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HOW MANY PARKING SPACES DO WE NEED? DEFINE.

* Minimum Parking Requirements: How many spaces
to satisfy the jurisdiction’s code?

e QOperational Adequacy: How many spaces do | need
to accommodate typically busy demand?
* Onsite
e Offsite
* Valet

e Through other modes & transportation demand
management (TDM)

* Lending, Tenant and Other Leasing Requirements

e Cost: How many spaces can my project afford to
build, operate and maintain?
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PLANNING FOR STRUCTURED PARKING

Parking Supply — number of parking spaces available to serve a development

Parking Demand — number of parking spaces required to satisfy visitor, employee, and
resident parking needs on a given day

Effective Parking Supply — cushion of extra spaces to account for infrequent increases
in demand, misparked vehicles, minor construction, debris, etc.

Recommended Parking Supply = Parking Demand + Effective Parking Supply

Parking Ratio — number of parking spaces that should be provided per unit of land use

Shared Parking — use of a parking space to serve two or more individual uses without
conflict or encroachment
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SO,

HOW MUCH PARKING IS REQUIRED?

Review municipal zoning ordinance — “Off-Street Parking”

Ostensibly require owners to provide sufficient off-street
parking spaces to prevent spillover

Typically required parking by individual land use only and just
add them up

Rarely based on research on customized for local conditions

Typically assumes free parking

Typically found to be materially above actual demand, with
some exceptions.




TWIN CITIES ELIMINATING PARKING REQUIREMENTS

Both Minneapolis and St. Paul have approved changes to remove
minimum requirements in their zoning codes in 2021

Eliminates minimum parking requirements

Introduces needs to invest in TDMP to discourage single-occupant
vehicles (SOV)

Both cities have maximums introduced

Can be challenged based on local conditions

But without requirements, how to determine how much parking
we need?



HOW SHOULD WE DEFINE HOW MANY SPACES WE NEED?
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e ULI Standard

e Represents base parking
ratios at the 85 percentile

e Recommendation based on
busiest hour, day, and month

e Method used for 40+ years in
the U.S. (since 1983)

e Commonly-used practice
throughout the U.S.

e Accounts for multimodal
opportunities
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SHARED PARKING METHODOLOGY

* 19 hours per day Base Ratio
» 2 days per week (weekday
and weekend)

12 months per year

Monthly Adjustment

Shared Parking

456 different calculations b
. ode Hourly Adjustment
( ]
45 different land uses Components
Driving Ratio Adjustment
Land Use Units Staréc;a;;dor Non- N . R . Ad
demberdt, x e xR T O e - Tom or-captive Ratio Adjustment
! Generation Ratio

footage, etc.) Ratio
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GOAL OF SHARED PARKING: RIGHT SIZE PARKING AND NOT OVER OR
UNDER BUILD

e Provide Adequate on-site parking to avoid use of
off-site and spillover

e Reduce costs

e Avoid Congestion with under parked streets
e Limit heat-island effects

e Promote highest and best use of real estate

e Significant walkability and other environmental
benefits

Example of empty, rarely used spaces
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EXAMPLE PROJECT N S —
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SHARED PARKING MODEL RESULTS

Typically, reductions range from 10% to 30% but ...
...it depends heavily on the land uses.
Will your multifamily project really share parking?

Reductions of 40% or more are highly unusual.

Reductions are not usually rideshare, TDM, etc. Rather, It’s that
requirements are too large to begin with.

BUT Reductions may result in:
* The need to build fewer spaces and therefore a reduction in costs.
* The ability to build a full development program that may have been
site or cost prohibitive.
* The ability to build a larger program.
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| KNOW WHAT | NEED — NOW WHAT?

e |dentify site geometry and property
dimensions

e Account for setbacks and adjacent buildings
e Review traffic patterns and user destination
e Where are pedestrian destinations?

e Multiple destinations?

e Location of stair/elevator cores.

e Size of site — can parking layout be efficient?
(Reasonable designs are around 320 sf/car)
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PARKING FACILITY TYPES

* Parking lot (surface lot)

e Parking structures
 Ramps, Garages, Parkades, etc.

