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 PA RKIN KING STRUCT UC TURE URE DESIG N G UID UIDELINES Introduction This d oc um ent w a s d ev elop ed for the C ity of Li Linc oln as a g uid uid e fo r future future parking structure design in Downtown Lincoln. It contains information to help d eve lop ers a nd d esi esigne rs inc orporate p a rking king str struc uc ture ture c om p one nts into prop osed osed p rojec ts. ts. The c onc ep ts p resente esente d will will help prod prod uc e functional, well-designed and patron friendly parking structures that will b ec om e va lued infra infra struc truc ture ture elem elem ents for the Downto wn. The c onc ep ts a re p resented esented so that c om mo n d esi esign m istakes c an be a voide voide d by b eing eing a d d ress essed ea rly in in the d esi esig n proc ess ess. The d oc um en t is is b a sed on Carl  Walker’s  internal Guidelines for Functional Parking Design  and should be periodically updated to reflect state-of-the-art parking design practices a nd p rinciples. inciples. It inc inc lud es the follow follow ing c a teg ories ories::           



Pro jec t De live live ry Sustainable Design - LEED Site Req uirem uirem e nts Site C o nstra nstra ints Conc ep t Desi Design Circ Circ ula ula tion tion a nd Ra mp ing Ac c e ss Design Design Parking Geometrics Pa rking king La yo ut Efficien Efficien c y Vehicular Entry / Exit Lanes Pedestrian Requirements







    



  



Ac c ess essible Pa rking king Requirements Sa fety a nd Sec uri urity Lighting Sig na g e a nd Wayfinding Wayfinding Drainage Op e n o r Enc lo sed Pa rking king Structures Struc tu ral ra l Syste yste m s Durability Design Other Considerations



In any future future p a rking king d eve lop me nt projec projec t itit is is highly highly rec rec om me nd ed tha t q ua lified fied p a rking king str struc uc ture ture d esi esig n sp sp ec ia lty fir firm b e e nga g ed to lea d the p rojec t d ue to the unique c ha ra c teri teristic tic s a nd d esi esig n expe rtis tise req uir uired to d eve lop a suc c ess essful p rojec t.
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 PA RKIN KING STRUCT UC TURE URE DESIG N G UID UIDELINES Projec t Delivery The re a re fo ur p rima ry projec t d elive elive ry me tho d s c om mo nly used used to d esi esig n a nd c o nstruc nstruc t p a rking king struc struc tures. tures. Tw o Design Design Pr Pro fe ssiona l’s Ha nd b o o ks titled the Design-Build Project Delivery  and the Design/Contract-Build  Project Delivery, published by the American Council of Engineering Co mp a nies nies (ACEC), (ACEC), are he lp ful refe ren c es. es. Each method is described on the following pages, along with a graphical d ep ic tion tion o f the c ontrac tua l relationshi elationship p s for ea c h: 1. De sig ign-B n-Bid id -B -Build  uild  (D-B-B) projects are those where the owner selects and contracts with the lead designer (Parking Consultant or Architec t/ Eng ine er). er). They in turn turn rep resent esent the ow ner in d efini efining ng the p roject and prepa ring drawings and spe c ific fic ations to meet the owner’s needs for competitive bidding to c ontrac tors. tors. Often o n p ub lic p rojec ts the o wne r is req uir uired to select the lowest “responsive and responsible” bid, with the c on tra tra c to rs’ q ua lific fic a tions ofte n no t g iven c on sid eration. The DB-B method is sometimes referred to as the “traditional” process a nd is stil till the m ost ost c om mo n m etho d . ign-B n-Bid id -B -Build  uild  with a Co nstr 2. De sig nstruc uc tion tion Ma na ge r (CM) is whe re the owner selects and contracts with the A/E who represents the owner in defining the project and preparing drawings and sp ec ific fic a tions tions to m ee t the ow ner’s nee d s for b id d ing. How eve r, the owner also retains a construction manager (CM) who works with the A/ E d uri uring the d esi esig n p ha ses, es, set s the p rojec t sc sc hed ule ule , a nd p erforms erforms c onstr onstruc uc tion c ost ost estima estima te s. The C M b ids the w ork to sub sub c o ntra c to rs fo r the v a rious trad e s. This is a b e tte r m e tho d than D-B-B for projects where the owner wants fast track or p ha sed c onstr onstruc uc tion. tion.
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 PA RKIN KING STRUCT UC TURE URE DESIG N G UID UIDELINES ign-B n-Build uild (D-B (D -B). ). In this case, the owner retains a D-B 3. De sig contractor who in turn retains the A/E so there is a single entity resp esp onsi onsib le for both d esi esign a nd c onstr onstruc uc tion. tion. Often the ow ner prepares or retains another A/E to prepare design build criteria d oc uments as d esc esc ribe d be low . Often, the ow ner c a n select select the D-B team based on qualifications and cost, consistent with the b id d ing d oc um ent s. The re ha s b ee n mo re interes interestt in in D-B D-B type projects recently because of owners who perceive benefits reg a rd ing c ost, ost, sc hed ule, ule, and risk ma nag em ent.



4. Design-Contract-Build (D-C-B) are projects where the owner selec ts a nd c on tra tra c ts with the A/ E. The A/ E p rep a res p relimina elimina ry d oc ume nts tha t a re the b a sis for the o wne r c ontrac ting ting w ith the contractor early in the design process, rather than waiting for fina fina l d esi esig n d oc ume nts to b e p rep a red a s for D-B D-B-B. -B. This me tho d combines the advantages of the D-B-B and D-B methods while reducing many disadvantages to allow the owner to have the most qualified A/E and contractor involved in their project from the d esi esign p ha se throug throug h the c om p letion of c onstr onstruc uc tion. tion.
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 PARKING STRUCTURE DESIGN GUIDELINES In recent years there has been an increasing interest and use of DesignBuild in the c o nstruc tion of p a rking struc tures. Leg isla tion ha s b ee n enacted in many states to allow D-B to be used by public entities because prior laws required publicly funded construction contracts to be aw arde d ba sed upon c omp leted de sign d oc uments. Ad va ntag es of Desig n Build : 































Ow ne r ha s a single p o int of resp o nsibility for d esign a nd c onstruc tion. Pote ntia l for be tter de sign a nd c onstruc tion c oo rd ina tion b ec a use the A/ E is wo rking fo r the contractor. Ow ner d oe s not ha ve to a rb itra te d isp utes be tween the A/ E and c ontrac tor. Ow ne r red uc es the ir risk be c a use th e D/ B c o ntra c to r is resp o nsible fo r erro rs o r om issions in the d esign d oc ume nts. Co uld b e less a d ministra tive b urd en o n the owner. Potentia l for ac c elerate d sc hed ule be c ause the c ontrac tor is onb oa rd a t the be ginning a nd be c ause o f the overla pp ing o f de sign a nd construction work. Pote ntia l for low er co sts d ue to the c ontrac tor be ing in grea ter c ontrol of the project and due to the ac c elerated sc hedule. Co sts a re w ell d efined ea rlier in the p roc ess
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Disadvantages of Design Build: 



















The D-B c on tra c to r ha s the inc ent ive to c om p let e p rojec ts fa ster a nd less exp ensive ly which c a n mea n red uc ed q uality of ma teria ls a nd w orkma nship . The ow ner ha s less involvem en t a nd c on trol of the d esig n b ec a use the A/ E rep resent s the D-B c on tra c to r’ s b est inte rests, no t the o wn er’s. Not on ly is this a d isa d va nta g e fo r the ow ner, b ut it c rea te s a d iffic ult c on flic t o f inte rest for the A/ E. The o wne r d oe s not b ene fit from ind ep end ent a dvice a nd input from the A/ E and c ontrac tor. Grea ter de finition o f the p rojec t is req uired up front to d efine g oa ls, ob jec tives, and minimum req uirem ents for p rojec t func tion, ap p ea ra nc e, q ua lity, m a te ria ls, op eration, etc . p rior to b idd ing to D-B te a m s. Mo re risk for D-B te a ms, wh ich c a n neg a te t he potential cost saving opportunities.



