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Purpose

Discuss the composition and use of porous asphalt
pavements.

Learning Objectives

At the end of this webinar, you will be able to:
« Define structural design-related properties for materials
used in porous flexible pavements

o Estimate the stiffness of a composite foundation (base and
subgrade), which is equivalent to a given layered system

* Design and select the thickness of a porous asphalt
pavement suitable to carry projected traffic loads



Structural Design of
Porous Asphalt Pavements







Porous Pavements
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« Porous Asphalt Pavement
- <— Choker Coarse

<«—Stone Recharge Bed
Uniformly graded clean
crushed stone
40% Voids

Hydrologic Characteristics:
Subgrade infiltration rate: 0.1 to 10 inches/hour
Time to drain, stone recharge bed: 12 to 72 hours

Natiohal Asphalt Pavement Association, 1S-131

Stone Recharge Bed
typical thickness:
12 to 36 inches
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Scope

v Structural Design of
Porous Asphalt Pavements

Ensuring the Pavement Structure Can
Carry the Design Traffic Loads

Site Selection
Hydrologic Design
Mixture design
Construction
Maintenance

<X X X X X




Additional Information Sources

Porous Asphalt
Pavements
for Stormwater

Sdlrran b e FLTrEn e B e -

NAPA Information Series 131 NAPA Information Series 109



Porous Pavements
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3¢ «— POrous Asphalt Pavement
§ = Choker Coarse

N
3-— Stone Recharge Bed
Uniformly graded clean
S A crushed stone
Non-Woven | 40% Voids
Geotextile STy

Natiohal Asphalt Pavement Association, 1S-131



Porous vs. Conventional Pavements (1)

Pavement Purpose Material(s Purpose Material(s

Layer Porous Asphalt Conventional Flexible

Provide stable Open-graded Provide stable Dense-graded
wearing surface; asphalt concrete; wearing surface; asphalt concrete;
allows infiltration of minimal maintain ride low air voids
AS P halt water to stone compaction; quality; (typically <8%);
recharge bed
Surface interconnected prevent water relatively
voids; infiltration into the  impermeable;
underlying layers;
high air voids may have 1, 2, or 3
(typically 15 to 20% |reduce traffic- lifts of varying
or more); induced aggregate size.

stress/strain to
permeable underlying layers




Porous vs. Conventional Pavements (2)
Pavement

Layer Porous Asphalt Conventional Flexible

“Choker Course” - stable  Clean, single-sized
surface for subsequent crushed stone

paving

“Stone Recharge Bed” -  Clean, single-sized |Provide structural

stormwater storage large crushed stone | CaPacity tto t
with high void ratio |Pavement system,

Base Layer(s) (typically ~40%) Dense-graded
reduce traffic- crushed stone
induced
stress/strain on

“Separation Layer” - Geotextile fabric ~ [subgrade

prevents migration of fine
subgrade material to
recharge bed




Porous vs. Conventional Pavements (3)

Pavement Purpose Material(s Purpose Material(s

Layer Porous Asphalt Conventional Flexible

Provide infiltration of Natural or select Provide stable Natural or select
stormwater material (ideally, low |platform for material;
fines content); pavement structure
typically compacted
Su bg rade typically to high percentage of
uncompacted or only maximum density

lightly-compacted to
promote infiltration







Structural Design Methodology

Empirical AASHTO Flexible Pavement Design Equation (1993):

APSI

10[4 2-1 5}
log,, Wyg =25 *S, +9.36*Iog10@+1)—0.2+ : 1094 +2.32*log,, M, —8.07

0.40 + WDMQ

SN =required Structural Number (structural capacity) of the pavement

w,g = number of 18-kip equivalent single axle loads (ESALS) expected over design life

z; = standard normal deviate (level of design reliability)

s, = Standard deviation

APSI = allowable change in the Present Serviceability Index (PSI) over design life
My = subgrade resilient modulus (psi)



Structural Design Methodology

Empirical AASHTO Flexible Pavement Design Equation (1993):

APSI
P 4.2-15
Io%DwB:JR*s-+936*hgm<:>ﬁb—02+- £=191 | 5 32%log, M, —8.07
: 1094
0.40+ £ 1o
1)®

