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1.2.1e  Sign Panel: Variable Message Signs (VMS)
The VMS is a special kind of sign panel that uses light emitting elements activated at variable times to display configurable
messages. These panels typically have integrated structural components that make up the body of the panel and house the
electronic components. It is common for VMS structures to have internal enclosures that may be walked in to perform
electrical component maintenance. These internal areas are typically locked and are not usually accessed for structural
inspections.

The type of light emitting element varies significantly and continues to become more advanced with evolving technology.

Some of the various configurations are discussed in the list below.

e Disc: The sign panel consists of individual discs arranged in rows and columns, with each disc having both a reflective and
non-reflective surface. Messages are displayed by altering the position of the two surfaces.

e Light Emitting Diode (LED): The sign panel consists of LEDs arranged in rows and columns. Messages are displayed by
altering the on and off state of the LEDs. This is very similar to a bulb matrix, but the LEDs are much smaller than the
bulbs, allowing for greater resolution of the message. This greater resolution even allows for moving messages, such as
an arrow pointing/expanding to one direction.

e Fiber Optic: The sign panel consists of fiber optic bundles arranged in rows and columns along with shutter devices that
can block the light output. Messages are displayed by altering the shutter state, thereby controlling which light is visible.

e  Bulb: Sometimes called Bulb Matrix, the sign panel consists of light bulbs arranged in rows and columns. Messages are
displayed by altering the on and off state of the bulbs.

e  Hybrid LED-Disc: The sign panel consists of a LED-Disc hybrid system. Messages are displayed by altering the state of
both the LEDs and discs.

e Hybrid LED-Fiber Optic: The sign panel consists of a LED-Fiber Optic hybrid system. Messages are displayed by altering
the state of both the LEDs and fiber optics.

Access
door to
internal

LED element —>

Photo 1.6 VMS panel, LED type with internal walkway
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1.2.1f  Sign Panel: Walkway
Walkways consist of members that form a frame for grating to rest on, providing walkable access to the structure. Some
walkways have a railing that may be movable, pivoting into a deployed position as needed. Walkways are primarily
maintenance aids and can often be accessed from the supporting space frame. In the past, walkways were installed on many
types of sign structures. However, due to safety concerns, walkways are being removed from all but VMS structures. Some
of the specific subcomponents of the walkway system are detailed in the list below.
e Railing: A safety enclosure that protects personnel using the walkway from falling. It consists of a handrail, a midrail,
posts, and toeboard, each of which is detailed in the list below.
o Handrail: The top horizontal member that run parallel to the walkway.
o Midrail: The rail approximately midway between the handrail and the platform.
o Posts: The vertical members that support the rails.
o Toeboard: The plate that runs parallel to the walkway, attached between the posts.
e Platform: The working space or walking surface. This typically consists of open grid metal grating.

Handrail
Post

Photo 1.7 Overhead span with walkway

1.8 of 1.65



1.2.1g Horizontal Support: Single Chord

The single chord overhead span sign structure spans the roadway and supports the sign panels. Two types of single chord

overhead span structures exist, which are detailed in the bulleted list below. For numbering convention and orientation of

the structure, refer to Section 4.6.3.

e Chord and Pole Structure: Consists of a single horizontal member (the chord), typically a tubular shape, that is supported
at each end by a vertical support consisting of a single pole.

e  Monotube Structure: Consists of a single horizontal tubular shape (the chord) that bends at each end so that the chord
transitions into vertical supports, thereby creating a continuous structure with integrated poles.

Figure 1.5 Overhead Span, Single Chord and Pole Structure Figure 1.6 Overhead Span, Monotube Structure

Photo 1.8 Overhead span, single chord and pole structure Photo 1.9 Overhead span, monotube structure
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1.2.1h Horizontal Support: Two Chord Truss
The two chord overhead span sign structure consists of two horizontal members (the chords), with bracing between the
chords consisting of vertical and diagonal members. These members form a truss; since all members are within a two-
dimensional plane, this truss type is typically called a plane truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at each end by a vertical support consisting of a single pole. For numbering convention and
orientation of the structure, refer to Section 4.6.3.

Some of the specific subcomponents that make up a truss, as well as some common truss nomenclature is provided in the
list below. Note that several of these terms may be combined to more accurately describe the truss; for example, a vertical
plane Pratt truss.

e Truss: A combination of main members (the chords) and smaller members. The main members span the longitudinally
greatest distance. The smaller members brace the main members; these may connect the larger members vertically,
horizontally, or diagonally.

e Plane Truss: A truss in which all members lay within a two-dimensional plane.

e Space Truss: A truss in which some or part of members lay outside a two-dimensional plane.

e Horizontal Truss: A truss in which the major longitudinal direction is horizontal.

e  Vertical Truss: A truss in which the major longitudinal direction is vertical.

e End Frame: A truss typically found at an end of a structure, such as the two-pole vertical truss that makes up the vertical
support of some ancillary structures.

e Panel Point: A point at which several members intersect.

e  Pratt Truss: A truss that, moving toward the center of the structure, has downward sloping diagonals, similarly to the
Figure 1.7, for the two-chord truss. The diagonals are subjected to tensile loads.

e  Warren Truss: A truss that, moving toward the center of the structure, has alternating downward and upward sloping
diagonals, similarly to the Figure 1.8, for the tri-chord truss. The diagonals are subjected to alternating tensile and
compressive loads.

e Vierendeel Truss: A truss in which the members form rectangular rather than triangular openings, lacking diagonal
members. Members are subjected to bending loads.

/— UPPER CHORD l— DIAGONAL /— VERTICAL
I \— LOWER CHORD .\ZF”ANEL POIN'II'
FRONT ELEVATION

Figure 1.7 Overhead Span, Two Chord Plane Truss
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1.2.1i  Horizontal Support: Tri-Chord Truss

The tri-chord overhead span sign structure consists of three horizontal members (the chords), with bracing between the
chords consisting of vertical and diagonal members. These members form a truss; since not all members are within a two-
dimensional plane, this truss type is typically called a space truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at each end by a vertical support consisting of a single pole, or a two-pole plane truss. For a
list of trussing nomenclature, refer to Section 1.2.1h. For numbering convention and orientation of the structure, refer to
Section 4.6.3.

— REAR CHORD UPPER DIAGONANANEL POINT

| /<><><>’<><>,<><><><'><><>\S

\— UPPER FRONT CHORD \— LOWER DIAGONAL HORIZONTAL

PLAN
‘Y UPPER FRONT CHORD | / UPPER FRONT CHORD/— REAR CHORD :mAGoNALI
VERTICAL REAR CHORD = A f\
< LOWER FRONT CHORD | A LOWER FRONT CHORD \'\ZF;ANEL POINT VERTICAL A
k RIGHT ELEVATION FRONT ELEVATION

Figure 1.8 Overhead Span, Tri-Chord Space Truss

1.2.1j  Horizontal Support: Four Chord Truss
The four chord overhead span sign structure consists of four horizontal members (the chords), with bracing between the
chords consisting of vertical, horizontal, and diagonal members. These members form a truss; since not all members are
within a two-dimensional plane, this truss type is typically called a space truss. The truss is typically constructed of tubular or
angular shapes. The truss is supported at each end by a vertical support consisting of a single pole, or a two-pole plane truss.
For a list of trussing nomenclature, refer to Section 1.2.1h. For numbering convention and orientation of the structure, refer
to Section 4.6.3.
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Figure 1.9 Overhead Span, Four Chord Space Truss
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1.2.1k Horizontal Support: Other Attachments to Chord

Itis common for the horizontal supports to have attachments. These may be smaller signals, cameras, sensors, or other items.

They consist of the attachment and the connection to the horizontal support. Most commonly, the connection is made

through metal straps that wrap around the horizontal support and are bolted or clamped, locking the straps in place in the

correct location and the correct tightness.

e Sensor: A broad term that may include items used to measure various data such as day or night cycle, speed, or whether
a car is approaching the signal.

e Camera: A specific type of sensor used to capture video footage or photographs of the surrounding area.

e Antenna: An attachment that is used to transmit sensor data.

e Signal: A specific device that is used to communicate a message to control traffic.

e Dampener: An attachment that helps dissipate excess vibrations. The components are called dampeners, but the
proprietary name may be damper.

Camera
Signal

Signal

[ = i A" 4
[ ee—— |
ents to Horizontal Support

i

I
Photo 1.10 Chord Attachm

1.2.11  Horizontal Support: Chord Splices
Long overhead span structures are formed by joining multiple chord or truss sections. For round chords, splice flanges are
welded to the chords at the end of each of the sections. The sections are field bolted together at the splice flanges. For angle
chords, the splices are made by bolting or welding the chords to a short section of angle that overlaps each chord section.

oto 1.12 Angle chord splice connection

>

Photo 1.11 Round chord splice connection P
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1.2.1m Vertical Support: Chord to Vertical Support Connection
Seated Type
The various chord configurations are supported by vertical supports or poles through differing connection details, some of
which are seated types. A seated configuration involves the carried component bearing or sitting directly on the carrying
component such that the majority of the load is transferred directly to the carrying component rather than the load
transferring through connection hardware. The two components are still secured with clamps or u-bolts, but this connection
hardware carries a minor portion of the load.

It is notable that seated type connections are more robust than unseated connections, which are detailed in the next section.
This is due to the main structural members carrying the load directly and generally being heavier than any connection
hardware that may be used in the unseated type connections.

Several common seated type chord to vertical support connections are discussed in the list below.

Seated on Strut of Vertical Support: This simple truss support consists of the chord resting on the strut, typically an
angle, which runs between the two poles of a vertical plane truss (end frame). The chord is clamped to the angle with u-
bolts, locknuts, and flat washers. Between the chord and the angle, there may be a bent plate washer or a saddle shim,
and any needed insulation between the dissimilar metals, such as neoprene or other fabric.

Seated on Chair: This simple truss support consists of the chord resting on a seat. The seat is made up of welded plates
and is welded or bolted to the vertical support pole. The chord is clamped to the seat with u-bolts, locknuts, and flat
washers. Between the chord and the seat, there may be a bent plate washer or a saddle shim, and any needed insulation
between the dissimilar metals, such as neoprene or other fabric.

Seated on Pole: This simple truss support consists of the chord resting on a seat, which is centered on top of the pole.
The seat is made up of welded plates and is welded or bolted to the top center of the vertical support pole. The chord is
clamped to the seat with u-bolts, locknuts, and flat washers. Between the chord and the seat, there may be a bent plate
washer or a saddle shim, and any needed insulation between the dissimilar metals, such as neoprene or other fabric.

SEE DETAIL A AND DETAIL B
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Figure 1.10 Simple Truss Support, Seated on Strut of Vertical Support
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Photo 1.13 Simple truss support, seated on strut of vertical Photo 1.14 Simple truss support, seated on chair
support

Photo 1.15 Simple truss support, seated on pole
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Unseated Type

The various chord configurations are supported by vertical supports or poles through differing connection details, some of
which are unseated types. An unseated configuration involves the carried component bolted or welded to the carrying
component such that the load is fully transferred to the carrying component via the connection hardware.

Several common unseated type chord to vertical support connections are discussed in the list below.

Gusseted Box Flange Plate: This connection consists of a box gusset that is shaped to fit the pole and welded to the pole.
A flange plate is welded to the other side of the box gusset. A second flange plate is welded to the chord. The two flange
plates are butted up and bolted together. This configuration exists at each chord.

Pinned: This connection consists of two clamp assemblies, with one around the pole, and one around the chord. The
clamp consists of u-bolts attached to a curved plate. By tightening the bolts, the curved plate is tightened to the pole or
chord. Each curved plate has loops or eyes that are welded to the plate. The eye on the pole and the eye on the chord fit
up so that a pin can be installed through both eyes, thereby connecting the chord to the pole.

Bolted Shape: This connection consists of one of several possible shapes (angle, T-shape) bolted to the pole and the
chord bolted to the shape. This type of connection is more common to vertical support poles that are non-tubular.
Collar Plate, Tubular Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. A smaller plate is welded to each chord, (two smaller plates at the upper chords and two
at the lower chords), extending inward toward the pole. The smaller collar plates are positioned to overlap the larger
collar plate such that the structure is aligned properly. Once positioned correctly, the overlapping plates are bolted
together.

Collar Plate, Angle Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. The chords, which are angles, are oriented so that the horizontal leg of the angle can
overlap the large collar plate. The chords are positioned to overlap the larger collar plate such that the structure is aligned
properly. Once positioned correctly, the overlapping angles and plate are bolted together.

/— BOLT

1
;i UPPER CHORD

FLANGE PLATES

BOX GUSSET

ﬁ POLE

/<— WELDED CONNECTION
4 \
B

i
LOWER CHORD

FRONT ELEVATION

Figure 1.11 Overhead Span Chord to Pole Connection, Gusseted Box Flange Plates
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Figure 1.12 Overhead Span Chord to Pole Connection, Collar Plate, Tubular Chords

Photo 1.16 Gusseted box flange connection

Photo 1.18 Pinned connection
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1.2.1n Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment.

Small sign

Straps

— Threaded
rod

A L /,
Photo 1.20 Attachment to vertical support, straps Photo 1.21 Attachment to vertical support, threaded rod
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1.2.10 Vertical Support: Poles or Truss

The term pole typically refers to a single vertical support of a tubular, multi-sided, or I-beam. Vertical supports consist of a

single pole or a two pole plane truss, sometimes referred to as an end frame. Both items support the structure in a similar

way, elevating the horizontal portion of the structure above the roadway. The subcomponents that make up the vertical
supports are briefly detailed in the list below. For numbering convention and orientation of the structure and components,

refer to Section 4.6.3.

e Base Plate: The plate at the bottom of the pole that is welded to the perimeter of the pole. The anchor bolts (refer to
foundation section) tie into the pole via the base plate. The base plate must be thick enough to resist localized deflection
or warping due to design loading conditions.

e Hand Hole: This is an opening in the pole near the base that can be opened for electrical work or interior inspection. It is
typically elliptical in shape, is surrounded by a reinforcing ring, and has a cover that is fastened in place with screws or a
locking clamp assembly.

e Cap: This component sits on top of the poles to close it and protect the pole from water, debris, or pest intrusion.

e Pole: A single tubular, multi-side, or I-beam member acting as a vertical support for the overhead span.

e Truss and Truss Members: A vertical plane truss (end frame) oriented perpendicular to the roadway acting as a vertical
support for the overhead span. It consists of two larger vertical members (poles) that may be tubular shapes or I-beams,
and smaller horizontal and diagonal members that may be tubular shapes or angles. For a list of trussing nomenclature,
refer to Section 1.2.1h.

POLE CAP f POLE CAP
POLE \ HORIZONTAL (STRUT)

POLE
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HAND HOLE HAND HOLE
ANCHOR BOLT ANCHOR BOLT | —
BASE PLATE BASE PLATE
FOUNDATION/ FOUNDATION/
PEDESTAL PEDESTAL ,_%_l
Figure 1.13 Single Pole, Elevation Figure 1.14 Two Pole Truss (End Frame), Elevation

Photo 1.22 Single pole Photo 1.23 Two pole truss (end frame)
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1.2.1p Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. Several specific subcomponents of the foundation and some
common foundation types are discussed in the list below.

Anchor Bolt: Anchor bolts are threaded rods that extend several inches above the foundation. With regards to inspection,
the term “anchor bolts” generally refers to the visible component of the anchor bolt, or the portion of the anchor bolt
not embedded into the foundation. However, for concrete foundations, the bolts are embedded several feet into the
concrete. Some of the specific subcomponents of the anchor bolt assembly are detailed in the list below. For numbering
convention of anchor bolts, refer to Section 4.6.4.

o Anchor Bolt: The visible threaded rod.

Leveling Nut: The nut immediately above the foundation and below the base plate.

Top Nut: The nut immediately above the base plate.

Flat Washer: Washers that are installed between the nut and the base plate, for both the top and leveling nut.

Jam Nut: This is an additional nut that may be installed above the top nut, used to lock the anchor bolt assembly in
place. This item is not shown in the figure, as it is not commonly encountered in the field.

Pedestal: The pedestal is a part of the foundation. It refers generally to the upper portion of a concrete foundation, which
is above ground, near the area surrounding the pole to foundation interface.

Spread Footing: This foundation type is the most common for ancillary structures. It consists of a shaft made up of
concrete and reinforcing steel. At the bottom of the shaft, a wider section of concrete extends outward. The foundation
is covered with soil to almost the top of the shaft. An anchorage assembly is cast into the shaft.

Caisson: This foundation type consists of a shaft made up of concrete and reinforcing steel. The upper portion is less high
than the lower portion but has a larger diameter. The lower portion has a smaller diameter, but is much longer than the
upper portion. The shaft extends deeper into the ground as compared to a spread footing. The foundation is covered
with soil to almost the top of the shaft. An anchorage assembly is cast into the shaft.

Helical Pile or Screw Pile: This foundation type consists of a hollow metal shaft with one or more helical plates (acting as
augers) along the length, and a bolting plate capping the top of the pile. The helical plates pull the shaft into the soil
when the shaft is rotated. The shaft is in the ground to almost the top of the shaft. An anchorage assembly is attached
between the pole’s base plate and the helical pile’s cap plate.

Barrier Mount: This foundation type consists of anchor bolts cast into a median or other roadway barrier, to which the
vertical support component of the ancillary structure is attached.

Bridge Parapet: This foundation type consists of anchor bolts cast into the bridge parapet, to which the vertical support
component of the ancillary structure is attached. Note that this is not the bridge parapet mount that is discussed in
Section 1.2.4, in which the structure is mounted to the side of the bridge.

Steel Haunch: This foundation type is a bracket attached to a bridge girder, made to accommodate the ancillary structure.
The haunch consists of multiple plates built up and typically welded together. Anchor bolts are installed in the haunch,
with the ancillary structure attached to these anchor bolts.

Fixed Attachment: This type is not a typical foundation, but rather, it is when a structure is partially or fully, attached to
another structure. For a fixed attachment, the side that is fixed does not typically have a vertical support. Note that this
is not the classic bridge parapet mounted sign discussed in Section 1.2.4.
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Figure 1.15 Typical Anchor Bolt Configuration
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1.2.2 Cantilever

These structures have arms that overhang part of the roadway in a single direction of traffic, with a pole on one side of the
structure. Depending on the structure’s requirements and design, one of three configuration types may be chosen for the
arm. The types are listed by the number of chords that make up the horizontal portion of the structure that overhangs the
roadway. The three types of cantilever span structures are the Single Chord, Two Chord Truss and Untrussed, and Four Chord

Truss.
-
Figure 1.19 Cantilever, Two Chord Plane Truss Figure 1.20 Cantilever, Four Chord Space Truss

Photo 1.29 Cantilever, two chord p/dne truss Photo 1.30 Cantilever, four chord space truss

The cantilever structures will be discussed by major components, which include the items in the bulleted list below. These
major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Sign panels

e Horizontal supports

e  Vertical supports

e Foundation

1.2.2a Sign Panel: Zee Bar Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1a.
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1.2.2b  Sign Panel: Extruded Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1b.

1.2.2¢ Sign Panel: Connection to Superstructure
Sign panels connect to the support structure, or superstructure, via the hangers. For tubular superstructure members, the
hanger to support structure connection is typically made with stainless steel U-bolts, nuts, and flat washers. The connection
may also be made using a clamp type setup. For angular superstructure members, the connection may be made using steel
through bolts, nuts, and washers.

1.2.2d  Sign Panel: Luminaire System
The luminaire system illuminates the sign and extends from the bottom of the hangers, out beyond the front of the sign. For
additional details, refer to Section 1.2.1d.

1.2.2e Sign Panel: Variable Message Signs (VMS)
The VMS is a special kind of sign panel that uses light emitting elements activated at variable times to display configurable
messages. These panels typically have integrated structural components that make up the body of the panel and house the
electronic components. It is common for VMS structures to have internal enclosures that may be walked in to perform
electrical component maintenance. These internal areas are typically locked and are not usually accessed for structural
inspections. For additional details, refer to Section 1.2.1e.

1.2.2f  Sign Panel: Walkway
Walkways consist of members that form a frame for grating to rest on, providing walkable access to the structure. Some
walkways have a railing that may be movable, pivoting into a deployed position as needed. Walkways are primarily
maintenance aids and can often be accessed from the supporting space frame. In the past, walkways were installed on many
types of sign structures. However, due to safety concerns, walkways are being removed from all but VMS structures. For
additional details, refer to Section 1.2.1f.

1.2.2g Horizontal Support: Single Chord
The single chord cantilever sign structure consists of a single horizontal member (the chord), typically a tubular shape, that
spans the roadway and supports the sign panels. The horizontal portion of the structure is supported at one end by a vertical
support consisting of a single pole. For numbering convention and orientation of the structure and components, refer to
Section 4.6.3.

0

Figure 1.21 Cantilever, Single Chord
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1.2.2h Horizontal Support: Two Chord
The two chord cantilever sign structure consists of two horizontal members (the chords), with or without bracing between
the chords consisting of vertical and diagonal members. The bracing members form a truss; since all members are within a
two dimensional plane, this truss type is typically called a plane truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at one end by a vertical support consisting of a single pole. For a list of trussing nomenclature,
refer to Section 1.2.1h. For numbering convention and orientation of the structure and components, refer to Section 4.6.3.
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-/

Figure 1.22 Cantilever, Two Chord, Untrussed Figure 1.23 Cantilever, Two Chord Plane Truss

1.2.2i  Horizontal Support: Tri-Chord Truss
This type of configuration is not typical for this type of structure.

1.2.2j  Horizontal Support: Four Chord Truss
The four chord cantilever sign structure consists of four horizontal members (the chords), with bracing between the chords
consisting of vertical, horizontal, and diagonal members. These members form a truss; since not all members are within a
two dimensional plane, this truss type is typically called a space truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at one end by a vertical support consisting of a single pole. For a list of trussing nomenclature,
refer to Section 1.2.1h. For numbering convention and orientation of the structure and components, refer to Section 4.6.3.
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Figure 1.24 Cantilever, Four Chord Space Truss

1.2.2k Horizontal Support: Other Attachments to Chord
It is common for the horizontal supports to have attachments. These may be smaller signals, cameras, sensors, or other
items. They consist of the attachment and the connection to the horizontal support. Most commonly, the connection is
made through metal straps that wrap around the horizontal support and are bolted or clamped, locking the straps in place
in the correct location and the correct tightness. For additional details, refer to Section 1.2.1k.
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1.2.21  Horizontal Support: Chord Splices
Long cantilever structures are formed by joining multiple chord or truss sections. For round chords, splice flanges are welded
to the chords at the end of each of the sections. The sections are field bolted together at the splice flanges. For angle chords,
the splices are made by bolting or welding the chords to a short section of angle that overlaps each chord section. Refer also
to Photos 1.11 and 1.12.

1.2.2m Vertical Support: Chord to Pole Connection

The various chord configurations are supported by poles through differing connection details, mostly depending on the

number of chords. Some of the various configurations are discussed in the list below.

e Gusseted Box Flange Plate: This connection consists of a box gusset that is shaped to fit the pole and welded to the pole.
A flange plate is welded to the other side of the box gusset. A second flange plate is welded to the chord. The two flange
plates are butted up and bolted together. This configuration exists at each chord.

e Collar Plate, Tubular Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. A smaller plate is welded to each chord, (two smaller plates at the upper chords and two
at the lower chords), extending inward toward the pole. The smaller collar plates are positioned to overlap the larger
collar plate such that the structure is aligned properly. Once positioned correctly, the overlapping plates are bolted
together.

e Collar Plate, Angle Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. The chords, which are angles, are oriented so that the horizontal leg of the angle can
overlap the large collar plate. The chords are positioned to overlap the larger collar plate such that the structure is aligned
properly. Once positioned correctly, the overlapping angles and plate are bolted together.

ﬁ
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Figure 1.25 Cantilever Chord to Pole Connection, Gusseted Box Flange Plates
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Photo 1.31 Gusseted box flange connection » Photo 1.32 Collar plate, angle chords

1.2.2n Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.

1.2.20 Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape. Vertical supports most commonly
consist of a single pole. For additional details, refer to Section 1.2.10.

1.2.2p Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p.
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1.23

Butterfly

The butterfly structure shares many features with the cantilever, but has arms on either side of the pole. The arms may be of
differing sizes and lengths. Depending on the structure’s requirements and design, one of three configuration types may be
chosen. The types are listed by the number of chords that make up the horizontal portion of the structure that overhangs the
roadway. The three types of butterfly span structures are the Single Chord, Two Chord Truss or Untrussed, and Four Chord
Truss.

p— —

Photo 1.35 Butterfly, with walkway Photo 1.36 Butterfly, two chord un-trussed
The butterfly structures will be discussed by major components, which include the items in the bulleted list below. These
major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Sign panels

e Horizontal supports

e  Vertical supports

e Foundation
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1.2.3a Sign Panel: Zee Bar Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1a.

1.2.3b  Sign Panel: Extruded Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1b.

1.2.3c Sign Panel: Connection to Superstructure
Sign panels connect to the support structure, or superstructure, via the hangers. For tubular superstructure members, the
hanger to support structure connection is typically made with stainless steel U-bolts, nuts, and flat washers. The connection
may also be made using a clamp type setup. For angular superstructure members, the connection may be made using steel
through bolts, nuts, and washers.

1.2.3d Sign Panel: Luminaire System
The luminaire system illuminates the sign and extends from the bottom of the hangers, out beyond the front of the sign. For
additional details, refer to Section 1.2.1d.

1.2.3e  Sign Panel: Variable Message Signs (VMS)
The VMS is a special kind of sign panel that uses light emitting elements activated at variable times to display configurable
messages. These panels typically have integrated structural components that make up the body of the panel and house the
electronic components. It is common for VMS structures to have internal enclosures that may be walked in to perform
electrical component maintenance. These internal areas are typically locked and are not usually accessed for structural
inspections. For additional details, refer to Section 1.2.1e.

1.2.3f Sign Panel: Walkway
Walkways consist of members that form a frame for grating to rest on, providing walkable access to the structure. Some
walkways have a railing that may be movable, pivoting into a deployed position as needed. Walkways are primarily
maintenance aids and can often be accessed from the supporting space frame. In the past, walkways were installed on many
types of sign structures. However, due to safety concerns, walkways are being removed from all but VMS structures. For
additional details, refer to Section 1.2.1f.

1.2.3g Horizontal Support: Single Chord
The single chord butterfly sign structure consists of a single horizontal member (the chord), typically a tubular shape, that
spans the roadway and supports the sign panels. The horizontal portion of the structure is supported at by a vertical support
consisting of a single pole. The pole is typically located in the center of the structure in a balanced span configuration. For
numbering convention and orientation of the structure and components, refer to Section 4.6.3.

g

Figure 1.29 Butterfly, Single Chord
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1.2.3h Horizontal Support: Two Chord Truss

The two chord butterfly sign structure consists of two horizontal members (the chords), with bracing between the chords
consisting of vertical and diagonal members. These members form a truss; since all members are within a two dimensional
plane, this truss type is typically called a plane truss. The truss is typically constructed of tubular or angular shapes. The truss
is supported by a vertical support consisting of a single pole. The pole is typically located in the center of the structure in a
balanced span configuration. For a list of trussing nomenclature, refer to Section 1.2.1h. For numbering convention and

orientation of the structure and components, refer to Section 4.6.3.
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Figure 1.30 Butterfly, Two Chord Planar Truss

1.2.3i  Horizontal Support: Tri-Chord Truss
This type of configuration is not typical for this type of structure.

1.2.3j  Horizontal Support: Four Chord Box Truss

The four chord butterfly sign structure consists of four horizontal members (the chords), with bracing between the chords
consisting of vertical, horizontal, and diagonal members. These members form a truss; since not all members are within a
two dimensional planar, this truss type is typically called a space truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported by a vertical support consisting of a single pole. The pole is typically located in the center of
the structure in a balanced span configuration. For a list of trussing nomenclature, refer to Section 1.2.1j. For numbering

convention and orientation of the structure and components, refer to Section 4.6.3.
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Figure 1.31 Butterfly, Four Chord Space Truss

1.2.3k Horizontal Support: Other Attachments to Chord

It is common for the horizontal supports to have attachments. These may be smaller signals, cameras, sensors, or other
items. They consist of the attachment and the connection to the horizontal support. Most commonly, the connection is
made through metal straps that wrap around the horizontal support and are bolted or clamped, locking the straps in

place in the correct location and the correct tightness. For additional details, refer to Section 1.2.1k.
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1.2.31

Horizontal Support: Chord Splices

Long butterfly structures are formed by joining multiple chord or truss sections. For round chords, splice flanges are welded
to the chords at the end of each of the sections. The sections are field bolted together at the splice flanges. For angle chords,
the splices are made by bolting or welding the chords to a short section of angle that overlaps each chord section. Refer also
to Photos 1.11 and 1.12.

1.2.3m Vertical Support: Chord to Pole Connection
The various chord configurations are supported by poles through differing connection details, mostly depending on the
number of chords. Some of the various configurations are discussed in the list below.

Gusseted Box Flange Plate: This connection consists of a box gusset that is shaped to fit the pole and welded to the pole.
A flange plate is welded to the other side of the box gusset. A second flange plate is welded to the chord. The two flange
plates are butted up and bolted together. This configuration exists at each chord.

Collar Plate, Tubular Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. A smaller plate is welded to each chord, (two smaller plates at the upper chords and two
at the lower chords), extending inward toward the pole. The smaller collar plates are positioned to overlap the larger
collar plate such that the structure is aligned properly. Once positioned correctly, the overlapping plates are bolted
together.

Collar Plate, Angle Chords: This connection consists of a large horizontal plate welded to the pole (one at the upper
chords, one at the lower chords). The large plate is typically reinforced by ribs attached to the pole and plate. The large
plate extends out toward the chords. Alternately, the large plate may be two individual plates on each side of the pole,
which extend out to the chords. The chords, which are angles, are oriented so that the horizontal leg of the angle can
overlap the large collar plate. The chords are positioned to overlap the larger collar plate such that the structure is aligned
properly. Once positioned correctly, the overlapping angles and plate are bolted together.
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Figure 1.32 Butterfly Chord to Pole Connection, Gusseted Box Flange Plates

1.30 of 1.65



LOWER HORIZONTAL
DIAGONAL

UPPER HORIZONTAL
DIAGONAL

—— UPPER HORIZONTAL

POLE TO BOTTOM

: i , POLE
i PLATE WELDED A L/ o |
i CHORD TO BOTTOM ——— | ! RIB TO BOTTOM
PLATE WELDED | 1 C..1 _,‘/0\ | PLATE WELDED

BOTTOM PLATE T BOLT

TOP PLATE TOP PLATE

PLAN

Figure 1.33 Butterfly Chord to Pole Connection, Collar Plate, Tubular

1.2.3n Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment. Refer also to Photos 1.20 and 1.21.

1.2.30 Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape. Vertical supports most commonly
consist of a single pole. For additional details, refer to Section 1.2.10.

1.2.3p Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p.
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1.24

Bridge Parapet Mount Signs

Bridge parapet mount signs consist of a sign panel and framing made up tubular shapes, angles, I-beams, or T-sections. The
structure is typically attached to the bridge beams/girders and parapets via bolted or clamped connections. Connections to
steel bridges should never be made by welding.
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Figure 1.34 Bridge Parapet Mount Signs
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Photo 1.37 Bridge parapet mount sign Photo 1.38 Bridge parapet mount sign, side view

The bridge parapet mount sign structures will be discussed by major components, which include the items in the bulleted list
below. These major components may have various configurations, but all perform essentially the same function. Many of the
major components consist of several subcomponents. The subcomponents also require significant attention and so similarly,
they will be identified and discussed in the sections below.

e  Sign panels

e Framing members

e Attachment to bridge

1.2.4a Sign Panel: Zee Bar Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1a.

1.2.4b Sign Panel: Extruded Type
The sign panel is attached to the chord. It displays information on the side facing traffic and has support elements on the side
away from traffic, where it connects to the superstructure. For additional details, refer to Section 1.2.1b.
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1.2.4c  Sign Panel: Connection to Framing Members
The sign panels are typically connected to the support structure by through bolting the hangers to the framing members.

1.2.4d  Sign Panel: Luminaire System
The luminaire system illuminates the sign and extends from the bottom of the hangers, out beyond the front of the sign. For
additional details, refer to Section 1.2.1d.

1.2.4e Sign Panel: Variable Message Signs (VMS)

The VMS is a special kind of sign panel that uses light emitting elements activated at variable times to display configurable
messages. For additional details, refer to Section 1.2.1e.

P

-

Photo 1.39 Brfgge parape?mount VMS Photo 1.40 Bridge parapet mount VMS, rear view

1.2.4f Sign Panel: Walkway
These items are not typical for this type of structures.

1.2.4g Framing Members: Framing
The members that make up the framing consist of angles, wide flanges, or T-sections. The more robust members typically
connect to the bridge directly and the smaller members provide bracing between the larger members. The framing may be
considered a single bay truss, with verticals, horizontals, and diagonals. The members are connected via bolting or welding.