 PARKING STRUCTURE DESIGN GUIDELINES When owners decide that D-B is right for their project, they can have a better chance of achieving a successful project utilizing the following procedures. Rec om me nd ations Reg a rding the Design- Build Delivery Me thod : 1. The o w ner sho uld reta in a n A/ E a t p rojec t initiation to p rep a re the D-B c rite ria d oc um ent s. This a llow s the ow ner to ha ve mo re input into the concept design and set standards and criteria for the p rojec t. Also, d ue to the unique ness of p a rking struc tures, it is important to have the A/E led by a parking consultant or for a p a rking c onsulta nt to ha ve a sig nific a nt role on the d esig n tea m. 2. D-B criteria documents should clearly define the project scope, func tion, ap p ea ra nc e, q ua lity, ma teria ls, a nd o p erations. The level of completeness of these documents varies, but generally they a re in the 10 to 30 p erce nt ra ng e (b etw ee n Sc hem a tic Desig n a nd Desig n Deve lop me nt level of c om p lete ness). 3. The o w ne r sho uld u se a ve ry tra nsp a ren t se le c tion p ro c e ss to hire the D-B c on tra c to r, using the D-B c rite ria d oc um ent s a s the b a sis o f the Req ue st fo r Qua lific a tions/ Pro p o sa ls (RFQ/ RFP). 4. The selec tion p roc ess sho uld c on side r the D-B tea ms’ tec hnica l q ua lific a tions a nd expe rienc e in a d d ition to c ost. Typic a lly there is a weighting of selection criteria such as the experience and expertise of the firms and key personnel making up the team, experience of the team working together, technical merits of design, project appearance, quality and safety programs of the c on tra c to r, refe ren c es, sc hed ule, a nd c ost. The selec tion c rite ria a nd w eigh ting shou ld b e d efined in the RFQ/ RFP. Pa ge 6 of 48



Parking structure built using the Design-Build d e livery m et ho d fo r Ba ylor University.



 PARKING STRUCTURE DESIGN GUIDELINES 5. The o wne r’ s A/ E who p rep a red the D-B c riteria d oc ume nts should continue on during the final design and construction to represent the owner’s interest and help assure that the design and construction are completed in conformance with the D-B c riteria d oc ume nts. As an alternative to using the D-B method, the D-C-B or CM methods can ofte n result in a p rojec t tha t me et s the o w ner’s b est interests b ec a use: o



o



o



o o



The A/ E c o ntra c ts to the o w ne r, thus rep re se nting the ir interests, not the c ontrac tors, whic h should enha nc e q ua lity Design decisions can more easily be made that are in the best long-term interest of the owner, considering factors that will provide the lowest life cycle maintenance or operational cost, rather than emphasizing those that just provide the lowest first c ost or sc hed ule a dva ntag e The CM o r c on tra c to r is on b oa rd ea rly in the d esig n p roc ess so the A/E and contractor collaborate during design, enhancing innovation and opportunities to consider the contractor’s cost sa ving id ea s Simila r sc hed ule a nd c ost a d va nta ge s c om p a red to D-B. Less risk for all parties as responsibilities can be allocated where they mo st b elong



Suc c essful p a rking struc ture p rojec ts ha ve b ee n c om p let ed using a ll four of the c onstruc tion me thod s d isc ussed a b ove . Und ersta nd ing the advantages and disadvantages of each and following a process to address them will help assure that the completed project is a success for the user, o wn er, c om mu nity, d esig ner and b uild er.
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 PARKING STRUCTURE DESIGN GUIDELINES Sustaina b le Design – LEED Ac c red itation While it is possible for parking structures to achieve certification, typically only occupied buildings receive certification for their sustainable design through the U.S. Green Building Councils (USGBC) Leadership in Energy a nd Environ me nta l Desig n (LEED) a c c red ita tion p rog ra m. How ev er, parking structures that are part of a mixed use project can help attain LEED po ints for the e ntire b uild ing p rojec t. The fa c t tha t sta nd -alone parking structures are generally not LEED certified should not discourage inc luding susta ina b le d e sign elem e nts in p a rking struc tures. Exam p les o f sustainable design features for parking structures include: 







Sola r p a ne l sunsha d es on th e to p lev els tha t g ene ra te e lec tric ity. Energy efficient light sources such as fluorescent, induction, and lig ht e m itting d iod e s (LED).







VOC – co mp lia nt wa terproo fing m a teria ls.







Bicycle storage lockers.







Rec yc led m a te rials suc h a s silica fum e, fly a sh, an d ste e l.







Green-roo f w a terproo fing system s a nd veg eta tion ma teria ls.







Inte rior lig ht w ells to lig hting a nd ve ntila tion ene rg y c onsump tion.
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 PARKING STRUCTURE DESIGN GUIDELINES Site Req uirem ents Large and rectangular shaped sites are ideal for parking structures. Althoug h fla t sites a re g ene ra lly mo re e c ono mica l to d eve lop , slop ed sites can provide design opportunities such as access on different levels a nd / or no ra mp ing b etw ee n leve ls. For a reasona b ly effic ient p a rking layo ut, do uble-loa de d pa rking “ ba ys” ra nge in width from ab out 54 to 60 feet, d ep end ing up on the a ngle of pa rking a nd the width of the pa rking sp a c e. The o verall width o f the struc ture should b e d ete rmined b a sed up on m ultip les of the c hosen p a rking b a y wid th. An id ea l leng th for a p a rking struc ture is a t lea st 240 feet . Lon g er site s p rov id e t he op p ortunity to park along the end bays, which provides more parking spaces, imp rov es efficienc y, a nd low ers the c ost pe r sp a c e. A lon g er site a lso a llow s for sha llow er ra mp s w hic h p rov id e imp rov ed user co mfo rt.



End Ba



Generally, parking bays should be oriented parallel to the longer dimension of the site and preferably in the predominate direction of p ed estrian tra ve l. Walking dista nc e toleranc es from p a rking to a p rima ry destination are typically 200 to 300 feet for shoppers, 500 to 800 feet for downtown employees, and 1,500 to 2,000 feet for special event patrons and students. Parking Bays
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 PARKING STRUCTURE DESIGN GUIDELINES Site Constraints Other site issues to be considered when evaluating a potential site for a suitab le p a rking fa c ility inc lud e the fo llow ing : o



o



o



o
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Site Survey – a to p og ra p hic survey o f the site is a ve ry imp orta nt p rec ursor to d ev elop a c onc ep tua l p la n. The site surve y sho uld d elinea te p rop erty lines, ea sem en ts, a nd utility lines. Site Slop e – The top og ra p hic informa tion will de fine the slop e of the site . Som etime s the slop e of a site c a n used to red uc e internal ramping in a parking structure, resulting in significantly low e r c o sts. A p a rking struc ture tha t is b uilt into a hillside c a n a lso red uc e the visua l ma ss of t he fa c ility. Ge ote c hnica l & Soils – Ob ta ining a soils rep ort w ith sa mp le b oring s a nd a g eo te c hnica l a na lysis ea rly in the d esig n p roc ess is p rud ent. If soils with po or b ea ring c a p a c ity are present o n the site, the a d d ed c ost for struc tura l found a tions c a n b e signific a nt. Codes and Ordinances – Municipal ordinances often specify setbacks, building height and bulk limitations, floor area ratio to site area, etc. than can significantly affect the allowable area on a site for a p a rking struc ture. The loc a l p la nning o rg a niza tion ma y also imp ose d eve lop me nt guide lines tha t must be follow ed .



 PARKING STRUCTURE DESIGN GUIDELINES Conc ep t Design Muc h of the rema ind er of these g uid elines a d d re sse s issue s a nd ele m en ts of p a rking struc tures tha t should b e c onsid erations d uring the c onc ep tua l d esig n p ha se. Pa rking Struc tures for Peo p le An o ve ra ll d esign p rinc ip a l to keep in m ind is tha t p a rking struc tures a re for p eo p le. Desig ning to a c c om mo d a te the users of a p a rtic ula r struc ture will help p rod uc e a b ette r p a rking struc ture. 



