Parking Structures can be quite varied
e Open parking structure

* Enclosed parking structure

e Above grade

 Below grade

Surface S < Open SS < Enclosed SSS < Below Grade SSSS
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PARKING FACILITY TYPES
* Podium parking facilities
 Wrapped parking

e Stand Alone
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BUILDING BLOCKS

* Long (or clear) span: a structural system that spans the full width of the
parking bay/module

e Short span: A structural system that spans less than the full module,
resulting in columns between parked vehicles. Typical below buildings or
plazas, 30’ x 30’ grid most common

* Watchpoint: 27’-0” bays are too tight — have to account for columns, AND doors!

30' BAYS , 15' BAYS

50'-60' BAYS Wy ¢ Y b 30'-0"
4
I e e I e J
e R B I N i iy S Yoo BT =1 e
_— \\ _— _— \\ _— \r‘ =A_\— —— -
N _— \\ _— x—p—3 \N ot & L | ]
T~ T~ —x— I Hi |

LONG SPAN CONSTRUCTION SHORT SPAN CONSTRUCTION
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BUILDING BLOCKS

* Maximum parking ramp slope = 6.67% (recc. 6% max.) g’fh =
e Maximum non-parking ramp slope = 16% 5,%’;; Ve

e Folks prefer 8-12% typically T
e Maximum change in slope without transition = 8%

e Bottom outs: Greater than this requires transition slopes /T[I:_P_'fi% N
e |BC Min. Clearance = 7°-0" )FF’fﬂB

e Actually was 7 MAX historically g;;;;;i

P

e ADA van clearance = 8'-2”
Floor to floor = 8’-2” + 3’-0” structure +2” tolerance = 11’-4” recommended

e Typical mixed use =12’ to 14’ clear
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BUILDING BLOCKS

' GREATER OF ‘
. . T OFFSET TorA
Turning Bay Recommendations / 44 60 HI TURNOVER vp ., OFFSET

e No End bay parking:
T=30"-0" clear
(two-way traffic)

e With End bay parking:
VP + T =48’ clear

(two-way traffic and 18’-0”
stall)

Watchpoint: Offsets “&“ are also
needed to aid turns!

VP+1'MIN

WITH ENI.';‘ BAY PARKIN(

2-WAY TURNING BAY
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SITE SELECTION

Site selection basics

*  Minimum site dimensions —
single ramp
e 200" x 120

e (don’t forget to add facade
thickness!)

 No end-bay parking

* Requires end ramps (“jump”
ramps)

e Single bay of flat parking

©2022, Walker Consult:



SITE SELECTION

Site Selection Basics i
*  Minimum site dimensions — 2 ramps o
e 140’ x 120’

* No End-Bay Parking
* No Flat Parking soorem /e
e ..butachallenge for ADA

There’s a lot of options, so let’s talk
about Functional Design

©2022, Walker Consultants. All rights reserved.



WHAT IS FUNCTIONAL DESIGN?

Vehicular Pedestrian
Circulation Circulation

Everything to do with Identify!
the use of the building

PARCS
...with consideration
. Steps in The Functional Journey Destination
of pedestrian and

vehicular flow.

Vehicular Pedestrian
PARCS Circulation Circulation
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WHAT AFFECTS FUNCTIONAL DESIGN

Types of users
* Frequent users
e Office parking, residential

* Infrequent users

e Retail, hospital
* Long term parking

e Airport, monthly, student
e Short term parking

* Shopping centers
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WHAT AFFECTS FUNCTIONAL DESIGN

* Pedestrian needs

* Dimensions of the site
* Parking Geometrics

* Peak hour volumes

* Flow capacity

All have a Level of Service
influenced by the project Budget

©2022, Walker Consultants. All rights reserved.




LEVEL OF SERVICE

 What is Level of Service (LOS)?

* A qualitative measure used to relate the quality of
service

* Modeled after traffic engineering standards

e Communication tool used to describe the quality
of a Functional Design

 Expresses the balance of:
e User needs/wants
e Business, cost and operational requirements

* Promotes consistency in design

©2022, Walker Consultants. All rights reserved.