1.2.4h Attachment to Bridge: Parapet Anchorage

The framing members are attached to the bridge parapet via anchorages or through bolts. Anchorages are connection

hardware specifically used to attach to concrete components such as the parapet. There are several types of anchorages that

may be encountered; a few of these are briefly detailed in the list below.

e Adhesive Anchorage: This type of anchorage consists of fastener components (usually threaded rods) that are inserted
through the end plate of the sign framing and into predrilled holes in the parapet. The fasteners are attached to the
parapet, typically using an epoxy adhesive that bonds with the fastener components and the concrete, thereby securing
the anchorage in place.

e Expansion Anchorage: This type of anchorage consists of expansion fasteners that are inserted through the end plate of
the sign framing and driven into predrilled holes in the parapet. As the fasteners (usually anchor bolts) are tightened, the
expandable portion of the anchorage spreads outward, thereby securing the anchorage in place.

o  Through Bolt: This type of anchorage consists of bolts that are inserted through a metal clamp plate, predrilled holes in
the parapet, and through the end plate of the sign framing. Nuts are placed on the end plate side of the bolts and the
through bolted assembly is tightened, thereby securing the anchorage in place.
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1.2.4i  Attachment to Bridge: Beam/Girder Connection

The framing members are attached to the bridge beams/girders via bolted connections or saddle clamps. These connections

should not normally be welded to steel girders, but this is sometimes encountered. The connection types are detailed in the
list below.

Bolted: This type of connection consists of bolts that are inserted through predrilled holes in the bridge beam/girder and
through the end plate of the sign framing. Nuts are placed on the bolts and the through bolted assembly is tightened,
thereby securing the anchorage in place.

Saddle Clamp: This type of connection consists of several plates. The two main plates are shaped to fit the contour of
the bridge beam/girder. One of the two main plates is welded to the sign beam, functioning as an end plate, and attaching
to the front side of the beam; this plate is the front clamp. The other main plate wraps around the back of the beam; this
is the rear clamp. The two main plates, once positioned correctly on the beam, are bolted together, thereby securing the
clamp in place.

Welded: This type of connection consists of the sign beam end plate welded directly to the bridge beam/girder. It should

be noted this connection is typically field welded and results in an AASHTO Fatigue Category E’ classification for the
bridge beam/girder.
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1.3

Traffic Signal Structures

Traffic signal structures typically consist of four main components: the traffic signal heads that are used to communicate a
message to control traffic, the horizontal portion of the structure that carries the traffic signal heads and is generally located
over traffic, the vertical supports adjacent to the roadway that carry the horizontal components of the structure, and the
foundation that anchors the vertical supports and so, also anchors the structure overall.

The traffic signals heads may have various configurations with horizontal or vertical lights, one or multiple lights per signal
head, backer plates, varying connection hardware, and so on. The lights are arranged and displayed in accordance with the
regulatory message they are intended to communicate to traffic, which is determined by the Department’s Traffic Engineering
Division.

The horizontal components of the structure, which the traffic signals are attached to, provide structural support for the signal
heads over the roadway. The three main types are mast arms, span wires, and overhead spans. The type of horizontal support
typically determines the nomenclature of the structure.

The vertical supports provide structural support for the horizontal components of the structure. The vertical supports also
extend the traffic signals upward, creating clearance between traffic on the roadway and the bottom of the traffic signal.
These vertical supports are typically single poles.

The foundation provides structural support for the vertical supports. The majority of the foundation is below ground. The
foundation transfers the loads that act on the structure to the ground.

Signal structures may have various components associated with them (e.g. traffic sensor cameras, luminaires, detector loops
in pavement, controller cabinet). The operational functionality of these components is not a part of a structural safety
inspection. However, any obvious or notable deficiencies should be documented. All components of any attachments to the
horizontal or vertical supports shall be inspected for overall structural integrity and general safety (e.g. signal housing,
connection hardware to superstructure, conduit housing wiring, exposed wiring).

While general nomenclature and other various structure details will be discussed within this chapter, numbering and
orientation of specific structures, components, and elements will be covered in Section 5.6.
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13.1

Mast Arm
These structures have one or more cantilevered arms (mast arms) that may overhang part of the roadway in one or more
directions of traffic. The arms extend out from a pole adjacent to the roadway. Each arm may have one or more traffic signal
heads attached. Often, other attachments (e.g. traffic sensor cameras, signs, or vibration dampeners) can be found on the
mast arms.

Depending on the structure’s requirements and design, a configuration type is chosen for the structure. The types are
determined by the number of arms that are attached to the pole. The two most common types of traffic signal mast arm
structures are the Single Mast Arm and Double Mast Arm.

-

Figure 1.40 Mast Arm, Single Arm Figure 1.41 Mast Arm, Double Arm

Photo 1.44 Mast arm, single arm Photo 1.45 Mast arm, double arm

The mast arm structures will be discussed by major components, which include the items in the bulleted list below. These
major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Attachments

e Horizontal supports

e  Vertical supports

e Foundation
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1.3.1a Attachments: Traffic Signal Head
Signal Heads are the main type of attachment for traffic signal structures. They typically consist of three lights in a vertical
configuration, though they may have anywhere from one to five or even more lights. The lights and electronics are housed in
an enclosure. Each light has a signal visor and the signal head overall has a backplate. The signal heads attach to the mast arm
via strap or clamp systems, with the most common being the orbital bracket. For numbering convention and orientation of
the structure and components, refer to Section 5.6.3.

INSERT BRACKET L RECEIVER BRACKET

SIGNAL HEAD —|

l_ CONNECTION TO ARM
1 (ORBITAL BRACKET)

BAND
MAST ARM

BAND

BAND BOLT
CLAMP BODY
CURVED WASHER
CLAMP BOLT

V-BOLT

VISOR

GUSSETED TUBE RETAINER RING
BACKPLATE SADDLE
V-BOLT
Figure 1.42 Traffic Signal Head Figure 1.43 Orbital Bracket

Cable clamping
plate and bolts

—

Gusseted tube

2

Photo 1.46 Typical orbital bracket
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1.3.1b Horizontal Support: Mast Arm
The mast arm is similar to the single chord sign structures previously covered. The arm is a tubular section that extends the
attachments out away from the pole, to where the attachments are most effective, which is over the roadway. Depending
on the requirements and design, the arm may be cambered so as not to deflect noticeably. The term camber refers to the
curvature manufactured into the member that is shaped oppositely of the anticipated deflection curvature. For numbering
convention and orientation of the structure and components, refer to Section 5.6.3.

1.3.1c Horizontal Support: Other Attachments to Mast Arm

Besides the signal head, other attachments may be found on the mast arm. Some examples include informational signs,

dampeners, cameras, sensors, etc. These items may be attached via a strap or clamp system. Some specific attachments are

discussed in the list below. For numbering convention and orientation of the structure and components, refer to Section

5.6.3.

e Sensor: A broad term that may include items used to measure various data such as day or night cycle, speed, or whether
a car is approaching the signal.

e Camera: A specific type of sensor used to capture video footage or photographs of the surrounding area.

e Antenna: An attachment that is used to transmit sensor data.

e Sign: A panel typically made of aluminum, which displays information such as street names.

e Dampener: An attachment that helps dissipate excess vibrations. The components are called dampeners, but the
proprietary name may be damper.

nsor
L
Antenna

Photo 1.47 Traffic cameras Photo 1.48 Sensor and antenna Photo 1.49 Stockbridge dampener

1.3.1d Horizontal Support: Mast Arm Splices
Long mast arms are sometimes made up of multiple sections spliced together. Two common types of splicing are the welded
splice and the slip joint splice. The welded splice consists of two mast arm sections butt welded together. The slip joint consists
of the section nearest the pole slipping over the section further from the pole. The sections are tapered to be narrower
progressing away from the pole. One or more bolts are installed through the entire diameter of the overlapping portions of
the mast arm sections. This bolted connection, along with the friction that develops between the two sections, keeps the arm
acting monolithically.
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1.3.1e Vertical Support: Mast Arm to Pole Connection
The mast arm connects to the pole via a gusseted box flange plate connection. The connection is similar to the single or two
chord cantilever sign structure. The connection consists of a box gusset that is shaped to fit the pole and welded to the pole.
A flange plate is welded to the other side of the box gusset. A second flange plate is welded to the mast arm. The two flange
plates are butted up and bolted together. This configuration, using four or eight bolts, is typical for each mast arm, single or

double.
POLE
— WELDED
CONNECTION
BOLT /

N

MAST ARM
FLANGE PLATES /
BOX GUSSET

FRONT ELEVATION

Figure 1.44 Mast arm to pole connection

1.3.1f Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment. Refer also to Photos 1.20 and 1.21.

1.3.1g Vertical Support: Poles

The term pole typically refers to a single vertical support of a tubular or multi-sided shape. Vertical supports consist of a single
pole. For additional details, refer to Section 1.2.10.

1.3.1h Foundation

The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 5.6.4.
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1.3.2

Span Wire
These structures have wires strung over one or more directions of traffic. The span wires are strung between two poles,
tensioned, and then clamped down. This allows them to carry the traffic signals and other attachments. A thinner section of
wire, called the sway wire, is attached at the poles and to the bottoms of the signal heads, preventing the signals from swaying
excessively.

The wires are connected to the poles with special bolts that have loops on the end rather than a bolt head; these bolts are
called thimble eye bolts. The wire loops through the eye on the bolt and is then run along itself. The wire is clamped down
against itself once the appropriate tension is achieved. Said tension is determined by the design and anticipated amount of
cable sag at the midpoint. The clamping device is typically a bolt clamp or a compression dead end clamp.

~
=

SPAN WIRE

SWAY WIRE

SIGNAL HEAD

'L POLE

Figure 1.45 Span Wire Traffic Signal Structure

Photo 1.50 Traffic signal span wire Photo 1.51 Traffic signal span wire
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The span wire structures will be discussed by major components, which include the items in the bulleted list below. These
major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Attachments

e  Horizontal supports

e  Vertical supports

e Foundation

1.3.2a Attachments: Traffic Signal Head
Signal Heads are the main type of attachment for traffic signal structures. They typically consist of three lights in a vertical
configuration, though they may have anywhere from one to five or even more lights. The lights and electronics are housed in
an enclosure. Each light has a signal visor and the signal head overall has a backplate. For additional details, refer to Section
1.3.1a. The signal heads attach to the span wire through various configurations, some of which may include the signal head
attaching to a leveling pipe, or some other leveling assembly, which in turn connects to a span wire clamp at the wire. For
numbering convention and orientation of the structure and components, refer to Section 5.6.3.

Span wire clamp

<— Span wire

+
-

P J
\ g ** Leveling Y «— Leveling

assembly e assembly

Photo 1.52 Span wire clamp Photo 1.53 Leveling pipe assembly

1.3.2b  Horizontal Support: Span Wire

The span wire is typically a zinc coated high strength steel wire strand or cable, of a specific diameter ranging from 1/4” to
5/8” diameter. The cable is tensioned as needed and then secured to itself through clamps, locking in the cable tension.

1.3.2¢ Horizontal Support: Sway Wire

The sway wire is typically a zinc coated steel wire strand or cable, of a specific diameter ranging from 1/4” to 5/8” diameter.
The sway wire may also be referred to as tether wire. The sway wire attaches to the bottom of the signal heads and the poles
and minimizes the amount of sway that may develop in the signal heads due to wind.

1.3.2d Horizontal Support: Other Attachments to Span Wire
Besides the signal head, other attachments may be found on the mast arm. Some examples include informational signs,
dampeners, cameras, sensors, etc. These items may be attached via a strap or clamp system. For additional details, refer to
Section 1.3.1c. For numbering convention and orientation of the structure and components, refer to Section 5.6.3.

1.42 of 1.65



1.3.2e Vertical Support: Span Wire to Pole Connection
The span wire is connected directly to the pole. The pole has a thimble eye bolt attached to it. A thimble eye bolt is a high
strength bolt that has, for the bolt head, an opening similar to the eye of a threaded needle, but obviously much larger. The
wire is looped through this eye and the wire is then attached to itself. Two clamps, of the two or three bolt variety, attach
the wire to itself. The wire is thereby connected to the pole. Less commonly, mostly on older structures, the connection
consists of two separate components, the eye bolt and a separate thimble on the cable at the point of attachment.

1.3.2f Vertical Support: Sway Wire to Pole Connection
The sway wire is connected to the pole similarly to the span wire. As there is typically less tension in the sway wire, only one
clamp is used to secure the wire to itself.

Span wire

}

Thimble eye bolt

Broken strand

T

Sway wire

Photo 1.54 Span wire to pole attachment Photo 1.55 Span/Sway wire to pole attachment

1.3.2g Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.

1.3.2h Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape for steel or aluminum structures
and a cylindrical shape for timber or concrete structures. Vertical supports consist of a single pole. For additional details, refer
to Section 1.2.1n.
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1.3.2i  Vertical Support: Pole Anchorage
Timber poles may have additional wire and rigging to secure the poles. This extra rigging provides additional lateral support
to the pole by providing a force to act opposite of the tension on the span wire; achieved by placing an anchor in the ground
adjacent to the pole, connected to the pole via a tensioned cable.

SWAY WIRE
SPAN WIRE

/— TIMBER POLE

ANCHOR WIRE

D

GROUND LINE
ANCHOR
Figure 1.46 Timber Pole Anchorage
1.3.2j  Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering

convention of the anchor bolts, refer to Section 5.6.4.

Note that timber or concrete poles are typically embedded directly into the soil and therefore do not have a foundation.
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1.3.3a

Overhead Span

The traffic signal overhead span is almost identical to the sign overhead span structure, save for the signal heads and other
attachments. These structures span the roadway, with poles on both sides of the structure. They may span the roadway in
one or more directions of traffic, with poles on the outside edges of the roadway. Overhead spans may also span a single
direction of traffic, with one pole in the median and one on the outside edge of the roadway. Depending on the structure’s
requirements and design, one of four configuration types may be chosen. The types are listed by the number of chords that
make up the horizontal portion of the structure that spans the roadway. The four types of overhead span structures are the
Single Chord, Two Chord, Tri-Chord, and Four Chord.

Photo 1.56 Ovrhead span, single chord, traffic signal Photo 1.57 Overhead span, four chord, traffic signal

Since the majority of traffic signal structures are not over interstate roads, the span is typically lesser than the similar
overhead span sign structures. Therefore, the strength of the overhead span structure is less frequently required, making this
structure type uncommon for traffic signal structures.

The overhead span structures will be discussed by major components, which include the items in the bulleted list below.
These major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Attachments

e Horizontal supports

e  Vertical supports

e Foundation

Attachments: Traffic Signal Head

Signal Heads are the main type of attachment for traffic signal structures. They typically consist of three lights in a vertical
configuration, though they may have anywhere from one to five or even more lights. The lights and electronics are housed in
an enclosure. Each light has a signal visor and the signal head overall has a backplate. The signal heads attach to the chord
via strap or clamp systems, with the most common being the orbital bracket. For additional details, refer to Section 1.3.1a.
For numbering convention and orientation of the structure and components, refer to Section 5.6.3.

1.3.3b Horizontal Support: Single Chord

The single chord overhead span traffic signal structure spans the roadway and supports the signal heads and attachments.

Two types of single chord overhead span structure exist, which are detailed in the bulleted list below. For numbering

convention and orientation of the structure, refer to Section 4.6.3.

e Chord and Pole Structure: Consists of a single horizontal member (the chord), typically a tubular shape, that is supported
at each end by a vertical support consisting of a single pole.

e Monotube Structure: Consists of a single horizontal tubular shape (the chord) that bends at each end so that the chord
transitions into vertical supports, thereby creating a continuous structure with integrated poles.
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I:'igure 1.47 Traffic Signal Overhead Span, Single Chord and Figure 1.48 Traffic Signal Overhead Span, Monotube
Pole Structure Structure

1.3.3c  Horizontal Support: Two Chord Truss
The two chord overhead span traffic signal structure consists of two horizontal members (the chords), with bracing between
the chords consisting of vertical and diagonal members. These members form a truss; since all members are within a two
dimensional plane, this truss type is typically called a plane truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at each end by a vertical support consisting of a single pole. For a list of trussing nomenclature,
refer to Section 1.2.1h. For numbering convention and orientation of the structure and components, refer to Section 4.6.3.

/— UPPER CHORD l— DIAGONAL /— VERTICAL
\— LOWER CHORD .\ZF”ANEL POIN'II'
FRONT ELEVATION

Figure 1.49 Overhead Span Traffic Signal Structure, Two Chord Plane Truss
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1.3.3d Horizontal Support: Tri-Chord

The tri-chord overhead span traffic signal structure consists of three horizontal members (the chords), with bracing between
the chords consisting of vertical and diagonal members. These members form a truss; since not all members are within a two
dimensional plane, this truss type is typically called a space truss. The truss is typically constructed of tubular or angular
shapes. The truss is supported at each end by a vertical support consisting of a single pole, or a two pole plane truss. For a

list of trussing nomenclature, refer to Section 1.2.1h. For numbering convention and orientation of the structure, refer to
Section 4.6.3.

= REAR CHORD UPPER DIAGONANANEL POINT
| UPPER FRONT CHORD LOWER DIAGONAL HORlZONTAL&
PLAN
‘Y UPPER FRONT CHORD /~ UPPER FRONT CHORD/— REAR CHORD KDIAGONAL
VERTICAL REAR CHORD . SR \ﬁ% i
< LOWER FRONT CHORD A LOWER FRONT CHORD \ZPANEL POINT VERTICAL A
J& RIGHT ELEVATION FRONT ELEVATION

Figure 1.50 Overhead Span Traffic Signal Structure, Tri-Chord Space Truss

1.3.3e  Horizontal Support: Four Chord
The four chord overhead span traffic signal structure consists of four horizontal members (the chords), with bracing
between the chords consisting of vertical, horizontal, and diagonal members. These members form a truss; since not all
members are within a two dimensional plane, this truss type is typically called a space truss. The truss is typically
constructed of tubular or angular shapes. The truss is supported at each end by a vertical support consisting of a single pole,

or a two pole plane truss. For a list of trussing nomenclature, refer to Section 1.2.1h. For numbering convention and
orientation of the structure, refer to Section 4.6.3.
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Figure 1.51 Overhead Span Traffic Signal Structure, Four Chord Space Truss
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1.3.3f Horizontal Support: Other Attachments to Chord
Besides the signal head, other attachments may be found on the mast arm. Some examples include informational signs,
dampeners, cameras, sensors, etc. These items may be attached via a strap or clamp system. For additional details, refer to
Section 1.3.1c. For numbering convention and orientation of the structure and components, refer to Section 5.6.3.

1.3.3g Horizontal Support: Chord Splices
Long overhead span structures are formed by joining multiple chord or truss sections. For round chords, splice flanges are
welded to the chords at the end of each of the sections. The sections are field bolted together at the splice flanges. For angle
chords, the splices are made by bolting or welding the chords to a short section of angle that overlaps each chord section.
Refer also to Photos 1.11 and 1.12.

1.3.3h Vertical Support: Chord to Vertical Support Connection
Seated Type
The various chord configurations are supported by vertical supports or poles through differing connection details, some of
which are seated types. A seated configuration involves the carried component bearing or sitting directly on the carrying
component such that the majority of the load is transferred directly to the carrying component rather than the load
transferring through connection hardware. The two components are still secured with clamps or u-bolts, but this connection
hardware carries a minor portion of the load.

It is notable that seated type connections are more robust than unseated connections, which are detailed in the next section.
This is due to the main structural members carrying the load directly and generally being heavier than any connection
hardware that may be used in the unseated type connections.

For additional details, refer to Section 1.2.1m, Seated Type.

Unseated Type
The various chord configurations are supported by vertical supports or poles through differing connection details, some of

which are unseated types. An unseated configuration involves the carried component bolted or welded to the carrying
component such that the load is fully transferred to the carrying component via the connection hardware.

For additional details, refer to Section 1.2.1m, Unseated Type.

1.3.3i  Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, or other items.
They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made through
metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the correct
location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around the
pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.

1.3.3j  Vertical Support: Poles or Truss
The term pole typically refers to a single vertical support of a tubular, multi-sided, or I-beam. Vertical supports consist of a
single pole or a two pole plane truss, sometimes referred to as an end frame. Both items support the structure in a similar
way, elevating the horizontal portion of the structure above the roadway. For additional details, refer to Section 1.2.10. For
numbering convention and orientation of the structure and components, refer to Section 4.6.3.

1.3.3k Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 5.6.4.
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1.4

Pole Structures

Pole structures typically consist of only three main components, differing from the previous structure types in that they have
no or only minor horizontal components. The three main components are: the pole attachments that have a wide range of
functionality, the vertical supports adjacent to the roadway that carry the attachments, and the foundation that anchors the
vertical supports and so also anchors the structure overall.

The pole attachments vary greatly, with each having unique functionality. The type of attachment typically determines the
nomenclature of the structure. The possible attachments, and so naming of the structures, includes conventional luminaires,
offset luminaires, high mast lights, cameras, and cell towers. All of these will be covered in the sections that follow.

The vertical supports provide structural support for the attachments of the structure, also elevating the attachments to where
they have acceptable functionality. These vertical supports are usually single poles, but may also be a more robust truss

support.

The foundation provides structural support for the vertical supports. The majority of the foundation is below ground. The
foundation transfers the loads that act on the structure to the ground.

While general nomenclature and other various structure details will be discussed within this chapter, numbering and
orientation of specific structures, components, and elements will be covered in Section 6.6.
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14.1

Conventional Luminaires

These structures have one or two cantilevered arms that may overhang part of the roadway. The arms extend out from a
pole adjacent to the roadway. Each arm has one luminaire head attached at the end. The luminaire provides illumination to
the surrounding roadway.

Depending on the structure’s requirements and design, one of several configuration types may be chosen for the structure.

The types are determined by the number of mounts that are attached to the pole and the number of chords that make up

the mount’s arm.

e Single Arm vs. Dual Arm: The arm consists of the entirety of the element projecting from the pole. The quantity of
luminaire arms determines whether it is single or dual arm.

e Single Chord vs. Double Chord: This is determined by whether the luminaire arm consists of one or two horizontal
members or chords.

The combination of these configurations allow for four types of structures, namely the single arm single chord, single arm

double chord, dual arm single chord, and dual arm double chord.

The conventional luminaire structures will be discussed by major components, which include the items in the bulleted list
below. These major components may have various configurations, but all perform essentially the same function. Many of the
major components consist of several subcomponents. The subcomponents also require significant attention and so similarly,
they will be identified and discussed in the sections below.

e Luminaire

e  Vertical supports

e Foundation

— = Sy

CONVENTIONAL CONVENTIONAL CONVENTIONAL
SINGLE ARM SINGLE ARM DUAL ARM
SINGLE CHORD DOUBLE CHORD DOUBLE CHORD

Figure 1.52 Conventional Luminaires
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Photo 1.58 Luminaire, singe arm, single chord Photo 1.59 luminaire, single arm, double chord

1.4.1a Luminaire: Luminaire Head

The luminaire head is attached at the end of the arm. It serves to house the electrical components, connect the luminaire

head to the arm, and sometimes, control the activation of the luminaire. The bottom of the housing pivots about the back of

the head, allowing the head to be opened for maintenance. Some of the specific subcomponents of the luminaire head are

detailed in the list below. For numbering convention and orientation of the structure and components, refer to Section 6.6.3.

e Housing: An enclosure that houses the electronics, light emitting element, wiring, hinge, and attachment bracket.

e Lens Cover: a plastic or glass lens cover that allows light to pass through. The attachment to the housing varies.

e Hinge and Latch: The hinge is the point about which the luminaire head pivots when the latch in the front is released,
allowing the assembly to open for servicing. The hinge is typically toward the pole side of the luminaire head.

e Attachment Bracket: The bolted clamp bracket assembly that connects the luminaire head to the arm.

e Light Emitting Element: A bulb or LED element that emits light to the roadway below.

e Light Sensor: A light sensor or photoelectric control may be present at the top of the head to control activation of the
light. Alternately, several luminaire structures may be controlled by a single control unit.

e  Waterproofing: The gaskets and seals that keep water from penetrating into the housing. One location where a seal may
be found is between the housing and the lens cover.

Attachment
bracket

Light emitting
element (bulb)
Lens cover

(broken)

Hinge

Hinge
(broken)

Photo 1.60 Luminaire housing exterior Photo 1.61 Luminaire housing interior
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1.4.1b  Luminaire: Arm
The arm is the member that connects the luminaire housing to the pole. The pole may have a single or a double arm. The arm
consists of horizontal members called chords, which are in a single chord or a double chord configuration. In some double
chord configurations, there may exist a vertical strut bracing the two horizontal chords. The length of the arm may vary
significantly depending on the illumination requirements.

1.4.1c  Luminaire: Arm to Pole Connection

The connection between the arm and the pole may consist of a welded connection, a bolted connection, or other
configurations. The arm is connected at both the upper and lower chord.

3 ki N i ) &
Photo 1.62 Luminaire arm to pole Photo 1.63 Luminaire arm to pole Photo 1.64 Luminaire arm to timber
connection, bolted connection, hooked pole connection, through bolted

1.4.1d  Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, dampeners or
other items. They consist of the attachment and the connection to the vertical support. Most commonly, the connection is
made through metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in
the correct location and the correct tightness. Alternatively, these connections are often made with threaded rod formed
around the pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.

1.4.1e Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape for steel or aluminum structures
and a cylindrical shape for timber or concrete structures. Vertical supports consist of a single pole. For additional details, refer
to Section 1.2.10.

1.4.1f  Vertical Support: Breakaway Bases

Breakaway bases are federally mandated for structures within a certain distance of the roadway, therefore many luminaire
poles have breakaway bases. These are sometimes referred to as frangible bases. A frangible material is one that will yield or
break apart with relative ease, usually to act sacrificially in the event the frangible material components and another
component are in a condition where they exchange excessive force. By the frangible component yielding, it should minimize
damage to the non-frangible component. An example would be a car striking a light pole with a frangible base. Upon impact,
the pole would fall over more easily and so would not stop the car as abruptly as a non-frangible base would, thereby
potentially minimizing injury to the driver.
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Transformer Base

The most common type of breakaway base is the transformer base. This base consists of a box like enclosure that sits between
the foundation and the pole. We consider the transformer base a part of the pole overall, but it is connected to the pole via
a bolted connection. The transformer base is also connected to the anchor bolts that protrude from the foundation. The
transformer base typically has a door or hatch that opens to allow maintenance and inspection of the interior of the base.
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Figure 1.53 Typical Transformer Base
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Photo 1.65 Transformer base exterior

Breakaway Coupler

Photo 1.66 Transformer base interior

Another type of breakaway system is the anchor bolt coupler. This system consists of an attachment that connects the anchor
bolts to the pole base plate. The coupler is made of frangible material or has been designed to be of a frangible configuration.
To protect the wiring and couplers, a protective cover (skirt) is installed around the perimeter of the foundation to pole base

plate gap.
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Figure 1.54 Typical Steel Double Neck Coupler Assembly
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Protective
cover (skirt)

Photo 1.67 Cast aluminum breakaway coupler

1.4.1g Foundation

Photo 1.68 Steel double neck coupler

The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering

convention of the anchor bolts, refer to Section 6.6.4.

Note that timber or concrete poles are typically embedded directly into the soil and therefore do not have a foundation.
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1.4.2

Offset Luminaires

These structures have short offset brackets that extend the luminaire head away from the pole. As such, the luminaires do
not overhang the roadway, remaining adjacent to the roadway along with the pole. The offset bracket may have a mount for
one, two, or four luminaire heads. The luminaire provides directional illumination to the surrounding roadway.

There is a large amount of variety for this type of structure. Typically, most varieties have one, two, or four offset mounts for
luminaire heads. The nomenclature for the structure is determined by the quantity of luminaire head attachments. Therefore,
the structures are named as single mount, dual mount, or quad mount offset luminaire structures.

The offset luminaire structures will be discussed by major components, which include the items in the bulleted list below.
These major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Luminaire

e  Vertical supports

e  Foundation

= S S, S

OFFSET OFFSET OFFSET
SINGLE MOUNT DOUBLE MOUNT QUAD MOUNT

Figure 1.56 Offset Luminaires

Photo 1.69 Offset luminaire, single mount Photo 1.70 Offset luminaire, quad mount

1.4.2a Luminagire: Luminaire Head

The luminaire head is attached at the end of the bracket or to the pole. It serves to house the electrical components, connect
the luminaire head to the pole, and sometimes, control the activation of the luminaire. The bottom of the housing pivots
about the back of the head, allowing the head to be opened for maintenance. For additional details, refer to Section 1.4.1a.
For numbering convention and orientation of the structure and components, refer to Section 6.6.3.
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1.4.2b  Luminaire: Luminaire to Pole Connection

A single mount offset luminaire is typically connected to the pole via the tenon. The tenon is a connection adaptor between
the pole and the luminaire. For offset luminaires with more than one mount, a short mounting arm provides an offset from
the pole, with each of the mounting arms connecting to a central member. This central member is then connected to the
pole via the tenon.

OFFSET MOUNT

SET SCREW

TENON

PCLE

Figure 1.57 Offset Mounting Bracket Photo 1.71 Offset luminaire, dual mount

1.4.2c  Vertical Support: Attachments
It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, dampeners, or
other items. They consist of the attachment and the connection to the vertical support. Most commonly, the connection is
made through metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in
the correct location and the correct tightness. Alternatively, these connections are often made with threaded rod formed
around the pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.

1.4.2d  Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape for steel or aluminum structures
and a cylindrical shape for timber or concrete structures. Vertical supports consist of a single pole. For additional details, refer
to Section 1.2.10.

1.4.2e Vertical Support: Breakaway Bases

Breakaway bases are federally mandated for structures within a certain distance of the roadway, therefore many luminaire
poles have breakaway bases. These are sometimes referred to as frangible bases. A frangible material is one that will yield or
break apart with relative ease, usually to act sacrificially in the event the frangible material components and another
component are in a condition where they exchange excessive force. By the frangible component yielding, it should minimize
damage to the non-frangible component. An example would be a car striking a light pole with a frangible base. Upon impact,
the pole would fall over more easily and so would not stop the car as abruptly as a non-frangible base would, thereby
potentially minimizing injury to the driver. For additional details, refer to Section 1.4.1f.

1.4.2f Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 6.6.4.

Note that timber or concrete poles are typically embedded directly into the soil and therefore do not have a foundation.
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High Mast Lights

High Mast Light (HML) structures have great height, usually exceeding 55’. They carry a luminaire ring that has several
luminaire heads providing high output illumination to a large area around the structure. The luminaire ring can typically be
lowered for maintenance and inspection purposes. There is no horizontal support component to the structure and as such,
the luminaires do not overhang the roadway, remaining adjacent to the roadway along with the pole. The vertical support of
the structure may be made up of several sections that slide into one another; the interfaces of these sections are called slip
joints.

The high mast light structures will be discussed by major components, which include the items in the bulleted list below.
These major components may have various configurations, but all perform essentially the same function. Many of the major
components consist of several subcomponents. The subcomponents also require significant attention and so similarly, they
will be identified and discussed in the sections below.

e Luminaire Ring

e  Vertical supports

e Foundation

: J* 4= Luminaire ring

Photo 1.72 High mast light
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1.4.30 _Luminaire Ring
Each luminaire head is attached to a luminaire ring. This is essentially a ring like structure that can be lowered up and down.
Access to the luminaire heads is usually limited due to the height of the structures. For this reason, and to allow for
maintenance and inspection procedures, the ring may be lowered with either an internal or external winch system. The ring
also contains a centering system that minimizes the chance of the ring becoming stuck on the pole.

Courtesy David Walker

Photo 1.73 High mast /igh't luminaire ring being lowered

1.4.3b  Luminaire Ring: Luminaire Ring to Pole Connection
The luminaire ring is connected to the pole via the winch system, suspended by wires. When the ring is fully raised, a locking
mechanism engages, securing the ring in place.

1.4.3c¢ Vertical Support: Attachments
It is not common for vertical supports of high mast lights to have attachments as they would interfere with lowering and
raising the luminaire ring.
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1.4.3d Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape. Vertical supports consist of a single

pole. For additional details, refer to Section 1.2.10.

Additionally, due to the height of these poles, they may be comprised of several long sections. These sections are attached
to one another via a butt weld or slip joints. Slip joints consist of the higher pole section slipping over the lower pole section.
The sections are tapered to be narrower progressing up the pole. Due to these factors, the overlapping sections of a slip joint
fit tightly together. The friction that develops between the two sections keeps the pole acting monolithically.

The hand hole for these structures is also much larger since it provides access to the winching system.

.‘i -l’.‘

Y /

Photo 1.74 High mast light pole hand hole

1.4.3e  Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and

transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 6.6.4.
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Camera Poles

These structures carry cameras that are used to monitor traffic, notify driver assistance personnel, and notify emergency
services if needed. They consist of a camera, a camera housing, the attachment to the pole, the pole, and the foundation.
They may also have a circular walkway that may be accessed for maintenance procedures. Typically, the cameras have short
offsets that extend the camera slightly away from the pole. As such, the cameras do not overhang the roadway, remaining
adjacent to the roadway along with the pole.

There is a fair amount of variety in these structures, from varying camera types to presence or lack of walkways, but the main
focus of the structures remain consistent throughout all variations.

The camera structures will be discussed by major components, which include the items in the bulleted list below. These major
components may have various configurations, but all perform essentially the same function. Many of the major components
consist of several subcomponents. The subcomponents also require significant attention and so similarly, they will be
identified and discussed in the sections below.

e Camera

e Vertical supports

e Foundation

464
Z

Va Beach & | ]

Photo 1.75 Camera pole with walkway Photo 1.76 Camera pole without walkway

1.61 of 1.65



1.4.4a Camera: Camera Assembly
The camera functions to capture and transmit video footage or photographs of the surrounding area. The camera assembly
consists of several components. Some of the specific subcomponents of the camera housing are detailed in the list below.

Camera: The camera functions to capture and transmit video footage or photographs of the surrounding area.

Lens Cover: a plastic or glass lens cover that allows light to pass.