Different user typ es will have d ifferent ne ed s Som e user type s ma y nee d to b e p hysic a lly sep a ra ted to ensure revenue control or for security reasons. Diffe re nt users req uire d ifferen t p ed estria n c irc ulat io n syste m s Pa rking sp a c e w id ths a nd c irc ula tion g eo me try nee d s va ry d ep end ing o n the user type. Som e ve hicula r c irc ulation system a re b ett er for sp ec ific user typ es: o



Re side ntia l – Re g ular use rs en te r a nd exit two time s a d a y.



o



Ed uc ation – Ma y have p ea k loa ds in a nd o ut.



o



Hote l – Ove rnight g uests, ma ybe eve nt p a rking too .



o



o



o
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Office – Low turno ver. Reg ula r users ent er and exit tw o time s a d a y. Hea lth Ca re Visito rs –Wayfinding v ery imp orta nt. Nee d to a c c om mo d a te e ld erly drivers a nd p a sseng ers. Hea lth Ca re Sta ff – Shift time o ve rla p a nd loa d ing. Sec urity issue s a t p a rtic ularly a t nig ht.



 PARKING STRUCTURE DESIGN GUIDELINES o



o



o
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Ret a il – Hig h turnove r. Oc c a sion a l users - wa yfind ing to a nd from vehicle. Elde rly or Fa m ilies w ith Sm a ll Child ren – Wa yfinding a g a in imp ortant. Ma y nee d la rge r sp a c es a nd m ore eleva tors. Eve nts – Ea sy q uick loa d ing a nd unloa d ing of struc ture. Multip le vehicu la r p a ths. Co nside r rev enu e co llec tion me thod – typic a lly fla t fee on entry. Provide q ueuing sp a c e. Co nsid er pe d estrian flow to e ve nt - a vo id c rossing tra ffic .



 PARKING STRUCTURE DESIGN GUIDELINES Circ ulation and Ram ping The b a sic c irc ula tion elem en t for a p a rking struc ture is the c on tinuo us ramp with parking on both sides of the drive aisle. In continuous ramp structures, some of the parking floors are sloped in order for traffic to circulate from one level to another. Only on a sloping site that permits direct access to each level from the exterior roadways are ramps unne c essa ry; but the y still ma y b e d esira b le for inte rna l circ ulation. The b a sic c riteria for c ho osing a c irc ula tion syste m a re the simp licity or c om p lexity o f the system a nd the a rc hitec tura l co mp a tib ility. Ingress a nd egress capacities are also a consideration in the selection of a circulation syste m. Som e c irc ula tion system s p rov id e th e o p p ortunity for lev el faç a d es which m ay b e d esira ble. A parking ramp slope of 5% or less is preferred, although parking ramp slopes up to 7% are tolerated by the public in very dense urban areas. Parking ramp slopes should not exceed a 6.67% slope, which is the ma ximum p a rking slop e p ermitted in the Inte rna tiona l Build ing Co d e (IBC).
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 PARKING STRUCTURE DESIGN GUIDELINES Non-parking ramps are often employed at airports, casinos, large retail structures, for special event structures, and on sma ll a nd irreg ularly sha p ed site s. Non-p a rking ra mp s consist of circular helixes (most common), express ramps (external), a nd sp ee d ra mp s (inte rna l). Non-p a rking ra mp slopes should have a maximum slope in the 12% to 14% ra ng e. Non-p a rking ram p slop es up to 20% a re som etime s c onsid ered if c ove red or eq uip p ed with snow me lt system s. Parking structures with non-parking ramps tend to be less efficient in terms of square feet of structure per sparking space which directly increases the construction cost per pa rking spa c e. A grade difference of 8% or more requires transition slopes so vehic les do not b ottom out. Rec om mend ed are minimum 10’-0” transition slopes at the top and bottom of the ra mp tha t are one-half of the d ifferential slop e. For instance, two 10’-0” transition ramps sloped at 6.25% would be req uired at the b ottom a nd the top of a ramp slop ed at 12.5%.
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 PARKING STRUCTURE DESIGN GUIDELINES One-Wa y vs. Two -Wa y Traffic One of th e p rima ry fa c to rs in the d esig n o f p a rking struc ture is d ete rmining the tra ffic flow ; one -wa y or two -wa y. Typic a lly, a p a rking b a y for a o new a y tra ffic flow is na rrow er tha n for a tw o-wa y flow . The a va ila b le site dimensions will influence the parking bay width and thus also influence the circ ula tion pa ttern. There a re ad va nta ge s a nd disa d va nta g es to b oth c irc ula tion pa tterns. One -wa y tra ffic flow should neve r b e c om b ine d w ith 90° p a rking . In pa rking fa c ilities w ith one -wa y tra ffic flow , the a ng le o f the p a rking sta lls esta b lishes the d irec tion o f vehic le traffic. Ad va ntag es of One-Way Traffic Flow: 























Ad va ntag es of Two -Way Traffic Flow:



Ea sier for pa rkers to en te r/ exit pa rking sp a c es.







Vehicles a re m ore likely to be c ente red in a ng led spaces.







Less circulation conflict and reduced potential for accidents.







Bet te r visibility whe n b a c king ou t of a sta ll.







Sep aration of inbo und a nd o utbo und tra ffic a nd imp roved flow c ap a c ity of the c irc ulation system.







Wider drive aisles are safer for pedestrians. Bet te r a ng le of visibility whe n sea rc hing fo r a pa rking spa c e. Tra ffic flow fo llow s its ow n p a tte rn ra the r tha n on e tha t is force d . Two -wa y tra ffic a nd 90° p a rking ma kes mo re effic ient use o f p a rking a isles (mo re sp a c es in a run).



The inte nd ed traffic flow is self-enfo rc ing. 







Wid er d rive a isles a llow p a rkers to p a ss ot he r vehicles.



One-wa y traffic allow s the a ngle of p arking to be change d to ac com mod ate c hanges in vehicle sizes.



Pa g e 15 of 48



Two -wa y p a rking fac ilities c a n e ssentia lly o p erate a s one -wa y fac ilities whe n there is hea vy direc tiona l traffic.



 PARKING STRUCTURE DESIGN GUIDELINES Single Threa d ed Design 



In o rd er to d eve lop a rea sona b ly e ffic ient free -sta nd ing p a rking struc ture, th e minimum d ime nsions nee d ed a re a b out 122 feet in width b y 155 fee t in leng th. A width o f 122 feet a llow s for a two -ba y fac ility with two -wa y tra ffic flow a nd 90-d eg ree p a rking . A fac ility with two-wa y tra ffic a nd a five-foot rise a long ea c h b a y req uires a p p roxima tely 155 feet in length for a m inimu m floo r-to-floo r heigh t of ab out te n feet . Tha t is, on e 360-d eg ree turn within the fa c ility eq ua te s to a vertic a l rise o f ten fee t. A struc ture in this c on fig ura tion has slop ing floors a long b ot h faç a d e sid es. How ev er, slop ing floo rs c a n ma ke faç a d e trea tme nts c ha lleng ing. On la rg er sites that allow a structure length of about 255 feet, one bay can be sloped rising 10 feet w ith op p osite fa ç a d e ha ving a “ leve l” floo r. Because of the number of 360º turns needed to ascend in a single threaded structure, the number of levels (floors) should preferably be limited to a maximum of six, otherwise the number of turns required and the num b er of sp a c es p a ssed b ec om es inc onve nient. A struc ture with a two-bay single thread design has a capacity for a maximum of a p p roxima te ly 750 sp a c es. The isom etric d iag ra m t o t he rig ht rep resent s a two -ba y sing le-threa d ed helix. Sing le Threa d ed Helix with Slop ing Floo rs
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 PARKING STRUCTURE DESIGN GUIDELINES Princ ipa l Ad va ntag es of a Single- Threa d ed Helix: 



Rep et itive a nd ea sy to und ersta nd for users.







Pote ntia lly mo re flat-floo r p a rking a nd leve l fa ç a d e eleme nts.







Bet te r visibility a c ro ss the struc ture, wh ic h e nha nc e s sec urity.