SN = design Structural Number of the pavement = DESIGN OUTPUT
SN =d,a; +d,a,m,

d, = thickness of asphalt layer

a, = structural layer coefficient for asphalt

d, = thickness of granular base (stone recharge bed)

a, = structural layer coefficient for granular base

m, = moisture/drainage coefficient for unbound granular base



Design Traffic a; = structural coefficient

Wig d, = thickness (in)
(ESAL) m, = drainage coefficient
* _
Asphalt Surface a; *d; = SN,
AASHTO Design +
Equation:
- * * _
SN gesign a; *d;*m, = SN,
of Pavernent Granular/Stone Base
Structure l
Subgrade Resilient Subgrade Soil SN1 + SNz = Svamt
Modulus -
MR
(psi)

SNgesign < SN

pvmt






Structural Design Inputs (1)

AASHTO Design Equation: Design Traffic w,;g (ESALS)
Use existing agency procedure for estimating design traffic or the NAPA Traffic Classifications:

Type of facility and vehicle types Maximum trucks Traffic Design period Design
per month class (CELS)) ESALs
one lane

Residential driveways, parking stalls, parking lots for <1 Class | 3,000
autos and pickup trucks. 3,000
15 5,000
20 7,000
Residential streets without regular truck traffic or city 60 Class Il 5 7,000
buses; traffic consisting of autos, home delivery 10 14,000
trucks, trash pickup, occasional moving vans, etc. 15 20,000
20 27,000
Collector streets, shopping center delivery lanes; up 250 Class Il 5 27,000
to 10 single-unit or 3-axle semi-trailer trucks per day 10 54,000
or equivalents; average gross weights should be less 15 82,000
than the legal limit. 20 110,000
Heavy trucks; up to 75 fully loaded 5-axle semi-trailer 2200 Class IV 5 270,000
trucks per day; equivalent trucks in this class may 10 540,000
included loaded 3-axle and 4-axle dump trucks, gross 15 820,000
weights over 40,000 Ibs. 20 1,100,00

NAPA Information Series 109, Design of Hot-Mix Asphalt Pavements for Commercial, Industrial, and Residential Areas



Structural Design Inputs (2)

AASHTO Design Equation: Reliability, Standard Deviation, APSI

Design Reliability Standard Deviation APSI
n o000 the AASHTO flexible o
pavement equation: po Initial serviceability index;
75 -0.674 typical values: 4.2 — 4.5
0.42 - 0.49
80 -0.842 . : e
p; Terminal serviceability index;
90 -1.282 typical values: 2.0-2.5
o5 1645 For Reliability_, _
Standard Deviation, Typical Values for APSI:
66 P and APSI, use typical 20-25
values and policies of
local/state agencies.




Structural Design Inputs (3)

AASHTO Design Equation: Subgrade Resilient Modulus -- Mg

* Resilient modulus for existing subgrade soll
= NAPA Subgrade Classification Guide (next slide)

* Reduce typical modulus values in NAPA table by 25 to 50%
» Subgrades typically uncompacted/lightly compacted
» Subgrades typically at higher moisture contents

 Composite subgrade modulus for structural pavement design
» Accounts better for thick stone recharge bed
* Procedure described later



Subgrade Classification Guide w/ Typical Resilient Modulus (Mg) Values

NAPA Information Series 109, Design of Hot-Mix Asphalt Pavements for Commercial, Industrial, and Residential Areas (2002)

Soil Type Unified Soil Percent Permeability Frost Typical | Design | Typ. Flexible Porous
Class Finer Than Potentiall | CBR? Class Pavement Mg Pavement Mg
0.02mm (psi)? (psi)?