Housing: The housing protects the camera from environmental factors such as moisture or animal intrusion. It houses
the electronics, wiring, connection to the bracket, and if present, the motor controlling the orientation of the camera.
Motor Unit: The camera housing may be motorized, allowing the camera to pivot as needed by the controller.
Waterproofing: The gaskets and seals that keep water from penetrating into the housing. One location where a seal may
be found is between the housing and the lens cover.

Antenna: An attachment that allows transmission of the images obtained by the camera.

Bracket: The arm that connects the housing to the pole.

Antenna

Housing

Lens

Photo 1.77 Camera configuration Photo 1.78 Camera configuration

1.4.4b Camera: Camera to Pole Connection
The camera housing may attach to the top of the pole directly, or may be mounted to a short offset bracket. The connection
between the various components may be bolted, clamped, or welded.

1.4.4c

Vertical Support: Attachments

It is common for the vertical supports to have attachments. These may be smaller signs, cameras, sensors, antennas or other
items. They consist of the attachment and the connection to the vertical support. Most commonly, the connection is made
through metal straps that wrap around the vertical support and are bolted or clamped, locking the straps in place in the
correct location and the correct tightness. Alternatively, these connections are often made with threaded rod formed around
the pole and connected to a horizontal member supporting the attachment. Refer also to photos 1.20 and 1.21.
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1.4.4d  Vertical Support: Walkway
Camera poles sometimes have walkways at the top of the structure. These are typically circular in arrangement, going around
the perimeter of the pole. Due to this configuration and the appearance, the walkways are sometimes referred to as a crow’s
nest. Walkways consist of members that form a frame for grating to rest on, providing walkable access. These walkways
typically have railings. Walkways are inspection and maintenance aids. Some of the specific subcomponents of the walkway
system are detailed in the list below.
e Railing: A safety enclosure that protects personnel using the walkway from falling. It consists of a handrail, a midrail,
posts, and toeboard, each of which is detailed in the list below.
o Handrail: The top horizontal member that run parallel to the walkway.
o Midrail: The rail approximately midway between the handrail and the platform.
o Posts: The vertical members that support the rails.
o Toeboard: The plate that runs parallel to the walkway, attached between the posts.
e Platform: The working space or walking surface. This typically consists of open grid metal grating.
o Rung: The vertical supports typically have integrated rungs that function as a ladder, providing access to the walkway at
the top.
e  Fall Arrest System: The vertical supports typically have a fall arrest system. This fall arrest system may be a wire, a
notched pipe, or a T-beam and the appropriate “follower device” to which the climbing harness lanyard is attached.

3

Photo 1.79 Camera walkway (crow’s nest) Photo 1.80 Integrated rungs and fall arrest system

1.4.4e Vertical Support: Poles
The term pole typically refers to a single vertical support of a tubular or multi-sided shape. Vertical supports consist of a single
pole. For additional details, refer to Section 1.2.10.

Additionally, these poles may be higher than other structures, and so may be comprised of multiple sections. These sections
are attached to one another via a butt weld or slip joints. Slip joints consist of the higher pole section slipping over the lower
pole section. The sections are tapered to be narrower progressing up the pole. Due to these factors, the overlapping sections
of a slip joint fit tightly together. The friction that develops between the two sections keeps the pole acting monolithically.

1.4.4f Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 6.6.4.
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1.4.5

Cell Towers

Cell towers are not typically managed by the Department, except in cases where they are either owned by the Department
or there is a specific right of way lease agreement involving the Department. Due to the towers’ great height and relative
proximity to the roadway, the cell towers’ potential impact to the roadway warrants the structure being inspected by the
Department on a case by case basis. However, inspections will be limited to the bases.

Cell towers discussed above consist of vertical supports that either are a single monopole or are trussed. Cell towers have
foundations that are similar to the other structures that have been discussed.

Photo 1.81 Cell tower, truss pole Photo 1.82 Cell tower, monopole
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1.4.5a0 Foundation
The foundation is the portion of the structure below the base plate, including the anchor bolts that attaches the pole, and
transmits the structure’s loads, to the earth or substructure. For additional details, refer to Section 1.2.1p. For numbering
convention of the anchor bolts, refer to Section 6.6.4.

Though these structures are considerably taller than most of the structures covered previously, their foundations are very
similar, but significantly larger. Even the trussed tower has similar foundations, with one foundation at each of the three to
four legs.

A Sprea@?’
footing
oundation

Photo 1.83 Trussed Cell tower with multiple foundations Photo 1.84 Monopole Cell tower with large foundation
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CHAPTER 2. INSPECTION PLANNING AND PREPARATION
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2.2
2.2.1

Introduction

Planning and preparing for the inspection of traffic ancillary structures is critical to the safety and success of any inspection
operation. Prior to any inspection a number of factors, including safety, have to be taken into account and incorporated into
the inspection plan. The following section will address the inspection team’s necessary qualifications, the types of inspections
to be performed, and what is necessary to perform these inspections.

Personnel

Qualifications

The inspection of ancillary structures has many similarities to the inspection of highway bridges. The qualifications for bridge
inspection personnel as given in the National Bridge Inspection Standards (23 CFR 650) are summarized below with special
modifications for ancillary structures.

e  Program Manager: The Program Manager is in charge of the scoping, overall scheduling, cost control, quality assurance,
and inventory data management of the Traffic Ancillary Structure Inspection Program. As such the Program Manager
shall meet the following qualifications:

o Registered as a Professional Engineer in the Commonwealth of Virginia or have a minimum of 10 years of experience
in highway structure inspections (including bridges) in a responsible capacity

o Successfully completed a Federal Highway Administration (FHWA) approved 80-hour Bridge Inspection Course

o Successfully completed a FHWA approved Ancillary Highway Structures Inspection and Maintenance Course

o Any additional or refresher training requirements specified by the Department.

e Team Leader: The Team Leader sets the task schedules, organizes maintenance of traffic and lane closures as necessary,
provides notifications to traffic operation centers, coordinates work with other entities, and is in charge of the inspection
team while in the field. The Team Leader shall meet one of the following qualification criteria:

o Have the qualifications specified for the Program Manager; or
o Have 5 years of experience in highway structure inspection (including bridges); or
o Becertified as a Level lll or IV Bridge Safety Inspector under the National Society of Professional Engineer's program
for National Certification in Engineering Technologies (NICET); or
o Have all of the following:
= A bachelor's degree in engineering from a college or university accredited by or determined as substantially
equivalent by the Accreditation Board for Engineering and Technology; and
= Successfully passed the National Council of Examiners for Engineering and Surveying Fundamentals of
Engineering examination; and
= 2 years of experience in highway structure inspection (including bridges)
o Have all of the following:
= An associate's degree in engineering or engineering technology from a college or university accredited by or
determined as substantially equivalent by the Accreditation Board for Engineering and Technology; and
= 4 years of experience in highway structure inspection (including bridges)

The Team Leader shall also meet the following qualification criteria:

o Successfully completed a FHWA approved 80-hour Bridge Inspection Course

o  Successfully completed a FHWA approved Ancillary Highway Structures Inspection and Maintenance Course
o Any additional or refresher training requirements specified by the Department.

e Team Member: The Team Member is responsible for supporting the Team Leader in organizing and performing the
inspection.

A record of qualifications for all Program/Project Managers and Team Leaders, including consultants, performing Traffic
Ancillary Structure Inspections shall be on file with the Department’s Structure and Bridge Division in the Central Office. Each
District shall also maintain a copy of the qualifications for the above listed personnel as well as the qualifications and
certifications (ASNT Level Il Technician) of any personnel performing ultrasonic testing of anchor bolts. Refer to Section 2.4.4
and Appendix C for ultrasonic testing certification and qualification requirements.
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2.2.2

2.2.3
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2.3

2.3.1

Team Composition

A two person team should typically be used when performing both the inventory and inspection of any ancillary structure.
The team is to be comprised of a Team Leader and a Team Member. While varying conditions could potentially warrant the
need for additional Team Members, it is not advised to reduce the team size to less than two people. Given the nature of the
work, two people on-site enable the members to monitor each other’s safety and call for assistance if something were to
happen to the other Team Member. In certain circumstances and with the approval of the District Manager, Team Leaders
may perform inspections as needed without assistance from the Team Member. In these instances, all VDOT health and safety
regulations and work zone protection standards of practice shall be observed and safety of the Team Leader or traveling
public shall not be compromised. Although it is not anticipated that this will be a common occurrence, it may be warranted
on a case by case basis. Some specific examples of such situations may include when performing emergency inspections,
performing ultrasonic testing behind a guardrail, providing construction support, or acceptance inspection.

Inspector’s Judgment

The inspector is responsible for performing a thorough and detailed inspection of each and every structure assigned to him
or her using both formal training and the guidance provided in this manual. Although the formal training and guidance
provided within this manual gives the inspector the fundamentals necessary to conduct the full inspection of an ancillary
structure, the inspector is responsible for using sound engineering judgment and experience in determining specific details
or conditions that could affect the structure or the traveling public. Examples of this include defining the condition ratings for
the structure and structure components, and assigning repair recommendations and priorities for those recommendations.

Consistency

Thorough and consistent documentation of existing conditions and component ratings is an integral part of the inspection
process. Consistency allows for repeatable inspections, monitoring of various conditions, and affords the ability for querying
specific structure configurations, conditions, and defects within the database. During the inspection of an ancillary traffic
structure, the written and pictorial documenting of conditions should use standard statements, nomenclature, locations,
numbering, etc. in order to accurately describe and rate conditions, while maintaining a high level of consistency from
inspector to inspector.

For guidance on coding structure inventory data, refer to Appendix A. For a listing of common deficiencies, along with
suggested ratings, recommendations and priorities, refer to Appendix B. While consistency is important, the inspector must
utilize sound judgment when applying the guidance in Appendix B and assigning the appropriate ratings, recommendations,
and priorities for each observed condition.

Document and Equipment Requirements

A successful ancillary traffic structure inspection requires that the inspection team have, on-site, any available design and
inspection documentation related to the structure being inspected. These documents will aid in understanding as-built
conditions and any changes in previously reported conditions or deficiencies. In addition to the documents, the inspection
team should have with them, at each inspection, basic inspection equipment/tools in order to verify and obtain the necessary
inspection information as presented in Chapters 4, 5 and 6, and in Appendix A. These typical documents and equipment
include, but are not limited to, the following.

Documents

e Fabrication or As-Built Structure Plans: This information is typically necessary when performing initial/inventory
inspections as defined in Section 2.4.1.

e Latest Inspection Reports: This information is typically used when performing any inspection, as defined in Sections 2.4.2
through 2.4.5, where an initial/inventory inspection of a structure has been performed. If a routine and base inspection
has previously been performed on a structure, the previous routine and base inspection reports should be present on-
site for the new inspection.

e  Virginia Work Area Protection Manual (VWAPM): If shoulder or lane closures are being used to perform the inspections,
this manual should be on-site to ensure all closures are in accordance with the VWAPM.

e  Traffic Ancillary Structures Inventory and Inspection Manual: This document and related appendices serve as a guide
for the inspection, as well as noting how the inspections forms are to be properly completed.
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2.3.2

Equipment/Tools

Standard Personal Protective Equipment (hard hat, steel toe shoes, safety vests and pants)

Gloves: Used as hand protection when performing inspections or specific inspection activities such as grinding, clearing
bush, digging out foundations, etc.

Safety Glasses: Used as eye protection when using power or hand tools for specific inspection activities such as sounding
concrete or anchor bolts, grinding anchor bolts, chipping corrosion, clearing brush, etc.

Headlamps and Flashlights: Used by the inspector when performing inspection of dark areas or when performing night
inspections. Headlamps are particularly useful when mounted to a hardhat as it aids in keeping the inspectors hands free
for handling the structure or other tools and equipment.

Portable Lighting: Used to light/illuminate the work zone and structure during nighttime inspection work.

Hand-held GPS: Used to obtain and verify the GPS coordinates of the structure in the field. The unit is to be WAAS-
capable and able to provide accuracy to within 6’ to 10’.

Digital Camera: Used to take photographs of required items or deficiencies. The camera shall be capable of time and
date stamping the photographs. A camera that is capable of taking voice captions may be beneficial.

Shovel: Used for uncovering pedestals, base plate, etc.

Machete/Bush Axe: Used for removing undergrowth.

Mason Hammer: Used for checking tightness of top and leveling nuts, sounding anchor bolts for possible cracks or
debonding from the concrete, sounding the concrete pedestals for delamination, removal of rust scale and sounding of
other structure elements for possible internal corrosion and section loss.

4’ Level: Used for checking plumbness of non-tapered vertical supports/poles and checking levelness of other
components.

Plumb Bob: Used for checking tapered and non-tapered vertical support/pole plumbness and bowing.

Nylon string: Used for determining and measuring sag or any other distortion to a chord or other member.

Laser Distance Measuring Tool: Used to measure clearances and span lengths.

25’ Tape Measure: Used for measuring sign dimensions, anchor bolt diameters, base plate standoff distances, and
deficiency sizes, etc.

Folding Ruler: Used for measuring some sign dimensions, anchor bolt diameters, base plate standoff distances, deficiency
sizes, and used as a scale in photographs.

Calipers: Used for measuring diameter or thickness of smaller structure components, such as anchor bolts, and
component section losses.

Feeler or Taper Gauge: Used for measuring gaps between parts or pieces such as gaps between top nuts and base plates.
Ultrasonic Thickness Testing Machine: Used for measuring thickness of components where access to one side is
restricted (e.g. pole wall thickness).

Angle Grinder: Used for grinding the tops of anchor bolts to level the surfaces and remove any coating.

Spray Paint: Used for painting structure numbers to vertical supports/poles of structures and parapets for bridge
parapet-mounted structures.

Paint Remover: Used for removing excess spray paint or overspray created by painting structure numbers on structures.
Number and Letter Stencils: Used for establishing and applying structure numbers to vertical supports/poles of
structures and parapets for bridge parapet-mounted structures.

Stencil Template: Used for aligning, securing, and framing structure numbers and letters (described above) in a vertical
or horizontal orientation, and to prevent overspray on the structure during the painting process.

Cold Galvanizing Compound: Used for painting the tops of anchor bolts or other surfaces following the grinding and
ultrasonic testing to minimize or prevent corrosion.

Mechanics Mirror: Used for inspecting areas that are difficult to access through normal hands-on inspection methods.
The mirror affords a visual inspection of the areas. If the mirror is to be used inside hand holes or other potentially
electrically active locations, the mirror shall have an electrically insulated handle.

Electrically Insulated Borescope: Used for inspecting the interior areas of vertical supports/poles, chords, etc. that
cannot be inspected through conventional means due to limited accessibility or live electrical components within the
areas.

Tablet/Smartphone: Tablet with Mobile HMMS Data Collection Application

Magnet: Used for determining the material of a structure, securing the end of a string line when measuring sag or
distortion of a vertical support/pole or horizontal support/truss, etc.

Drones: Used to observe locations to be inspected that are otherwise not available for hands-on inspection from a high
reach manlift. Drone options include but are not limited to a remote operated climbing drone, or a remote operated
drone (Unmanned Aerial Vehicle, UAV).
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e Wrenches and Screw Drivers: Used for removal of anchor bolt covers, hand hole covers, and transformer base access
covers.

e  Drill: Used for drilling grout pads in determining the presence of leveling nuts and assessment of timber vertical
supports/poles.

e Awl or Ice Pick: Used for detecting and quantifying the depth of softwood and decay present in timber vertical
supports/poles.

e  Resistograph: Instrument that uses drilling resistance for determining the presence and depth of any softwood, decay,
and cavities within timber vertical supports/poles.

e Timber Coring Kit: Used for sampling and determining the presence of interior decay and cavities within timber vertical
supports/poles.

e High Powered Spotting Scope (20x-50x Magnification): Used for performing visual inspections of high mast lights.

e High Powered Binoculars (10x-15x Magnification): Used for performing visual inspections of upper portions of offset
luminaires.

e Generator: Used for powering various corded power tools or equipment including lights for night inspections, drills for
drilling of grout pads, and grinders for ultrasonic testing of anchor bolts.

e Extension Cord: Used for powering tools or equipment when accessibility is limited due to structure location or
obstructions.

e  First Aid Kit: Used for addressing minor on-site injuries. A kit should be available in each inspection vehicle at all times.

e Portable Lighting: Used for lighting the structure and the work zone when performing night inspections, and used for
lighting larger areas on the structure for inspection.

e Rags, Painters Tape, Duct Tape: Rags are used for various activities including wiping or cleaning paint, dirt, or grime from
areas or elements, painters tape is used for taping stencils to the stencil template, and duct tape is used for variety of
conditions.

e Dye Penetrant Testing Kit: Used for performing NDT on suspected cracks in welds and metal members.

e Magnetic Particle Testing Kit: Used for performing NDT on suspected cracks in welds or steel members.

e Cellular Phone: Used for contacting and communicating with various entities for the purpose of coordination or reporting
personnel or inspection emergencies or critical conditions.

e Two Way Radios: Used for communication between the inspectors during the inspection process, specifically when one
inspector is performing inspections from an aerial lift or bucket.

The above basic equipment/tools are needed to perform the inspection after access to the structure has been obtained. The
type of access equipment needed for each ancillary traffic structure is dependent on the structure location. For the various
types of access equipment that may be needed for a given structure, refer to Section 2.6.1.

Types of Inspections

Ancillary traffic structures require several types of inspection methods, some of which are scheduled and some which are
required due to an event to the structure (high wind, impact damage, etc.). This section describes the various types of
inspections.

Initial/Inventory Inspection

Initial/Inventory Inspections are typically performed following the installation of a new ancillary structure or replacement of
an existing structure. These inspections are intended to facilitate entering the structure into the statewide inventory and will
serve as the baseline for the as-built condition of the structure. This inspection type involves locating and assigning a number
to the structure, obtaining all general information on the structure, and a 100% visual and tactile inspection of the structure
components (pedestal, vertical supports/poles, horizontal supports/superstructure/mast arm, and attachments).

For guidance on coding structure inventory data, refer to Appendix A. For a listing of common deficiencies, along with
suggested ratings, recommendations and priorities, refer to Appendix B.
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24.4

Regular Inspection

Regular inspections are typically performed on in-service ancillary structures at a specified interval, refer to Section 2.4.7.
This inspection type consists of verifying all basic structure data recorded during the Initial/Inventory Inspection and
performing a 100% visual and tactile inspection of all visible and accessible structure components (pedestal, vertical
supports/poles, horizontal supports/superstructure/mast arm, and attachments). The components are inspected for changes
in previously reported conditions and development of new conditions. For this inspection type, the previous inspection
report/findings should be on-site for referencing purposes.

For guidance on coding structure inventory data, refer to Appendix A. For a listing of common deficiencies, along with
suggested ratings, recommendations and priorities, refer to Appendix B.

Base Inspections

Base inspections are used to ensure the safety of structure bases and anchor bolts, and are typically performed on in-service
ancillary structures at a specified interval, refer to Section 2.4.7. This inspection type consists of a 100% visual and tactile
inspection of the lower portions of the structure and includes:

e Hand holes

e Pole from the hand hole to the base plate

e Pole to base plate weld

e Base plate

e Anchor bolts, top nuts, and leveling nuts

e Concrete pedestal

In addition to the visual and tactile inspection, ultrasonic testing (UT) of the anchor bolts is required for some structure types
in order to determine the overall length of each anchor bolt and, more importantly, if cracks or breaks exist within the bolts.

Due to the limited scope of base inspections, not all inventory data fields are required to be coded. For guidance on coding
structure inventory data, refer to Appendix A. For a listing of common deficiencies, along with suggested ratings,
recommendations and priorities, refer to Appendix B.

Ultrasonic Inspections

Ultrasonic Inspections consist primarily of ultrasonic testing (UT) of anchor bolts; however, the testing could also include
ultrasonic material thickness testing of horizontal supports/trusses or vertical supports/poles if the observed conditions
(exterior/interior corrosion, pitting, etc.) warrant it. UT is typically performed as part of the routine and base inspections for
the ancillary traffic structures, per the inspection frequencies defined in Section 2.4.7.

The ultrasonic testing of anchor bolts (UT) involves using sound waves to examine the internal conditions of each anchor bolt.
Each anchor bolt shall be evaluated using UT, in accordance with the Department’s “Procedure for Ultrasonic Testing of
Anchor Rods” located in Appendix C. UT is performed to detect the presence of cracks or breaks and determine the overall
length of each anchor bolt. It is used because a majority of each bolt is embedded within the concrete pedestal and cannot
be visually inspected. The information and results obtained during the testing are to be recorded on the Department’s
“Anchor Bolt Ultrasonic Testing Report” template located in Appendix C. Note that the referenced report shall be attached
as a photograph in the database software; refer to Appendix A, Item CRDOCO1.

The critical crack length is less than what is detectible with UT, so any indication may be critical. Any indication could be a
serious condition and should be reported immediately to the District Manager.
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The photographs below show an inspector performing UT on the anchor bolts of a cantilever sign structure, and the display
of a UT Machine showing an indication in an anchor bolt.

Photo 2.1 Ultrasonic testing of an anchor bolt . Photo 2.2 Ultrasonic testing of an anchor bolt with an
indication at 3.9” below top of the bolt

Although UT is performed primarily as part of the routine and base inspections, it can be used as part of special inspections
including:

e  Construction inspections

e  Construction acceptance Inspections

e Damage inspections

e  Post-storm event inspections

Regardless of the inspection type requiring UT of the anchor bolts, the testing is to be completed by an inspector who, at a
minimum, has been certified by the American Society of Non-destructive Testing (ASNT) as a Level Il Technician in UT and has
been qualified by VDOT’s Material Division in VDOT’s UT Procedures for performing UT on anchor bolts. For specific details
on qualification and testing requirements, refer to Appendix C.

As mentioned above, the ultrasonic testing is not limited to the UT of anchor bolts and could include thickness testing on
vertical supports/poles depending on conditions encountered during the inspection which are discussed in Chapters 4, 5, and
6. Ultrasonic material thickness readings can be performed by personnel having no ASNT certification as the testing process
and equipment operation requires minimal training. Since a number of conditions can affect the readings such as pitting, pole
diameter, and pack rust, the testing personnel should be familiar with, or be directly supervised by someone who is familiar
with ultrasonic material thickness testing operations. This ensures personnel have the knowledge to handle these situations
in the field to prevent erroneous data. The process and method for performing ultrasonic material thickness testing is
discussed in Sections 4.3.3m, 5.3.3m, and 6.3.3p for sign, traffic signal, and pole structures, respectively.

Special Inspections

Special inspections encompass a variety of inspection types that are dependent upon the need as determined by the

Department. In planning a special inspection, the Team Leader should understand the goal of the inspection to help

determine the elements requiring inspection and the equipment needed to obtain the information during the inspection. The

following are examples of special inspections and their definitions:

e Damage Inspections: Inspection of damage to a structure due to impact or collision.

e Post-Storm Inspections: Inspection of a structure following a storm event such as a hurricane or high wind event in order
to determine the presence of any damage.

e Construction Acceptance Inspections: Inspection of a structure following erection in order to determine if the structure
was constructed and erected properly prior to acceptance by the Department.

e  Work Accomplishment Inspections: Inspection of various structure components or elements for proper installation,
repair, or replacement. In addition, the inspection may require examination of existing components or elements for
impacts resulting from the installation, repair, or replacement activities.
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e Monitoring: Special inspection to monitor structural damage, a structural deficiency, or any other feature of a structure
that needs to be inspected on a specific frequency. Monitoring inspections are typically performed more frequently than
the regular inspection. Only those features requiring the monitoring inspection need to be inspected. A cursory
inspection shall be performed of other components and elements (with an emphasis on those in fair or poor condition)
while inspectors are on site.

Equipment requirements for special inspections, as stated above, are dependent on the type of inspection and the
information required by the inspection. Examples of special inspection equipment include:
e  Access Equipment: Bucket truck/van, manlift, ladder
e Maintenance of Traffic: For MOT information and requirements, refer to Section 2.5.
e Non-destructive Testing (NDT): Special testing on specific components, elements, or connections to determine quality
or possible damage. Possible NDT methods include:
o Magnetic particle testing equipment (welds)
o Ultrasonic testing equipment (anchor bolts, vertical supports/poles)
o Eddy current testing equipment (aluminum structure welds)
o Dye penetrant testing equipment (all material welds or members)

Night Inspection Operations

For various reasons, typically involving traffic volume at peak traffic hours or special events, the Department may require
some structures to be inspected at night. Night inspections present additional risks and these risks should be addressed when
developing the job safety analysis (JSA) for the inspection work. Some of the more prevalent risks associated with night
inspections include:

e Reduced vision and reaction times of drivers

e Reduced work zone and inspector visibility

e Driver fatigue

e Inspector fatigue

e Impaired drivers

In many cases, some of the above risks can be addressed during the inspection scheduling process, possibly through
adjustment of inspection times and dates. For example, beginning inspections an hour later may result in significantly reduced
traffic flows and subsequent exposure to the public. The scheduling, however, will be dictated by lane closure restrictions
established by each District. The Team Leader is responsible for obtaining the District’s lane closure restriction schedules.

Regardless of the identified risks, all personnel performing night inspections are required to wear high visibility/reflective
apparel in accordance with the latest edition of the Virginia Work Area Protection Manual (VWAPM) at all times.

In addition, the inspection team should plan to have effective lighting, which may include ground lighting. Lighting should be
sufficient to illuminate the work area and structure, minimize poor visibility, maximize safety, and minimize impact to the
traveling public. Consideration shall be given to placement and movement of the lights to properly illuminate all areas of the
structure being inspected to eliminate shadows and provide the best possible visual inspection conditions.
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Photo 2.3 Typical view of night inspection operation
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2.4.7

Frequencies of Inspections

All ancillary structures are scheduled for inspections at recommended intervals. The frequency with which each structure is
scheduled for inspection varies by structure type and material. The following tables detail the recommended inspection
intervals for the different types of ancillary structures. Adjustments to interval durations should consider a structure’s type,
material, condition, and design features such as welded chord member connections, non-redundant anchors, or non-thru
bolted bridge parapet mounted sign structure anchorages. Interval durations for structures rated in poor condition should
not be increased beyond the recommend intervals below.

2.4.7a Recommended Frequencies: Sign Structures

Traffic Ancillary Structures — Sign Structures
Recommended Intervals (months)
Structure Type Initial/ NDT .
Inventory Regular uT Base Inspection
Cantilever uT 48 24 24
Overhead Span uT 72 36 36
Butterfly uT 48 24 24
VMS/CMS, Cantilever uT 48 24 24
VMS/CMS, Span uT 72 36 36
Bridge Parapet Mounted - 24 - -

Key: VMS/CMS: Variable Message Sign/Changed Message Sign, NDT: Non-Destructive Testing, UT: Ultrasonic Testing

Notes:
1. Regularinspection is a full inspection that includes a base inspection.

2. UT shall be performed on each anchor bolt when a Regular or Base Inspection is performed. UT shall be performed on
every anchor bolt that connects the pole base plate to the foundation on all foundations of any anchor bolt pattern.

3. Dye Penetrant (PT), Magnetic Particle (MT), or other NDT may be performed if visual inspection identifies a need to
perform them.

4. District Managers may inspect structures more frequently based on condition assessment.

5. Bridge Parapet Mounted structures should have regular inspections performed concurrently with regular Bridge Safety
Inspections as scheduling permits.
6. All aluminum sign structures shall have a Regular Inspection frequency not to exceed 24 months.

2.4.7b  Recommended Frequencies: Traffic Signal Structures

Traffic Ancillary Structures — Signal Support Structures
Recommended Inspection Intervals (months)
Structure Type Initial/ NDT .
Regular Base Inspection
Inventory uT

Cantilever uT 48 48 48
Overhead Span uT 48 48 48

Span Wire uT 48 48 48

Key: NDT: Non-Destructive Testing, UT: Ultrasonic Testing

Notes:
1. Regularinspection is a full inspection that includes a base inspection.

2. UT shall be performed on each anchor bolt when a Regular or Base Inspection is performed. UT shall be performed on
every anchor bolt that connects the pole base plate to the foundation on all foundations of any anchor bolt pattern.

3. Dye Penetrant (PT), Magnetic Particle (MT), or other NDT may be performed if visual inspection identifies a need to
perform them.

4. District Managers inspect structures more frequently based on condition assessment.

2.9 of 2.15



2.4.7c  Recommended Frequencies: Light and Camera Structures

Traffic Ancillary Structures — Light & Camera Support Structures
Recommended Inspection Intervals (months)

Structure Type Initial/ NDT .
Regular Base Inspection
Inventory uT
High-Mast Light uT 48 24 24
High-Mast Light,
Weathering Steel ut 24 24 24
Camera Pole uT 48 - 48
Luminaires
(Light Poles, Breakaway and . 48 . 48

Non-Breakaway)

Key: NDT: Non-Destructive Testing, UT: Ultrasonic Testing

Notes:
1. Regularinspection is a full inspection that includes a base inspection.

2. UT shall be performed on each anchor bolt when a Regular or Base Inspection is performed. UT shall be performed on
every anchor bolt that connects the pole base plate to the foundation on all foundations of any anchor bolt pattern.

3. Dye Penetrant (PT), Magnetic Particle (MT), or other NDT may be performed if visual inspection identifies a need to
perform them.

4. District Managers may inspect structures more frequently based on condition assessment.
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2.5
2.5.1

2.5.2

Maintenance of Traffic (MOT)

Shoulder Closures

Shoulder closures are acceptable for any type of ancillary traffic structure inspection work when standard width shoulders
exist that can safely accommodate maintenance of traffic and inspection equipment while not affecting a travel lane. Should
the possibility exist that any equipment could encroach upon, or affect, a travel lane, a standard lane closure shall be used.
When using a shoulder closure the operation shall be in accordance and compliance with the latest edition of the VWAPM.

The photographs below present views of shoulder closures.

Photo 2.4 Shoulder closure

Lane Closures

Where inspection procedures have the potential to impact a travel lane, lane closures are required. Additionally, working
over live traffic is strictly prohibited by the Department. The two basic types of lane closures used for ancillary traffic
inspections include static and mobile or short duration. Both the static and mobile or short duration closure operations can
be applied to a single or double lane. Mobile or short duration closures can be used for a large portion of the inspection work;
however, the VWAPM limits the amount of time the work crew can be in one location when using these operations.
Therefore, static closures may be necessary for the inspection of four chord or tri-chord-truss sign structures due to the
potential amount of time required to thoroughly inspect the trussing and panel points. Furthermore, static closures may be
required due to special conditions, such as tying into an existing contractor’s lane closure or performing inspection on special
facilities (e.g. tunnels or bridges). In such locations, the closure is required to begin beyond the approaches or openings and
extend over or through the structure in order to maintain traffic flow to one side/lane for the length of the structure. Any
inspection planned for a special facility should be coordinated with the facility to ensure that it can be accommodated and is
compliant with the facility’s requirements.

When planning the inspection, the number of lanes to be closed needs to be determined and compared against the District’s
lane closure restrictions for the roadway on which the inspections are scheduled. The type of lane closure required will be
dependent on the anticipated inspection duration for each lane. The VWAPM provides guidance on the arrangement of
various static and mobile or short duration lane closures that are applicable to a large majority of Virginia’s roadways.
However, a number of interstates and limited access highways have greater than four lanes, necessitating closures that
require special planning, preparation, and approval by the Department prior to implementation. It should be noted that State
Police may be required as part of lane closures in some Districts.

All lane closure operations shall comply with the latest edition of the VWAPM.
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The photographs below present views of a static and mobile lane closure, respectively.

Photo 2.6 Static lane closure Photo 2.7 Mobile lane closure

Police-Assisted Lane Closures

Police-assisted lane closures can be a safe and efficient means for performing traffic signal inspections along with work zone
signing, as well as providing a higher level of work zone visibility as part of lane closures for inspection of other structure
types as an enhancement to the temporary traffic control. Police assistance is generally provided by off-duty Virginia State
Police (VSP) officers assigned to an Area Office within the District in which the structure inspections are occurring. The various
Area Office locations and contact information can be found at VSP’s website.

When planning and scheduling police-assisted lane closures for traffic signal inspections, it is recommended that two officers
be requested in order to maximize the effectiveness and visibility of the closure. Availability of two officers is heavily
dependent on VSP activities and officer schedules. When planning inspection work, the appropriate State Police Division
Office should be contacted a minimum of two weeks in advance to allow time for off-duty officers to sign up for the requested
inspection dates. As previously stated, the State Police are off-duty when assisting with lane closures but are still on-call. As
such, if an emergency arises within their area of responsibility the police would be called to respond, thereby suspending
inspection work until their return, necessitating additional maintenance of traffic resources, or rescheduling the work.

Police-assisted lane closures are an option for performing traffic signal inspections and augmenting conventional traffic
control for increased visibility; however, the ability to use police-assistance for lane closures and maintenance of traffic is at
the discretion of the District Manager and the District Traffic Engineer.

Closure Restrictions

Before planning inspection work requiring lane closures, the Team Leaders should determine which lane closure restrictions
apply to the roadways on which the work is to be performed. High traffic roadways (interstates, US highways and some State
routes) will often times have restrictions that lane closures can only be conducted during nighttime hours. In general,
nighttime closure hours are between 9 P.M. and 5 A.M; however, these hours will vary depending on the roadway and the
maximum number of lanes that can be closed at specific times. For example, a roadway with four lanes of travel in one
direction might allow for single lanes between 9 P.M to 5 A.M., but a double lane closures may only be allowed between 11
P.M. and 2 A.M due to the lessened traffic flows during that time. Prior to inspection, Team Leaders are to check with the
local VDOT District to determine what closure restrictions are applicable to the specific roadways requiring ancillary structure

inspections.
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2.6.1

Access

When planning the inspection of ancillary structures, the Team Leader should review previous structure reports and locations
of the structures to determine if special access requirements exist. This section addresses typical conditions or locations that
may require special access methods and equipment.