Princ ipa l Disa d va nta g es of a Sing le- Threa d ed Helix: 







More revolutions req uired go ing from bo ttom to to p and top to bottom. Two -wa y tra ffic b a ys ha ve less flow c a p a c ity than o ne-wa y tra ffic b a ys. Tra ffic in b ot h d irec tions is imp ed ed b y vehic les pa rking a nd va c ating a spa c e.



Single Threa d ed He lix w ith On e Lev el Ba y
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 PARKING STRUCTURE DESIGN GUIDELINES Doub le Threa d ed Design 



A facility with a one-way circulation system and angled parking can be provided in a double-threaded helix with modules ranging from 54 to 58 feet in width, d ep end ing up on the a ng le of pa rking. The p referred a ngles of p a rking for an e ffic ient la yout a re 60°, 70° a nd 75°. A d ou b le threa d , which requires a ten-foot rise along each module, requires 240 feet in leng th. Mo re efficient la yout s c a n b e a c hieved o n lon g er sites. The isom etric right rep resents a two -b a y d oub le-threa d ed helix with o ne-wa y traffic. A double-threaded helix can work with either one-way or two-way traffic flow , a lthough one-wa y traffic is mo re c om mo n. A two-way do uble threaded design can be configured as two separate structures with no ve hicular c on nec tion. A do ub le-threa d ed helix rises tw o lev els with eve ry 360 d eg ree s of revolution, w hic h a llow s for two intertwined “ threa d s” a nd the o p p ortunity to c irc ula te to a n av a ila b le p a rking sp a c e w ithout p a ssing all parking spaces as inbound and outbound traffic can be separated. Because of this, double-threaded helices are often recommended for la rg er fa c ilities with sev en o r mo re levels. A two -ba y do ub le threa d ha s a functional system capacity for up to approximately 2,000 spaces with ang led pa rking a nd o ne-way tra ffic flow .



One Wa Double Threaded Desi n
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 PARKING STRUCTURE DESIGN GUIDELINES Principa l Ad vantag es of a Doub le-Threa de d Helix: 



Effic ient c irc ula tion a nd m ore tra ffic flow c a p a c ity







Pa ss fewe r sp a c es b oth inbo und a nd o utb ound .



Princ ipa l Disad va ntag es of a Doub le-Thread ed Helix: 







Ca n b e c om p lex and c onfusing , p a rtic ula rly in finding one ’ s vehicle up on return to the p a rking fac ility. Tw o-slop ed b a ys a nd minima l fla t-floo r p a rking .



Two Wa Double Threaded Desi n
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 PARKING STRUCTURE DESIGN GUIDELINES Othe r Circ ulation System s The re a re o the r p a rking a nd c irc ulation system s tha t a re o ften u sed in p a rking struc tures.



End-to-End Helix Both Bays Sloped
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End-to-End Helix One Bay Sloped



 PARKING STRUCTURE DESIGN GUIDELINES



Side-by-Side Helix
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Single Threa d ed w / Flat Ba ys



Doub le Threa d ed w/ Fla t Ba ys



 PARKING STRUCTURE DESIGN GUIDELINES Ac c ess Design Vehic le e ntra nc es sho uld b e visible an d ea sily id en tifia b le. The m inimum distance of entry/exits from corner intersections is at least 75 to 100 feet (p refe ra b ly 150 feet ). Entra nc es a nd exits shou ld ha ve c lea r line s of sig ht. It is preferable to enter a facility from a one-way street or by turning right from a two-way street and to exit a facility by turning right on a lowvo lum e stree t. High tra ffic volume s a nd left turns c a n slow exiting a nd c a use tra ffic b a c kups. Co nsid eration should b e g iven to a c c elera tion/ d ec elera tion la nes on busy stree ts. Ga tes should be located far enough away from the street to allow at least one vehicle behind the vehicle in the service position (at a ticket dispenser, card rea d er or c a shier b oo th) w itho ut bloc king the sid ew a lk. Entry/ exit a rea s tha t ha ve p a rking c ontrol eq uip me nt should ha ve a ma ximum 3% slop e. It is very important to provide the appropriate number of entry/exit lanes to m ee t p rojec ted p ea k tra ffic volumes. The num b er of la nes is a function of user groups served, peak-hour traffic volumes, and service rates of the p a rking co ntrol eq uip me nt. It is rec om me nd ed to have a pa rking p rofessiona l prep a re a la ne a nd q ueuing a na lysis to g ua ra ntee suffic ient entry a nd e xit c a p a c ities. Cross-traffic at entry/exits should be minimized and preferably eliminated. When placing vehicle entries and exits together on one-way streets it is p referab le to a void “ English” tra ffic c ond itions whe re tra ffic keep s to the left inste a d o f to the rig ht. Ped estria n/ ve hicula r c on flicts sho uld b e minimized by providing a pedestrian walkway adjacent to entry/exit la ne s. Sta ir/ eleva to r to we rs sho uld b e loc a ted so p ed estria ns d o no t hav e to c ross d rive a isles on the ir w a y to p rima ry d em a nd g ene ra to rs.
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 PARKING STRUCTURE DESIGN GUIDELINES Parking Geo me trics Parking geometrics refers to parking stall and drive aisle d imension s. Pa rking dime nsion s ha ve be en de ve lop ed to comfortably accommodate the composite design vehicle, which refers to the dimensions of the 85th percentile vehicle in the range of vehicles from smallest (zero percentile) to largest (100th p e rc e ntile ). The composite design vehicle is the size of a Ford F150 truck (6’-7” x 17’-3”). The ta b le on this p a g e lists City o f Linc oln p a rking ge om etric s by p arking a ngle for stand ard and c om pa c t spaces.
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 PARKING STRUCTURE DESIGN GUIDELINES The c ity’ s p a rking d ime nsion s for sta nd a rd sp a c es exc ee d ind ustry sta nd a rd s. The ta b le on the fo llow ing pa g e lists p a rking g eo me tric s b y Use r Co m fort Fa c to r (UCF) w hic h c o rrela te s w ith a Lev el o f Se rvic e (LOS) a p p roa c h. Tra ffic e ngineers d eve lop ed the LOS a p p roa c h to classify tra ffic c on d itions on roa d wa ys from A (free flow ) to F (g rid loc k). The UCF/ LOS a p p roa c h ha s b ee n a d op ted b y ma ny pa rking c onsulta nts to he lp c lassify c o nd itions in pa rking fa c ilitie s. The UCF c a te g o ries fo r p a rking g eo me tric s a re a s follow s: UCF 4 = LOS A = Exc e llen t UCF 3 = LOS B = Good UCF 2 = LOS C = A c c ep ta b le UCF 1 = LOS D = Poor LOS c riteria sho uld b e relate d to the nee d s a nd c on c erns of users. Ge nerally, users with low fa milia rity a nd high turnove r shou ld b e a c c orde d a hig her UCF. If the c ity’s p a rking sta nd a rd s a re no t used , w e rec om me nd minimum UCF 3 ge om etric s for mo d erate to hig h turnove r p a rking (visito r, retail, etc.) and UCF 2 geometrics for low turnover parking (employee, c om mute r, resid ent, e tc .). We rec om me nd using “ on e-size-fits-all” p a rking sp a c es ra the r tha n seg reg a ting sta nd a rd a nd sma ll c a r sp a c es. How eve r, if they are used , sma ll ca r sp a c es should no t exc ee d 15% to 20% of the tota l c a p a c ity of a facility.
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 PARKING STRUCTURE DESIGN GUIDELINES Pa rking La yo ut Dim ensions PARKING LAYOUT DIMENSIONS 



Stall Width Module Vehicle Parking Projection Width (1) Projection Angle (WP) (MW) (VP)



Aisle Width (AW)



Stall Widt h Module Vehicle Parking Projection Width (1) Projection Angle (WP) (MW) (VP)



User Comfort Factor 4 45 50 55 60 65 70 75 90



12'-9" 11'-9" 11'-0" 10'-5" 9'-11" 9'-7" 9'-4" 9'-0"



w = 9’-0” 49'-10" 51'-7" 53'-0" 54'-6" 55'-9" 57'-0" 58'-0" 62'-0"