LEVEL OF SERVICE

PARKING Use Traffic Engineering Definition




LEVEL OF SERVICE

LOS Criteria
e Parking stalls

e Geometrics / Turning

* Flow capacity

* Lighting Levels

* Walking distances

* C(Clear height

e Slopes

 Number of turns to top
* % Spaces on Flat Floors
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GUIDELINES FOR LOS SELECTION

A B C D

High turnover parking
shopping centers, VIP’s
airport 0-3 hrs.

Hospitals, airport 3-24 hrs.

Office or University Visitors,
stadium/arena, airport 24+ hrs.

Monthly parking, employee parking

Student parking
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VEHICLE SIZES

* Parking consultants use a design
vehicle to establish parking
geometrics

* We design for the 85t percentile
vehicle

* Track yearly vehicle sales to establish
the design vehicle

(It’s been consistent since the late 1990s)
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RECENT TRENDS: CROSSOVERS DOMINATE THE
CONVERSAT|ON Market Share

e Crossovers have steadily gained market
share since first introduced in 1994

e Since 2010 or so sedans have been
replaced by crossovers

* Crossovers, Pickups & SUVs are 75% of
all sales!

* Pickups represent about 16% in 2022

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

e (Cars e==Crossovers SUV Pickups Vans

Walker Consultants analysis of Automotive News Data, Annual US Sales, 1996-2022
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DESIGN VEHICLE

* National Parking Association
Design Vehicle:

DV = 6’-7"” wide x 16’-10” long

Percent Small Vehicles Sold In US

 Through 2022 “Compact”
Ca rS are ONLY abOUt 7% Of 0 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
VehiCIe SaIeS! Cars Crossovers SUvV Pickups e===\/ans e===A|| vehicles

Walker Consultants analysis of Automotive News Data, Annual US Sales, 1996-2022
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GEOMETRICS

Most encountered geometrics

PLANNING, DESIGN,
CONSTRUCTION,

TU rn S MAINTENANCE & REPAIR

POt My 5. itk Som
hhﬂllrﬁ Mohommed

Stall width
PARKING

2. Module STRUCTURES
3. Circulation system
4. Angle of park
5. Slopes
6.
7.
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Walking distances .

.-:-"_-"'."
.;.:: MATICEAL
T ASSOCIATION

Parking Space Design:
Guidellgneﬁor Park?ng
Geometrics, Sixth Edition




GEOMETRICS

Stall Width

The nominal dimension of the width of the stall, measured at right angles to
the stall edges. We design stalls to be 20” to 30” wider than the design vehicle

depending on the desired LOS.

LOS Width
D 8'_3”
Office ) C 8' -6”
B 8-9”

A 9’-0” <4mmm Retail




GEOMETRICS | |

— =2

e The out-to-out Los Width i(\ﬁi —

dimension of rows of %Q e

parking stalls and the D 580" |

aisle providing access to » s ;’//

the stalls C 59°-0’ ™ %\\
 Module = Vehicle B 60’-0" | |

Projection + Aisle + 9 AW

Vehicle Projection A 61°-0’ ——

(For 90-degree layouts) M (DOUBLE LOADED MODULE)




THE MOST NATURAL ANGLE OF PARKING IS 60 DEGREES -
WHY NOT ALWAYS USE THAT ANGLE?

* Itis generally acknowledged that the most natural angle of parking is about 60
degrees
 If line stripes are absent or badly worn, cars will naturally park at that angle
* At other angles, many cars will naturally park closer to 60 degrees than the stall is striped
* This is clearly confirmed by the fact that flow capacity of a parking aisle is maximized at 60 degrees

* For these reasons, in the 60s/70s/80s Parking Designers regularly used 60 degrees for
most angled parking. However, due to the efficiency penalty it’s less likely to used
today

* If angled parking is desired, consider using 75-degree parking if it fits on the site,
because the efficiency will be competitive with that for 90-degree parking while
having the desired benefits of one-way traffic flow

©2022, Walker Consultants. All rights reserved.