Access Equipment

Special equipment may be necessary in order to perform and/or complete the inspection of certain ancillary traffic structures.

This equipment is based on the location of the structure and can include:

e  Bucket Truck: Truck-mounted aerial lifts will be used to perform the majority of inspections.

e Underbridge Inspection Unit (Snooper): May be used for structures located where a conventional bucket truck cannot
be used to access the foundation structure. One example of this equipment usage would be to inspect a steel haunch
type foundation for an overhead span sign structure mounted on a bridge.

e Manlift/Scissor Lift: May be used for accessing and inspecting structures that cannot be adequately accessed using a
bucket truck. One example of this equipment usage may be the inspection of luminaires located off of the roadway where
the reach required to access the structure is beyond the limits of a conventional bucket truck (i.e. the reach of the bucket
truck is not sufficient to reach the structure for inspection).

e Robotic Inspection Devices: Unmanned Aerial Systems (UAS, drones) or climbing robots may be used to reach the
location in question.

Photo 2.8 HML inspection with remote operated drone Photo 2.9 HML closeup Inspection of luminaires with
remote operated drone
e Compressors and Pneumatic Wrenches: May be required for inspecting the bases and anchor bolts for structures located
within a median barrier, such as overhead sign structures and luminaires. To inspect the bases and anchor bolts for these
types of structures one barrier plate would require removal. Refer to the photo below for a view of a structure mounted
within a median barrier and the protective barrier plate that may require removal.

Photo 2.10 Ancillary structure in barrier with barrier plates
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Special Access Requirements
Special Access Requirements will be necessary for the inspection of certain ancillary structures. Examples of some typical
structures are presented below.

Structures located behind a sound wall: Structures located behind sounds walls can be difficult to access and in many
cases sound walls have access doors that require a key to unlock. Coordination with the local VDOT District can assist in
gaining access through access doors in the sound wall.

Structures located in railroad or light rail right-of-ways: Structure located within railroad or light rail right-of-ways
require permits and special access training from the owner of the right-of-way. Coordination with the owner can define
the requirements of access to the structure.

Structures located on a VDOT Special Facility (tunnels and bridges): The inspection team shall coordinate with the
facility and may be required to obtain special permitting or background checks prior to arrival on-site. In addition,
structures located at the facilities may require special access equipment.

Structures located within weigh stations: Structures within weigh stations, primarily luminaires, will often times be
located on or near the scales within the station. Coordination is required to inspect the structures without interfering
with the stations operations.

Structures on movable bridges: Structures located on the swing or lift span of the bridge require coordination with the
bridge operator to ensure that the inspection work is not interfering with the bridge operations.

Poles and foundations located within a median barrier: Structure foundations located within the median of a roadway
can be enclosed within a steel plate that has to be removed to allow inspection. These plates may require specific removal
equipment that should be present on site at the time of inspection.

Structures located behind pedestrian fencing: Structures can be located behind fencing that may prohibit access. The
structure may require special lift equipment to access or planning may be necessary to approach the structure from
behind the fencing.

In addition to the above mentioned examples of when special access might be required, additional scenarios may present
themselves in the field, which require alternative or modified methods of accessing all portions of the structures. If a structure
cannot safely be inspected with the equipment and traffic control that is available on-site, the inspection should be
terminated until a solution can be determined which would allow the inspection to be completed.

The photographs below present views of some of the structures that require special access requirements.

Photo 2.11 Sign structure with right pole behind a sound Photo 2.12 Conventional luminaires over the scales at a
wall weigh station
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Photo 2.13 Conventional luminaire behind a sound wall Photo 2.14 Luminaires located within a VDOT Special Facility
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CHAPTER 3. MATERIALS AND RELATED DEFICIENCIES

3.1

3.2

Introduction

A qualified inspector must know and understand the properties and characteristics of the different materials that comprise
the structures. This chapter will discuss the most common materials that are used in ancillary structures, describe the typical
deficiencies associated with each, and consider the causes of the deficiencies.

Concrete

Concrete is commonly used for the pedestals and foundations of overhead sign structures, traffic signal structures, and
luminaire structures. It can also be used as part of the anchorage connecting a bridge mounted sign, traffic signal, or luminaire
structure. Concrete has high compressive strength but low shear and tensile strengths. The shear strength of unreinforced
concrete is approximately 12% to 13% of the compressive strength, and the tensile strength is approximately 10%. The tensile
and shear strengths can be increased by the addition of reinforcing steel or other materials that are placed into the concrete
form during casting. Concrete can have a long service life; however, the durability may be affected by the proportions of the
concrete mixture, the amount of concrete covering the reinforcing steel, the climate or environment in which the concrete
is located, and the chemicals to which the concrete may be exposed.

Inspectors should be knowledgeable about the various types of deficiencies and deterioration associated with concrete
components of traffic ancillary structures. In addition, there should be basic understanding as to the possible causes of the
deficiencies in order to determine the potential significance of the deficiency to the structure. The list presented below
provides typical types of deficiencies and deterioration found with traffic ancillary structure concrete components.

e Honeycombing: Voids on the surface of the concrete resulting due to poor consolidation during concrete placement.
Honeycombing can typically be identified by exposed aggregate with missing cement paste and may include exposed
reinforcing steel. This is an as-built condition and not the result of deterioration.

e Scaling: Gradual disintegration of a concrete surface due to the failure of the cement paste caused by chemical attack or
freeze thaw cycles. Scaling is characterized by exposed aggregate with missing cement paste.

e Spalling: Depression in concrete with exposed aggregate caused by a separation and loss of a layer of the surface
concrete, revealing a fracture parallel with or slightly inclined to the surface. Spalls are typically caused by impact
damage, or corrosion of the internal reinforcing steel or embedded steel components. Spalls may contain exposed
reinforcing steel or portions of embedded steel components.

e Delamination: Surface separation of concrete into layers typically caused by corrosion of internal reinforcing steel or
embedded steel components, or freeze/thaw cycles. Delamination is characterized by a hollow or dull sound when struck
by a hammer.

e Cracking: Fissure or separation in the concrete surface (not typically through the concrete) which can be caused by
overstress, impact, corrosion of internal reinforcing steel or embedded steel components, improper curing, freeze-thaw
cycles, or differential settlement (pedestals). Cracks can have a vertical, horizontal, or diagonal orientation, or can be
multidirectional as with map cracking. Rust staining, efflorescence, and exudation may be present in the cracks. Cracks
may be structural or superficial.

e Efflorescence: Chalk-like deposit on the concrete surface, typically located along a crack or in areas of cracking (map
cracking) caused by crystallization of salts brought to the surface by moisture seepage through the concrete.

e Exudation: Liquid or viscous gel-like material (containing calcium and lime) discharged through a pore, crack, or opening
in the surface of concrete, typically associated with the formation of brittle stalactites. Exudation is typically located
along cracks and creates a buildup of brittle material that releases moisture when broken or punctured.

e Paste Softening: Softening of the concrete surface due to the reaction between carbon dioxide in the air and the cement
paste. Paste softening is typically characterized by the ability to scrape away the concrete surface with minimal effort
that exposes the underlying aggregate.

e Abrasion: Wearing, grinding, or scraping away of the concrete surface due to friction usually by sand, gravel, or stones
carried by wind or water, or by mechanical means.

e Reinforcing Steel Corrosion: General disintegration of metal through oxidation. Corrosion causes internal stresses in the
concrete that can result in spalling, cracking, and delamination. If the steel is not exposed, corrosion may be evidenced
by rust staining along cracks in the surface of the concrete.
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The photographs below present views of typical deficiencies encountered with concrete.

Photo 3.3 Map cracking with efflorescence Photo 3.4 Spalling with exposed reinforcing steel

Photo 3.5 Cracking with exudation and rust straining Photo 3.6 Delamination and spalling
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3.3

Timber

Timber is not widely used as a material for traffic ancillary structures; however, it is used primarily with ground-mounted
luminaire structures and span wire type traffic signal structures. Timber is strong, with a high strength to weight ratio, it is
economical, readily available in many locations, easy to fabricate and construct, resistant to deicing agents, and resistant to
damage from freezing and thawing. Timber can have a long service life, especially if chemically treated; however, the
durability may be affected by the climate or environment in which the timber is located, and the chemicals to which the
timber may be exposed.

Inspectors should be knowledgeable about the various types of deficiencies and deterioration associated with timber
components of traffic ancillary structures. In addition, there should be basic understanding as to the possible causes of the
deficiencies in order to determine the potential significance of the deficiency to the structure. The list presented below
provides typical types of deficiencies and deterioration found with traffic ancillary structure timber components.

Decay: Untreated timber as well as the heart/center of treated timber is susceptible to damage from fungi and parasitic

organisms that gain access through defects or imperfections in the wood such as checks, splits, shakes and knots. The

most common characteristic of timber decay is white and black areas of rot. The following three conditions need to be

present for decay to take place in timber:

o Moisture: A moisture content of at least 20% is required within timber to promote fungal growth and as the moisture
content increases, so does the growth. Moisture enters the timber through checks, shakes, splits, and knots.

o Temperature: The optimum temperature for fungal growth (causing decay) occurs between 75° and 85° Fahrenheit.
The fungi become dormant at temperatures below 32° and die off at temperatures exceeding 120° Fahrenheit.

o  Oxygen: A sufficient amount of oxygen must be present within the timber for decay to survive.

Check: Separation of the wood fibers, normally occurring perpendicular to the annual growth rings, and parallel to the

grain direction.

Split: Advanced check that extends completely through the timber component.

Shake: Separation of the wood fibers parallel to the grain that occurs between the annual growth rings.

Knot: Separation of the wood fibers where a limb joined the trunk of the tree. A knot may be small or large, round or

elongated.

Fire damage: Deterioration due to fire or excessive heat. Fire damage is characterized by loss of material and blackening

or charring of the wood surface.

Insect damage: Damage caused by termites, powder post beetles, or carpenter ants eating the wood fibers. The damage

from these insects is usually on the inside of the member and is hard to detect. Small holes and dust may be visible on

the exterior of the member suggesting an insect infestation. This may be characterized by a hollow or dull sound when

struck by a hammer.

Refer to the figure below for typical timber deficiencies, locations, and orientations.

GRAIN DIRECTION

SHAKE

ANNUAL GROWTH
RING (TYP)
SURFACE CHECK

CHECK (HEART/CENTER)

END CHECK

Figure 3.1 Typical Timber Defects
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The photographs below present views of typical deficiencies encountered with timber.

Photo 3.12 Fire damage

3.40f3.14



Photo 3.13 Insect damage (termite) Photo 3.14 Insect damage (carpenter ant)

Photo 3.15 Insect damage (powder post beetles)
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3.4

Steel

Steel is widely used as a material for ancillary structures due to its high tensile, compressive, and shear strengths. Steel
components in traffic ancillary structures are typically mild carbon steel, which are galvanized or painted. Steel can have a
long service life, especially if properly protected; however, the durability may be affected by the climate or environment in
which the steel is located, the chemicals to which the steel may be exposed, and the type of loading to which it is subjected.

Inspectors should be knowledgeable about the various types of deficiencies and deterioration associated with steel
components of traffic ancillary structures. In addition, there should be a basic understanding as to the possible causes of the
deficiencies in order to determine the potential significance of the deficiency to the structure. The list presented below
provides typical types of deficiencies and deterioration found with traffic ancillary structure steel components.

The

Corrosion: General disintegration of metal through oxidation characterized by an orange or orange-brown color. Advance
corrosion is characterized by a dark brown or black color and is usually accompanied by material loss. Corrosion may also
be due to galvanic corrosion between dissimilar metals in contact with one another, refer to Section 3.8.

Buckling or Out of Plane Distortion: Bend, kink, or other deformation of a structural member in a plane other than that
which the member was designed to resist, typically caused by overstressing or impact.

Cracking: Fissure or separation in the material that can be the result of overstress, impact, or fatigue.

Break or Fracture: Fissure or separation through the full cross section of a member or component that can be caused by
overstressing, impact, or fatigue. The breaks can either be ductile (generally proceeded by local plastic deformation
(distortion) providing some visual warning of the impending failure) or brittle (occurs with no warning and without prior
plastic deformation).

Fire Damage: Deterioration due to fire or excessive heat. Fire damage is characterized by deformation or buckling due
to overheating of the steel. Temperature thresholds affecting steel commonly used in ancillary structures are as follows:
o 400°F: starts to affect strength

o Above 1000°F: major loss of strength

Coating Failure: Failure of the protective coating, such as paint or galvanizing, on a steel member, exposing the
underlying steel. Coating failure can be attributed to improper coating application techniques, constant exposure to
moisture, numerous cycles of wetting and drying, or heavy exposure to salts and other chemicals. In galvanized
structures, the failure of galvanizing is characterized by a light brown color on the surface of the member. In painted
structures, the coating failure is characterized by peeling/blistering of the paint.

iencies encountered with steel.

photographs below present views of typical defic
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Photo 3.16 Coosion with no section loss Photo 3.17 Corrosion with pitting
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Photo 3.19 Crack

B

LRGN

Photo 3.23 Coating failure with peeling paint with
underlying corrosion
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3.5

Photo 3.24 Coating failure of galvanizing ' Photo 3.25 Break

Stainless Steel

Stainless steel is commonly used for connection hardware in traffic ancillary structures. Stainless steel, like mild steel has high
tensile, compressive, and tensile strength, but can be more brittle than mild steel. Stainless steel is resistant to corrosion and
section loss and does not require a protective coating.

The inspector should be aware of the various types of deficiencies and deterioration associated with stainless steel. In
addition, an understanding should be present as to the cause of the deficiencies and the significance they can have on the
structure. The following list provides the most common types of deficiencies and deterioration found with stainless steel.

e  Buckling or Out of Plane Distortion: A bend, kink, or other deformation of a structural member in a plane other than
that which the member was designed to resist, typically caused by overstressing or impact. This type of deficiency has
the same appearance as that of steel buckling or out of plane distortion, refer to Section 3.4 for images.

e Cracking: Fissure or separation in the material that can be the result of overstress, impact, or fatigue.

e Break or Fracture: Fissure or separation through the full cross section of a member or component that can be caused by
overstressing, impact, or fatigue. Breaks in stainless steel are more common than in carbon steel as stainless steel is
typically more brittle.

The photographs below present views of typical deficiencies encountered with stainless steel.

Photo 3.26 Break ) Photo 3.27 Broken stainless steel bolt
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3.6

Weathering Steel

Weathering steel is less widely used as a material for ancillary structures. Similar to mild steel, it is a suitable material for use
in ancillary structures due to its high tensile, compressive, and shear strength. When exposed to the atmosphere, weathering
steel develops a protective oxide film (patina), which seals and protects the steel from further corrosion. This oxide film is
actually an intended layer of surface rust, which protects the member from further corrosion and loss of material thickness.
Therefore, it is important for the inspector to distinguish between the protective layer of rust and advanced corrosion that
can lead to section loss. The frequency of surface wetting and drying cycles determines the oxide film’s texture and protective
nature. The protective film will not form if weathering steels remain wet for long periods. Weathering steel can have a long
service life; however, the durability can be affected by the climate or environment in which the steel is located, the chemicals
to which the steel may be exposed, and the type of loading to which it is subjected.

Inspectors should be knowledgeable about the various types of deficiencies and deterioration associated with weathering
steel components of traffic ancillary structures. In addition, there should be basic understanding as to the possible causes of
the deficiencies in order to determine the potential significance of the deficiency to the structure. The list presented below
provides typical types of deficiencies and deterioration found with traffic ancillary structure steel components.

e Corrosion: The general disintegration of metal through oxidation characterized by an orange or orange-brown color.
Advance corrosion is characterized by a dark brown or black color and is usually accompanied by material loss. Corrosion
may also be due to galvanic corrosion between dissimilar metals in contact with one another, refer to Section 3.8.

e  Buckling or Out of Plane Distortion: A bend, kink, or other deformation of a structural member in a plane other than
that which the member was designed to resist, typically caused by overstressing or impact. This type of deficiency has
the same appearance as that of steel buckling or out of plane distortion, refer to Section 3.4 for images.

e  Cracking: Fissure or separation in the material that can be the result of overstress, impact, or fatigue.

e Break or Fracture: Fissure or separation through the full cross section of a member or component that can be caused by
overstressing, impact, or fatigue. The breaks can either be ductile (generally proceeded by local plastic deformation
(distortion) providing some visual warning of the impending failure) or brittle (occurs with no warning and without prior
plastic deformation).

o Fire Damage: Deterioration due to fire or excessive heat. Fire damage is characterized by deformation or buckling due
to overheating of the steel. Temperature thresholds affecting steel commonly used in ancillary structures are as follows:
o  400°F: starts to affect strength
o Above 1000°F: major loss of strength
This type of deficiency has the same appearance as that of mild steel fire damage, refer to Section 3.4 for images.

The photographs below present views of typical deficiencies encountered with the weathering steel.

Photo 3.28 Protective oxide film (patina) ‘ Photo 3.29 Corrosion with section loss
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3.7

Photo 3.30 Corrosion and section /oss/breék at base of Photo 3.31 Crack at high mast light pole slip joint

high mast light

Aluminum

Aluminum is a widely used material for luminaires and sign structures and traffic signals. Aluminum has moderate tensile,
compressive, and shear strengths and weighs approximately one third as much as steel; however, it is highly susceptible to
fatigue and fatigue-related cracking. Aluminum is highly resistant to atmospheric corrosion and is typically uncoated;
however, it can be anodized or powder-coated to increase corrosion resistance in aggressive atmospheres such as marine
environments.

The inspector should be aware of the various types of deficiencies and deterioration associated with aluminum. In addition,
an understanding should be present as to the cause of the deficiencies and the significance they can have on the structure.
The following list provides the most common types of deficiencies and deterioration found with aluminum.

Buckling or Out of Plane Distortion: Bend, kink, or other deformation of a structural member in a plane other than that
which the member was designed to resist, typically caused by overstressing or impact.

Cracking: Fissure or separation in the material that can be the result of overstress, impact, or fatigue.

Break: Fissure or separation through the full cross section of a member or component that can be caused by
overstressing, impact, or fatigue. Breaks in aluminum are generally brittle (occurs with no warning and without prior
plastic deformation).

Rupture: Complete separation of parts typically located in members or welds. Ruptures are typically characterized by
protrusion of the material away from the source of the rupture and with tearing. They may be caused by freezing of
trapped water or compression in short members.

Fire Damage: Deterioration due to fire or excessive heat. Fire damage is characterized by deformation or buckling due
to overheating of the aluminum. Temperature thresholds affecting aluminum commonly used in ancillary structures are
as follows:

o  200°F: starts to affect strength.

o  Above 400°F: major loss of strength.

Coating Failure: Failure of the protective coating, such as paint or powder coating, on an aluminum member, exposing
the underlying aluminum. Coating failure can be attributed to improper coating application techniques, constant
exposure to moisture, numerous cycles of wetting and drying, or heavy exposure to salts and other chemicals.
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The photographs below present views of typical deficiencies encountered with aluminum.

Photo 3.33 Crack

Photo 3.34 Break Photo 3.35 Rupture
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3.8

Dissimilar Metals (Galvanic Corrosion)

When corrosion is encountered during an ancillary structure inspection, the inspector needs to be able to determine if the
corrosion is caused or accelerated by the presence of dissimilar metals. The accelerated corrosion of one type of metal due
to contact with a different type of metal, in a corrosive environment, is referred to Galvanic Corrosion.

In the Galvanic Corrosion process, two metals (one more noble and one less noble) are in contact with one another in the
presence of an electrolyte (such as salt water). The electrolyte aids in establishing an electrical circuit between the metals.
The circuit causes the less noble/less corrosion resistant metal (anode) to sacrifice itself to the more noble/more corrosion
resistant metal (cathode). The pace or progress of the corrosion is based on the number of metals separating the two
aforementioned metals in the galvanic series. The galvanic series is presented below.

Magnesium Active (Anode)
Zinc e
Galvanized Steel
Aluminum/Aluminum Alloys
Mild Steel
Cast Iron
Lead
Brass
Copper
Bronze
Monel (Nickel-Copper Alloy)
Nickel
Stainless Steel
Silver
Titanium
Gold
Graphite
Platinum Noble (Cathode)
Figure 3.2 Galvanic Series Chart for Basic Metals

In ancillary structures, galvanic corrosion is limited by the few materials commonly used in fabrication and construction. The
most significant reactions occur between stainless steel and aluminum/zinc/galvanized steel. The chart above demonstrates
that the number of metals between aluminum/zinc/galvanized steel (less noble) and stainless steel (more noble) is 8-9,
indicating a difference significant enough that any of the above three metals would sacrifice to stainless steel. However, it
should be noted that although the aluminum/zinc/galvanized steel would typically sacrifice itself to the stainless steel, the
size/area of the three materials plays a significant role in slowing or reducing the rate of galvanic action.

The most common materials used in the fabrication and construction of traffic ancillary structures includes painted mild steel,

galvanized steel, stainless steel, and aluminum. These materials are typically used in the following components:

e Painted Mild Steel: Poles, mast arms, chords, and base plates.

e Galvanized Steel: Poles, mast arms, chords, trussing, base plates, hangers, hanger U-bolts, bolted structural connections,
anchor bolts, and miscellaneous fasteners.

e  Stainless Steel: Sign panel to windbeam fasteners, windbeam to hanger fasteners, pole to transformer base bolts, and
miscellaneous fasteners.

e  Aluminum: Sign panels, backing strips, windbeams, and occasionally anchor bolt top nuts.
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Figure 3.3 below provides guidance on the various types of base metals (larger components) and fastener metals (smaller
components) used in traffic ancillary structures, and the susceptibility of galvanic corrosion between the metals. For example,
a stainless steel U-bolt used to attach a sign hanger to a galvanized steel chord would likely result in a significant increase in
localized corrosion of the chord. However, a stainless steel bolt used as a connection to an aluminum windbeam would likely
result in a marginal increase in localized corrosion of the wind beam.

Fastener Metal

7 . . B
Base Metal inc & Galvanized Alu.mlnum & Steel & Cast Iron rasses, Copper, Stainless Steel
Steel Aluminum Alloys Bronze, Monel
Zinc & Galvanized A B B c C
Steel
Aluminum &
Aluminum Alloys A A B ¢ B
Steel & Cast Iron AD A A C B
Brasses, Copper, ADE AE AE A B
Bronze, Monel
Stainless Steel ADE AE AE AE A

A, Corrosion of base metal is not increased by the fastener
B, Corrosion of base metal is marginally increased by the fastener
C, Corrosion of base metal may be markedly increased by the fastener
D, Plating on fastener is rapidly consumed
E, Corrosion of fastener is increased by the base metal
Figure 3.3 Galvanic Corrosion Susceptibility Chart for Base and Fastener Materials Commonly Used in the Construction

of Traffic Ancillary Structures

The photographs below present views of dissimilar metals conditions typically present in traffic ancillary structures.

Photo 3.36 Galvanic corrosion of strap bolt and zinc strap Photo 3.37 Galvanic corrosion of galvanized steel anchor
pin due to stainless steel strap, nut and washer rod to stainless steel nut
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Photo 3.38 Localized galvanic corrosion of galvanized steel ~ Photo 3.39 Galvanic corrosioh of galvanized washer due to
plate due to stainless steel bolts stainless steel bolt assembly

3.9 Other Materials
The inspector should be aware that other materials, such as fiberglass and reinforced plastics, may exist in traffic ancillary
structures as member or component repairs or replacements. These are an atypical and emergent technology, and as such,

they are not covered in depth in this manual.

The photographs below present views of repair using “other materials”.

Photo 3.40 Application of fibergass repairs to sign Photo 3.41 Fiber reinforced plastic repairs to sign structure
structure

3.14 of 3.14



CHAPTER 4. SIGN INSPECTION PROCEDURES

4.1

4.2

4.2.1

4.2.2

Introduction

A qualified inspector must understand a variety of considerations, including hazardous and potentially hazardous conditions
that could affect the safety of the inspector and the traveling public, the inspection sequencing, guidelines and procedures,
the typical defects and deficiencies that may be encountered during the inspection, and those conditions that could or would
require immediate action. This chapter sets forth to define policies, guidelines, and procedures for the safe and thorough
inspection of sign structures.

Safety

Safety of the inspectors and the traveling public is paramount when performing daytime and nighttime inspection of sign
structures. As such, the inspector shall, as part of the planning and preparation process, perform a job safety analysis in order
to identify the typical safety hazards and mitigate risk for both the inspection team and the traveling public. It should be
noted that special conditions could arise during the inspection that were not identified as part of the safety analysis. Should
a hazardous safety condition arise during the inspection that was not anticipated or expected, the inspection operation shall
be halted until the condition is addressed. If the condition cannot be addressed on site, the inspection operation shall be
postponed until said condition is or can be addressed.

General Safety

The following general safety policies are provided to assist inspection personnel in mitigating risk during the inspections.

e Inspectors and other personnel working within a work zone shall wear at a minimum, hard hat, safety shoes, and high
visibility safety apparel that meet the requirements of the latest edition of the Virginia Work Area Protection Manual
(VWAPM). As necessary, other safety equipment such as safety glasses and gloves should be used.

e All overhead inspection activities shall be limited to areas over travel lanes that are closed to traffic.

e Maintenance of Traffic (MOT) procedures shall be in accordance with the latest edition of the VWAPM.

e Inspection vehicles shall be located as far off the travel lane as possible when performing shoulder or median work.

e Inspection vehicles shall be equipped with high intensity rotating, oscillating, or flashing strobe lights.

e Inspectors shall assume all wires are energized and the inspector shall not come in contact with any wiring on or inside
a structure.

e The inspector shall consider all wiring, conduits, junction boxes, and all other components of the lighting system to be
energized and operational unless specifically informed in writing by the District Operations Maintenance Manager that
the system is nonfunctional and not energized; also, special consideration should be given to the identification of small
cellular installations. The inspector shall follow all VDOT and OSHA guidance for working around and near electrical
hazards.

e Inspection operations shall not be conducted in inclement weather unless deemed necessary due to an observable
emergency condition; refer to Section 4.4. Should inspection operations be underway on a specific structure at the time
of inclement weather, the operations may continue until the structure is completed or roadway conditions become
hazardous to the traveling public. In both cases, the operation shall be terminated until the inclement weather passes
from the area.

Climbing and Aerial Lift Safety

All inspection personnel shall have successfully completed an OSHA-approved “Fall Protection” course/class, which fulfills the

requirements of OSHA 1926.503. In addition, the following aerial lift and climbing safety policies are provided to assist

inspection personnel in mitigating risks associated with aerial lift or climbing inspections.

e When in/on an aerial lift, the inspector shall wear an OSHA-approved fall protection harness attached to a secure tie off
point with an OSHA-approved lanyard. VDOT personnel operating any aerial device must be certified (3-year certification)
through the VDOT Maintenance Training Academy and operate the equipment in accordance with VDOT Safety and
Health Division Aerial Lifting Device Operations Procedure SSP# 1910.67.

e Inspectors shall use caution and follow VDOT and OSHA Guidance when operating an aerial lift around power lines. The
inspector shall maintain a minimum safe distance of 10’, or as required by OSHA 1926.1408, which provides minimum
safe, distances based on a known line voltage, from any overhead utility wires located on or in close proximity of the
structure within the work zone.

e Lifting equipment, whether ladders, bucket lifts, or scaffolding, should be properly secured to the ground with brakes,
blocks, outriggers, etc. prior to climbing.
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4.2.3
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e  Climbing shall be restricted to only those areas where access by aerial lift is not possible, does not provide adequate
inspection, or where a critical deficiency is suspected and a more detailed or special inspection (non-destructive testing)
is necessary to investigate the suspected critical deficiency.

e The inspector shall wear an OSHA-approved fall protection harness attached securely to a main load carrying member
(e.g. chord) with an OSHA-approved lanyard. One hundred percent (100%) tie off shall be maintained at all times, using
two lanyards.

e The inspector should have three positive points of contact at all times when moving through the structure (both hands
and one foot or both feet and one hand in contact with the members).

o All safety equipment used for climbing shall be inspected for expiration dates, as well as defects that could alter their
strength. Defective, damaged, and out of date units or components shall be destroyed and discarded to prevent reuse.
The VDOT Maintenance Training Academy Certification, mentioned above, teaches personnel the proper procedures for
inspecting harnesses and lanyards.

e Only one person shall be on the structure at a time. Take as few items as possible when climbing; all necessary items are
to be adequately tied-off to the inspector to prevent falling.

e Climbing shall not be performed if the inspector is fatigued and/or mentally distracted.

e  Climbing should not be performed if the structure is wet from rain or dew.

e Boots, ladders, bucket lifts, and scaffolding should be kept free of oil and grease.

e Allinspectors shall be properly trained in the inspection process, fall protection, climbing techniques, and the use of all
climbing equipment in accordance with OSHA 1926 Subpart M.

e Climbing and aerial inspection activities shall not be conducted in inclement weather or a sustained wind speed of 30
miles per hour (mph) or greater. Should inclement weather and/or the aforementioned wind speeds develop during
climbing and aerial inspection activities, all activities shall be terminated until the inclement weather passes and/or the
sustained wind speed drops below 30 mph.

Nighttime Safety

Whenever night inspections are required, the inspectors must take steps to ensure adequate illumination of the inspection
surfaces and visibility of the inspection personnel. Lights can be worn by the inspectors, mounted on the inspection bucket,
or ground-mounted. The Team Leader must determine which method(s) of illumination will provide the best view of the
inspection surfaces. Consideration shall be given to placement and movement of the lights to properly illuminate all areas of
the structure being inspected to eliminate shadows and provide the best possible visual inspection conditions. Lights must
be positioned so that they will not be a distraction or impairment to on-coming motorists or pedestrians. Extreme caution
should be used during night operations due to the reduced visibility of the inspection personnel to on-coming traffic. VDOT
approved high visibility apparel is always required but can be especially important at night.

Inspection Procedures

Arrival on Site

Upon arriving on-site, the inspection team should verify that the structure number and physical location is correct. If the
available information conflicts, the inspector shall investigate to determine how to proceed. Possible conflicting
circumstances may involve newly installed structures, incorrectly marked structures, structures that have been removed from
the field and not from the database, or arrival at an incorrect location. Inspection operations shall not continue until the
conflict has been resolved.

After the correct structure is verified, the Team Leader shall contact the appropriate Smart Traffic or Traffic Operations Center
prior to commencing MOT activities. Once the MOT or lane closure is established, the inspection team shall verify that any
established MOT operation is in conformance with the latest edition of the VWAPM or specifically prepared MOT Plan by
performing a drive through of the MOT or lane closure prior to beginning inspections. During the drive through, the Team
Leader should be cognizant of the impact that the MOT operations has on traffic flow. If the MOT is not in conformance with
the VWAPM or the specific MOT plan, inspection operations shall not commence until the MOT is in conformance.
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Field Inspection

The field inspection of a sign structure consists of inventorying and inspecting the structure. The inventory component

requires verification of asset attribute information. The inspection component requires a comprehensive, detailed inspection

of the entire sign structure consisting of a 100% hands-on examination of each component, member, fastener, and weld on

the structure. The inspections should document any defects or deficiencies including dents, damage, corrosion, material

section loss, loose and missing fasteners, broken or cracked welds, and any other conditions that could affect the functionality

or integrity of the structure immediately or long term. In addition to the hands-on examination, the inspector(s) should use

forms of non-destructive testing (NDT) during the inspection to verify any suspected structural deficiencies. These forms of

NDT to be used include:

e Liquid/Dye Penetrant or Magnetic Particle Testing at locations of suspected surface cracks.

e Ultrasonic Testing to detect cracks in anchor bolts.

e Ultrasonic Thickness Testing utilizing corrosion thickness gages to determine remaining thickness for structural members
where thickness cannot be readily verified by other means, or where visible corrosion exists.

In the event the inspector is unable to perform the required or necessary testing due to the lack of equipment or lack of
qualifications, the inspector should contact the District Manager who may involve the Materials Division to arrange to have
the necessary tests performed. All personnel performing NDT shall be qualified by the Department’s Material Division,
Structures Group, for the specific NDT to be performed.

Typical Field Inspection Sequence and Operations

The field inspection sequence of a sign structure isimportant to provide organization throughout the inventory and inspection
process, and to ensure that all elements are inspected, and associated findings are recorded accurately. The items below
provide recommended sequencing of the field inspection, as well as specific items to be inventoried and inspected.

4.3.3a Inventory

Inventory information related to the as-built configuration of the structure does not typically vary from inspection to
inspection unless corrective maintenance, structure modifications, or retrofit work has been completed. This information
should be gathered at the initial inspection, verified, and updated as necessary at each subsequent inspection. For a detailed
list of specific inventory items that are to be recorded, and guidance on coding, refer to Appendix A, Inventory and Inspection
Coding.

4.3.3b Inspection

The sign structure should be inspected to determine its overall condition as well as the condition of the individual
components. All deficiencies should be fully quantified by describing the defect type (corrosion, section loss, spall, crack,
etc.), location, and size (length, width, depth, etc.). For example, the location of exposed reinforcing steel should be noted,
as well as the severity of any corrosion that has taken place. If the corrosion has caused section loss, the section loss should
be quantified. Furthermore, all inspection notes should be reviewed for accuracy and completeness while on-site. For a
detailed rating guide, that includes a list of the common deficiencies and recommendations, refer to Appendix B, Common
Deficiencies, Ratings, Recommendations, and Priorities.