17'-7" 18'-2" 18'-8" 19'-0" 19'-2" 19'-3" 19'-1" 18'-0"



User Comfort Factor 2 14'-8" 15'-3" 15'-8" 16'-6" 17'-5" 18'-6" 19'-10" 26'-0"



45 50 55 60 65 70 75 90



User Comfort Factor 3 45 50 55 60 65 70 75 90



12'-4" 11'-5" 10'-8" 10'-1" 9'-8" 9'-4" 9'-1" 8'-9"



w = 8’-9” 48'-10" 50'-7" 52'-0" 53'-6" 54'-9" 56'-0" 57'-0" 61'-0"



17'-7" 18'-2" 18'-8" 19'-0" 19'-2" 19'-3" 19'-1" 18'-0"



Note: (1) Wall to wall, double loaded aisle.
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Aisle Width (AW)



12'-0" 11'-1" 10'-5" 9'-10" 9'-5" 9'-1" 8'-10" 8'-6"



w = 8’-6” 47'-10" 49'-7" 51'-0" 52'-6" 53'-9" 55'-0" 56'-0" 60'-0"



17'-7" 18'-2" 18'-8" 19'-0" 19'-2" 19'-3" 19'-1" 18'-0"



12'-8" 13'-3" 13'-8" 14'-6" 15'-5" 16'-6" 17'-10" 24'-0"



WP W



User Comfort Factor 1 13'-8" 14'-3" 14'-8" 15'-6" 16'-5" 17'-6" 18'-10" 25'-0"



45 50 55 60 65 70 75 90



11'-8" 10'-9" 10'-1" 9'-6" 9'-1" 8'-9" 8'-6" 8'-3"



w = 8’-3” 46'-10" 48'-7" 50'-0" 51'-6" 52'-9" 54'-0" 55'-0" 59'-0"



VP



17'-7" 18'-2" 18'-8" 19'-0" 19'-2" 19'-3" 19'-1" 18'-0"



11'-8" 12'-3" 12'-8" 13'-6" 14'-5" 15'-6" 16'-10" 23'-0"



AW MW



 PARKING STRUCTURE DESIGN GUIDELINES Parking spaces adjacent to walls, columns, elevators, stairs, etc. should be wide ned , if p ossib le, by o ne fo ot so tha t vehic le d oo rs c a n b e m ore ea sily opened. End bay drive aisles with two-way traffic should be a minimum of 26’ wide for imp rov ed turning ma neu ve ra b ility. Wid er end b a y d rive a isles a re rec o m m en d ed for high turno ve r p a rking fa c ilities. If p o ssible, it is a lso suggested for more comfortable turns to hold back the first stall on either side o f the turning b a y. Sm a ll-Ca r-Only (SCO ) sp a c es a re also rec om me nd ed a t the en d s of interior pa rking row s. It is very d iffic ult to ma ke a turn around o nly one row o f pa rking. Refer to the follow ing graphic. Doub le strip es for spa c e strip ing a re rec om me nd ed a s they he lp p a rkers center their vehicles between stripes, maximizing the space between vehicles (refer to the g ra p hic b elow). Also rec om me nd ed is the use of traffic yellow paint for stall striping as yellow paint is more visible over time than w hite p aint. 9'-1"



*



9'-1"



8'-6"



8'-6"



        "         0             '         1



70°



  "  8  ' - 6 *           



  "  8  ' - 6  9  "
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 PARKING STRUCTURE DESIGN GUIDELINES Pa rking La yo ut Effic ienc y Pa rking Effic ienc y is exp ressed in sq ua re fee t o f c on struc tion p er p a rking sp a c e. Pa rking e ffic ienc y d irec tly c o rrelat es with the c onstruc tion co st p er sp a c e. Build less struc ture p er sp a c e a nd t he c ost pe r sp a c e d rop s. Non-pa rking sp ee d ra mp s for exam p le increa se the sq ua re fee t p er space. Pa rking effic ienc y should b e c a lc ula ted c onsid ering the to ta l p a rking struc ture size inc lud ing the sta irs a nd eleva to rs a nd no n-pa rking ra mp s. Any reta il sp a c e tha t is inc orpo ra ted within the struc ture is a lso usua lly inc lude d in the c alculation. Typ ica l ra ng es of p a rking struc ture efficienc ies a re: 



Sho rt Sp a n Struc tura l Syste m = 330 to 390 Sq ua re Fee t p e r Sp a c e







Lo ng Sp a n Struc tural Syste m = 300 to 340 Sq ua re Fe et p er Sp a c e







Mixed Use Deve lop m ent s with reta il, Reside ntial an d Pa rking c a n b e a s high a s 400 + Sq ua re Fee t p e r Sp a c e



PARKING EFFICIENCY MAKES A BIG DIFFERENCE – EXAMPLE 



360 sf / sp a c e X 500 sp a c es X $45 / sf = $8,100,000







330 sf / sp a c e X 500 sp a c e s X $45 / sf = $7,425,000



A d ifferen c e o f $675,000 or $1,350 p er sp a c e!
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 PARKING STRUCTURE DESIGN GUIDELINES Vehic ular Entra nc e a nd Exit La nes



















The numb er of entry and exit lane s d ep end s on the exp ec ted pe ak volume o f tra ffic a nd the ra te o f flow throug h the la ne. The ra te o f flow va ries d ep end ing o n the type of a c c ess / revenue c ontrol equipment. The a p p roa c h a nd the d ep a rture a rea from the lane s will a lso a ffec t the ra te o f flow into or ou t of the struc ture. Tig ht turns eq ua l a slow er throug hp ut. Ped estria n sa fety a t entry a nd exit po rta ls is p a ra mo unt. Co nside r the vision c on e of d rive rs ent ering or exiting th e fa c ility. Che c k and rec hec k with vehicle turning ra d ii a t a ll entry / exit la nes and ad jac ent ram ps.



Pa g e 28 of 48



 PARKING STRUCTURE DESIGN GUIDELINES Ped estria n Req uirem ents Pedestrian traffic is equally as important in a parking structure as vehicle tra ffic . A sa fe, sec ure a nd we ll signe d p ed estria n pa th must be p rovide d . Ped estria n a c c ess a t the g ra d e level should b e sep a ra ted from vehicular ingress a nd e g ress. Ped estria n ac c e ss is usua lly ad jac e nt to sta ir/ elev a to r tow ers. It is a lso d esira b le to p la c e a d ed ic a ted p ed estria n a isle a d ja c ent to a vehicle entry/exit because pedestrians are naturally attracted to these o p enings. Ac c ess loc a tions should b e restric ted to a few loc a tions fo r sec urity rea so ns. A minimum of two stairs are required to meet code-required means of e g ress fo r fire e xits in p a rking struc ture s. Sta irs sho uld b e o p e n or gla ss e nc losed fo r sec urity re a son s. The m inim um sta ir w idt h in pa rking struc tures is 44” a nd w ide r sta irs a re req uire d for sp e c ial eve nts. Tra ve l distance between exit stairs is specified in the IBC and is maximum 300 fee t w ithou t a sp rinkle r syste m a nd 400 fee t w ith a sp rinkler syste m . Sta irs a re usua lly pla c ed in d ea d c orners so no p a rking sp a c es a re lost. Elevators should be located at terminus in the direction of pedestrian tra ve l. Hyd ra ulic eleva to rs c a n b e used for up t o 5 lev els or 50’ to 60’. Tra c tion eleva to rs shou ld b e used b eyo nd 5 lev els. The m inimu m c a p a c ity a nd size is 3,500 lb s. a nd 5’-0” x 7’-0” . The num b er of e leva to rs is b a sed o n the number of spaces, the number of levels, user group(s) served, peakhour flow rate s, a nd the size a nd c a p a c ity of the eleva tor. A pa rking consultant can provide a preliminary indication of the number of elevators based on a formula that takes into account the information p resente d a b ove . Orna te or hig h maintena nc e elevato r finishes a re discouraged. We highly recommend that elevators have glass backs for sec urity rea sons. Enc losed lob bies a re rec om me nd ed for p rote c tion from the e lem ents on the top leve l. Pa g e 29 of 48



