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Environmentally Friendly
Does not pollute waterways

Uses less raw materials

No hazardous materials 
used

Recycled materials can be 
used

Conserves petroleum 
resources

Benefits of a Concrete Parking Lot



Heat Island Mitigation

• Concrete’s lighter 
color means less 
heat absorption

• Lowers ambient air 
temperature by 7 to 
10 degrees

• 1 degree equals 
1.5% change in 
energy consumption



Concrete 
Parking 
Garage

Photos courtesy of the American Concrete Pavement Association

Concrete Pavements can Reduce 
Global Warming Potential by 50%



Benefits of a Concrete Parking Lot

Performance
Proven long life
No potholes, bumps, 

or wrinkles
Evenly carries heavy 

loads
Resistance to 

freeze/thaw
Positive first 

impression



Bellefontaine, OH

• Placed 1891
• Guaranteed for 5 years
• 131 years old and still 

in service!



Energy Savings and Illumination

Based on .315 cd/ft2

• 36% fewer luminaires 
needed for equivalent 
luminance

OR
• Reduce light wattage 

from 400 to 250 per lamp
• Approximately 37% 

reduction in energy 
consumption



LED Lighting – A new opportunity!

Concrete’s reflectivity optimizes performance of LED lighting
Reduce wattage from 400W to 125W



“The higher reflectance values from concrete play 
as much of a role in the visibility and apparent 
brightness of the site as the lighting.”

www1.eere.energy.gov/femp/technologies/solid_state_lighting.html



Concrete is too expensive!



First Cost

Affordable and 
competitively priced

Minimum subbase 
preparation

One pass completion

Benefits of a Concrete Parking Lot



Long-Term Cost
• Lower annual 

maintenance
• No scheduled 

re-paving
• No business 

interruption
• Lower life-cycle 

cost

Benefits of a Concrete Parking Lot



Life-Cycle Cost Analysis





Source of Much of What We Know 
About Pavement Design

AASHO Road Test

Late 50’s and early 60’s

Ottawa, Illinois



American Association of State 

Highway and Transportation 

Officials (AASHTO)

Guide for Design of Pavement 

Structures (1993)



American Association of State 

Highway and Transportation 

Officials (AASHTO)

Guide for Design of Pavement 

Structures (1993)

Mechanistic-Empirical Pavement 

Design Guide (3rd edition – 2020)



What do designers currently 
use for concrete parking lots?

Nothing – Only design in asphalt 

DOT specifications 

(Do DOT’s design parking lots?)  

AASHTO Design Guide



AASHTO is meant for Highway Design

• Highways:

• High speed traffic

• One directional

• Loading near 
pavement edge

• Drain water rapidly



Parking Lots are not Highways

• Highways:

• High speed traffic

• One directional

• Loading near 
pavement edge

• Drain water rapidly

• Parking Lots:

• Low speed traffic

• Multi-directional

• Interior loading

• May be designed to 
collect water



ACI 330
- Rational Standard 
for Design
-Complete and 
Concise

-Design
-Construction
-Maintenance



Changes to Design Guides



Why Use It? 

Economical 20 Year Design

Addresses All Aspects of Concrete Parking 
Lots

Based on Sound Conservative Engineering

Only Document Created Specifically for 
Concrete Parking Lots

ACI 330 is The Industry Standard!



• Design for purpose (adjust thickness)
• Passenger vehicle parking
• Truck lanes
• Loading areas
• Truck parking (sand shoes/dollies)

• Increase thickness
• Thickened beam

Why Use It? 



Established rational 
design – ACI 330

• 4000 psi

• Unreinforced

• Placed on 
compacted 
subgrade

No stone base 
required
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An ACI Standard

Commercial Concrete 
Parking Lots and Site 
Paving Design and 
Construction – Guide

Reported by ACI Committee 330



Low to Medium Duty Parking Lots

ACI PRC 330-21





1 – Subgrade Support

k – modulus of subgrade or

CBR – California Bearing Ratio 

R - Resistance Value 

SSV – Soil Support Value



2 – Concrete Strength 

MOR – modulus of rupture/flexural strength

*Concrete Industry uses compressive strength (f’c) 



Flexural Strength vs. Compressive Strength



3 – Intended Traffic

ADTT – Average Daily Truck Traffic



ACI PRC-330-21 Guidelines – Table 3.6b



For Example…



Recommended Thickness is 5.25 inches

5.25



Standard trucks
Industrial lift trucks
Front end loaders
Tracked equipment 
Straddle carriers
Cranes
Military equipment 
Buses & coaches

Industrial Concrete Pavements



Industrial Concrete Pavements –
Where do they fit?

Highway Pavements
Pneumatic tires
Channelized traffic
Design for fatigue
Failure modes:

Cracking
Edge of road

Faulting
Permanent deflection

Roughness
IRI
Because of speed

Interior Floor Slabs
Small, hard wheels
Variable traffic
Design for capacity
Failure modes:

Cracking
Curl, joint spacing, etc.
Support or edge?

Joint Spalling
Differential deflection

Flatness & levelness        
Lift truck requirements



ACI 330.2R-17 
Guide for the Design 

and Construction of 
Concrete Site Paving 
for Industrial and 
Trucking Facilities





1 – Subgrade Support

k – modulus of subgrade or

CBR – California Bearing Ratio 

R - Resistance Value 

SSV – Soil Support Value



2 – Concrete Strength 

MOR – Modulus of Rupture/flexural strength

• Concrete Industry uses compressive 
strength (f’c) 

Ec – Modulus of Elasticity

• Ratio of stress to strain

• Based on correlations with compressive 
strength provided in ACI 318: Building Code 
Requirements for Structural Concrete



No More ESALs!