4.3.3c  Documentation

Documentation consists of writing/recording field findings. Documentation should be as specific, clear, and concise as
possible without providing unnecessary details, yet should accurately and thoroughly describe the observed deficiency. Some
information may be implied, such as by which section of the report an item is recorded. Documentation includes both terms
of qualification (i.e. severity of a deficiency) and quantification (number of items or area of a deficiency). Deficiencies that
have dimensions are typically detailed in terms of width x length/height, or if more applicable, surface area. Other dimensions
that may be recorded include depth, percentage of section loss, a distance from a reference point, or other language locating
the finding. The various possible components of detailing should be used as needed. A few examples are included below.

e Dentin pole, 2” long x 1” wide x up to 1/2” deep, 5’ high above base plate.

o 10% to 20% section loss on leveling nuts and washers at Anchor Bolt 1 and 2.

e Area of spalling, 5 SF x up to 1” deep, at top of pedestal.

e Crack, 1/8” wide, originating at Anchor Bolt 1-4 and extending 2’ down pedestal face.
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4.3.3d Photographs
Photographs are to be taken to provide a representation of the overall condition of the structure. As such, several basic

photographs should be taken at each inspection. These photographs are to be taken such that each view is maximized within
the frame of the photograph. These photographs include:

e The front view of the structure

e Typical view of each sign panel

e Typical view of a pedestal/base (as applicable)

e Typical view of the chord to pole connection (as applicable)

e  Rear view of the structure

Photos are required of all deficiencies or conditions resulting in an element rating of poor or critical, however, can be included
for other conditions and/or reasons where further clarification may be needed to define the conditions or reasons. When
placed in the report, the photograph shall also have an appropriate caption containing verbiage describing the deficiency or
condition represented. If possible, all photographs should be reviewed in the field to ensure that the views and/or deficiencies
are clearly depicted. In the event that photographs, or commentary do not, or cannot, adequately/accurately describe the
deficiency, the inspector should sketch the deficiency in detail to the extent necessary to accurately depict the deficiency.

New photographs shall be taken at each inspection for inclusion in the updated report. Old photographs shall not be reused
without permission from the District Manager. All photographs shall have date stamps.

For instruction on which inventory and inspection photos are to be included in the database and report, refer to Appendix A,
Section A.7.

The photographs below present the basic inventory photos to be taken at the start of the inspection.

b L <))

™ .

Photo 4.1 Front View Photo 4.2 Sign #1 (top) and Sign #2 (bottom)
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Photo 4.3 Sign #3 Photo 4.4 Sign #4 (top) and Sign #5 (bottom)

Photo 4.6 View of chord to pole connection

L/

Photo 4.7 Rear view
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Typical Field Inspection Sequence and Operations (Continued)

The following presents the recommended inspection sequence and procedures, as well as recording of typical findings.
Although extensive, the following information is not meant or intended to be all encompassing as variations in structure types
and details will occur.

4.3.3e  Overall Alignment

The entire sign structure should be examined “from a distance” looking for obvious deficiencies or problems. The inspector
should check for:

Gross damage to the structure and its supports from collisions.
Visually noticeable sagging of the truss of overhead span structures.
Vertical and horizontal alignment of the sign panels, superstructure, and poles/vertical supports.

4.3.3f Vertical Clearance
Vertical clearance from the lowest point of the structure (e.g. chord, sign panel, hanger, luminaire/walkway support) to the
highest point of the roadway over each paved shoulder and each lane should be measured. The minimum clearance and the
respective lane of the clearance for each direction of travel should be recorded. Clearances greater than 25’ should be
recorded as such without specific measurements taken at each location.

4.3.3g Foundation: Erosion / Undermining / Settlement / Drainage
These deficiencies should be visually assessed. The inspector should inspect and document the following conditions:

Location of the pedestal relative to the immediate area around the pedestal.

o If the top of the pedestal is buried less than 12” below grade, remove the dirt/fill until the top of the pedestal is
exposed, inspect and document that the pedestal was buried and uncovered for inspection.

o Ifthe top of the pedestal is located under a walkway or sidewalk, or buried below grade 12” or more, document the
condition. The buried condition is to be reported for excavation by VDOT maintenance crews. Notice shall be
provided to the District Manager; refer to guidelines in Section 4.3.4. However, if conditions warrant immediate
excavation, the condition should be reported immediately. An inspection should be performed as soon as possible
following excavation. Conditions that would warrant immediate excavation include observable corrosion and/or
section loss.

Erosion or undermining around the pedestal faces. Any areas of undermining should be probed and documented to

determine depth and extent.

Any indications of movement or rotation of the foundation should be measured and documented. Movement or rotation

of a pedestal could be indicative of an underlying foundation or soil issue.

Standing water or indications of poor drainage should be noted and depth of water measured.

The pedestal is located in a swale or drainage ditch. A pedestal located in a swale or drainage ditch could periodically be

submerged resulting in corrosion, debris accumulation, or damage of the submerged areas.

4.3.3h  Foundation: Concrete Pedestal (or Median Barrier, Bridge Parapet)
All loose debris and vegetation should be removed. The pedestal should be visually and tactilely inspected. The inspector
should inspect and document the following conditions:

Cracking: All cracking should be documented, and special attention should be given to cracks propagating from anchor
bolts. Any rust staining present along the cracks should be documented. The cracking could indicate overloading of the
bolts or appreciable corrosion on the embedded portions of the anchor bolts.

Delamination: Sound the pedestal with a hammer to detect locations of delamination. The delaminated areas will give a
hollow sound when tapped with a hammer.

Spalling, Honeycombing, Scaling: All spalling, honeycombing, and scaling should be documented. Any exposed reinforcing
should be documented along with any associated section loss.

Impact damage. Document that impact damage exists and any deficiencies associated with it, which may include any of
the above.
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4.3.3i

Foundation: Steel Haunch

Ahaunch is a steel bracket attached to a bridge girder and made to accommodate the ancillary structure, and typically consists
of multiple plates built up and welded together. For a detailed description and photograph of a steel haunch foundation,
refer to Section 1.2.1p. The haunch should be visually and tactilely inspected from an aerial lift (bucket or platform) or
underbridge inspection unit (snooper). The inspector should inspect and document the following conditions:

For anchor bolt inspection guidance, refer to Section 4.3.3k Foundation: Anchor Bolts.

Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If corrosion is observed on the haunch assembly, the area should be thoroughly cleaned of all rust scale and the
amount and extent of section loss should be determined and documented.

o If corrosion is observed on connection hardware, the amount and extent of section loss should be determined and
documented.

Localized areas of distressed painted or coated surfaces. Cracks or splits in painted surfaces could be indicative of an

overstressed section warranting additional investigation and NDT at these areas. This condition could also be a result of

weathering or chemical contamination (i.e. deicing salts). The inspector will need to use sound engineering judgment to

determine the possible cause. This may, if warranted based on severity and affected area, involve additional coating

evaluation such as adhesion testing or paint sampling for lab work.

Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting

welds, and incomplete or excessively-ground welds as they create stress risers. The location and size of the crack(s) is to

be documented.

Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under

engaged nuts, and presence of lock washers, beveled washers or extra washers. Document percent engagement if less

than 100%.

Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special

attention should be given to these areas.

Distortion of the haunch assembly. Distortion could be indicative of overloading, damage during erection or improper

welding procedures during fabrication.

Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may

include any of the above.

The photographs below present various typical concrete pedestal and steel haunch deficiencies and conditions that could be
encountered in the field.

Photo 4.8 Map cracking with efflorescence and exudation Photo 4.9 Spall in pedestal

in pedestal
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Photo 4.10 Standing water around base of pole located in Photo 4.11 Pedeé%al bdri.e&'c).’ over 12” deep
swale/drainage ditch

Photo 4.14 Cracks in pedestal extending out from anchor Photo 4.15 Erosion and undermining around back side of
bolts pedestal
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Photo 4.17 Damaged median barrier plate with
failed/pulled out barrier anchorage
(Luminaire structure shown for illustrative purposes only)
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Photo 4.18 Corrosion of steel haunch Photo 4.19 Coating failure and corrosion on steel haunch
members and connection hardware
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4.3.3j Foundation: Grout Pads

All loose debris and vegetation should be removed. The grout pad should be visually and tactilely inspected. The inspector

should inspect and document the following conditions:

e  Partial (minor cracking and/or section loss) or full (section loss, heavy cracking, etc.) deterioration of the existing grout
pad. Deterioration results in water/moisture retention within the grout pad and possible corrosion of the partially or
unexposed anchor bolts. Note the level of deterioration. If the grout pad is deteriorated to the extent that it can be
removed easily with hand tools, first verify the existence of leveling nuts (refer to Section 4.3.3k), and then remove the
grout pad and note that it was removed by the inspector.

e Moisture leaking from the grout pad that indicates moisture/water retention and possible corrosion of the partially
exposed or unexposed anchor bolts. The moisture could be leaking from under the grout pad or from cracks and/or areas
of section loss in the grout pad.

e Document the maximum thickness of each grout pad. The height is representative of the height from bottom of the base
plate to the top of the pedestal; for further discussion, refer to Section 4.3.3k.

The photographs below present various typical grout deficiencies and conditions that could be encountered in the field.

\ N b /
» \ \ LN Y

Photo 4.20 Partially deteriorated grout pad Photo 4.21 Deteriorated grout pad with moisture leakage
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4.3.3k Foundation: Anchor Bolts
All loose debris and vegetation should be removed. Anchor bolts, washers, and nuts should be visually and tactilely inspected
if accessible (not obscured by a grout pad). For numbering convention of the anchor bolts, refer to Section 4.6.4. The inspector
should inspect and document the following conditions:
e Document any deviation, excess or missing components, from the typical configuration; refer to Figure 4.1. Some
examples may include material other than mild steel (i.e. stainless steel or aluminum), the presence of lock washers,
beveled washers, lock or jam nuts, extra washers, and missing nuts and washers.

ANCHOR BOLT
POLE
TOP NUT
FLAT WASHER —\

1
BASE PLATE

FLAT WASHER

LEVELING NUT

/— TOP OF PEDESTAL

|
Lo«
Figure 4.1 Typical Anchor Bolt Configuration

e Presence of any tack welds or other welds on anchor bolt assemblies. Welding to bolts can change the material
characteristics and result in a loss in bolt strength.

e Corrosion, loss of galvanizing, section loss, etc. of the anchor bolts, washers, and nuts. If section loss is present on the
anchor bolts and/or nuts, all rust scale should be removed from the area and calipers should be used to measure the
remaining diameter of the anchor bolts or flat-to-flat distance on the nuts.

e Inadequately sized flat washers or lack of flat or plate washers for enlarged holes in base plates. Enlarged holes reduce
the amount of bearing area of the top nut and/or leveling nut on the base plate.

e Adequate engagement of top nut. Less than 100% engagement of the top nut reduces the ability of the anchor bolt to
develop its full load carrying capacity. Document percent engagement if less than 100%.
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e Loose orinadequately tightened top nuts and leveling nuts. These two deficient conditions of the nuts are recognized as
having a negative impact on the effectiveness and longevity of the anchor bolts, and ultimately, the structure as a whole.
o Loose nuts increase the stresses in the adjacent bolts and allow additional impact stresses on the bolt(s) having the

loose nut(s). A loose nut can be identified by the following criteria:

=  The nutis not in contact with the washer or base plate. In this case, there is a uniform gap between the nut and
the washer or base plate. This condition could represent a “frozen” nut or a loose nut that could be turned by
hand.

=  The washer between the nut and base plate moves by hand. This condition could represent a “frozen” nut or a
loose nut that could be turned by hand.

o Inadequately tightened nuts increase the stresses in the adjacent bolts and because they are not fully tightened, the
nuts may become loose over time. This condition is considered less severe as compared to a loose nut. An
inadequately tightened nut is defined as less than snug tight and can be identified by the following criteria:
= |tis notloose (as defined above).
= The nutis in contact with the base plate.
= The nut and/or washer moves when struck with a hammer. The sides of each nut should be struck 2-3 times

with a 16-ounce hammer in the nut-tightening or clockwise direction when looking down on the nut from above.
The force should be consistent between strikes to prevent false indications that the nut is inadequately
tightened.

e  Plumbness of the anchor bolts. Out of plumb anchor bolts (slope that exceeds 1:40) could result in increased bending
stresses in the anchor bolts. If one or more anchor bolts are visually out of plumb, measure the slopes of the affected
bolts. The measurements are to be taken and documented as follows, refer also to Figure 4.2:

o Measure the plumb vertical distance or height, V, of the bolt above the top of concrete.

o Measure the horizontal distance, H, from the centerline of the bolt at the top of concrete to the centerline of the
bolt at the top of the bolt.

T
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Figure 4.2 Measurement Methodology for Out of Plumb Anchor Bolts
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Bolt Diameter, d (in.)

Improperly seated top nuts on the base plate. Improper seating of top nuts can reduce the bearing area of the nut on
the base plate and can consequently reduce the load capacity of the bolts. If the top nuts are not in full contact with the
base plate and a gap exists between the bottom of the nut and the top of the base plate at one or more locations, the
largest gap for each nut is to be measured and documented. The measurement, D (refer to Figure 4.3), is to be taken
from the top of the washer, or base plate if no washer exists, to the highest point above the base plate along the bottom
of the nut. These measurements should be taken using a feeler or taper gauge.

The table below is used to simplify the ratings for improperly seated top and leveling nuts, and for out of plumb anchor
bolts.

Gap, D (in.)

1/16 1/8 3/16 1/4
0.0625 0.125 0.1875 0.25

1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00

DO NOT REPORT
D/d >= 0.04

B b/d>=0.08

POLE

I_.U

I 1 VA 4

BASE PLATE

/— TOP OF PEDESTAL

Figure 4.3 Measurement Methodology for Improperly Seated Nuts
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e Presence of a leveling nut if a grout pad is present. To determine if a leveling nut is present, the inspector can ‘probe’ the
grout pad by using a 1/4” masonry bit to drill a hole in the grout pad. The hole should be drilled toward the anchor rod
and in a direction that would intersect a leveling nut, if one is present. The inspector shall take all precautions not to hit
the anchor bolt and to minimize damage to the leveling nut, if one exists. A measurement taken from the top nut to the
outside of the base plate will give the inspector a dimension to be used to minimize damage to the leveling nut or the
anchor bolt. Whether a leveling nut is present or not the hole in the grout shall be filled with caulk prior to leaving the
site. If the grout is deteriorated and in poor condition the inspector may be able to remove a section of grout rather than
drill a hole. For the method of verifying the presence of a leveling nut, refer to Figure 4.4. A structure with a deteriorated
grout pad and no leveling nut is a serious condition and should be reported immediately to the District Manager. The
presence of, or lack of, a leveling nut shall be noted in the report.

Grout Pad

¥4" Masonry Bit

Figure 4.4 Method for Drilling Grout Pad to Determine Existence of Leveling Nuts

e Hidden or unobservable cracks within the anchor bolts. Cracks, regardless of size, decrease the load capacity of the bolts
and could increase stresses in the surrounding bolts. The top of the bolts should be tapped and sounded with the hammer
for any hollow sounds that could indicate the presence of a crack. If a hollow sound is present, an ultrasonic test should
be conducted to investigate the presence and location of a crack. Ultrasonic testing of all anchor rods is required at each
regular inspection and each base inspection; for guidelines, refer to Chapter 2.

e Distance between the bottom of the base plate and the top of the pedestal, H (refer to Figure 4.5). Base plates that
exceed a clear height above the pedestal of two bolt diameters induce stresses that were not accounted for during design
and could reduce the load capacity and fatigue life of the anchor bolts. The maximum measured distance between the
bottom of the base plate and the top of the pedestal should be documented for each base plate of a structure as differing
heights could impact any recommendations pertaining to lowering of the structure

POLE

I 1 AT

BASE PLATE

/— TOP OF PEDESTAL
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Figure 4.5 Measurement Methodology for Base Plate Distance Above Pedestal
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The photographs below present various typical anchor bolt deficiencies and conditions that may be encountered in the field.

Leveling

Photo 4.23 Heavy corrosion and section loss on anchor bolt
below leveling nut

oS
Photo 4.24 Top nut 50% engaged
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Photo 4.26 Loose leveling nut Photo 4.27 Excessive top of pedestal to bottom of base
plate height

Photo 4.29 Oversized base plate hole and inadequately
sized flat washer under top nut

Photo 4.30 Corroded and broken anchor bolt Photo 4.31 Loose top nut and missing flat washer

4.3.31  Vertical Supports: Base Plates

All loose debris and vegetation should be removed from under and around the base plate. Base plates should be visually and

tactilely inspected. The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc. If an area of corrosion is observed or suspected, the area
should be thoroughly cleaned of all rust scale and the amount and extent of section loss should be determined and
documented.

e Distress around enlarged holes for the anchor bolts. Holes are sometimes enlarged to facilitate installation of the base
plate, due to improper installation/setting of anchor bolts during construction.

e Distortion of the base plate. Distortion could be indicative of overloading, damage during erection or improper welding
procedures during fabrication.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical base plate deficiencies and conditions that could be encountered in the field.
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4.3.3m Vertical Supports: Poles and Trussing

The poles and trussing should be visually and tactilely inspected. Hand hole covers, if present, shall be removed to the extent
possible without damaging the cover and attachment screws. The upper portions of the poles are to be inspected from an
aerial lift (bucket or platform). The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

If an area of corrosion is observed on the outside of the pole, the area should be thoroughly cleaned of any rust scale

o
and the amount and extent of section loss should be determined and documented.

o Ifcorrosion is observed on the inside of the pole, the outside of the pole should be sounded with a hammer to detect
“thin” areas in the pole. An electrically insulated borescope may be used to visually inspect the inside of the pole.
The use of a borescope is to be documented. Thickness testing utilizing corrosion thickness gages shall be performed
to determine the amount and extent of section loss. Obtain three random readings at 3’ above the base and average
the three to determine the pole’s thickness. At a minimum, thickness testing utilizing corrosion thickness gages
should be performed at the 12, 3, 6, and 9 o’clock positions around the circumference of the pole. The readings are
to be taken on the pole immediately above the top of the base plate to pole weld, and at 3” and 6” above the top of
the base plate; refer to Figure 4.6. All readings should be recorded in decimal inches to three decimal place accuracy
(Ex. 0.030"). Readings should be recorded in table format and included in the database as a photograph. For an
example chart format, refer to Figure 4.7.

ROADWAY
12 O'CLOCK
BASE PLATE |
-
POLE
9 O'CLOCK —— —1 30'CLOCK
READING LINE #3
o SASEPLATETS READING LINE #2
| - POl READING LINE #1
| | | (AT TOP OF WELD)
6 0'CLOCK BASE F‘LATE—/
PLAN VIEW ELEVATION VIEW
Figure 4.6 Measurement Methodology for Pole Corrosion Thickness Gage Readings, Plan and Elevation
Structure Number: 0630048
Reference Thickness: 0.119"
Pole Thickness Readings
Height Above
Base 12:00 3:00 6:00 9:00
0" Note 4 Note 4 Note 4 0.153"
3" 0.134" 0.141" 0.140" 0.132"
6" 0.122" 0.123" 0.122" 0.119"
Notes: “4—— ROADWAY —>
1. 12:00 referenced to roadway. 12:00
2. Readings include coating thickness.
3. Reference thickness taken 9:00 3:00
approximately 36" above hand hole,
4. No reading due to pitting. 6:00

Figure 4.7 Measurement Methodology for Pole Corrosion Thickness Gage Readings, Example Thickness Chart
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e Corrosion thickness gage utilization guidelines:
o Ensure that the corrosion thickness gage has been tested, properly calibrated and has full charge.
o Ensure the right couplant and check the expiration date.
o lItisimportant to clean and prepare the test surface of the pole and select enough locations and procure accurate
readings.
= For a galvanized steel surface with surface rust, clean using wire brush to ensure smooth surface.
= |f the surface has pitting/corrosion, a grinder can be used carefully without compromising the wall or gouging
surface to smooth out the test area. A grinder can also be used carefully to remove the patina and/or pitting
to expose a smooth surface to test.
=  For painted poles, observe defects in paints such as cracks, paint loss, discoloration and use a hammer to
sound for weak areas. Ensure that the corrosion thickness gage is capable of reading through paint.
= Use a hammer to tap the pole at various locations to identify weak areas and prepare the test area using
cleaning tools.
= QOpen the hand-hole to access and ensure that the inside of the base is inspected with a borescope/mirror and
flashlight. Observe for internal pitting/rust and moisture. Focus on tapping these areas on the outside and
clean the areas to test.
=  Make sure to document all measurements and take photos to complete documentation.
= Use the tabular format as shown in 4.3.3m to measure section loss.
= Make sure that the original wall thickness is accurately measured at several random locations at about 3’ from
base.
= If a variation in excess of 25% is observed to readings at the same location (at 3, 6, 9 and 12 ‘O’ Clock), the
readings shall be checked for validity by the Team Leader.
=  For critical condition readings, ensure many readings are taken and documented and the District Manager is
immediately informed, and action taken for ensuring safety to public.

e Localized areas of distressed painted or coated surfaces such as at connections, attachments, pole bases, etc. Cracks or
splits in painted surfaces could be indicative of an overstressed section warranting additional investigation and NDT at
these areas. This condition could also be a result of weathering or chemical contamination (i.e. deicing salts). The
inspector will need to use sound engineering judgment to determine the possible cause. This may, if warranted based
on severity and affected area, involve additional coating evaluation such as adhesion testing or paint sampling for lab
work.

e  Out of plumb or leaning vertical supports/poles (not related to pedestal movement). Poles that are out of plumb or
leaning can be indicative of damage or adjustments made during erection and can increase bending stresses in the poles.
Any observable leaning of the vertical supports should be measured and the direction of the lean documented. The
measurement could be obtained by lowering a plumb bob from the top of the support within a few inches of the base
plate and taking a horizontal measurement, D, from the base of the support to the plumb bob line. Alternatively, a level
could be used to measure the amount of lean of a non-tapered pole over the known length of the level, L. For the method
for measuring leaning poles, refer to Figures 4.8 and 4.9.
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Figure 4.8 Measurement Methodology for Leaning or Out

Figure 4.9 Measurement Methodology for Leaning or Out
of Plumb Tapered Poles

of Plumb Non-Tapered Poles
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Bowing of the poles. An observable bowing of the vertical supports could be indicative of an overstress condition,
inadequate support size or section, improper fabrication, or damage incurred by vehicle impact, and should be measured
and the direction of the bow documented. The measurements should be performed by stretching a line from the top of
the support to the face of pole above the base plate and measuring the maximum bow. In the case of a localized area of
bowing due to impact, the line or straight edge should be stretched across the area and rested against the plumb or
vertical portions of the support on both sides of the area. For the method for measuring bowed poles, refer to Figure
4.10.

TOP OF POLE

DIRECTION OF
BOW

POLE HEIGHT

€ OF POLE

STRING LINE /

Figure 4.10 Measurement Methodology for Bowed Poles
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e Dents and ruptures in round or faceted vertical supports/poles. Dents and ruptures can reduce the load carrying capacity
of the pole or poles as they could significantly reduce the cross section of the pole or poles. The depth of the dent or
rupture does not affect the rating, as it is a function of the wall thickness that, like the material, is highly variable. The
depth of the dent should be measured with a ruler; however, getting more complete or accurate information on the
depth of the dent could require specialized equipment that is impractical. Nevertheless, the depth of any dent or rupture,
as measured with the ruler, along with descriptions of any tears or punctures within the dent or rupture, should be
recorded during the inspection. The following measurements (refer to Figure 4.11) are to be taken and documented.

o H: Horizontal measurement of the dent or rupture.

V: Vertical measurement of the dent or rupture.

d: Depth of the dent or rupture at the deepest point of the dent.

C: Circumference of the support immediately above or below the affected area.

D: Distance from top of the base plate to the center/middle of the dent.

o O O O

o

PLAN VIEW

€ v
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'Y 24

ELEVATION VIEW
Figure 4.11 Measurement Methodology for Dents and Ruptures in Round or Faceted Poles

e Corrosion or loose rust scale around weep holes. Corrosion and rust scale may be indicative of corrosion of the inside of
the pole and should be investigated as described previously in this section.

e Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special
attention should be given to these areas.
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e Condition of the welded connections. The welds should be closely inspected for cracking, especially at points of
intersecting welds and incomplete or excessively ground welds, as they create stress risers. Special attention should be
given to the pole to base plate weld due to the high stresses at this location. The location and size of any weld crack is to
be documented. Suspected cracks should be verified by NDT.

e Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under
engaged nuts, and presence of split washers, beveled washers or extra washers. Document percent engagement if less
than 100%. For poles, these conditions are typically encountered at the bolted trussing members connecting two vertical
supports.

e  Condition of the splices. Splices should be inspected for loose or missing components, cracked welds, and under engaged
nuts. Document percent engagement if less than 100%. Suspected cracks should be verified by NDT.

e Conditions of, in, and around the hand holes and covers. The hand hole covers should be removed to the extent possible
and inspected for looseness of the cover and missing or sheared bolts securing the cover. Any cover that cannot be
removed shall be documented. Missing or loose hand hole covers allow for water and debris infiltration, and animal
infestation. Any debris present within the hand hole is not to be removed by the inspector; the condition is to be reported
for removal by VDOT maintenance crews. Notice shall be provided to the District Manager; refer to guidelines in Section
4.3.4. However, if conditions warrant immediate removal of the debris, the condition should be reported immediately.
Conditions that would warrant immediate debris removal include observable corrosion, damage, and/or section loss in
the pole and around the hand hole. An inspection should be performed as soon as possible following removal of the
debris.

e Cracks or breaks in the hand hole opening and opening weld, and cracks in the pole around the hand hole. Special
attention shall be given to the splice weld in the hand hole reinforcing ring. Cracks or breaks in the hand hole opening
and welds can potentially serve as a means for crack propagation in the pole. Suspected cracks should be verified by NDT.

e  Condition of pole caps. Loose or missing caps allow water intrusion and animal infestation and should be documented.

e Condition of electrical ports. Damage to the ports and missing, loose, or damaged port caps allow for water infiltration
and animal infestation and should be documented.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical pole deficiencies and conditions that could be encountered in the field.

Photo 4.35 Missing hand hole cover
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Photo 4.37 Bowed/Bent pole (I-beam)

\

Photo 4.39 Minor impact damage/dent in pole with
damaged galvanizing and corrosion
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Photo 4.42 Impact damage to pole trussing dlagona/

Diagonal

Photo 4.44 Missing bolt at diagonal member to gusset Photo 4.45 8-bolt pedestal to 4-bolt pole extension retrofit
plate connection on pole (I-beam)

Photo 4.46 4-bolt pedestal to 8-bolt base plate retrofit Photo 4.47 Buried pole and hor/zonta/ truss WIth heavy
corrosion and section loss
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4.3.3n  Vertical Supports: Attachments to Pole

Components such as small informational signs, cameras, sensors or other items are often attached to the poles. These

attachments should be visually and tactilely inspected. The inspector should inspect and document the following conditions:

e Condition of electrical conduit and/or electrical or control boxes attached to the pole(s). The conduit should be visually
inspected for missing components, breaks, exposed wiring, and corrosion and section loss of connector and attachments.
In addition, the conduit and wiring entry and exit points in the poles should be inspected for the presence of rubber
grommets or seals. Electrical or control boxes and their pole attachments should be inspected for corrosion and section
loss. If any exposed wiring is present, inspectors are to take caution and avoid contact.

e Condition of the component. The component should be inspected for functionality and deficiencies documented.

e Condition of the component attachment. The attachments should be inspected and documented for section loss and
missing or loose hardware.

The photograph below presents a typical pole attachment deficiency and condition that could be encountered in the field.

Threaded rod
attachment

Photo 4.48 Corroded sign to pole connection hardware

4.3.30 Vertical Support: Chord to Pole Connections

The chord to pole connections should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector

should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If corrosion is observed on the connection assembly, the area should be thoroughly cleaned of all rust scale and the
amount and extent of section loss should be determined and documented. If the section loss cannot be measured
by conventional methods, then thickness testing shall be performed utilizing corrosion thickness gages to determine
the amount and extent of section loss.

o If corrosion is observed on the connection hardware the amount and extent of section loss should be determined
and documented. It should also be documented if the corrosion is caused by the presence of dissimilar metals. For
guidance on dissimilar metals, refer to Section 3.8.

o Localized areas of distressed painted or coated surfaces. Cracks or splits in painted surfaces could be indicative of an
overstressed section warranting additional investigation and NDT at these areas. This condition could also be a result of
weathering or chemical contamination (i.e. deicing salts). The inspector will need to use sound engineering judgment to
determine the possible cause. This may, if warranted based on severity and affected area, involve additional coating
evaluation such as adhesion testing or paint sampling for lab work.

e Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting
welds, and incomplete or excessively ground welds as they create stress risers. The location and size of the crack(s) is to
be documented.

e Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under
engaged nuts, and presence of lock washers, beveled washers or extra washers. Document percent engagement if less
than 100%. For vertical support to chord connections, special attention should be given to flange mounting plate and
collar plate connections, as they are less redundant than seated connections.

e Gapsin flange mounting plates or collar plates on cantilevered structures. Gaps could increase stresses in the connection
bolts.
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e Bent or distressed collar plate and collar plate ribs on cantilever spans.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

e Deteriorated or missing neoprene bearing pads under the pillow blocks or saddle shims on overhead spans. Neoprene
pads can provide a barrier between dissimilar metals and absorb impact and vibration of the horizontal support.

e  Missing or undersized saddle shims or bent plate washers on overhead spans. Missing or undersized saddle shims can
increase the bearing stresses on the chords.

The photographs below present various typical chord to pole connection deficiencies and conditions that could be
encountered in the field.

Flange

Flange plate

mounting
plate

g ©5 S | W+
Photo 4.49 Gap in flange mounting plates of chord to pole ~ Photo 4.50 Missing nut on collar plate bolt at upper chord
connection to pole connection

Saddle
shim

Photo 4.51 Undersized saddle shim at chord to pole Photo 4.52 Cracked weld at single chord to pole connection
connection
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4.3.3p Horizontal Support: Chords and Trussing of Overhead Span, Cantilever, and Butterfly Structures

The chords and trussing should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector should

inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If an area of corrosion is observed on the outside of the chord components, the area should be thoroughly cleaned
of any rust scale and the amount and extent of section loss should be determined and documented.

o If corrosion is suspected on the inside of the chord components, the outside of the component should be sounded
with a hammer to detect “thin” areas. Thickness testing shall be performed utilizing corrosion thickness gages to
determine the amount and extent of section loss.

e  Excessive sagging of the truss. Observable excessive sagging could be the result of overstressing/overloading, inadequate
member size, or damage resulting from vehicle impact, and should be measured and documented. A laser distance
measuring device could be used to determine the amount of sag in a truss. This method would entail stationing an
inspector at the point of observable maximum sag, S, with a light-colored panel or board placed on the top of the top
chord. The laser would be place on the top of a level resting at the end of the top chord, at the support. The level would
be straightened, or leveled, and the laser shot to the light-colored panel or board. The inspector stationed at the board
or panel would then mark the panel and the distance could be measured from the bottom of the board or panel to the
mark. If the laser was placed any distance above the chord, that distance shall be subtracted from the total distance. The
remaining measurement would be the maximum amount of sag. Though less practical, the measurements could also be
performed by stretching a string line between the vertical supports and measuring the height between the string and
the top chord at the point of observable maximum sag; refer to Figure 4.12. It should be noted that the string may need
to be positioned a constant height above the chord at each pole in order to prevent interference by any splice flanges.

HORIZONTAL
REFERENCE 5 — S

.|

SPLICE (TYP)

XXX XXX X

Is T
lI

Figure 4.12 Measurement Methodology for Chord Sag

e Localized areas of distressed painted or coated surfaces such as at connections, attachments, etc. Cracks or splits in
painted surfaces could be indicative of an overstressed section warranting additional investigation and NDT at these
areas. This condition could also be a result of weathering or chemical contamination (i.e. deicing salts). The inspector will
need to use sound engineering judgment to determine the possible cause. This may, if warranted based on severity and
affected area, involve additional coating evaluation such as adhesion testing or paint sampling for lab work.
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e Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting
welds, incomplete or excessively ground, or poor welds that can contribute to stress risers within the weld. The location
and size of any weld crack is to be documented. Suspected cracks should be verified by NDT.

e Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under
engaged nuts, and presence of lock washers, beveled washers or extra washers. Document percent engagement if less
than 100%. For chord assemblies, these conditions are typically encountered at the bolted trussing member connecting
the chords.

e Condition of the splices. Splices should be inspected for loose or missing components, cracked welds, and under engaged
nuts. Document percent engagement if less than 100%. Gaps between splice plates or flanges should also be measured
and documented. Loose or missing components, or under engaged nuts increase the stresses in the splice components.
Cracks in welds are indicative of overloading or overstressing of the connection. Suspected cracks should be verified by
NDT.

e Corrosion or loose rust scale around weep holes. Corrosion and rust scale may be indicative of corrosion of the inside of
the chords or trussing and should be investigated as described previously in this section.

e Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special
attention should be given to these areas.

e Dents, buckles, or ruptures in the chords or trussing. These conditions typically occur during erection of the structure but
may also be caused by vehicular or debris impact and should be measured and documented.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

e Condition of end caps. Loose or missing caps allow water intrusion and debris accumulation and should be documented.

e Condition of electrical conduit and/or electrical or control boxes attached to the chord assembly. The conduit should be
visually inspected for missing components, breaks, exposed wiring, and corrosion and section loss of connector and
attachments. In addition, the conduit and wiring entry and exit points in the chords should be inspected for the presence
of rubber grommets or seals. Electrical or control boxes and their chord attachments should be inspected for corrosion
and section loss. If any exposed wiring is present, inspectors are to take caution and avoid contact.

e  Utility wires or cables in contact with mast arm. Document any utility wires or cables that are resting on, or in contact
with the chords and trussing. Constant friction (rubbing) of the lines against the structure can cause coating failure and
lead to corrosion or be energizing the structure. If utility wires or cables exist, the inspectors should maintain a minimum
distance; refer to requirements in Section 4.2.