 PARKING STRUCTURE DESIGN GUIDELINES Ac c essible Pa rking Req uirem ents The fo llow ing ta b le p resen ts the req uired num b er of a c c essible p a rking spaces based on the total number of spaces provided in any given facility. The a c c essib le p a rking req uirem en t fo r an institution like a ho sp ita l campus is not based on the total parking capacity but rather on the c a p a c ities of the ind ivid ua l fa c ilities within a p a rking system , w hich a lwa ys results in the p ro vision of m o re a c c essible sp a c e s o ve ra ll. Ac c e ssible spaces for the institution do not have to be provided in each parking area, but can be supplied at a different location provided at least equivalent accessibility in terms of distance, cost, and convenience is provided. All a c c essib le sp a c es a re 8’ w id e w ith either a 5’ or 8’ a c c ess a isle. An a c c essib le spa c e a nd a c c ess a isle c a nnot be plac ed at a loc a tion with a runn ing o r cross slop e g re a te r tha n 1:50 (2%). The c urrent 1 to 8 ra tio fo r the p rov ision of v a n a c c essib le sp a c es is changing to 1 to 6, and it is required to round up to the nearest whole numb er whe n de termining the numb er of va n sp a c es. The b a rrier free sec tion o f the Interna tiona l Build ing C od e (IBC) ha s the sa me req uirem ent . It is recommended to use the new 1 to 6 ratio when determining the num b er of van sp a c es. Va n a c c essib le sp a c es req uire minimu m 8’ -2” vertic a l c lea ra nc e a nd ha ve 8’-0” wide a c c ess a isles. Ea c h a c c essib le spa c e must ha ve a sign show ing the internationa l symb ol of ac c essibility mo unted a t lea st five feet ab ove the p a vem ent. All va n accessible spaces must have an additional “Van Accessible” sign mounted below the symbol of accessibility (mount minimum of 5’ above pa veme nt with other sign a b ove). Pa g e 30 of 48



Required Accessible Spaces Total Minimum Spaces Accessible in Facility Spaces 1 to 25 1 26 to 50 2 51 to 75 3 76 to 100 4 101 to 150 5 151 to 200 6 201 to 300 7 301 to 400 8 401 to 500 9 501 to 1,000 2% of total 1,001 and over 20 plus 1 for each 100 over 1,000



 PARKING STRUCTURE DESIGN GUIDELINES ADA req uires round ing up to the next whole numb er when c a lc ula ting the req uired numb er of sp a c es b a sed on a p erce nta g e or ra tio. For exam p le, a p a rking fa c ility w ith 810 sp a c es will have 17 a c c essible sp a c es (810 x .02 = 16.2 = 17 sp a c es), and 3 sp a c es will have to b e v a n a c c essible (17 ÷ 8 = 2.125 = 3). Accessible stalls cannot share access aisles when the parking is angled. Access aisles for van spaces must be on the passenger side when the p a rking is a ng led b ec a use ve hic les c a nnot b a c k into the se sp a c es. All accessible spaces must have an accessible route to public streets or side wa lks, a c c essible eleva tors, or a c c essible build ing e ntra nc es. An a c c essib le route m ust have a minimum uno b struc ted w id th of 3’. A vehicle w a y (drive a isle) m a y b e p a rt of a n a c c essib le route, althoug h it is p referred to p la c e the a c c essib le route a t the front o f the sta lls. An a c c essib le rou te c a n on ly p a ss b ehind o the r a c c essible sp a c es. It is p ermitted to c ross a vehicle wa y with an a c c essib le route. The running slop e a lon g a n a c c essible rou te c a nno t exc ee d 1:20 (5%) a nd the c ross slop e c a nno t exc ee d 1:50 (2%). It is rec om me nd ed to c ross ha tc h a ll a c c ess a isles a nd a c c essible rou tes.
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 PARKING STRUCTURE DESIGN GUIDELINES Sa fety a nd Sec urity Bec a use c urb s c a n b e a p ote ntia l trip p ing ha za rd , curbs in a ll ped estria n areas (at the end of parking rows, around stairs and elevators, dead c orners, etc .) are strong ly disc ourag ed . The fa c es a nd ed g e o f c urb s tha t rem a in should b e p a inted tra ffic yellow to enha nc e visib ility. Glass-backed elevators and glass enclosed and/or open stairways for enhanc ed sec urity are rec omme nded . Lighting that enables users to see and be seen is one of the most imp orta nt sec urity fea tures of a p a rking struc ture. A sep a ra te d isc ussion on lighting is inc lud ed in these g uide lines. Oth er imp orta nt a sp ec ts of sec urity d esig n:     



Short sp a n c onstruc tion is not rec om me nd ed . Sec urity fenc ing a t the g round leve l should no t b e c limb a b le. La nd sc a ping should no t p rovide hid ing p la c es. Sec urity c a me ra s a re a d ete rrent to c riminal a c tivity. Pa nic a la rms a nd two -wa y c om munica tion system s a re rec om mend ed in p rom inent loc ations on e ac h level.



In general, assure that as much openness as possible is provided in the design to improve sight lines, eliminate hiding places, and enhance p erce ived sec urity.
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 PARKING STRUCTURE DESIGN GUIDELINES Lighting      







Key Security Measure Enha nc es User Co mfo rt & Perc ep tion o f Sa fety Business At trac tion Am en ity Permit Sa fe M ov em ent for Ped estria ns a nd Vehic les Enhances Signage Visibility Typ ic a lly Light Lev e ls Are Not C od e Re g ulat e d o Exc ep t Em erge nc y Lig hting @ 1 foo tc a nd les Minimu m Ind ustry Sta nd a rd s o Illum ina ting Eng inee ring So c iety o f North A me ric a (IESNA) o The y Pub lish Minimum Sta nd a rd s o Liab ility Risk fo r Non-C o m p lian c e



The rec om me nd ed lig hting standards listed in the table below, slightly exceed the Illuminating Engineering Soc iet y of North Am eric a (IES) lighting standards for p a rking fa c ilities. Sta ining the ceilings white to enhance light levels is suggested.
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Recommended Parking Structure Lighting Standards Minimum Minimum Horizontal Vertical Illuminance Illuminance on Floor at 5 feet Areas



Footcandles



Footcandles



Maximum to Minimum Uniformity Ratio



General Parking & Pedestrian



2



1



10:1



Ramps and Corners Days Nights



2 1



1 0.5



10:1 10:1



Entrance Areas Days Nights



50 1



25 0.5



10:1 10:1



Stairways



7 avg.



10:1



 PARKING STRUCTURE DESIGN GUIDELINES Light ing Entry a nd Exit La ne s  



  



Pro vid e Ad d itio na l Light ing (50 fc ) for 10’ - 60’ Zo ne Fro m Build ing Ed g e (Tra nsitio na l lig hting ) Include Daylight Infiltration ( > 15 fc) Typ ic a lly 10’ X 10’ Sp a c ing o f 150 W Fixtures Turn 2/ 3 o f Fixtures Off @ Nig ht



Light Sou rc e Typ es  



High Pressure Sodium Go lde n White HPS Light Color Co mm on Pa rking Struc ture Light ing Lamp Life = 24,000-28,500 Hours







•



Fluorescent White Light Color New Tec hno log y – Use in Cold Clima tes Cold Weather Ba lla st (If Temp s < 50º F) Phospho r Co a ting Sea led Fixtures La mp Life = 30,000 Hou rs Energy Co st Effec tive • •



•



•



•



•







Meta l Halide White Light Color Perceived Greater Brightness La m p Life = 15,000 Hou rs Op erat ing C ost Sligh tly > HPS



•



•



•



•



• •



•







Induction Lighting White Light – Best c olo r rendition Instant Ignition Long Life Bulb s = 100,000 Hours Ene rgy Effic ient High Initial Costs •



•







Light Emitting Diode (LED) Eme rging Tec hno log y Ene rgy Effic ient Long Life • •