CIRCULATION GG \\\\i\\\\

e

P

[
Two-Way Traffic Advantages One-Way Traffic Advantages
e Better pedestrian visibility * Easier parking maneuvers
* No wrong way * 60 degree most natural

e Most efficient search * Better flow capacity

e Separation of inbound and outbound
traffic

e Less traffic conflict — Easier Back out

e Typically more efficient™*

 Reduced travel distance both in
and out
* More flexible for future changes in
auto size

©2022, Walker Consultants. All rights reserved.




CIRCULATION - WHEN TO USE

Two-Way Traffic Use One-Way Traffic Use

 Small to moderate size decks Larger decks

e Regular users  Tall decks
* Low turnover

o _ * High turnover
e Efficient parking ,
o . * Better Flow capacity
 Maximize Parking Count , , L
e Site width limitations

>

R
>




CIRCULATION — UP AND DOWN, IN AND OUT!

Helix

* Provide access between floors in a parking structure

* |n a parking structure, a series of sloped parking bays and/or express
ramps to provide floor-to-floor circulation

* Single-Threaded Helix: A helix which rises one floor with each 360
degrees of revolution

* Double-Threaded Helix: A helix which rises two floors with each 360
drees of revolution. Two treads are accommodated within the footprint




CIRCULATION
Single-Threaded Helix
 Goes up one story for each 3

360 degrees of revolution W

Single - Threaded Helix

Two Way




CIRCULATION | i

Double-Threaded Helix ‘\«S

* Goes up two stories for &
each 360 degrees of “’

revolution

Double - Threaded Helix

One Way




CIRCULATION ‘

Double-Threaded Helix Q‘——* 3
* Two threads intertwined in .’\g

one footprint

Double - Threaded Helix

One Way




OTHER COMMON CONFIGURATIONS
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GROUND TIER -~

ISOMETRIC

Good for 4-5 stories, simple
facilities
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“flat” bays for pedestrians




NON-PARKING (AKA EXPRESS RAMPS)

e Express ramp: a ramp without parking /“"a““ Line
along its length that provides circulation = JS—
between one or more parking tiers — " % =

¥ I —

e Speed ramp: a ramp between two Expross Ramp— ” e FlatE’ra_vs of B
parking bays that are 5’ or less different — @k_rﬁg —
in elevation. Usually located at a A B I SRS A N A
crossover or turning bay I I -

A N _

SIE = =

. 1 z\&‘ J -

Good for hlgh-tu.r.n?ver, B R TY s P |
event type facilities \L

Speed Ramp

Ramps
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FUNCTIONAL DESIGN SUMMARY

* 85% percentile vehicle size used for sizing parking geometrics
* Vehicle sales trends monitored

 Use a Level of Service approach to parking geometrics

e Understand your users:
* |longterm parking vs. short term parking
* frequent users verses infrequent users

 Ramping system must balance flow capacity, efficiency, and user
convenience

* Wayfinding: sound Functional Design solves much more than signage!

©2022, Walker Consultants. All rights reserved.




SO NOW TO STRUCTURE!

The Devil is in the Details
* Durability provisions
 Drainage & Slopes

* Vehicle Guards

* Vehicle Weight

= ] g = ‘I::t
it = (ERE
il == - ;‘qu
s s
I'Ii‘{ = —s :-:.if:;‘
T —ommeeent | ]
L1 =l 227
LI P I

3]
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BUILDING CODE PROVISIONS RELATED TO PARKING

e Select building code provisions to be aware of in

Minnesota (generally follows for WI, SD, ND, NE, 1A) BUILDING CODE

* MN Rules requires protection of reinforcing steel

1305.1904 SECTION 1904, DURABILITY REQUIREMENTS.
IBC section 1904 .3 15 amended to read as follows:

e Garage Slabs are generally Exposure Class F3, SO, W2, C2

©2022, Walker Consultants. All rights reserved.