The photographs below present various typical chord and trussing deficiencies and conditions that could be encountered in
the field.

Vertical

Horizontal

Chord

Photo 4.53 Area of 100% section loss in upper diagonal Photo 4.54 Broken weld at horizontal truss to chord

member of chord truss connection
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Photo 4.55 Loss/Breakdown of galvanizing with corrosion Photo 4.56 Gap in of upper half of upper chord splice
of the chord, splice plates, and splice bolt nuts flanges and breakdown of galvanizing (brown color) with
light corrosion

Lower chord
[ — -
Photo 4.57 Bent vertical truss at end of chord box truss Photo 4.58 Missing diagonal truss bolt at chord panel point

and bent horizontal truss

|

Photo 4.59 Broken lower rear chord Photo 4.60 Light corrosion on chord trussing
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Photo 4.61 Missing cap on chord electrical port Photo 4.62 Gap in lower half of upper chord splice

4.3.3q Horizontal Support: Bridge Parapet Mount

The bridge parapet mount structure should be visually and tactilely inspected from an aerial lift (bucket or platform) similar

to the inspection of the chords and trussing of the overhead span, cantilever and butterfly structures. In addition to the

conditions listed in Section 4.3.3p, the inspector should also check for:

e Condition of the parapet at the attachment. The parapet should be inspected for:

o  Cracking: All cracking should be documented, and special attention should be given to cracks propagating from the
anchorages or through bolts. Cracking can be indicative of overloading, corrosion of through bolts, or the beginning
of expansion or adhesive anchor failure.

o Delamination: Sound the parapet with a hammer to detect locations of delamination. The delaminated areas will
give a hollow sound when tapped with a hammer.

o Spalling: All spalling should be documented and if there is exposed reinforcing, that should be noted along with any
section loss associated with it.

o Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which
may include any of the above. Special attention should be given to the through bolt connections.

e Condition of the horizontal arm attachment to the parapet. The attachment should be inspected for corrosion, looseness,
and pullout (anchorages). Looseness could be indicative of overloading of the connection hardware or failing of the
mechanical or adhesive anchor(s). Often times the connection is performed without leaving proper edge distance and
subsequent spalling may occur at the connection. Any spalling should be documented. Inspect the through bolts for signs
of overstress, such as deformed washers under the nuts or embedment of the washer and/or nut within the hole (holes
through the parapet may be oversized for the bolt assembly).

e Condition of the bridge beam/girder attachments. These attachments are normally bolted connections and should be
inspected for corrosion, looseness, and any missing bolt assembly hardware. These connections should not normally be
welded to steel girders, but this is sometimes encountered. The welds and the area of the beam/girder immediately
around the weld should be inspected as previously discussed for cracking. It should be noted these are typically field
welded and result in an AASHTO Fatigue Category E’ classification for the bridge girder.
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The photographs below present various typical bridge parapet mount structure deficiencies and conditions that could be
encountered in the field.

Outside
parapet
face

parébet Lo
face

Photo 4.63 Spalling behind sign attachment to parapet Photo 4.64 Gap between mounting plate and parapet at
sign attachment to parapet

Photo 4.65 Pull out of anchor bolt at sign attachment to Photo 4.66 Corrosion and minor pitting on through bolt
parapet parapet attachment plate (traffic side of parapet)

Horizontal .
arm Parapet

Girder/Beam

Photo 4.67 Loose bolt at lower horizontal arm to Photo 4.68 Bent horizontal diagonal
girder/beam connection
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4.3.3r  Sign Panel: Attachments to Superstructure

The sign panel attachments to the superstructure should be visually and tactilely inspected from an aerial lift (bucket or

platform). The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If an area of corrosion is observed on the hangers, windbeams, and attachment components, the area should be
thoroughly cleaned of all rust scale and the amount and extent of section loss should be determined and
documented.

e Condition of hangers and windbeams. Hangers and windbeams should be inspected for cracks or breaks in the members
or at locations of previous weld repairs. Document location and size of the crack or break.

e Condition of hanger and windbeam splices. Splices should be inspected for loose or missing components, cracked welds
and under engaged nuts. Document percent engagement if less than 100%. Gaps between splice plates or flanges should
also be measured and documented. Suspected cracks should be verified by NDT.

e Loose, missing, or deformed/misaligned bolted connections or components, and under engaged nuts. Under engaged
nuts are to be recorded as percent engaged.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical sign panel to superstructure attachment deficiencies and conditions that
could be encountered in the field.

Windbeam

Hanger

Photo 4.70 Missing windbeam to hanger connection

Clamp bolts
(typical)

% : o
Photo 4.71 Weld crack (verified with dye penetrant)in Photo 4.72 Dissimilar metals (stainless steel bolt and
hanger to chord connection clamp (two chord truss) galvanized clamp) at hanger to chord connection clamp

(two chord truss)
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Photo 4.73 Oversized U-bolts with dissimilar metals Photo 4.74 Misaligned hanger to chord connection
(stainless steel U-bolt with mild steel washers) and excess
washers at hanger to chord connection

1
Photo 4.75 Missing flat washers at hanger to chord
connection. Lock washers too small for slotted holes.

ne il

Photo 4.78 Loose nut on hanger to chord U-bolt

hanger connection

4.34 of 4.60



Photo 4.79 Cracked hanger at hanger to cho}d connection Photo 4.80 Missing nut on hanger to chord connection U-
U-bolt bolt

Photo 4.81 Misaligned and bent U-bolt at hanger to chord Photo 4.82 Broken hanger to chord attachment of
connection extruded sign panel

Photo 4.83 Misaligned and loose bolt at windbeam to Photo 4.84 Oversized clamp at hanger to chord connection
hanger connection of double arm trussed sign
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4.3.3s  Sign Panel: Sign Panel Attachments

The sign panel attachments should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector

should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o Ifanarea of corrosion is observed on the attachment components, the area should be thoroughly cleaned of all rust
scale and the amount and extent of section loss should be determined and documented.

e Condition of through bolts: The presence, number, and condition of through bolts between sign panels and windbeams.
The number of through bolts per windbeam should be documented.

e  Condition of sign clips. The sign clips should be inspected for sheared studs on the sign panels, and loose or missing stud
nuts and set screws. The number of missing studs or nuts, and loose set screws per windbeam should be documented. If
through bolting is present for a given sign, reporting of loose or missing sign clips is not required.

e Loose and missing backing strip nuts and studs in each backing strip. Loose or missing backing strip studs or nuts can
reduce the stiffness in the edges of the sign panels and increase load in the adjacent studs within the connection. The
number of loose and missing nuts and studs are to be quantified and documented for each backing strip.

The photographs below present various typical sign panel attachment deficiencies and conditions that could be
encountered in the field.

Windbeam

Photo 4.85 Loose through bolt of sign to windbeam Photo 4.86 Sheared sign clip stud at sign to windbeam
connection connection

Photo 4.87 Sheared backing strip studs Photo 4.88 Misaligned sign panel to windbeam through
bolt
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4.3.3t

Photo 4.89 Loose thro.ugh rivt»at sign panel to windbeam

St dig e e 5

connection

Sign Panel: Zee Bar Type and Extruded Type

The sign panels should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector should inspect
and document the following conditions:

Corrosion, section loss, etc.

o If an area of corrosion is observed on any attachment components, the area should be thoroughly cleaned of any
rust scale and the amount and extent of section loss should be determined and documented.

Loose or missing bolts connecting extruded sections. Loose or missing connection bolts can increase the load in adjacent

bolts.

Bullet holes. Bullet holes per sign panel should be documented.

Cracking, damage, delaminating, peeling, or crazing (network of closely spaced, fine cracks) of the reflective material.

Damaged or deteriorated reflective material can affect the legibility of the sign.

Fading of lettering. Faded lettering can affect the legibility of the sign.

Impact damage. The affected sign, location on the affected sign, and dimensions of the impact damage are to be

documented and the area photographed.

The photographs below present various typical sigh panel deficiencies and conditions that could be encountered in the field.

Photo 4.90 Peeling/Delamination of lettering on sign panel Photo 4.91 Crazing/cracking of sign pane reflect/v

material
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4.3.3u  Sign Panel: Walkways

Walkways are being removed from all of the Department’s overhead sign structures except for VMS structures. Should a

walkway be present on a non-VMS structure, the inspector should notify the District Manager of the condition in a timely

manner following the inspection. Walkways and safety railings are in use on VMS Structures to allow servicing of the VMS.

The walkway should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector should inspect

and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If an area of corrosion is observed on any components, the area should be thoroughly cleaned of all rust scale and
the amount and extent of section loss should be determined and documented.

e Condition of the safety railing. Safety railings should be inspected for damaged and misaligned members.

e Condition of the grating. The grating should be inspected for tripping hazards, uneven grating elevations, misaligned
grating sections, or any condition that could pose a hazard to inspection and maintenance personnel.

e Loose, missing, or deformed/misaligned connection hardware.

e Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting
welds, incomplete or excessively ground, or poor welds that can contribute to stress risers within the weld. The location
and size of any weld crack is to be documented. Suspected cracks should be verified by NDT.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical walkway deficiencies and conditions that could be encountered in the field.

Photo 4.92 Localized corrosion on walkway handrail Photo 4;93‘-C_orrosion on walkway grating support beam
and around grating hinge

4.3.3v  Sign Panel: Luminaire System

In general, the sign structure inspections do not cover the operational functionality of the structure’s lighting or wiring;

however, the inspector is required to note anything that may impact or pose a threat to the safety of the public, including

motorists, pedestrians, or inspection personnel. In addition, any observed non-functioning component should be

documented. The luminaire system including various attachments should be visually inspected from an aerial lift (bucket or

platform). The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.
o If an area of corrosion is observed on supporting members, the area should be thoroughly cleaned of all rust scale

and the amount and extent of section loss should be determined and documented.

e Luminaire operation and burned out bulbs.

e Cracked, broken, cloudy luminaire covers.

e  Moisture accumulation or water in luminaire housings.

e Loose, missing, or deformed/misaligned bolted connections or components, and under engaged nuts at the luminaire
hanger to chord connections. Under engaged nuts are to be recorded as percent engaged.

e Condition of electrical conduit, conduit attachments, conduit connections, and conduit to track connections. The conduit
should be visually inspected for missing components, breaks, exposed wiring, and corrosion and section loss of connector
and attachments. The junction boxes should be inspected for missing covers and exposed and/or broken wiring.
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e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical luminaire system deficiencies and conditions that could be encountered in
the field.

Conduit

Photo 4.96 Heavy corrosion and section loss on junction Photo 4.97 Cracked conduit member
box with exposed wiring
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43.4

4.3.5

B

Lumih' rail

ction box with exposed wiring Photo 4.99 Corroded luminaire housing to luminaire track
attachment bolts

o “

Photo 4.98 Open jun

< e~

\\. . s .
““Luminaire rail

Photo 4.100 Loose conduit hanging below hangers and Photo 4.101 Loose luminaire rail clip at rail to luminaire
reducing vertical clearance arm connection

Conditions Preventing Inspection

A best attempt should always be made to complete the inspection. However, in some cases, conditions may be encountered
that prevent inspection. A few examples of such conditions include structures buried more than 12”, hand hole covers which
cannot be removed, or excessive debris within hand holes. The condition is to be reported to the District Manager so that the
condition preventing inspection can be resolved, allowing inspection to proceed. The notification shall be provided via email
complete with a written description(s) and photograph(s) of the finding. The notification should be provided at the end of
the week in which the finding was made, along with any similar findings made throughout the week. However, if conditions
warrant immediate response, the condition should be reported immediately. Conditions that would warrant immediate
response include observable corrosion, damage, and/or section loss. After resolution of the condition that was preventing
inspection, an inspection should be performed as soon as possible.

Departure from Site

Prior to departing the site of an inspected sign structure, the Team Leader should review the inventory information and
inspection findings for clarity, accuracy, and completeness. A good practice is for the inspector to prepare a basic inventory
and inspection checklist prior to the inspections, to use in the field to ensure that all necessary information is captured. In
addition, a walk-through of the inspection site should be made to ensure that all equipment has been collected and stored in
the inspection vehicle. Lastly, the Team Leader should review the next structure and the MOT requirements with the MOT
crew. Should the inspections be completed for the day or evening, the Team Leader should contact the appropriate Smart
Traffic or Traffic Operations Center to notify them that inspection operations have ceased for the day or evening.
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4.4

44.1

4.4.2

443

4.4.4

Critical and Emergency Structural Findings
Critical and Emergency findings are those findings that present an imminent structural or safety risk or immediate hazard,
respectively, to the structure and/or traveling public. These conditions are further defined and discussed below.

Critical Findings

Critical Findings are defined as imminent conditions that could, if left unresolved, result in localized or complete failure
(collapse) of the structure, or present a safety issue to the traveling public, and should be addressed within 90 days of its
discovery. Should any such condition be encountered, it shall be reported to the District Manager within 24 hours of the
discovery of the finding. A notification shall be provided via email complete with a written description(s) and photograph(s)
of the finding.

Emergency Findings

Emergency Findings are defined as conditions that are deemed to pose an immediate safety risk or hazard to the structure’s
integrity and/or the traveling public and require immediate attention and corrective action. Should any such condition be
encountered, the Team Leader shall contact the appropriate District Manager while on-site to notify them of the condition.
In the case of an Emergency Finding, contact is normally initiated by telephone call and followed up the same day with email
documentation of the findings, including photographs. Once contacted, the Department will work with the Team Leader to
quantify and assess the situation to determine if it warrants an emergency response or can be addressed through the critical
recommendation process.

Critical and Emergency Findings through Combination

In some cases, several less-than-critical deficiencies may exist which together may create a critical or emergency situation.
As an example, a pole may be rated poor due to a dent and bowing. However, if the inspector believes that the bowing is
being exacerbated by the dent, he/she may assess the overall condition as critical. The inspector shall use their judgment to
identify combinations of deficiencies that would be deemed critical or emergency.

Common Critical Findings

The following items/criteria are typical conditions that qualify as critical conditions; however, the inspector should use sound
judgment in determining if any other deficiencies, or combination of deficiencies, exist that could qualify as a critical or
emergency condition. As stated above, any emergency findings shall be reported immediately to the appropriate District
Manager to notify them of the condition(s).

4.4.4a Pedestal

e Observable movement or rotation.

4.4.4b  Anchor Bolts

e 30% or greater section loss of 1 or more anchor bolts.

e Any anchor bolts that are broken, sheared, or cracked.

e Any anchor bolt(s) having any relevant indications detected by ultrasonic testing.

e 1o0f4,2o0f6, or 3 of 8+ top or leveling nuts loose or missing.

e 20f4,2o0f6, or 3 of 8+ top or leveling nuts which are not fully seated with a gap under the nut which has a height of 4%
of the anchor bolt diameter or greater.

e 20f4,2o0f6, or 3 of 8+ out of plumb anchor bolts which have a slope equal to or greater than 1:40.

e 2o0f4,2o0f6, or 3 of 8+ anchor nuts that are less than 75% engaged.

e 1 o0f4,2of6, or 3 of 8+ top or leveling flat washers are missing where slotted/oversized holes exist and the nuts are
embedded into the hole.

4.4.4c  Grout

e Grout is deteriorated, no leveling nuts present.
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4.4.4d  Poles and Base Plates

Structural members having one or more areas of 25% or greater section loss.

Any cracks in the base plate, vertical stiffeners, hand hole, pole, welded joints, base plate or vertical stiffener to pole
weld, truss members, or truss to pole welds where likely to propagate into the pole.

Impact damage to any structural member in which the member is in danger of falling.

Loose, missing, broken, or heavily deteriorated attachments to the pole (signs, cameras, sensors, etc.) in which the
attachments are in danger of falling.

Cantilever or Overhead Span Superstructure
Structural members having one or more areas of 25% or greater section loss.
25% or more bolts or nuts in a single chord to pole connection are loose or missing.
30% or more bolts or nuts in chord to pole tension connection are loose or missing.
30% or more bolts or nuts in chord tension splice are loose or missing.
Any cracks in the chords, chord to pole connection plates, splice plates or welds, or truss to chord welds where likely to
propagate into the chord.
Impact damage to any structural member in which the member is in danger of falling.

Bridge Parapet Mounted Structure
Structural members having one or more areas of 25% or greater section loss.
Loose, missing, or broken bolts or nuts at primary structural member connections (e.g. horizontal to vertical connection).
Any cracks in the primary structural member components welds (e.g. horizontal to vertical connection).
Impact damage to any structural member in which the member is in danger of falling.

Attachment to Parapet

Adhesive or expansion anchorage in the parapet is loose or missing.
30% or more of the total anchorage hardware to the parapet is missing or broken.
40% or more of the total anchorage hardware to the parapet is loose.

Attachment to Bridge Beam/Girder

4.4.4g

Any cracks in the bridge beam/girder at the connections.

Signs and Structure Connections and Other Attachments
50% or more of the sign or other attachment to chord connection bolts are loose or missing.
50% or more of the hanger to windbeam connection hardware is loose or missing.
Impact damage to any sign panel in which the member is in danger of falling.
Loose, missing, broken, or heavily deteriorated connection components of other attachments (cameras, antennae,
sensors, etc.) in which the attachments are in danger of falling.

Walkways and Lighting
Structural members having one or more areas of 50% or greater section loss.

Loose, missing, broken, or heavily deteriorated luminaire, conduit, or rail connection hardware in which the components
are in danger of falling.

Loose, missing, broken, or heavily deteriorated walkway members, railing, connection, or grating in which the
components are in danger of falling.

Impact damage to any walkway or lighting components in which the components are in danger of falling.
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4.5

Non-Structure Related Emergencies

In addition to structural emergencies (critical findings), medical emergencies are potential events which could occur during

the inspection/inventory of a structure. The inspection team should be aware of the following potential emergencies:

e Vehicular accident. The close proximity to live traffic creates the potential for an accident/injury.

e  Electric shock. Overhead power lines as well as energized electrical wires on the structure could cause an electric shock
if inadvertently contacted. Inspection teams shall follow all pertinent VDOT and OSHA electrical safety guidelines.

e Fall hazard. The potential for a fall related injury is present with the use of aerial equipment. Similarly, to the bullet above,
inspection teams shall follow all pertinent VDOT and OSHA fall protection guidelines.

e  Cuts/burns. The equipment used to perform the inspections can cause cuts and or burns if an accident were to occur.

The above items are examples of emergency situations that could occur while in the field. Each structure presents its own
risks. Prior to inspection, the Team Leader should address all concerns and determine a course of action should a situation
arise. This typically involves a hazard analysis along with development of an emergency action plan documenting nearby
emergency medical and rescue facilities along with telephone numbers. Should a piece of aerial equipment malfunction,
aerial rescue may also become an emergency. All inspection vehicles should be equipped with a first aid kit. If there is an
emergency, 911 should be called to assist all injured parties. It is very important that all Team Members know the location in
which they are working, in order to direct emergency personnel on-site in a timely fashion. One or more inspectors shall have
a mobile telephone in addition to other computer devices being used for the inspection work.
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4.6 Inspection Conventions and Numbering

4.6.1 Structure Numbering and GPS Coordinates
The structure numbering convention, numbering format, size of the numbers, and location of the structure number on the
sign structure, as well as the location and format for collecting and recording the GPS coordinates is presented below.

4.6.1a Structure Numbering Convention
A 11-digit structure number shall be used for the identification of all structures. The structure number consists of a 3-digit
county code followed by a 5—digit structure number. Leading zeroes are used as needed. The number for each structure is to
be provided by the District Manager.

4.6.1b
1.
2.

4.6.1c

Painting/Stenciling of Structure Numbers

Height of numbering: The stenciled numbers shall be 2” high and have a 1” space between the numbers.

Stenciling paint shall be highly durable and weatherproof with a UV inhibitor. The color of the paint shall be black or deep

brown. For dark colored painted poles, light grey can be used, and yellow can be used for timber poles. As an alternative

to painting the number, reflectorized panels or numbers may be applied to the structure. Reflectorized panels shall be
placed in the same location that numbers would have been otherwise painted. The numbers on the reflectorized panel
shall be of the same height and spacing as described for stenciling.

Location of 11-digit structure number:

a. Bridge parapet mount sign structures: Number shall be placed horizontally, 2” (+/-) below the top of parapet on the
face of parapet. The number shall be placed on the top rail when no parapet is present. The identification number
shall be centered along the sign panel(s). The number shall not be placed on the sign. Structure numbers are required
for each individual structure. Some connections to bridges have a single structural system that supports multiple
signs. For this situation, a single structure number is required. For multiple sighs where each sign is supported by its
own structure, a structure number is required for each sign mount.

b. All other structures: The number shall be placed at an elevation that makes the bottom number a minimum of 6”
above the top of the adjacent guardrail/barrier. When no guardrail/barrier is present, the number shall be placed
36" (+/-) above the top of the anchorage. Lettering shall be placed vertically on the pole so as to be visible from
oncoming traffic.

Existing 7-digit numbers presently located on a structure shall be replaced with the 11-digit alphanumeric code at the

time of the next regular or base inspection. The three-letter prefix (alpha portion) may be stenciled at the District’s

discretion. See Appendix A, Section A.3.2, Item Code ATTO3.

GPS Coordinates

For single pole structures, coordinates shall be obtained at the pole.

For overhead span structures, coordinates shall be obtained at the rightmost pole.
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Figure 4.13 Overhead Span Sign Structures, Number and GPS Locations, Overall
(Single Direction of Traffic and Double Direction of Traffic)
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Figure 4.14 Overhead Span Sign Structures, Number and GPS Locations, At Structure
(Looking in Direction of Travel)
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FOR VERTICAL PLACEMENT OF FOR VERTICAL PLACEMENT OF
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Figure 4.15 Cantilever Sign Structures, Number and GPS Locations, At Structure
(Looking in Direction of Travel)
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Figure 4.16 Butterfly Sign Structures, Number, and GPS Locations, At Structure
(Looking in Direction of Travel)
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LOCATION OF COORDINATES CENTERED
WITH THE CENTERLINE OF THE SIGN(S)

A SEVEN-DIGIT STRUCTURE NUMBER SHALL BE
STENCILED HORIZONTALLY ON THE FACE OF THE
[T BRIDGE PARAPET. THIS NUMBER SHALL BE PLACED
2"+ BELOW THE TOP OF THE PARAPET AND
CENTERED WITH THE CENTERLINE OF THE SIGN(S).

THE STRUCTURE NUMBER SHALL NOT BE PLACED
ON THE SIGN.

LOCATION OF COORDINATES CENTERED
WITH THE CENTERLINE OF THE SIGN(S)

A SEVEN-DIGIT STRUCTURE NUMBER SHALL BE
STENCILED HORIZONTALLY ON THE FACE OF THE
BRIDGE RAIL. THIS NUMBER SHALL BE CENTERED
T WITH THE CENTERLINE OF THE SIGN(S).

THE STRUCTURE NUMBER SHALL NOT BE PLACED
ON THE SIGN.

Figure 4.17 Bridge Parapet Mount Sign Structure, Number and GPS Locations
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4.6.2 Lane Numbering

Lane numbering is critical to accurately recording inventory information and defining locations for recording various inventory
and inspection findings. For the lane numbering convention to be used on sign structures typically encountered in the field,

refer to Figures 4.18 through 4.20.
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Figure 4.18 Methodology for Lane Numbering of Overhead Span Sign Structures
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Figure 4.19 Methodology for Lane Numbering of Cantilever Sign Structures
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Figure 4.20 Methodology for Lane Numbering of Butterfly Sign Structures

4.6.3 Sign and Structure Component Inspection Numbering/Labeling Methodology
Numbering/labeling of signs and sign structure components is critical to accurately recording inventory information and
defining locations for recording various inventory and inspection findings. For the numbering sign panels, the numbering
begins at the top left end of the structure (looking in the primary direction of travel) and increases towards the bottom right
end of the structure. Sign panels shall only be numbered if they contain windbeams and/or hangers. Sign panels that contain
no windbeams and are attached to the structure with only fasteners or clamps, such as informational signs, shall not be

numbered.

For structure component numbering, horizontal structure component numbering begins at the left end of the structure
(looking in the primary direction of travel) and increases towards the right end of the structure. Vertical structure component
numbering begins at the top of the structure and increases to the bottom of the structure. For the numbering/labeling to be
used on sign structures, refer to Figures 4.21 through 4.36.
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4.6.3a Sign and Sign Structure Component Numbering/Labeling Methodology
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Figure 4.21 Methodology for Sign Panel and Component (Windbeam/Hanger) Numbering of Overhead Sign Structures
without a Median or Barrier
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Figure 4.22 Methodology for Sign Panel Numbering and Pole Labeling of Overhead Span Sign Structures with Median or

Barrier
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Figure 4.23 Methodology for Sign Panel and Component (Windbeam/Hanger) Numbering of Right Side Cantilever Sign
Structures without a Median or Barrier
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Figure 4.24 Methodology for Sign Panel and Component (Windbeam/Hanger) Numbering of Left Side Cantilever Sign
Structures without a Median or Barrier
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Figure 4.25 Methodology for Sign Panel and Component (Windbeam/Hanger) Numbering of Butterfly Sign Structures
without a Median or Barrier

4.54 of 4.60



4.6.3b Pole Component Numbering/Labeling Methodology
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Figure 4.26 Methodology for Pole Labeling of Overhead Span Sign Structures without a Median Barrier
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Figure 4.27 Methodology for Pole Labeling of Overhead Span Sign Structures with a Median Barrier

4.6.3c  Panel Point Numbering/Labeling Methodology
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Figure 4.28 Methodology for Panel Point Numbering and Component Labeling of Two Chord Truss Sign Structures with

Splices
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Figure 4.29 Methodology for Panel Point Numbering and Component Labeling of Two Chord Truss Sign Structures without

Splices
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Figure 4.30 Methodology for Panel Point Numbering and Component Labeling of Tri-Chord Truss Sign Structures without

Splices
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Figure 4.31 Methodology for Panel Point Numbering and Component Labeling of Tri-Chord Truss Sign Structures with
Splices
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Figure 4.32 Methodology for Panel Point Numbering and Component Labeling of Four Chord Truss Overhead Span and
Cantilever Sign Structures without Splices
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Figure 4.33 Methodology for Panel Point Numbering and Component Labeling of Four Chord Truss Overhead and
Cantilever Sign Structures with Splices
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Figure 4.34 Methodology for Panel Point Numbering and Component Labeling of Butterfly (Two Chord Truss) Sign
Structures
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Figure 4.35 Methodology for Panel Point Numbering and Component Labeling of Cantilever (Two Chord and Four Chord
Truss) Sign Structures
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Figure 4.36 Methodology for Panel Point Numbering of Trussed Vertical Supports (End Frames)
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4.6.4

Anchor Bolt Numbering Methodology

Anchor bolt numbering is necessary to accurately define the various defects and deficiencies encountered during the
inspection of the base plate and anchor bolts, as well as indications detected through ultrasonic testing. The numbering is
established by standing behind the structure looking at the roadway for the primary direction of travel. When standing behind
the structure facing the roadway, the first bolt to the right of the base plate/pole centerline is labeled as Bolt No.1 and
subsequent bolts are numbered consecutively in clockwise direction from Bolt No. 1. For the anchor bolt numbering system

for various base plates, refer to Figure 4.37.
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CHAPTER 5. TRAFFIC SIGNAL INSPECTION PROCEDURES

51

5.2

5.2.1

5.2.2

Introduction

A qualified inspector must understand a variety of considerations, including hazardous and potentially hazardous conditions
that could affect the safety of the inspector and the traveling public, the inspection sequencing, guidelines and procedures,
the typical defects and deficiencies that may be encountered during the inspection, and those conditions that could or would
require immediate action. This chapter sets forth to define policies, guidelines, and procedures for the safe and thorough
inspection of traffic signal structures.

Safety

Safety of the inspectors and the traveling public is paramount when performing daytime and nighttime inspection of signal
structures. As such, the inspector shall, as part of the planning and preparation process, perform a job safety analysis in order
to identify the typical safety hazards and mitigate risk for both the inspection team and the traveling public. It should be
noted that special conditions could arise during the inspection that were not identified as part of the safety analysis. Should
a hazardous safety condition arise during the inspection that was not anticipated or expected, the inspection operation shall
be halted until the condition is addressed. If the condition cannot be addressed on site, the inspection operation shall be
postponed until said condition is or can be addressed.

General Safety

The following general safety policies are provided to assist inspection personnel in mitigating risk during the inspections.

e Inspectors and other personnel working within a work zone shall wear at a minimum, hard hat, safety shoes, and high
visibility safety apparel that meet the requirements of the latest edition of the Virginia Work Area Protection Manual
(VWAPM). As necessary, other safety equipment such as safety glasses and gloves should be used.

e All overhead inspection activities shall be limited to areas over travel lanes that are closed to traffic.

e Maintenance of Traffic (MOT) procedures shall be in accordance with the latest edition of the VWAPM.

e Inspection vehicles shall be located as far off the travel lane as possible when performing shoulder or median work.

e Inspection vehicles shall be equipped with high intensity rotating, oscillating, or flashing strobe lights.

e Inspectors shall assume all wires are energized and inspectors shall not come in contact with any wiring on or inside a
structure.

e The inspector shall consider all wiring, conduits, junction boxes, and all other components of the lighting system to be
energized and operational unless specifically informed in writing by the Regional/District Operations maintenance
manager that the system is nonfunctional and not energized; also, special consideration should be given to the
identification of small cellular installations. The inspector shall follow all VDOT and OSHA guidance for working around
and near electrical hazards.

e Inspection operations shall not be conducted in inclement weather unless deemed necessary due to an observable
emergency condition; refer to Section 5.4. Should inspection operations be underway on a specific structure at the time
of inclement weather, the operations may continue until the structure is completed or roadway conditions become
hazardous to the traveling public. In both cases, the operation shall be terminated until the inclement weather passes
from the area.

Climbing and Aerial Lift Safety

All inspection personnel shall have successfully completed an OSHA-approved “Fall Protection” course/class, which fulfills the

requirements of OSHA 1926.503. In addition, the following aerial lift and climbing safety policies are provided to assist

inspection personnel in mitigating risks associated with aerial lift or climbing inspections.

e When in/on an aerial lift, the inspector shall wear an OSHA-approved fall protection harness attached to a secure tie off
point with an OSHA-approved lanyard. VDOT personnel operating any aerial device must be certified (3-year certification)
through the VDOT Maintenance Training Academy and operate the equipment in accordance with VDOT Safety and
Health Division Aerial Lifting Device Operations Procedure SSP# 1910.67.

e Inspectors shall use caution and follow VDOT and OSHA Guidance when operating an aerial lift around power lines. The
inspector shall maintain a minimum safe distance of 10’, or as required by OSHA 1926.1408, which provides minimum
safe, distances based on a known line voltage, from any overhead utility wires located on or in close proximity of the
structure within the work zone.

e Lifting equipment, whether ladders, bucket lifts, or scaffolding, should be properly secured to the ground with brakes,
blocks, outriggers, etc. prior to climbing.
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5.2.3

5.3
5.3.1

e  Climbing shall be restricted to only those areas where access by aerial lift is not possible, does not provide adequate
inspection, or where a critical deficiency is suspected and a more detailed or special inspection (non-destructive testing)
is necessary to investigate the suspected critical deficiency.

e The inspector shall wear an OSHA-approved fall protection harness attached securely to a main load carrying member
(e.g. chord) with an OSHA-approved lanyard. One hundred percent (100%) tie off shall be maintained at all times, using
two lanyards.

e The inspector should have three positive points of contact at all times when moving through the structure (both hands
and one foot or both feet and one hand in contact with the members).

o All safety equipment used for climbing shall be inspected for expiration dates, as well as defects that could alter their
strength. Defective, damaged, and out of date units or components shall be destroyed and discarded to prevent reuse.
The VDOT Maintenance Training Academy Certification, mentioned above, teaches personnel the proper procedures for
inspecting harnesses and lanyards.

e Only one person shall be on the structure at a time. Take as few items as possible when climbing; all necessary items are
to be adequately tied-off to the inspector to prevent falling.

e Climbing shall not be performed if the inspector is fatigued and/or mentally distracted.

e  Climbing should not be performed if the structure is wet from rain or dew.

e Boots, ladders, bucket lifts, and scaffolding should be kept free of oil and grease.

e Allinspectors shall be properly trained in the inspection process, fall protection, climbing techniques, and the use of all
climbing equipment in accordance with OSHA 1926 Subpart M.

e Climbing and aerial inspection activities shall not be conducted in inclement weather or a sustained wind speed of 30
miles per hour (mph) or greater. Should inclement weather and/or the aforementioned wind speeds develop during
climbing and aerial inspection activities, all activities shall be terminated until the inclement weather passes and/or the
sustained wind speed drops below 30 mph.