• •



•



Lighting Expe nse Red uc tion Strate g ies  We reco mme nd that the e xterior ba y lighting of “ op en” pa rking structures a s w ell a s roo f top lig hting b e o n sep a ra te c irc uits so th a t the se lig hts c a n be turned off during the da y to red uc e e nergy c onsump tion/ c osts as d ep ic ted in the lower picture o n the right.
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 PARKING STRUCTURE DESIGN GUIDELINES



Befo re a nd a fter pho to g ra p hs sho wing the results of ne w lig hting (high p ressure sod ium to m et a l ha lid e) a nd sta ining of c eilings
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 PARKING STRUCTURE DESIGN GUIDELINES Signa ge and Way finding Pa rking fa c ilities c a n b e very la rg e, c om p lex, a nd c on fusing . A welldesigned graphics and signage system will effectively communicate necessary information to patrons, reduce confusion, improve safety, and enha nc e the ove ra ll user exp erienc e. Sign m e ssa g es sho uld b e simp le an d suc c inc t. Me ssa g es on signs tha t a re to be read quickly, such as vehicular signs, should be no more than 30 c ha ra c te rs a nd six w ords in len g th. The typ efa c e used sho uld b e simp le and easy to read, and there is a general preference for Helvetica me d ium in the p a rking ind ustry. Signs with low er ca se lette rs a nd initia l c a p s a re mo st ea sily rea d . The simp le b loc k a rrow is rec om me nd ed for p a rking sig ns. If a left turn is req uired , the a rrow sho uld b e p la c ed on th e left side o f the sign. The o p p osite is true fo r a rig ht tu rn. In parking structures, signs with a dark background and white letters are mo re ea sily rea d t ha n signs with a w hite ba c kground a nd d a rk let ters. The opposite is true in surface lots, where signs with white background and d a rk let ters a re b ett er. Ve hic le Signs 



Examples of vehicular signs include “Park” and “Exit” directional signs. Vehicular signs are ten or twelve inches in height with six or seven inch lette rs. Te n-inc h signs a re rec o m m en d e d fo r p rec a st struc tures w he re sign visibility can be a problem. Vehicular signs should be centered over the d rive lane or ce ntered ove r the d rive a isle w hen signs a re m ounte d b a c kto-back.
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 PARKING STRUCTURE DESIGN GUIDELINES Pedestrian Signs 



Examples of pedestrian signs include “Level #,” “Remember Level #,” “ Row # ,” a nd “ Sta ir” a nd “ Eleva tor” ide ntific a tion a nd d irec tiona l signs. Pedestrian signs can be all one color or be color-coded by level. Pedestrian signs should be clearly distinguishable from vehicle signs so as no t to inte rfere w ith vehic ula r tra ffic . Ped estria n sig ns in p a rking b a ys a re mo st effec tive if loc a ted p erpend ic ula r to tra ffic flow , a nd the y should b e placed at the rear of parking stalls. Color-coding is often used to help p a tron s find the ir veh icles. It is no t nec essa ry to p rov id e c olor-c od ing in p a rking fa c ilities tha t a re th ree lev els or less. When c olor co d ing , it is recommended to use primary and secondary colors including red, blue, yellow , oran g e, purple, a nd g ree n. If there a re m ore tha n six lev els tha t need to be color-coded, it is recommended to use white, brown, and b la c k. Co nfusing c olors suc h a s turquo ise (blue or g ree n?) a nd ta up e (brown, tan, or g ra y?) should b e a voide d . The e lev a to r c ore a rea p rov id es a n exc ellent loc a tion to utilize sup er g ra p hics. Sup er grap hics is d efined a s a g ra p hic tha t c ov ers a la rg e area and is generally painted on a vertical surface, such as painted w a lls or elev a to r d oo rs, w ith lev el de sig na tion inc orpo ra te d .
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 PARKING STRUCTURE DESIGN GUIDELINES Leve l The m ing 



“ Leve l Id entific a tion Them ing” a nd othe r wa yfind ing aids provides an opportunity to enhance parking interior environm ent enha nc em ent while a lso p roviding a p ra c tica l to ols to a ssist p a trons in rem em b ering wh ere the y p a rked . Sev eral c rea tive exa mp les or illustra ted below.



Pa g e 38 of 48



 PARKING STRUCTURE DESIGN GUIDELINES Ent ry Sig ns 



Emp ha sizing the en tra nc e to a pa rking fa c ility is imp ortan t. La rg e illuminate d signs a re often used to em p ha size the fac ility e ntry a nd a ttra c t p a trons. The se signs o fte n sp e ll o ut “ Pa rking ” o r use the Inte rna tiona l symb ol for p a rking . Architec tura l fea tures, suc h as a n arch, ca no p y, or some different treatment of the façade, are often used to highlight the en try area a s w ell. A height c lea ra nc e b a r is req uired for a ll p a rking structures, including the top (surface) level of below-grade facilities to p rohibit ove r-height vehicles. Ge nerally, the height c lea ra nc e b a r is loc a ted a t the fa c ility entra nc e(s). There ma y be insta nc es whe n the c lea r height in a p a rking struc ture c ha nge s from one leve l to a nothe r (for examp le, a highe r ground level than typic a l level to ac c om mod ate ADA vans), which may require additional height clearance bars within the fa c ility itself. Ge ne ra lly, the he ig ht c lea ra nc e b a r is a n eight-inc h PVC pipe. Reg ulato ry Signs 



Reg ulat o ry signs a re ofte n used in p a rking fa c ilities. Exam p le s inc lud e “ STOP,” “ YIELD,” “ O NE WAY,” “ NO PARKING” “ DO NO T ENTER,” a nd a c c essible p a rking sign s. Whe n used it is imp e ra tive tha t they co mp ly with loc a l a nd fed eral req uirem ents. The Ma nua l o f Uniform Tra ffic C o ntrol Devic es (MUTCD) p rov ide s exa m p le s o f sta nd a rd highw a y sig ns.
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 PARKING STRUCTURE DESIGN GUIDELINES Illum inate d Signs 



Illuminated signs are becoming more and more common in parking fa c ilities. Tec hno log y ha s a d va nc ed signific a ntly in rec en t yea rs a nd illuminated signs have become more reliable. Generally, illuminated signs a re used for the follow ing p a rking a p p lic a tions:        



Entry and Exit La nes (Op en in gree n/ Closed in red ) Fa c ility Full Sig ns Stop (red )/ Go (g ree n) Level Spa c e Ca pa c ity Directional Control Fe e Disp lay Sp a c e Co unt System s Va riab le M essa g e Signs



Pavement Markings 



Pa ve me nt ma king s sho uld c on form to M a nua l of Uniform Tra ffic Co ntrol Dev ice s (MUTCD) or loc a l sta nd a rd s. MUTCD sp ec ifie s tha t wh ite p a int be used for markings for traffic flow in the same direction and yellow paint used for tra ffic flow in op p osite d irec tions, w hich imp lies a w a rning. Pa veme nt ma rkings c an be a n effec tive w ay to direc t a nd c ontrol traffic flow in a p a rking fa c ility. How ev er, p a ve me nt ma rking s must b e rea pp lied due to we ar and d eterioration from vehic ular tra ffic . Pa veme nt a rrow s ma y enha nc e traffic flow . They a re o ften utilized on surfa c e lots or the top leve l of p a rking struc tures whe re ove rhea d d irec tiona l sig na g e is no t p o ssible. Tra ffic a rro w s a re a lso c om m o nly use d in fac ilities w ith a c om bination of one-wa y and two-wa y tra ffic flow .
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 PARKING STRUCTURE DESIGN GUIDELINES Drainage Proper floor drainage is essential for all types of parking structures in all c lima te s. While d irec t ra in or snow ma y not en te r a ll a rea s of the p a rking g a ra g e, wind b low n ra in and snow a nd / or vehic les c a rrying ice , snow a nd w a te r will d istribute w a te r throu g ho ut the fa c ility. Hea vy ra ins will a lso overload top floor drains and water will run down the ramped floors to low er lev els. In ad d ition, the freq ue nt floo r w a sh do wn s tha t sho uld be part of a good maintenance program are a source of water throughout the p a rking fa c ility. If the floo r is no t a d eq ua tely slop ed , w a te r is a llow ed to p ond and de terioration will ac c elerate be nea th the po nds. A d esign slop e of 2%, or ¼ inc h p er foo t, is d esired , with a minimum d esig n slop e o f 1-½%. Wate r sho uld b e d ra ined a wa y from exterior co lumn s/ w a lls a nd p ed estria n pa ths. Washes ma y be nee d ed in sla b c orners to a c hieve drainage slopes. Floor drain locations are determined by the circulation system, number of b a ys, a nd struc tural syste m . The to p leve l d ra in syste m sho uld b e d esig ne d to a c c ep t a 10-yea r d esig n ra infall or as req uired b y loc a l c od e. Three to four inc h p ip ing is g ene ra lly used on c ov ered lev els.
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 PARKING STRUCTURE DESIGN GUIDELINES Op en or Enc losed Pa rking Struc ture