1904.3 Corrosion protection. Where bonded reinforcing and pre-stressing steel is located in conerete assigned to
Exposure Class F3 or Exposure Class C2_ the steel shall be protected from corrosion by one of the following
methods:

1. impermeable barrier;
. epoxy coating in accordance with ACT 318; or

3. hot dipped galvanizing in accordance with ACI 318.

w/cm <0.40 (F3)

f’c >5,000 psi (F3)

6% air for %” aggregate (F3)*
Cannot be ASR/Alkali Carbonate reactive _
Limits on chloride (C2): 0.15% for RC / 0.06% for prestress ;;?fj&loifbﬁif;f,s‘/,l,z:/j ;:,,l.?eﬁ:,f,l_mon




SLAB COVER REQUIREMENTS n

ACl 362.1R-12:
PT Slabs top 1.5”, bottom 0.75” T

PC Slabs top and bottom 1.5” In the Midwest it’s advisable to
provide additional protection
beyond minimums — 2 in top recc.

318-19 Minimums
RC Thl 20.5.1.3.1: slabs top & bottom = 1.5” (2” d,>#6) ot 20> L1 notes that

slab soffits may or may not

PT Tbl 20.5.1.3.2 slab top = 1.5” (exposed) be exposed depending upon
condensation or direct
bottom = 0.75 (not exposed)* leakage conditions.

PC Tbl 20.5.1.3.3 slab top & bottom™* = 1.25” (exposed, 1.5” d_ >#6)




DURABILITY RECOMMENDATIONS

QUALITY CONTROL PROGRAM:

AGGREGATE TESTS, MIX DESIGN TESTS, EACH
CONCRETE TRUCK TESTED FOR AIR CONTENT,

An exam ple of ON-SITE ENGINEER REVIEWS EACH P/T POUR, //

— NON-SLIP FINISH

1% SLOPE MINIMUM
/7 PENETRATING

/
//// SEALER 100% SOLIDS
i

robust, highly ACI MANUALS ON-SITE &
_ ~ / _~—TRAFFIC TOPPING AT
durable slab g&gc&;‘g ':II;-ENTRAINMENT S
: Pt P 50 MIL EXTRUDED
design WATER CONTENT LESS THAN 040~ & g " POLYETHYLENE SHEATHING
WITH CORROSION
— INHIBITING GREASE
71 | NON-SHRINK, NON-STAIN,
A CHLORIDE-FREE GROUT
“:SJ Z = | — GREASE CAP
0= Foiaahioas "o+ 7 FULLY ENCAPSULATED
i Pt gt e ANCHORS AND SEALED
iy el ST COMPRESSION FITTING TO
e -3 TENDON
g . POST TENSIONING 200 psi

CONCRETE SLAB DETAIL

\\ N MINIMUM WITHIN 96 HOURS

K‘*— EPOXY COATED RE-
BAR AND HARDWARE
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DRAINAGE

e All vehicle floors should be designed to

|
) L T T T T
have at least 1.5% slope in any direction | b2l b b
. | R / \s/[ iii
* Flow should be directed away from stairs f N\ Age ! L e
and Expansion Joints 1 N
: ot At e |
 The construction documents should wcwamam TN § 4 SO
provide high-point and low-point _m.é(
elevations to depict the required drainage o mom suo F/f/ \ =

pattern and drain locations. All parking Al o ol
floor slabs should be designed so water
fIOWS to the dra|ns W|thout Water pond|ng. Fig. 6.2a—Schematic of post-tensioned one-way slab and

beams system.

>
I

e Similar to joist bearing elevations, the SE
has an important role in influencing the
drainage ACI 362.1R-12
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DRAINAGE — DON'T

Psnm Iy
B '_‘__"‘_;__.

s e LU
|

Route water across sensitive areas Assume someone else is designing it

Expansion Joints will fail
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DRAINAGE — PLEASE DO

Ensure large fixtures are provided

Provide routes for plumbing — avoid
going through slabs!

©2022, Walker Consultants. All rights reserved.



VEHICLE BARRIERS

©2022, Walker Consultants

. All rights resel
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VEHICLE BARRIERS
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VEHICLE BARRIERS

:

©2022, Walker Consultants. All rights reserved.