ESAL was never a pure metric of 
traffic or loads

ESAL = metric of damage caused 
by traffic

ESALs don’t work with multiple 
failure modes

Trucks per day + load spectrum now used

3 – Intended Traffic



Over-the-Road Trucks



Over-the-Road Truck Design Tables



Over-the-Road Truck Design Tables



Over-the-Road Truck Design Tables 



Industrial 
Vehicle



Industrial Design Table: Single Wheel



Industrial Design Table: Dual Wheel



Punching Shear Stress



Punching Shear Stress



Punching Shear Stress Check

Assumptions in table (adapted from ACI 318): 
• Unreinforced panels
• Live load factor of 1.6
• Nominal shear strength reduced by factor of 0.60
• Nominal base plate width and length of 12 in. (300 mm)
• ¾ in. (19 mm) thickness reduction for placement tolerance



Bearing Stress Check 

Assumptions in table (adapted from ACI 318):
• Unreinforced panels
• Live load factor of 1.6
• Nominal bearing strength reduced by a 

factor of 0.60



Common Design Misconceptions



Common Design Misconception #1

“Concrete 

pavement 

requires a 

subbase”*

*Subbase: a layer of imported or improved material between 
the natural site material (subgrade) and the concrete.



st
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Asphalt Wearing Course

Subgrade

7,000 lbs load

pressure 
~ 15 - 20 psi

Asphalt Base Course

Aggregate Base 
Course

Load-Carrying Structure for Flexible Pavement



Concrete

subgrade

7,000 lbs load

pressure ~3 - 7 psi

st
re

ss

The load-carrying structure for concrete 
pavement is primarily thickness.



ACI 330 position on subgrade/subbase

“A well-prepared, uniform subgrade at the correct 

elevation is essential to the construction of a 

quality pavement.”

“The subgrade should have a dense, firm, and 

uniformly smooth surface when concrete is 

placed on it.”

“Granular aggregate subbases are not normally 

used for concrete parking lots.”



Do you ever need a subbase layer? 

May warrant consideration if:

Construction platform is needed

Subgrade is very poor quality

Heavy truck traffic & load transfer concerns

Pumping of subgrade is likely

Can result in higher k value for design and 
slightly thinner concrete section



Common Design Misconception #2

• Concrete 

pavements 

require steel 

reinforcement!



• Does not make concrete 
stronger!
• Does not stop concrete 
from cracking!
• Holds concrete together 
when it cracks

Secondary Steel 
Reinforcement





What about Fibers?

Steel & Macro Fibers 

(0.008-0.03”)     

Secondary Reinforcement

Micro Fibers (<0.004”)                          

Plastic Shrinkage     

Crack Control

“Macro” Fibers

“Micro” Fibers



Aggregate Interlock

Keyways

Load transfer joint details:
Pavements less than 7”



Round Dowels

Tiebars ≠ Dowels!
(not used for load transfer)

Load transfer joint details:
Pavements greater than 7”

Plate Dowels



Evaluating Concrete and Asphalt 
Using Structural Numbers



Structural Layer Coefficient

A relative number assigned for the 
value of 1” of material

Using proper values is critical in 
order to achieve accurate output

SLC’s for pavement determined 
from AASHO Road Test - 1960



The Structural Number

S.N. = (a1 t1) + (a2 t2) + (a3t3) …

a3 x t3

a2 x t2 

a1 x t1

S.N.



Structural Layer Coefficients per 
AASHO Road Test

Concrete = 0.50

Surface Asphalt = 0.20 to 0.42

Bituminous Base = 0.10 to 0.34

Aggregate Base = 0.07 to 0.14



Let’s Build an Asphalt Section

0.66

+ 1.14

+ 0.72

S/N 2.52 

3.0” Binder x 0.38

1.5” Bit. SC x 0.44

6” Crushed Stone x 0.12



Now Let’s Build an Equivalent Concrete Section

S/N 2.505.0” PCC x 0.50



Now Let’s Build an Equivalent Concrete Section

2.50

+   0.36
S/N 2.86

5.0” PCC x 0.50

3” Crushed Stone x 0.12



Saving Money with ACI 330
Examples



ACI 330: National Account - Auto Dealer

3.0” Base Course

1.0” Wearing Course

4” Crushed Stone

4.5” Concrete



“Nearly $500,000 too high”

3.0” Base Course

1.0” Wearing Course

4” Crushed Stone

4.5” Concrete

6” Crushed Stone

ACI 330: National Account - Auto Dealer



6” stone subbase

$25/ton in-place

$1.27 per yd2/inch $265,846

$476,226

6x6 wwf

$0.67 per ft2 $210,380

“Nearly $500,000 too high”



Nigel Parkes | nigel@pna-inc.com

• Original Design  
14” Asphalt
(wc/bc/subbase)

• New Design    
7” Concrete

• 15% Cost 
Savings 

ACI 330.2-17: Pallet Plant Project



ACI 330.2-17: Distribution Center Project

1.2 million ft2 exterior pavement

Original Concrete Design: 
(AASHTO 93)

9 ½”  w/ 6” subbase 
& 15’ joint spacing

New Concrete Design:
(ACI 330 / 330.2)

Heavy Duty - 7”
(12’ joint spacing)

Medium Duty - 5.5”
(6’ joint spacing)

Light Duty - 4”
(6’ joint spacing)
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www.paveahead.org



www.pavementdesigner.org
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