Nighttime Safety

Whenever night inspections are required, the inspectors must take steps to ensure adequate illumination of the inspection
surfaces and visibility of the inspection personnel. Lights can be worn by the inspectors, mounted on the inspection bucket,
or ground-mounted. The Team Leader must determine which method(s) of illumination will provide the best view of the
inspection surfaces. Consideration shall be given to placement and movement of the lights to properly illuminate all areas of
the structure being inspected to eliminate shadows and provide the best possible visual inspection conditions. Lights must
be positioned so that they will not be a distraction or impairment to on-coming motorists or pedestrians. Extreme caution
should be used during night operations due to the reduced visibility of the inspection personnel to on-coming traffic. VDOT
approved high visibility apparel is always required but can be especially important at night.

Inspection Procedures

Arrival on Site

Upon arriving on-site, the inspection team should verify that the structure number and physical location is correct. If the
available information conflicts, the inspector shall investigate to determine how to proceed. Possible conflicting
circumstances may involve newly installed structures, incorrectly marked structures, structures that have been removed from
the field and not from the database, or arrival at an incorrect location. Inspection operations shall not continue until the
conflict has been resolved.

After the correct structure is verified, the Team Leader shall contact the appropriate Smart Traffic or Traffic Operations Center
prior to commencing MOT activities. Once the MOT or lane closure is established, the inspection team shall verify that any
established MOT operation is in conformance with the latest edition of the VWAPM or specifically prepared MOT Plan by
performing a drive through of the MOT or lane closure prior to beginning inspections. During the drive through, the Team
Leader should be cognizant of the impact that the MOT operations has on traffic flow. If the MOT is not in conformance with
the VWAPM or the District-approved-plan, inspection operations shall not commence until the MOT is in conformance.
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5.3.2

5.3.3

Field Inspection

The field inspection of a signal structure consists of inventorying and inspecting the structure. The inventory component

requires verification of asset attribute information. The inspection component requires a comprehensive, detailed inspection

of the entire signal structure consisting of a 100% hands-on examination of each component, member, fastener, and weld on

the structure. The inspections should document any defects or deficiencies including dents, damage, corrosion, material

section loss, loose and missing fasteners, broken or cracked welds, and any other conditions that could affect the functionality

or integrity of the structure immediately or long term. In addition to the hands-on examination, the inspector(s) should use

forms of non-destructive testing (NDT) during the inspection to verify any suspected structural deficiencies. These forms of

NDT to be used include:

e Liquid/Dye Penetrant or Magnetic Particle Testing at locations of suspected surface cracks.

e Ultrasonic Testing to detect cracks in anchor bolts.

e Ultrasonic Thickness Testing utilizing corrosion thickness gages to determine remaining thickness for structural members
where thickness cannot be readily verified by other means, or where visible corrosion exists.

In the event the inspector is unable to perform the required or necessary testing due to the lack of equipment or lack of
qualifications, the inspector should contact the District Manager who may involve the Materials Division to arrange to have
the necessary tests performed. All personnel performing NDT shall be qualified by the Department’s Material Division,
Structures Group, for the specific NDT to be performed.

Typical Field Inspection Sequence and Operations

The field inspection sequence of a signal structure is important to provide organization throughout the inventory and
inspection process, and to ensure that all elements are inspected, and associated findings are recorded accurately. The items
below provide recommended sequencing of the field inspection, as well as specific items to be inventoried and inspected.

5.3.3a Inventory

Inventory information related to the as-built configuration of the structure does not typically vary from inspection to
inspection unless corrective maintenance, structure modifications, or retrofit work has been completed. This information
should be gathered at the initial inspection, verified, and updated as necessary at each subsequent inspection. For a detailed
list of specific inventory items that are to be recorded, and guidance on coding, refer to Appendix A - Inventory and Inspection
Coding.

5.3.3b Inspection

The signal structure should be inspected to determine its overall condition as well as the condition of the individual
components. All deficiencies should be fully quantified by describing the defect type (corrosion, section loss, spall, crack,
etc.), location, and size (length, width, depth, etc.). For example, the location of exposed reinforcing steel should be noted,
as well as the severity of any corrosion that has taken place. If the corrosion has caused section loss, the section loss should
be quantified. Furthermore, all inspection notes should be reviewed for accuracy and completeness while on-site. For a
detailed rating guide, that includes a list of the common deficiencies and recommendations, refer to Appendix B - Common
Deficiencies, Ratings, Recommendations, and Priorities.

5.3.3c  Documentation

Documentation consists of writing/recording field findings. Documentation should be as specific, clear, and concise as
possible without providing unnecessary details, yet should accurately and thoroughly describe the observed deficiency. Some
information may be implied, such as by which section of the report an item is being recorded. Documentation includes both
terms of qualification (i.e. severity of a deficiency) and quantification (number of items or area of deficiency). Deficiencies
that have dimensions are typically detailed in terms of width x length/height, or if more applicable, surface area. Other
dimensions that may be recorded include depth, percentage of section loss, a distance from a reference point, or other
language locating the finding. The various possible components of detailing should be used as needed. A few examples are
included below.

e Dentin pole, 2” long x 1” wide x up to 1/2” deep, 5’ high above base plate.

e 10% to 20% section loss on leveling nuts and washers at Anchor Bolt 1 and 2.

e Area of spalling, 5 SF x up to 1” deep, at top of pedestal.

e Crack, 1/8” wide, originating at Anchor Bolt 1-4 and extending 2’ down pedestal face.
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5.3.3d Photographs
Photographs are to be taken to provide a representation of the overall condition of the structure. As such, several basic

photographs should be taken at each inspection. These photographs are to be taken such that each view is maximized within

the frame of the photograph. These photographs include:

e The front view of a mast arm or span wire structure as viewed from the primary direction of travel.

e The view of any additional mast arms or span wires, as viewed from the direction of travel (secondary route) towards
the arms/wires.

e Typical view of the pedestal/base (as applicable)

e Typical view of the mast arm or span wire to pole connection (as applicable)

Photos are required of all deficiencies or conditions resulting in an element rating of poor or critical; however, can be included
for other conditions and/or reasons where further clarification may be needed to define the conditions or reasons. When
placed in the report, the photograph shall also have an appropriate caption containing verbiage describing the deficiency or
condition represented. If possible, all photographs should be reviewed in the field to ensure that the views and/or deficiencies
are clearly depicted. In the event that photographs, or commentary do not, or cannot, adequately/accurately describe the
deficiency, the inspector should sketch the deficiency in detail to the extent necessary to accurately depict the deficiency

New photographs shall be taken at each inspection for inclusion in the updated report. Old photographs shall not be reused
without permission from the District Manager. All photographs shall have date stamps.

For instruction on which inventory and inspection photos are to be included in the database and report, refer to Appendix A,
Section A.7.

The photographs below present the basic inventory photos to be taken at the start of the inspection.

Photo 5.1 Front view of structure with single mast arm Photo 5.2 Front view of structure with span wire governing
single travel direction
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Photo 5.5 Front view of span wire governing two routes Photo 5.6 Secondary view of sp
routes

FRR s i
an wire governing two

Photo 5.7 View of base 7 Photo 5.8 View of mast arm to pole connection
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Photo 5.9 View of span wire to pole connection

Typical Field Inspection Sequence and Operations (Continued)

The following presents the recommended inspection sequence and procedures, as well as recording of typical findings.
Although extensive, the following information is not meant or intended to be all encompassing as variations in structure types
and details will occur.

5.3.3e  Overall Alignment
The entire signal structure should be examined “from a distance” looking for obvious deficiencies or problems. The inspector
should check for:
e  Gross damage to the structure and its supports from collisions.
e Visually noticeable sagging of the mast arm or span wire.
e Vertical and horizontal alignment of the traffic signals, sign panels, superstructure, and poles/vertical supports.

5.3.3f Vertical Clearance
Vertical clearance from the lowest point of the structure (e.g. mast arm, traffic signal heads, signs, sensors, cameras, etc.) to
the highest point of the roadway over each paved shoulder and each lane should be measured. The minimum clearance and
the respective lane of the clearance for each direction of travel should be recorded. Clearances greater than 25’ should be
recorded as such, without specific measurements taken at each location.

5.3.3g Foundation: Erosion / Undermining / Settlement / Drainage
These deficiencies should be visually assessed. The inspector should inspect and document the following conditions:
e Location of the pedestal relative to the immediate area around the pedestal.

o If the top of the pedestal is buried less than 12” below grade, remove the dirt/fill until the top of the pedestal is
exposed, inspect and document that the pedestal was buried and uncovered for inspection.

o Ifthe top of the pedestal is located under a walkway or sidewalk, or buried below grade 12” or more, document the
condition. The buried condition is to be reported for excavation by VDOT maintenance crews. Notice shall be
provided to the District Manager; refer to guidelines in Section 5.3.4. However, if conditions warrant immediate
excavation, the condition should be reported immediately. An inspection should be performed as soon as possible
following excavation. Conditions that would warrant immediate excavation include observable corrosion and/or
section loss.

e Erosion or undermining around the pedestal faces. Any areas of undermining should be probed and documented to
determine depth and extent.

e Anyindications of movement or rotation of the foundation should be measured and documented. Movement or rotation
of a pedestal could be indicative of an underlying foundation or soil issue.

e Standing water or indications of poor drainage should be noted and depth of water measured.

e The pedestal is located in a swale or drainage ditch. A pedestal located in a swale or drainage ditch could periodically be
submerged resulting in corrosion, debris accumulation, or damage of the submerged areas.
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5.3.3h Foundation: Concrete Pedestal (or Median Barrier, Bridge Parapet)
All loose debris and vegetation should be removed. The pedestal should be visually and tactilely inspected. The inspector
should inspect and document the following conditions:

5.3.3i

Cracking: All cracking should be documented, and special attention should be given to cracks propagating from anchor
bolts. Any rust staining present along the cracks should be documented. The cracking could indicate overloading of the
bolts or appreciable corrosion on the embedded portions of the anchor bolts.

Delamination: Sound the pedestal with a hammer to detect locations of delamination. The delaminated areas will give a
hollow sound when tapped with a hammer.

Spalling, Honeycombing, Scaling: All spalling, honeycombing, and scaling should be documented. Any exposed reinforcing
should be documented along with any associated section loss.

Impact damage. Document that impact damage exists and any deficiencies associated with it, which may include any of
the above.

Foundation: Steel Haunch

Ahaunch is a steel bracket attached to a bridge girder and made to accommodate the ancillary structure, and typically consists
of multiple plates built up and welded together. For a detailed description and photograph of a steel haunch foundation,
refer to Section 1.2.1p. The haunch should be visually and tactilely inspected from an aerial lift (bucket or platform) or
underbridge inspection unit (snooper). The inspector should inspect and document the following conditions:

For anchor bolt inspection guidance, refer to Section 5.3.3k Foundation: Anchor Bolts.

Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If corrosion is observed on the haunch assembly, the area should be thoroughly cleaned of all rust scale and the
amount and extent of section loss should be determined and documented.

o If corrosion is observed on connection hardware, the amount and extent of section loss should be determined and
documented.

Localized areas of distressed painted or coated surfaces. Cracks or splits in painted surfaces could be indicative of an

overstressed section warranting additional investigation and NDT at these areas. This condition could also be a result of

weathering or chemical contamination (i.e. deicing salts). The inspector will need to use sound engineering judgment to

determine the possible cause. This may, if warranted based on severity and affected area, involve additional coating

evaluation such as adhesion testing or paint sampling for lab work.

Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting

welds, and incomplete or excessively ground welds as they create stress risers. The location and size of the crack(s) is to

be documented.

Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under

engaged nuts, and presence of lock washers, beveled washers or extra washers. Document percent engagement if less

than 100%.

Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special

attention should be given to these areas.

Distortion of the haunch assembly. Distortion could be indicative of overloading, damage during erection or improper

welding procedures during fabrication.

Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may

include any of the above.
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The photographs below present various typical pedestal deficiencies and conditions that could be encountered in the field.

Photo 5.12 Standing water around base of pole located in
a swale/drainage ditch

/

/8 o SRR
Photo 5.14 Overgrowth of vegetation on pedestal Photo 5.15 Delamination on top of pedestal
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Photo 5.16 Crack in pedestal extending out from anchor Photo 5.17 Erosion around back side of pedestal
bolt

S

5.18 Foundation

R

a),!.V.., B¢ IR X <
Photo 5.20 Foundation adjacent/level with concrete Photo 5.21 Corrosion of steel haunch
sidewalk, corrosion on base plate, pole, and top nuts. (Sign structure shown for illustrative purposes only)
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5.3.3j Foundation: Grout Pads

All loose debris and vegetation should be removed. The grout pad should be visually and tactilely inspected. The inspector

should inspect and document the following conditions:

e  Partial (minor cracking and/or section loss) or full (section loss, heavy cracking, etc.) deterioration of the existing grout
pad. Deterioration results in water/moisture retention within the grout pad and possible corrosion of the partially or
unexposed anchor bolts. Note the level of deterioration. If the grout pad is deteriorated to the extent that it can be
removed easily with hand tools, first verify the existence of leveling nuts (refer to Section 5.3.3k), and then remove the
grout pad and note that it was removed by the inspector.

e Moisture leaking from the grout pad that indicates moisture/water retention and possible corrosion of the partially
exposed or unexposed anchor bolts. The moisture could be leaking from under the grout pad or from cracks and/or areas
of section loss in the grout pad.

e Document the maximum thickness of each grout pad. The height is representative of the height from bottom of the base
plate to the top of the pedestal; for further discussion, refer to Section 5.3.3k.

The photographs below present various typical grout deficiencies and conditions that could be encountered in the field.

Photo 5.22 Partially deteriorated grout pad with moisture
leakage bolts

Photo 5.24 Sound grout pad with weep hole
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5.3.3k Foundation: Anchor Bolts

All loose debris and vegetation should be removed. Nut covers, if present on decorative bases, should be removed prior to

inspection and then reinstalled upon completion of inspection activities. Nut covers on standard bases should be removed

and disposed of properly off-site. Anchor bolts, washers, and nuts should be visually and tactilely inspected if accessible (not

obscured by a grout pad). For numbering convention of the anchor bolts, refer to Section 5.6.4. The inspector should inspect

and document the following conditions:

e Document any deviation, excess or missing components, from the typical configuration; refer to Figure 5.1. Some
examples may include material other than mild steel (i.e. stainless steel or aluminum), the presence of lock washers,
beveled washers, lock or jam nuts, extra washers, and missing nuts and washers.

ANCHOR BOLT
POLE
TOP NUT
FLAT WASHER —\

1
BASE PLATE

FLAT WASHER

LEVELING NUT

/— TOP OF PEDESTAL

<"
Figure 5.1 Typical Anchor Bolt Configuration

e Presence of any tack welds or other welds on anchor bolt assemblies. Welding to bolts can change the material
characteristics and result in a loss in bolt strength.

e Corrosion, loss of galvanizing, section loss, etc. of the anchor bolts, washers, and nuts. If section loss is present on the
anchor bolts and/or nuts, all rust scale should be removed from the area and calipers should be used to measure the
remaining diameter of the anchor bolts or flat-to-flat distance on the nuts.

e Inadequately sized flat washers or lack of flat or plate washers for enlarged holes in base plates. Enlarged holes reduce
the amount of bearing area of the top nut and/or leveling nut on the base plate.

e Adequate engagement of top nut. Less than 100% engagement of the top nut reduces the ability of the anchor bolt to
develop its full load carrying capacity. Document percent engagement if less than 100%.
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e Loose orinadequately tightened top nuts and leveling nuts. These two deficient conditions of the nuts are recognized as
having a negative impact on the effectiveness and longevity of the anchor bolts, and ultimately, the structure as a whole.
o Loose nuts increase the stresses in the adjacent bolts and allow additional impact stresses on the bolt(s) having the

loose nut(s). A loose nut can be identified by the following criteria:

=  The nutis not in contact with the washer or base plate. In this case, there is a uniform gap between the nut and
the washer or base plate. This condition could represent a “frozen” nut or a loose nut that could be turned by
hand.

=  The washer between the nut and base plate moves by hand. This condition could represent a “frozen” nut or a
loose nut that could be turned by hand.

o Inadequately tightened nuts increase the stresses in the adjacent bolts and because they are not fully tightened, the
nuts may become loose over time. This condition is considered less severe as compared to a loose nut. An
inadequately tightened nut is defined as less than snug tight and can be identified by the following criteria:
= |tis notloose (as defined above).
= The nutis in contact with the base plate.

e The nut and/or washer moves when struck with a hammer. The sides of each nut should be struck 2-3 times with a 16-
ounce hammer in the nut-tightening or clockwise direction when looking down on the nut from above. The force should
be consistent between strikes to prevent false indications that the nut is inadequately tightened.

e  Plumbness of the anchor bolts. Out of plumb anchor bolts (slope that exceeds 1:40) could result in increased bending
stresses in the anchor bolts. If one or more anchor bolts are visually out of plumb, measure the slopes of the affected
bolts. The measurements are to be taken and documented as follows, refer also to Figure 5.2:

o Measure the plumb vertical distance or height, V, of the bolt above the top of concrete.

o Measure the horizontal distance, H, from the centerline of the bolt at the top of concrete to the centerline of the
bolt at the top of the bolt.

=== POLE
1
L]
> | BASE PLATE
|
= TOP OF PEDESTAL
== /
- N - » 1 l- L2 . LN . Ld . L3
3 [ A R
- s . i 14 B .A' ‘ﬂ -A
a N AN
Al |.
'
L_K:J

Figure 5.2 Measurement Methodology for Out of Plumb Anchor Bolts
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Improperly seated top nuts on the base plate. Improper seating of top nuts can reduce the bearing area of the nut on
the base plate and can consequently reduce the load capacity of the bolts. If the top nuts are not in full contact with the
base plate and a gap exists between the bottom of the nut and the top of the base plate at one or more locations, the
largest gap for each nut is to be measured and documented. The measurement, D (refer to Figure 5.3), is to be taken
from the top of the washer, or base plate if no washer exists, to the highest point above the base plate along the bottom
of the nut. These measurements should be taken using a feeler or taper gauge.
The table below is used to simplify the ratings for improperly seated top and leveling nuts, and for out of plumb anchor

bolts.

1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00

Bolt Diameter, d (in.)

Gap, D (in.)
1/16 1/8 3/16 1/4
0.0625 0.125 0.1875 0.25
DO NOT REPORT
D/d >= 0.04

I b/d>=0.08

POLE
D
L
[ 1
BASE PLATE
[ |
—— /— TOP OF PEDESTAL
T T T T T T AR
L I S| lg.” . a
ca ot Lo, " "
- . I Ib
C_<" 3

Figure 5.3 Measurement Methodology for Improperly Seated Nuts
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e Presence of a leveling nut if a grout pad is present. To determine if a leveling nut is present, the inspector can ‘probe’ the
grout pad by using a 1/4” masonry bit to drill a hole in the grout pad. The hole should be drilled toward the anchor rod
and in a direction that would intersect a leveling nut, if one is present. The inspector shall take all precautions not to hit
the anchor bolt and to minimize damage to the leveling nut, if one exists. A measurement taken from the top nut to the
outside of the base plate will give the inspector a dimension to be used to minimize damage to the leveling nut or the
anchor bolt. Whether a leveling nut is present or not the hole in the grout shall be filled with caulk prior to leaving the
site. If the grout is deteriorated and in poor condition the inspector may be able to remove a section of grout rather than
drill a hole. For the method of verifying the presence of a leveling nut, refer to Figure 5.4. A structure with a deteriorated
grout pad and no leveling nut is a serious condition and should be reported immediately to the District Manager or their
representative. The presence of, or lack of, a leveling nut shall be noted in the report.

Grout Pad

Yi" Masonry Bit

Figure 5.4 Method for Drilling Grout Pad to Determine Existence of Leveling Nuts

e Hidden or unobservable cracks within the anchor bolts. Cracks, regardless of size, decrease the load capacity of the bolts
and could increase stresses in the surrounding bolts. The top of the bolts should be tapped and sounded with the hammer
for any hollow sounds that could indicate the presence of a crack. If a hollow sound is present, an ultrasonic test should
be conducted to investigate the presence and location of a crack. Ultrasonic testing of all anchor bolts is required at each
regular inspection; for guidelines, refer to Chapter 2.

e Distance between the bottom of the base plate and the top of the pedestal, H (refer to Figure 5.5). Base plates that
exceed a clear height above the pedestal of two bolt diameters induce stresses that were not accounted for during design
and could reduce the load capacity and fatigue life of the anchor bolts. The maximum measured distance between the
bottom of the base plate and the top of the pedestal should be documented for each base plate of a structure as differing
heights could impact any recommendations pertaining to lowering of the structure

POLE

[ 1 AL T

BASE PLATE

/— TOP OF PEDESTAL

—r — — —
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Figure 5.5 Measurement Methodology for Base Plate Distance Above Pedestal
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The photographs below present various typical anchor bolt deficiencies and conditions that may be encountered in the field.

(¢ > o

Photo 5.26 Heavy corrosion and section loss on anchor bolt
below leveling nut

Photo 5.27 Top nut 75% engaged and missing flat washer

HH‘;\-”
Y
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Photo 5.29 Loose leveling nut and missing flat washer Photo 5.30 Excessive top of pedestal to bottom of base
plate height

y

Photo 5.31 Out of plumb anchor bolt with improperly Photo 5.32 Oversized hole in base plate and Inadéquately
seated top nut sized flat washer under top nut
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5.3.31  Vertical Supports: Base Plates

All loose debris and vegetation should be removed from under and around the base plate. Base plates should be visually and

tactilely inspected. Decorative bases or covers, if present, shall be removed to the extent possible without damaging the base

or cover and attachment hardware. The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc. If an area of corrosion is observed or suspected, the area
should be thoroughly cleaned of all rust scale and the amount and extent of section loss should be determined and
documented.

e Distress around enlarged holes for the anchor bolts. Holes are sometimes enlarged to facilitate installation of the base
plate, due to improper installation/setting of anchor bolts during construction.

e Distortion of the base plate. Distortion could be indicative of overloading, damage during erection or improper welding
procedures during fabrication.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

e Any decorative bases or covers that cannot be opened/removed shall be documented. The condition is to be reported
for removal by VDOT maintenance crews. Notice shall be provided to the District Manager; refer to guidelines in Section
5.3.4. However, if conditions warrant immediate removal, the condition should be reported immediately. An inspection
should be performed as soon as possible following removal of the base.

The photographs below present various typical base plate deficiencies and conditions that could be encountered in the field.

Photo 5.34 Corrosion and pitting on base plate, bottom of
pole and on anchor bolt and top nut

Photo 5.33 Impact amage to base plate
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5.3.3m Vertical Supports: Poles

The pole should be visually and tactilely inspected. Hand hole covers, if present, shall be removed to the extent possible
without damaging the cover and attachment screws. The upper portions of the poles are to be inspected from an aerial lift
(bucket or platform). The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

If an area of corrosion is observed on the outside of the pole, the area should be thoroughly cleaned of any rust scale

o
and the amount and extent of section loss should be determined and documented.

o Ifcorrosion is observed on the inside of the pole, the outside of the pole should be sounded with a hammer to detect
“thin” areas in the pole. An electrically insulated borescope may be used to visually inspect the inside of the pole.
The use of a borescope is to be documented. Thickness testing shall be performed utilizing corrosion thickness gages
to determine the amount and extent of section loss. Obtain three random readings at 3’ above the base and average
the three to determine the pole’s thickness. At a minimum, thickness testing should be performed utilizing corrosion
thickness gages at the 12, 3, 6, and 9 o’clock positions around the circumference of the pole. The readings are to be
taken on the pole immediately above the top of the base plate to pole weld, and at 3” and 6” above the top of the
base plate; refer to Figure 5.6. All readings should be recorded in decimal inches to three decimal place accuracy (Ex.
0.030”). Readings should be recorded in table format and included in the database as a photograph. For an example
chart format, refer to Figure 5.7.

ROADWAY
12 O'CLOCK
BASE PLATE |
-
POLE
9 O'CLOCK —— —1 30'CLOCK
READING LINE #3
o SASEPLATETS READING LINE #2
| - POl READING LINE #1
| | ] (AT TOP OF WELD)
6 0'CLOCK BASE PLATE /
PLAN VIEW ELEVATION VIEW
Figure 5.6 Measurement Methodology for Pole Corrosion Thickness Gage Readings, Plan and Elevation
Structure Number: 0630048
Reference Thickness: 0.119"
Pole Thickness Readings
Height Above
Base 12:00 3:00 6:00 9:00
0" Note 4 Note 4 Note 4 0.153"
3" 0.134" 0.141" 0.140" 0.132"
6" 0.122" 0.123" 0.122" 0.119"
Notes: <—— ROADWAY —>
1. 12:00 referenced to roadway. 12:00
2. Readings include coating thickness.
3. Reference thickness taken 9:00 3:00
approximately 36" above hand hole.
4. No reading due to pitting. 6:00

Figure 5.7 Measurement Methodology for Pole Readings utilizing a corrosion thickness gage, Example Thickness Chart

e Localized areas of distressed painted or coated surfaces such as at connections, attachments, pole bases, etc. Cracks or
splits in painted surfaces could be indicative of an overstressed section warranting additional investigation and NDT at
these areas. This condition could also be a result of weathering or chemical contamination (i.e. deicing salts). The
inspector will need to use sound engineering judgment to determine the possible cause. This may, if warranted based

5.18 of 5.51



on severity and affected area, involve additional coating evaluation such as adhesion testing or paint sampling for lab
work.

e  Out of plumb or leaning vertical supports/poles (not related to pedestal movement). Poles that are out of plumb or
leaning can be indicative of damage or adjustments made during erection and can increase bending stresses in the poles.
Any observable leaning of the vertical supports should be measured and the direction of the lean documented. The
measurement could be obtained by lowering a plumb bob from the top of the support within a few inches of the base
plate and taking a horizontal measurement, D, from the base of the support to the plumb bob line. Alternatively, a level
could be used to measure the amount of lean of a non-tapered pole over the known length of the level, L. For the method
for measuring leaning poles, refer to Figures 5.8 and 5.9.

TOP OF POLE
TAPERED
POLE
~—————— DIRECTION OF
LEAN
I [~
e
1
-
£
o
¥
H
]
g NON-TAPERED
POLE
— o
o
2
z (N
H
; ___/_
! LEVEL
Bl B
D

Figure 5.8 Measurement Methodology for Leaning or Out of Figure 5.9 Measurement Methodology for Leaning or Out of
Plumb Tapered Poles Plumb Non-Tapered Poles
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e Bowing of the poles. An observable bowing of the vertical supports could be indicative of an overstress condition,
inadequate support size or section, improper fabrication, or damage incurred by vehicle impact, and should be measured
and the direction of the bow documented. The measurements should be performed by stretching a line from the top of
the support to the face of pole above the base plate and measuring the maximum bow. In the case of a localized area of
bowing due to impact, the line or straight edge should be stretched across the area and rested against the plumb or
vertical portions of the support on both sides of the area. For the method for measuring bowed poles, refer to Figure
5.10.

TOP OF POLE

DIRECTION OF
BOW

POLE HEIGHT

& OF POLE

STRING LINE /

Figure 5.10 Measurement Methodology for Bowed Poles
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Dents and ruptures in round or faceted vertical supports/poles. Dents and ruptures can reduce the load carrying capacity
of the pole or poles as they could significantly reduce the cross section of the pole or poles. The depth of the dent or
rupture does not affect the rating, as it is a function of the wall thickness that, like the material, is highly variable. The
depth of the dent should be measured with a ruler; however, getting more complete or accurate information on the
depth of the dent could require specialized equipment that is impractical. Nevertheless, the depth of any dent or rupture,
as measured with the ruler, along with descriptions of any tears or punctures within the dent or rupture, should be
recorded during the inspection. The following measurements (refer to Figure 5.11) are to be taken and documented:

o H: Horizontal measurement of the dent or rupture.

V: Vertical measurement of the dent or rupture.

d: Depth of the dent or rupture at the deepest point of the dent.

C: Circumference of the support immediately above or below the affected area.

D: Distance from top of the base plate to the center/middle of the dent.
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Figure 5.11 Measurement Methodology for Dents and Ruptures in Round or Faceted Poles

Corrosion or loose rust scale around weep holes. Corrosion and rust scale may be indicative of corrosion of the inside of
the pole and should be investigated as described previously in this section.

Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special
attention should be given to these areas.

5.21 0f 5.51



e Condition of the welded connections. The welds should be closely inspected for cracking, especially at points of
intersecting welds and incomplete or excessively ground welds, as they create stress risers. Special attention should be
given to the pole to base plate weld due to the high stresses at this location. The location and size of any weld crack is to
be documented. Suspected cracks should be verified by NDT.

e Condition of the splices. Traffic signal structure poles are not typically spliced. However, if found splices should be
inspected for loose or missing components, cracked welds, and under engaged nuts. Document percent engagement if
less than 100%. Suspected cracks should be verified by NDT.

e Conditions of, in, and around the hand holes and covers. The hand hole covers should be removed to the extent possible

and inspected for looseness of the cover and missing or sheared bolts securing the cover. Any cover that cannot be

removed shall be documented. Missing or loose hand hole covers allow for water and debris infiltration, and animal
infestation. Any debris present within the hand hole is not to be removed by the inspector; the condition is to be reported
for removal by VDOT maintenance crews. Notice shall be provided to the District Manager; refer to guidelines in Section

5.3.4. However, if conditions warrant immediate removal of the debris, the condition should be reported immediately.

Conditions that would warrant immediate debris removal include observable corrosion, damage, and/or section loss of

the pole and around the hand hole. An inspection should be performed as soon as possible following removal of the

debris.

Cracks or breaks in the hand hole opening and opening weld, and cracks in the pole around the hand hole. Special

attention shall be given to the splice weld in the hand hole reinforcing ring. Cracks or breaks in the hand hole opening

and welds can potentially serve as a means for crack propagation in the pole. Suspected cracks should be verified by NDT.

e Condition of pole caps. Loose or missing caps allow water intrusion and animal infestation and should be documented.

Condition of electrical ports. Damage to the ports and missing, loose, or damaged port caps allow for water infiltration

and animal infestation and should be documented.

Timber pole decay, checking, splitting, shakes, knots, fire damage, or insect damage. Timber poles should be checked for

decay caused by insects, fungus, or other means. Decay often occurs below the ground line, so the timber pole shall be

excavated at least 6” to allow adequate inspection. The timber pole should also be inspected for checking, splitting, or
shakes. Any indication of fire damage should also be documented. All dimensions and extent of deficiencies should be
documented.

Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may

include any of the above.

The photographs below present various typical pole deficiencies and conditions that could be encountered in the field.

‘Photo 5.35 New po/é/baéé piate connected to previous Photo 5.36 Loose hand hole cover due to sheared top bolt
baseplate which is buried in grout
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Mast arm flange
mounting plate

T ﬁv\
Photo 5.37 Missing hand hole cover, bent ring around hand

Photo 5.38 Loose pole cap secured with elécttf}'cal tape
hole

Mast arm flange
mounting plate

Photo 5.40 Out of plumb pole, note welded splice in b:o}e
near mid-height

AR - AN -

Photo 5.41 Torch cut hole in pole

Photo 5.42 Impact amage to painted pole with corrosion
on dffected area
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Photo 5.43 Impact damage/dent to pole Photo 5.44 Buried base plate with corrosion and pitting on
base plate, base plate to pole weld and pole

3 0 §
Photo 5.47 Timber pole decay below grade Photo 5.48 Decay below grade, shown after pole removal

it Ve gl
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5.3.3n  Vertical Supports: Attachments to Pole

Components such as small informational signs, cameras, sensors, cross walk pedestrian signals, luminaire chords or other

items are often attached to the poles. These attachments should be visually and tactilely inspected. The inspector should

inspect and document the following conditions:

e Condition of electrical conduit and/or electrical or control boxes attached to the pole(s). The conduit should be visually
inspected for missing components, breaks, exposed wiring, and corrosion and section loss of connector and attachments.
In addition, the conduit and wiring entry and exit points in the poles should be inspected for the presence of rubber
grommets or seals. Electrical or control boxes and their pole attachments should be inspected for corrosion and section
loss. If any exposed wiring is present, inspectors are to take caution and avoid contact.

e Condition of the component. The component should be inspected for functionality and deficiencies documented.

e Condition of the component attachment. The attachments should be inspected and documented for section loss and
missing or loose hardware.

The photographs below present various typical pole attachment deficiencies and conditions that could be encountered in the
field.

Luminaire —»
chord saddle
clamp

| i;£‘|,|:l‘ ] '\‘I i

Photo 5.51 Loose nut at luminaire attachment saddle Photo 5.52 Fa)'léd-securing straps on control box mountd
clamp to pole
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5.3.30 Vertical Support: Mast Arm to Pole Connections

The mast arm to pole connections should be visually and tactilely inspected from an aerial lift (bucket or platform). The

inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If corrosion is observed on the connection assembly, the area should be thoroughly cleaned of all rust scale and the
amount and extent of section loss should be determined and documented. If the section loss cannot be measured
by conventional methods, then thickness testing shall be performed utilizing corrosion thickness gages to determine
the amount and extent of section loss.

o If corrosion is observed on the connection hardware the amount and extent of section loss should be determined
and documented. It should also be documented if the corrosion is caused by the presence of dissimilar metals. For
guidance on dissimilar metals, refer to Section 3.8.

e Localized areas of distressed painted or coated surfaces. Cracks or splits in painted surfaces could be indicative of an
overstressed section warranting additional investigation and NDT at these areas. This condition could also be a result of
weathering or chemical contamination (i.e. deicing salts). The inspector will need to use sound engineering judgment to
determine the possible cause. This may, if warranted based on severity and affected area, involve additional coating
evaluation such as adhesion testing or paint sampling for lab work.

e Condition of the welded connections. The welds should be inspected for cracking, especially at points of intersecting
welds, and incomplete or excessively ground welds as they create stress risers. The location and size of the crack(s) is to
be documented.

e Condition of the bolted connections. Bolted connections should be inspected for loose or missing components, under
engaged nuts, and presence of lock washers, beveled washers or extra washers. Document percent engagement if less
than 100%. For vertical support to chord connections, special attention should be given to flange mounting plate and
collar plate connections, as they are less redundant than seated connections.

e  Gaps in flange mounting plates or collar plates. Gaps could increase stresses in the connection bolts.

e Bent or distressed collar plate or collar plate ribs.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical mast arm to pole connection deficiencies and conditions that could be
encountered in the field.