VEHICLE BARRIERS ) l
3 Z :]E' «<——+—6k@ 27"
It’s a life safety system and needs 5 < 1 | k@18
to be designed * {
, ¢ generally > 18"
Concrete walls aren’t all created S5 O N — ik g
equal Y
Barrier cables are a great (better) L |
system IF:
1. the building frame can develop L

the reactions and

Swivel GRABB-IT®

2. The anchorage can develop the SR e
forces 5
3. The lateral displacement doesn’t e
impact facade materials B —

A trick! They make swivel anchors for ramps

©2022, Walker Consultants. All rights reserved.




GUARDS AND VEHICLE BARRIERS

Non-compliant Example

 Upturned beam
provides a raised
platform that does not
meet the 42” rail height

* Provides a great ledge
for some to unsafely
climb upon




VEHICLE WEIGHTS

So, are EVs going to crush garages?

...likely not.

Very few heavy EVs are being sold
...In 2022 854 Hummer EVs were sold
...0.000656% of vehicles sold

©2022, Walker Consultants. All rights reserved.



VEHICLE WEIGHTS

Curb Weight (pounds) of
Light Vehicles Sold in US

Are cars getting heavier?
YES, they are! BUT...

But on the top end curb
weight of vehicles >6kip
has held steady since
1996

Working with ASCE 7 on
this...

<3000 e==<4000 ====<5000 <6000 >6000

©2022, Walker Consultants. All rights reserved.



INE WAY CAST-IN-PLACE CONVENTIONALLY REINFORCED

WEIGHTS OF ELECTRIC VEHICLES = T
*  Walker Studied weights of all EVs, TiTy [

PHEVs and ICE vehicles since 2011 to —j’f_\
check LL* [

e Determined the 85t DV for weights SRR
e Tesla Model S has curb wt of 4,710 Ibs
* GVWR of 6,660lbs in drive lanes

Total Load Area (SF) Live Load
. (Ibs) (PSF)
° Loaded W/Ca rgo In stalls at 5,610 lbs [Precast Framing (36’ x 60’ Bay) 71,532 2,160 33.14
Cast-in-Place Post-Tensioned Framing (24’ x 60’ 53,649 1,440 37.26
Bay)
Conventionally Reinforced Concrete with 30" x 26,644 900 29.60
30’ Bay
LL — 40 psf a p pea rs ad eq u ate Stl I I’ ;Ig?;:;]tlonally Reinforced Concrete with 15’ x 16,833 450 37.41
Eve n fo r EVS :(c))’nl\al:;\tionally Reinforced Concrete with 30’ x 60,310 1,800 33.51
Steel Beams and Column with P/C double tees 71,532 2,160 33.14
Steel beams and columns with a cast-in-place 53,649 1,440 37.26
post-tensioned slab

*Similar to analyses of Y.K. Wen and G.L. Yeo (2001); Smith and Chrest (2002)

©2022, Walker Consultants. All rights reserved.




Objects in mirror are
closer than they appear




DETERIORATION PROCESS

Most deterioration is either
e Corrosion induced

* Freeze-thaw induced

* Volume change

Other deterioration
mechanisms also exist, but
not as prevalent

e Chemical

* Alkali-aggregate reactivity

©2022, Walker Consultants. All rights reserved.



CORROSION INDUCED DETERIORATION PROCESS

MOISTURE/ CHLORIDE PENETRATION

|

REINFORCING STEELS CORRODES

|

DELAMINATION

!

SPALL




FREEZE-THAW INDUCED DETERIORATION PROCESS

MOISTURE SATURATES CONCRETE

|

WATER FREEZES/ VOLUME CHANGES

!

SCALING, CONCRETE DETERIORATION




DURABILITY OF PARKING STRUCTURES

Focus on four goals: ' "“””J“’“‘r"'H'mifwHJ
A el = S i
* Control the crackin ‘ | P 8

MM
2=~ ]
1

* Prevent deicing salt entry

 Protect reinforcing steel from k -
coming in contact with deicing
salts

e Maintenance
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DURABILITY MUSTS

Good Design Includes:

Design and detailing to minimize cracking
Adequate drainage

Specify Great Concrete mixes

Finishing and curing

Surface sealers and joint sealants
Epoxy-coated reinforcing steel

Stainless steel / galvanizing connections
Proper concrete cover

Encapsulated PT tendons

Corrosion inhibitors
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