“Enclosed”



Natural ventilation requires openings in exterior walls of sufficient size d istribute d in suc h a wa y tha t fresh a ir will ente r the fa c ility to d isp erse a nd d isp la c e c on ta mina ted a ir. The 2003 a nd 2006 Inte rna tion a l Build ing Co d e (IBC) sta te s: •



“ For na tural ven tila tion p urpo ses, the exte rior side of the struc ture  sha ll ha ve un iformly distrib ute d op ening s on tw o o r m ore side s. The  area of such openings in exterior walls on a tier must be at least 20  p erc ent of the tota l pe rime ter wa ll a rea o f ea c h tier. The  aggregate length of the openings considered to be providing  natural ventilation shall constitute a minimum of 40 percent of the  p erim et er of the tier. Inte rior w a lls sha ll b e a t lea st 20 p erc en t op en  w ith uniformly distrib ute d op ening s.” 



• •



• •



•



“ Exc ep tion: Op enings a re not req uired t o be d istrib uted o ver 40  p erc ent o f the b uild ing pe rime ter where the required op enings are  uniformly distributed over two opposing sides of the building.”  •



Set b a c ks c a n a ffec t o p enn ess a s firew a lls a re req uired if c ertain d ista nc e req uirem ents from p rop erty lines a nd othe r build ings are not ma inta ined . Parking structures are typically classified as enclosed if other uses (retail, offic e, resid ential) are loc ate d a bo ve the p arking, but ma y rema in op en if pa rking is a b ov e o r a d jac ent o the r uses. When a p a rking struc ture is positioned below grade, areaways can be used to achieve natural ventila tion. The b uild ing c od e a d d resses the g eo me try req uired to p ermit a c c e p t a nc e o f a n a re a w a y . Parking structures classified as “open” do not require mechanical ventilation, fire suppression (sprinklers), and enclosed stairs. Pa g e 42 of 48



•



•



“Open”



Enclosed Shafts Mechanical ventilation Increased illumination Increased fire rating Fire sprinklers



“Open” structures are allowed much larger floor plates and many more levels “Open” structures are naturally ventilated, so do not usually need mechanical ventilation “Open” structures do not require stairs to be enclosed “Open” structures allow a lot of natural light



 PARKING STRUCTURE DESIGN GUIDELINES Structural Systems Following are the advantages and disadvantages of the three primary struc tura l system s c om mo nly used in p a rking struc tures tod a y:   



Cast-in-Plac e Co nc rete  Prec ast Conc rete  Steel Framed 



The selec tion o f the struc tural syste m sho uld b e g ive n c a reful c onsid eration. The d ec ision is often ma d e b a sed on the follow ing : 



Owne r preferenc e







Desig n tea m p referenc e







Sc he d ule







Construc tion bud ge t







Op enness and pe rc eived hea d room







Owne r’s toleranc e a nd b udg et for ma intenanc e







Loc al ava ila bility of produc t a nd lab or
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 PARKING STRUCTURE DESIGN GUIDELINES Cast-in-Plac e Co nc rete  Adva ntag es of Cast-in-Plac e Construc tion:



Disadvantages of Cast-in-Place Construction:







Mo nolithic c onstruc tion so few er sea la nt joints











Positive d ra inag e is ea sier to a c hieve











Post-Tensioning fo rce s red uc es slab c rac king







Floo r vib ra tion imp erce p tible







Flexib le c olumn sp a c ing (20’ to 27’ )







Ge nerally no shea r wa lls







Low er maintenanc e c ost
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Wid e b ea m spa c ing c rea tes mo re op en feeling with pe rc ep tion of higher c eiling Ac c om mo d a tes p a rking struc tures on irreg ula r sites, be nea th b uildings, and und erground







Potentially higher construction cost Qua lity c ont rol is mo re d iffic ult to a tta in due t o exposed w ea ther c ond itions Ma y req uire a rc hitec tural clad d ing to imp rove exterior aesthetics Less a d a p ta b le to w inter c onstruc tion in c old climates







Longer on-site construction schedule







Closer expa nsion joint sp a c ing







Cong estion of tend ons and reb ar at be am column joints







Larger on-site staging requirement



 PARKING STRUCTURE DESIGN GUIDELINES Precast Concrete  Advantages of Pre-Cast Construction:











Qua lity c ontrol bec ause mem b ers are fabrica ted a t a plant Pot en tially low er c o nstruc tion c ost in som e regions



Disa dv a ntag es of Pre-C ast Construc tion:







Mo re p rop ensity for lea king a t the joints







Higher maintena nc e c ost for sea la nts







The c lose sp a c ing o f thee tee stem s c rea tes the p ercep tion o f low er ceiling he ight







Sho rte r on-site c on struct ion sc he d ule







Grea ter expa nsion joint sp a c ing (up to 300 fee t)







More ad ap tab le to w inter c onstruction







Arc hitec tura l fa ç a d e sp a nd rels a lso serve a s structural load bearing elements







Red uc ed d ra inag e slop es







Mo re b ird roo sting led g es







Might not be p erformed b y loc al subc ontrac tors
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Tee stem s c a n b loc k signa g e a nd interfere with lig hting d istrib ution Shea r wa lls a ffec t a rc hitec ture a t the exterior a nd red uc e visibility a t the interior



 PARKING STRUCTURE DESIGN GUIDELINES Steel Framed  Advantages of Steel Construction:







Flexible c olumn sp a c ing of 18’ to 22’







Ge nerally no shea r wa lls



Disa dv an tag es of Stee l Construc tion:















Can be pe rformed by loca l subc ontrac tors







Sho rte r on-site c on struct ion sc he d ule







Potentially lower construction cost











Not rec om me nd ed whe re the stee l is req uired to b e fire ra ted by the b uilding c od e Depe nding up on c od e requirem ents, steel struc ture m a y need to b e firep roo fed







Stee l pa inting for c orrosion p rote c tion







Ma intena nc e o f stee l pa int system







Stee l de livery time s c a n fluctu a te



Ea sily ac c om mo d a tes vertic a l exp a nsion
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Erec tion co nc erns d ue to m ixing fo und a tion, steel, and precast subcontractors



Extensive bird roosting ledges on the beam flanges



 PARKING STRUCTURE DESIGN GUIDELINES Dura b ility Design It is rec om me nd ed to p erform a n a na lysis in the sc hem a tic d esig n p ha se to determine which durability elements should be included in the design of a p a rking struc ture. These e lem ent s inc lud e sea lers, d ec k c oa tings, c onc rete a d d itives, co rrosion inhibitors, and ep oxy c oa ted reinforc em ent. Durable parking structures also require quality concrete (low water-tocement ratio), adequate concrete cover, proper concrete curing, and g oo d dra ina g e. Tra d eo ffs b etw ee n initia l c osts a nd long -term ma intena nc e c osts should b e c onsid ered. Enha nc ed d ura bility system s should be provided in areas with severe exposure, such as supported structure near vehicular entries and snow storage areas on the roof level. Deck coatings (membrane) are recommended over occupied space a nd o ver elec tric a l a nd storag e roo ms. The d esig n of a p a rking struc ture shou ld a t a m inimum c onfo rm to the intent of American Concrete Institute’s Guide for the Design of Durable Pa rking Struc ture s (AC I 362). The d e sign life o f a p a rking struc ture sho uld b e 60 yea rs.
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