Flange
mounting
plate

Collar

plate rib

Photo 5.53 Gap in flange mounting plates of mast arm to Photo 5.54 Missing nut on flange mounting plate of mast
pole connection arm to pole connection
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Mast arm

Broken

Loose bolt

Photo 5.55 Loose bolt at flange mounting plates of mast Photo 5.56 Broken weld at flange mounting plate to pole
arm to pole connection connection
By

Photo 5.57 Oversized flat washer under bolt at flange Photo 5.58 Corrosion on excessive flat washers at flange
mounting plates of mast arm to pole connection mounting plates of mast arm to pole connection

Gusset
plate

Photo 5.59 Crack in weld at gusset plate at mast arm to Photo 5.60 Loss of galvanization and light corrosion on
pole connection flange mounting plates, bolts and washers at mast arm to
pole connection
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5.3.3p Vertical Support: Span/Sway/Guy Wire to Pole Connection (includes Guy Wire to Anchor Connection)

The span/sway/guy wire to pole connections should be visually and tactilely inspected from an aerial lift (bucket or

platform).The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If corrosion is observed on the connection assembly, the area should be thoroughly cleaned of all rust scale and the
amount and extent of section loss should be determined and documented.

o If corrosion is observed on the connection hardware the amount and extent of section loss should be determined
and documented. It should also be documented if the corrosion is caused by the presence of dissimilar metals. For
guidance on dissimilar metals, refer to Section 3.8.

e Span wire and sway wire at the pole connection. The wire should be inspected for broken strands that reduce the
strength and capacity of the wire.

e Clamp or assembly securing the span wire and sway wire at the pole connection. The assembly or wire clamps should be
inspected for loose or missing components and under engaged nuts. Document percent engagement if less than 100%.
It should be documented if less than two wire clamps are present on a span wire connection.

e Eye bolt (typically at “thimble” eye bolt) used to secure the span wire and sway wire to the pole. The bolt should be
inspected for evidence of overstress (cracking, bending, broken) and the nut on the backside of the pole should be
inspected for tightness, engagement, cracks, etc. Washers should be present between the pole and bolt connection, on
both the eye and the nut side, and the connections and should be inspected for proper size and bearing.

e Timber should be inspected at the span wire and sway wire connection. The drilled holes in the timber should be
inspected where visible for evidence of decay. If decay is present, the area should be probed with an awl or pick to
determine the depth of the decay. The timber connection should also be inspected for signs of wear resulting from
movement of the eye bolt. Movement and subsequent wear can increase the size of the bolt hole and loosen the
connection.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical span wire and sway wire to pole connection deficiencies and conditions that
could be encountered in the field.

Photo 5.61 Line attached to span wire at span wire to pole  Photo 5.62 Broken strands on span wire at connection to pole
connection
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Photo 5.63 Bent thimble eye bolt on timber pole due to guy
wire attached on backside of bolt
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5.3.3q Horizontal Support: Mast Arms

The mast arms should be visually and tactilely inspected from an aerial lift (bucket or platform). The inspector should inspect

and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If an area of corrosion is observed on the outside of the mast arm components, the area should be thoroughly
cleaned of any rust scale and the amount and extent of section loss should be determined and documented.

o If corrosion is suspected on the inside of the mast arm components, the outside of the component should be
sounded with a hammer to detect “thin” areas. thickness testing shall be performed utilizing corrosion thickness
gages to determine the amount and extent of section loss.

e  Excessive sagging of the mast arm. Due to the length of certain mast arms (up to 70 feet), it is likely that
sagging/deflection could be present. Observable excessive sagging could be the result of overstressing/overloading,
inadequate member size, or damage resulting from vehicle impact, and should be measured and documented. A laser
distance measuring device could be used to determine the amount of sag in a mast arm. This method would entail
stationing an inspector at the end of the mast arm, the area of observable maximum sag, S, with a level and a laser
distance meter. The laser would be placed on the side of a level positioned along the centerline of the mast arm. The
level would be straightened, or leveled, and the laser shot to the pole/vertical support. The inspector stationed at
pole/vertical support would then mark the location on the pole; the distance could be measured from the mark to the
centerline of the mast arm at the connection to the pole; refer also to Figure 5.12.
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Figure 5.12 Measurement Methodology for Mast Arm Sag

e Localized areas of distressed painted or coated surfaces such as at connections, attachments, etc. Cracks or splits in
painted surfaces could be indicative of an overstressed section warranting additional investigation and NDT at these
areas. This condition could also be a result of weathering or chemical contamination (i.e. deicing salts). The inspector will
need to use sound engineering judgment to determine the possible cause. This may, if warranted based on severity and
affected area, involve additional coating evaluation such as adhesion testing or paint sampling for lab work.

e Condition of the slip joints (if applicable). The mast arms at the slip joints should be inspected for cracking, especially at
the end of the members and at the drilled bolt hole (present at slip joint connection). The location and size of any weld
crack is to be documented. Suspected cracks should be verified by NDT. The slip joint bolt should be inspected for
corrosion, loose or missing components, under sized bolt or under engaged nut.

e Condition of the welded joints (if applicable). The welds should be inspected for cracking, incomplete or excessively
ground, or poor welds that can contribute to stress risers within the weld. The location and size of any weld crack is to
be documented. Suspected cracks should be verified by NDT.
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e Corrosion or loose rust scale around electrical ports (holes in mast arms electrical wiring penetrates to feed signals,
sensors, cameras, etc.). Corrosion and rust scale may be indicative of corrosion of the inside of the chords or trussing and
should be investigated as described previously in this section. In addition, a rubber grommet should be in place around
the opening to prevent chaffing of the wiring.

e Corrosion and cracking around any burned or rough-cut holes. Burned or rough-cut holes are stress risers and special
attention should be given to these areas.

e Dents, buckles, or ruptures in the mast arm. These conditions typically occur during erection of the structure but may
also be caused by vehicular or debris impacts and should be measured and documented.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

e  Condition of end caps. Loose or missing caps allow water intrusion and debris accumulation and should be documented.

e  Utility wires or cables in contact with mast arm. Document any utility wires or cables that are resting on, or in contact
with the mast arm. Constant friction (rubbing) of the lines against the mast arm can cause coating failure and lead to
corrosion or be energizing the structure. If utility wires or cables exist, the inspectors should maintain a minimum
distance; refer to requirements in Section 5.2.

The photographs below present various typical mast arm deficiencies and conditions that could be encountered in the field.

Mast arm 3 A / Utility line

Mast arm

Photo 5.66 Dent in mast arm Photo 5.67 Loose, oversized (length), and undersized
(diameter) bolt at bolted mast arm slip joint
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- Mast arm

Photo 5.68 Tear in bolt hole in mast arm at bolted slip joint Photo 5.69 Corrosion around electrical port and missing
rubber grommet

Mast arm

Rubber grommet

Photo 5.70 Impact damage to mast arm Photo 5.71 Improperly secured cable fastened to top of
mast arm

Photo 5.72 Improperly sized and fastened end cap at end Photo 5.73 Missing end cap on mast arm with bird nesting
of mast arm debris inside arm
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5.3.3r Horizontal Support: Overhead Span
The overhead span is the same as the sign structure overhead span and in addition to applicable portions of this chapter
should also be inspected in accordance with Chapter 4.

5.3.3s  Horizontal Support: Span/Sway/Guy Wire

The span/sway/guy wire structures should be visually and tactilely inspected from an aerial lift (bucket or platform) similar

to the inspection of the mast arms. The inspector should inspect and document the following conditions:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.

o If an area of corrosion is observed on the span/sway/guy wire and/or components, the area should be thoroughly
cleaned of any rust scale and the amount and extent of section loss should be determined and documented.

e  Utility wires or cables in contact with the span/sway/guy wire. Document any utility wires or cables that are resting on,
or in contact with, the span/sway/guy wire. Constant friction (rubbing) of the lines against the wire can cause coating
failure and lead to corrosion, or the contact could energize the structure. If utility wires or cables exist, the inspectors
should maintain a minimum distance; refer to requirements in Section 5.2.

e Condition of splices (if applicable). If two or three bolt clamps are used to splice the wire, the clamps should be inspected
for corrosion, loose or missing components, or under engaged nuts.

e Condition of the span/sway/guy wire. The wires should be inspected for corrosion, breaks in the strands, kinks, etc.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical span wire and sway wire deficiencies and conditions that could be
encountered in the field.

Span wire

Span wire

Wire clip

Photo 5.74 Span wire resting on top of utility lines Photo 5.75 Loss of galvanization on span wire and wire
clips with light to moderate corrosion

5.3.3t Mast Arm: Attachments to Superstructure
The signal head, sign, camera, sensor, etc. attachments to the mast arm should be visually and tactilely inspected from an
aerial lift (bucket or platform). These are typically attached to the mast arm using an orbital mounting bracket. This bracket
mounts to the mast arm and allows several axis of adjustment to properly align the signal heads, signs, etc. The inspector
should inspect and document the following conditions associated with the orbital mounting brackets:
e Loss of galvanizing, corrosion, section loss, etc.

o The orbital bracket attachment hardware is typically stainless steel; however, galvanized steel can also be found in
the attachment hardware. If an area of corrosion is observed on the attachment hardware, the area should be
thoroughly cleaned of all rust scale and the amount and extent of section loss should be determined and
documented.

o Corrosion of the pins connecting the stainless steel band to the orbital bracket. If an area of corrosion is observed
on the pin or pins, the exposed portion of the pin should be thoroughly cleaned of all rust scale and the amount and
extent of section loss should be determined and documented. The pins are typically zinc plated and, as such, are
highly susceptible to galvanic corrosion (dissimilar metals).
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e Condition of orbital bracket (aluminum). The orbital bracket should be inspected for cracks or breaks. Cracks or breaks
compromise the ability of the connection to support the intended component (signal head, sensor, camera, etc.).
Document location and size of the crack or break.

e Condition of orbital bracket curved washer (aluminum). This washer connects the bolt on the stainless steel band to
orbital bracket. This should be inspected for cracks or breaks. Document location and size of the crack or break.

e Loose, missing, deformed/misaligned, or broken bolted connections or components, and under engaged nuts on the
orbital bracket assembly. Under engaged nuts are to be recorded as percent engaged.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

e Document any deviation, excess or missing components, from the typical configuration; refer to Photos 5.76 and 5.77.
Some examples may include material other than stainless steel or aluminum, the presence of beveled washers, lock or
jam nuts, extra washers, and missing nuts and washers.

Receiver 1S o Curved washer
bracket T and band bolt

V-bolts

4— Stainless
steel band

>

Clamping bolts F 4— Gusseted tube

Photo 5.76 Typical band mount orbital bracket
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Cable clamping
plate and bolts

S

Gusseted tube

Photo 5.77 Typical cable mount orbital bracket
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The photographs below present various typical orbital bracket deficiencies and conditions that could be encountered in the
field.

Gusseted

Photo 5.78 Crack in orbital bracket

Gusseted
tube

Orbital

bracket
Band bolt 3
Insert
bracket
i Curved
) - - ; washer
Photo 5.80 Broken curved washer at band bolt to orbital Photo 5.81 Crack in insert bracket at gusseted tube

bracket connection connection on orbital bracket

Stainless

steel band s ~a

.

Gusseted

- k
rRITAD ' S : AMMEA TR |

Photo 5.82 1 of 2 clamp boﬁs broken at orbital bracket Photo 5.83 Zinc pin not fully seated at stainless steel band
connection, note corrosion on pin
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Photo 5.84 1 of 2 V-bolts broken at gusseted tube Photo 5.85 Corrosion on non-stainless connection
connection to orbital bracket hardware of orbital bracket

Additional
Lock washers bands

not fully / \

’ \ ~

comp Ssed

Photo 5.86 Loose bolts at cable clamping connection to Photo 5.87 Additional stainless steel bands installed at
orbital bracket orbital bracket

Gusseted

éroken band
tube

bolt

Missing set screws

Photo 5.88 1 of 2 broken band bolts on orbital bracket Photo 5.89 Missing set screws at lower gusseted tube
connection
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5.3.3u  Span Wire: Attachments to Superstructure

The signal and sign attachments to the span wire should be visually and tactilely inspected from an aerial lift (bucket or

platform). These are primarily attached with the use of span wire clamps. These clamps are then attached to a leveling

assembly and a hanger, which is then mounted to the signal head or sign. This mounting allows vertical adjustments as well

as the ability to “plumb” and properly align the signals and signs. The inspector should inspect and document the following

conditions associated with the span wire clamps:

e Coating loss (paint or galvanizing), corrosion, section loss, etc.
o If an area of corrosion is observed on the mounting components, the area should be thoroughly cleaned of any rust

scale and the amount and extent of section loss should be determined and documented.

e  Worn hardware. Due to the potential for motion of the assembly, connection hardware as well as bolt holes or slots can
become worn. Document any section loss of the members due to wear.

e Loose, missing, deformed/misaligned, or broken bolted connections or components, and under engaged nuts on the
attachment assembly. Under engaged nuts are to be recorded as percent engaged.

e Impact damage. Document any observable impact damage that exists, and any deficiencies associated with it, which may
include any of the above.

The photographs below present various typical span wire attachment deficiencies and conditions that could be encountered
in the field.

Span wire
Span wire
clamp

Span wire

Photo 5.90 Moderate corrosion on span wire clamp bolts Photo 5.91 Loose bolts at span wire clamp
and pin at leveling assembly connection

Photo 5.92 Corrosion and wear on sign attachment Photo 5.93 Loose bolt at hanger assembly on signd/
hardware attachment to span wire
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SEVAVE

¥ 4—— Missing
connection
hardware

Photo 5.94 Missing connection hardware at signal head to
sway wire connection

5.3.3v  Signals and Attachments

In general, the traffic signal structure inspections do not cover the operational functionality of the signal heads, sensors,
cameras, antennas, wiring, etc.; however, the inspector is required to note anything that may impact or pose a threat to the
safety of the public, including motorists, pedestrians, or inspection personnel. In addition, any observed non-functioning
component should be documented. The signal heads and signs, as well as sensors, antennas and cameras and any other
component mounted to the mast arm or span wire should be visually and tactilely inspected from an aerial lift (bucket or
platform). The inspector should inspect and document the following conditions:

e Coating loss (paint), oxidation, section loss, etc.

o Ifan area of oxidation is observed on the signal heads, the area should be thoroughly cleaned, and the amount and
extent of section loss should be determined and documented.

e Signal lenses. The lenses should be inspected for functionality and any defects (bullet holes, cracked lenses, etc.) should
be noted).

e  Signal visor and backplate. These components should be inspected for missing, loose, or broken components.

e Wing nuts securing front panel of signal heads. The nuts should be inspected for missing, loose, or broken components.

e Impact damage. The affected signal head, sign, sensor. etc., location on the affected component, and dimensions of the
impact damage are to be documented and the area photographed.

e Alignment of the components. The inspector should verify that all signal heads, signs, etc. are mounted so that they are
easily visible from the intended direction of travel.

e Connection hardware fastening the attachments to the arms/wires. Bolted connections should be inspected for loose or
missing components, under engaged nuts, and presence of lock washers, beveled washers or extra washers. Document
percent engagement if less than 100%.

e Bullet holes. Bullet holes per signal head or sign should be documented.

e Cracking, damage, delaminating, peeling, or crazing (network of closely spaced, fine cracks) of the reflective material of
attached signs. Damaged or deteriorated reflective material can affect the legibility of the sign.

e Fading of lettering. Faded lettering can affect the legibility of the sign.

e Attachment operation and functionality.

e  Cracked, broken, cloudy sensor or camera covers.

e  Moisture accumulation or water in attachment housings.

e Loose, missing, or deformed/misaligned bolted connections or components, and under engaged nuts. Under engaged
nuts are to be recorded as percent engaged.

e Condition of electrical conduit, conduit attachments, conduit connections. The conduit should be visually inspected for
missing components, breaks, exposed wiring, and corrosion and section loss of connector and attachments. The junction
boxes should be inspected for missing covers and exposed and/or broken wiring.
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The photographs below present various typical signal head, sign, sensor, antenna and camera deficiencies and conditions
that could be encountered in the field.

Mast arm

Coating
failure

Photo 5.95 Misaligned signal head, note coating failure on Photo 5.96 Broken backplate on signal head
backside of signal head

Vv

Photo 5.98 Broken visor on signal head

>
Photo 5.99 Loose wires at bottom of signal head Photo 5.100 Bullet holes in backside of signal head
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5.3.4

5.3.5

Photo 5.101 Impact damage to sign mounted to mast arm Photo 5.102 Peeling of lettering on turn arrow

Conditions Preventing Inspection

A best attempt should always be made to complete the inspection. However, in some cases, conditions may be encountered
that prevent inspection. A few examples of such conditions include structures buried more than 12”, hand hole covers that
cannot be removed, or excessive debris within hand holes. The condition is to be reported to the District Manager so that the
condition preventing inspection can be resolved, allowing inspection to proceed. The notification shall be provided via email
complete with a written description(s) and photograph(s) of the finding. The notification should be provided at the end of
the week in which the finding was made, along with any similar findings made throughout the week. However, if conditions
warrant immediate response, the condition should be reported immediately. Conditions that would warrant immediate
response include observable corrosion, damage, and/or section loss. After resolution of the condition that was preventing
inspection, an inspection should be performed as soon as possible.

Departure from Site

Prior to departing the site of an inspected traffic signal structure, the Team Leader should review the inventory information
and inspection findings for clarity, accuracy, and completeness. A good practice is for the inspector to prepare a basic
inventory and inspection checklist prior to the inspections, to use in the field to ensure that all necessary information is
captured. In addition, a walk-through of the inspection site should be made to ensure that all equipment has been collected
and stored in the inspection vehicle. Lastly, the Team Leader should review the next structure and the MOT requirements
with the MOT crew. Should the inspections be completed for the day or evening, the Team Leader should contact the
appropriate Smart Traffic or Traffic Operations Center to notify them that inspection operations have ceased for the day or
evening.
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54

54.1

5.4.2

5.4.3

5.4.4

Critical and Emergency Structural Findings
Critical and Emergency findings are those findings that present an imminent structural or safety risk or immediate hazard,
respectively, to the structure and/or traveling public. These conditions are further defined and discussed below.

Critical Findings

Critical Findings are defined as imminent conditions that could, if left unresolved, result in localized or complete failure
(collapse) of the structure, or present a safety issue to the traveling public, and should be addressed within 90 days of its
discovery. Should any such condition be encountered, it shall be reported to the District Manager within 24 hours of the
discovery of the finding. A notification shall be provided via email complete with a written description(s) and photograph(s)
of the finding.

Emergency Findings

Emergency Findings are defined as conditions that are deemed to pose an immediate safety risk or hazard to the structure’s
integrity and/or the traveling public and require immediate attention and corrective action. Should any such condition be
encountered, the Team Leader shall contact the appropriate District Manager while on-site to notify them of the condition.
In the case of an Emergency Finding, contact is normally initiated by telephone call and followed up the same day with email
documentation of the findings, including photographs. Once contacted, the Department will work with the Team Leader to
quantify and assess the situation to determine if it warrants an emergency response or can be addressed through the critical
recommendation process.

Critical and Emergency Findings through Combination

In some cases, several less-than-critical deficiencies may exist which together may create a critical or emergency situation.
As an example, a pole may be rated poor due to a dent and bowing. However, if the inspector believes that the bowing is
being exacerbated by the dent, he/she may assess the overall condition as critical. The inspector shall use their judgment to
identify combinations of deficiencies that would be deemed critical or emergency.

Common Critical Findings

The following items/criteria are typical conditions that qualify as critical conditions; however, the inspector should use sound
judgment in determining if any other deficiencies, or combination of deficiencies, exist that could qualify as a critical or
emergency condition. As stated above, any emergency findings shall be reported immediately to the appropriate District
Manager to notify them of the condition(s).

5.4.4a Pedestal

e Observable movement or rotation.

5.4.4b Anchor Bolts

e 30% or greater section loss of 1 or more anchor bolts.

e Any anchor bolts that are broken, sheared, or cracked.

e Any anchor bolt(s) having any relevant indications detected by ultrasonic testing.

e 1o0f4,2o0f6, or 3 of 8+ top or leveling nuts loose or missing.

e 20f4,2o0f6, or 3 of 8+ top or leveling nuts which are not fully seated with a gap under the nut which has a height of 4%
of the anchor bolt diameter or greater.

e 20f4,2o0f6, or 3 of 8+ out of plumb anchor bolts which have a slope equal to or greater than 1:40.

e 2o0f4,2o0f6, or 3 of 8+ anchor nuts that are less than 75% engaged.

e 1 of4,2o0f6, or 3 of 8+ top or leveling flat washers are missing where slotted/oversized holes exist and the nuts are
embedded into the hole.

5.4.49c Grout

e Grout is deteriorated, no leveling nuts present.
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5.4.4d Poles and Base Plates
e  Structural members having one or more areas of 25% or greater section loss.
e Any cracks in the base plate, vertical stiffeners, hand hole, pole, welded joints, base plate or vertical stiffener to pole
weld, truss members, or truss to pole welds where likely to propagate into the pole.
e Impact damage to any structural member in which the member is in danger of falling.
e Loose, missing, broken, or heavily deteriorated attachments to the pole (signs, cameras, sensors, etc.) in which the
attachments are in danger of falling.

5.4.4e  Mast Arm/Chord Superstructure
e  Structural members having one or more areas of 25% or greater section loss.
e  25% or more bolts or nuts in a mast arm/chord to pole connection are loose or missing.
e Slip joint bolt missing with any evidence of adjacent mast arm sections slipping.
e Any cracks in the mast arms/chords, mast arm/chord to pole connection plates, splice plates or welds, or truss to chord
welds where likely to propagate into the chord.
e Impact damage to any structural member in which the member is in danger of falling.

5.4.4f Span Wire Superstructure
e  Structural members having one or more areas of 25% or greater section loss.
e 25% or more bolts or nuts in a span wire to pole connection are loose or missing.
e  Span wire splice components and hardware are loose or missing.
e  Sway wire is broken and is in danger of falling.
e Impact damage to any structural member in which the member is in danger of falling.

5.4.4g Signal Heads, Signs, Cameras, Sensors, and Antennas Connections
e Impact damage to any signal head or other attachments (signs, cameras, antennae, sensors, etc.) in which the member
is in danger of falling.
e Loose, missing, broken, or heavily deteriorated components of the signal head or other attachments (signs, cameras,
antennae, sensors, etc.) in which the component is in danger of falling.
e  Crack or break in both curved washers at the orbital mounting bracket cable or band bolt.

Non-Structure Related Emergencies

In addition to structural emergencies (critical findings), medical emergencies are potential events which could occur during

the inspection/inventory of a structure. The inspection team should be aware of the following potential emergencies:

e Vehicular accident. The close proximity to live traffic creates the potential for an accident/injury.

e  Electric shock. Overhead power lines as well as energized electrical wires on the structure could cause an electric shock
if inadvertently contacted. Inspection teams shall follow all pertinent VDOT and OSHA electrical safety guidelines.

e Fall hazard. The potential for a fall related injury is present with the use of aerial equipment. Similarly, to the bullet above,
inspection teams shall follow all pertinent VDOT and OSHA fall protection guidelines.

e  Cuts/burns. The equipment used to perform the inspections can cause cuts and or burns if an accident were to occur.

The above items are examples of emergency situations that could occur while in the field. Each structure presents its own
risks. Prior to inspection, the Team Leader should address all concerns and determine a course of action should a situation
arise. This typically involves a hazard analysis along with development of an emergency action plan documenting nearby
emergency medical and rescue facilities along with telephone numbers. Should a piece of aerial equipment malfunction,
aerial rescue may also become an emergency. All inspection vehicles should be equipped with a first aid kit. If there is an
emergency, 911 should be called to assist all injured parties. It is very important that all Team Members know the location in
which they are working, in order to direct emergency personnel on-site in a timely fashion. One or more inspectors shall have
a mobile telephone in addition to other computer devices being used for the inspection work.
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5.6

5.6.1

Inspection Conventions and Numbering

Prior to October 26, 2016 date, coordinates of a signal pole was collected for a single location at each intersection. This is no
longer the practice. If the signal poles are not located individually, the inspectors shall use HMMS to adjust the locations for
the individual poles (refer HMMS User Guide).

Structure and GPS Coordinates

New pole group ID’s are no longer being assigned. Each signal pole should be individually located

The structure number convention, numbering format, size of the numbers, and location of the structure number on the traffic
signal structure, as well as the location and format for collecting and recording the GPS coordinates is presented below.

Painting/Stenciling of Structure Numbers

1. Height of numbers and lettering: The stenciled numbers and letters shall be 2” high and have 1” space between letters.

2. Stenciling paint shall be highly durable and weatherproof with a UV inhibitor. The color of the paint shall be black or deep
brown. For dark colored painted poles, light grey can be used, and yellow can be used for timber poles. As an alternative
to painting the number, reflectorized panels or numbers may be applied to the structure. Reflectorized panels shall be
placed in the same location that numbers would have been otherwise painted. The numbers on the reflectorized panel
shall be of the same height and spacing as described for stenciling.

3. The 11-digit alphanumeric code shall be placed at an elevation that makes the bottom number 3’ above the top of the
anchorage or 6” above any barrier railing or decorative base enclosure. Lettering shall be placed vertically on the pole so
as to be visible from oncoming traffic in the primary direction of travel. For example, if a pole is on US-17N, the number
shall be placed so that it will be visible while traveling on US-17N.

l. Interstates (IS)

Il US Routes (US)

Il Primary State Routes (VA)

V. Secondary State Routes (SC)
When a traffic signal structure is located at the intersection of multiple primary routes (US Routes, State Routes) the
lowest primary route number shall govern for locating the structure. For example, a traffic signal structure located at the
intersection of US Route 17 Northbound and US Route 28 Northbound would be defined as being located on US Route
17 North and, as such, would have the structure number applied to the side of the structure facing US Route 17
Northbound.

Existing 7-digit numbers presently located on a structure shall be replaced with the 11-digit alphanumeric code at the
time of the next regular or base inspection. The three-letter prefix (alpha portion) may be stenciled at the district’s
distraction. See Appendix A, Section A.3.2, ltem Code ATTO03.

5.6.1a GPS Coordinates

5.6.2

Structures that do not have individual GPS coordinates shall be corrected in HMMS (see user guide)

Lane Numbering

Lane numbering is critical to accurately record inventory information and define locations for recording various inventory and
inspection findings. All lane numbering shall be left to right looking either northbound or eastbound, based on the route
labeling. When a route is not labeled, northbound and eastbound will be determined based on cardinal directions. For lane
numbering conventions to be used on traffic signal structures, refer to Figures 5.13 through 5.17. Primary and secondary
route designations should match the major and minor routes of the traffic signal attributes.
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Figure 5.13 Methodology for Lane Numbering with US-1 as the Primary Route and US-17 Bus as the Secondary Route
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Figure 5.14 Methodology for Lane Numbering with US-1 as the Primary Route and VA-3 as the Secondary Route
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Figure 5.15 Methodology for Lane Numbering with VA-3 as the Primary Route and the Business Entrance as the
Secondary Route
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Figure 5.16 Methodology for Lane Numbering with VA-143 as the Primary Route and VA-162 as the Secondary Route
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Figure 5.17 Methodology for Lane Numbering with US-1 as the Primary Route and US-17 as the Secondary Route
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5.6.3 Traffic Signal Structure Inspection Numbering/Labeling Methodology
Numbering/labeling of traffic signal structure components (signal heads, signs, sensors, cameras) is critical to accurately
record inventory information and define locations for recording various inventory and inspection findings. For numbering of
each component (i.e. signal heads, sensors, cameras, signs, slip joints, etc.) the numbering begins at the pole and increase in
number moving away from the pole. The first signal head, sign, sensor, etc. from the pole is labeled as number 1. When
recording inventory and inspection data on structures with two mast arms or span wires, document the arm/wire to which
the deficiencies/inventory information pertains.

Note that span wires will be divided at approximately the mid-span. Each half of the wire, and all components attached to
that half of the wire, will be assigned to the pole nearest it. This effectively means, for labeling purposes, the span wires may
be treated as mast arms. Each pole could have two “halves” of span wires associated with it.

For the numbering/labeling to be used on traffic signal structures, refer to Figures 5.18 through 5.26.

5.6.3a Signal and Component Numbering/Labeling Methodology

CAMERA 2 CAMERA 1 SENSOR 1
SENSOR 2
SIGN 2 —l “
THOMAS -
g1 1,1 | TR e [T
ONLY Z"
PLATE
DAMPENER
SIGNAL 3 SIGNAL 2 SIGNAL 1

e
Figure 5.18 Methodology for Signal Head and Attachment Labeling/Numbering with Pole on Right Side of Roadway
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Figure 5.19 Methodology for Signal Head and Attachment Labeling/Numbering with Pole on Left Side of Roadway
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Figure 5.20 Methodology for Two Pole Span Wire, Span Wire Distribution Plan
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Figure 5.21 Methodology for Two Pole Span Wire, Span Wire Distribution Elevation
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Figure 5.22 Methodology for Four Pole Span Wire, Span Wire Distribution Plan
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Figure 5.23 Methodology for Four Pole Span Wire, Span Wire Distribution Elevation

ol

SR-600W

SR-600E

SIGN 1
SIGNAL 2
[V [— SIGNAL 1
1\
LI ;
"A" POLE "B" POLE

e

Figure 5.24 Methodology for Four Pole Span Wire, Span Wire Distribution Elevation
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Figure 5.25 Methodology for Four Pole Span Wire, Span Wire Distribution Elevation
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Figure 5.26 Methodology for Four Pole Span Wire, Span Wire Distribution Elevation

5.50 of 5.51



5.6.4

Anchor Bolt Numbering Methodology

Anchor bolt numbering is necessary to accurately define the various defects and deficiencies encountered during the
inspection of the base plate and anchor bolts, as well as indications detected through ultrasonic testing. The numbering is
established by standing behind the structure looking at the roadway for the primary direction of travel. When standing behind
the structure facing the roadway, the first bolt to the right of the base plate/pole centerline is labeled as Bolt No.1 and
subsequent bolts are numbered consecutively in clockwise direction from Bolt No. 1. For the anchor bolt numbering system
for various base plates, refer to Figure 5.27.
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Figure 5.27 Anchor Bolt Numbering Methodology
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CHAPTER 6. POLE INSPECTION PROCEDURES

6.1

6.2

6.2.1

6.2.2

Introduction

A qualified inspector must understand a variety of considerations, including hazardous and potentially hazardous conditions
that could affect the safety of the inspector and the traveling public, the inspection sequencing, guidelines and procedures,
the typical defects and deficiencies that may be encountered during the inspection, and those conditions that could or would
require immediate action. This chapter sets forth to define policies, guidelines, and procedures for the safe and thorough
inspection of pole structures.

Safety

Safety of the inspectors and the traveling public is paramount when performing daytime and nighttime inspection of pole
structures. As such, the inspector shall, as part of the planning and preparation process, perform a job safety analysis in order
to identify the typical safety hazards and mitigate risk for both the inspection team and the traveling public. It should be
noted that special conditions could arise during the inspection that were not identified as part of the safety analysis. Should
a hazardous safety condition arise during the inspection that was not anticipated or expected, the inspection operation shall
be halted until the condition is addressed. If the condition cannot be addressed on site, the inspection operation shall be
postponed until said condition is or can be addressed.

General Safety

The following general safety policies are provided to assist inspection personnel in mitigating risk during the inspections.

e Inspectors and other personnel working within a work zone shall wear at a minimum, hard hat, safety shoes, and high
visibility safety apparel that meet the requirements of the latest edition of the Virginia Work Area Protection Manual
(VWAPM). As necessary, other safety equipment such as safety glasses and gloves should be used.

e All overhead inspection activities shall be limited to areas over travel lanes that are closed to traffic.

e  Maintenance of Traffic (MOT) procedures shall be in accordance with the latest edition of the VWAPM.

e Inspection vehicles shall be located as far off the travel lane as possible when performing shoulder or median work.

e Inspection vehicles shall be equipped with high intensity rotating, oscillating, or flashing strobe lights.

e Inspectors shall assume all wires are energized and inspectors shall not come in contact with any wiring on or inside a
structure.

e The inspector shall consider all wiring, conduits, junction boxes, and all other components of the lighting system to be
energized and operational unless specifically informed in writing by the District Operations Maintenance Manager that
the system is nonfunctional and not energized; also, special consideration should be given to the identification of small
cellular installations. The inspector shall follow all VDOT and OSHA guidance for working around and near electrical
hazards.

e Inspection operations shall not be conducted in inclement weather unless deemed necessary due to an observable
emergency condition; refer to Section 6.4. Should inspection operations be underway on a specific structure at the time
of inclement weather, the operat