Sands, sand-gravel mix SW,SP 0-3 Excellent NFS 17 Very 20,000 20,000
Little or no fines Good
<0.02mm
SW,SP 1.5-3 Good PFS 17 Very 20,000 20,000
Some fines <0.02mm Good
SW,SP,SM 3-6 Fair Low 8 Good 12,000 9,000
Medium fines <0.02mm
Silty gravel soils GM, GW- 6-10 Fair to Low Medium 8 Good 12,000 9,000
High fines <0.02mm GM,GP-GM 10 - 20
Silty sand soils SM, SW- 6-15 Fair to Low Medium 8 Good 12,000 9,000
High fines <0.02mm SM,SP-SM
SM,SC Over 20 Low to Very  Medium to 5 Medium 7,500 3,750
High fines <0.02mm Low High
CL,CH Very Low High3 3 Poor 4,500 2,250
ML,MH Very Low High to 3 Poor 4,500 2,250
V.High3
CL,CL-CM Very Low High to 3 Poor 4,500 2,250
V.High3

INFS = not frost susceptible; PFS = possible frost susceptible
2CBR = California Bearing Ratio and Mr = Resilient Modulus values are minimum values expected for each subgrade class

3Reilace in severe frost areas

(Excerpts)



Structural Design Inputs (4)

AASHTO Design Equation: Layer coefficients a,

Typically placed at low densities
» Typically features open gradations

Asphalt-Treated Permeable Base (ATPB): a, = 0.30 to 0.33
(if present)

Asphalt Porous Asphalt: a; = 0.40

ATPB

Coarse Aggregate Base (Stone Recharge Bed): a, = 0.07 to 0.10
» Typically placed at high void contents (lower stiffness, e.g. 15 ksi)
 AASHTO stiffness relationship for granular base:

a, = 0.247(l09,oEp,se) — 0.977

Aggregate Base
(Stone Recharge Bed)

Subgrade Soil




Structural Design Inputs (5)

AASHTO Design Equation: Drainage coefficient m,

Aggregate Base
(Stone Recharge Bed)

Applies to unbound materials only
(Coarse Aggregate Base [Stone Recharge Bed)])
* AASHTO relationship based on “quality” of drainage (time to drain) and percent time near saturation

For Porous Asphalt pavements:

* Assumed drainage quality is GOOD (water removed in ~1 day)

+ Assumed time near saturation is 5-25%

Quality of Water Percent of Time Pavement is Exposed to Moisture
Drainage R‘mﬂ\ilr?d Levels Approaching Saturation
<1% 1-5% 5-25% >25%
Excellent |2 hours 1.40-1.35 | 1.35-1.30 | 1.30-1.20 1.20
Good 1 day 1.35-1.25 | 1.25-1.15 | 1.15-1.00 1.00
Fair 1 week 1.25-1.15 | 1.15-1.05 | 1.00-0.80 0.80
Poor 1 month 1.05-0.80 | 1.05-0.80 | 0.80-0.60 0.60
Very Poor |>1month | 0.95-0.75 | 0.95-0.75 | 0.75-0.40 0.40

For porous pavement design, use m, = 1.0 for all situations






Effective Thickness of Base Layer
(1993 AASHTO Design Approach)

12

10
——> Diminishing Effectiveness of Base
8 Maximum base
thickness at

6 ——
AASHO Road Test
was 9 inches!

Asphalt Thickness D, (inches)

0 12 24 36 48
Base Thickness D, (inches)



6” Asphalt Surface _ 6" Asphalt Surface _
(a = 0.40) SN,=2.4 (a = 0.40) SN,=24

Semi-Infinite

“Subgrade”
similar to Stone Recharge Bed
(Mg =20,000psi)  SN,= 3.6 A P bl m
Stone Recharge Bed (a=0.10) ro e e
(Mg = 20,000 psi) 36”
(a=0.10)
Rl How can a weaker
 Uncompacted .
o pavement section
- (Mg=4000 psi)
N e carry 20x more
Fro:rn t.!::e AASHTO Design Equation: Fro.m t.h.e AASHTO Design Equation: tr affl C’)’)
Reliability = 75% (z5 = -0.674) Reliability = 75% (z5 =-0.674) =
Std. Deviation (So) = 0.45 Std. Deviation (So) = 0.45
Change in PSI (APSI) = 2.5 (pg=4.5; p;=2.0) Change in PSI (APSI) = 2.5 (pg=4.5; p;=2.0)
Subgrade Modulus (Mg) = 20,000 psi Subgrade Modulus (Mg) = 4000 psi
Structural Number (SN) = 2.40 Structural Number (SN) = 6.0
- Allowable Trafficc 2.3M ESALS - Allowable Trafficc 41.5M ESALS!!



Composite Subgrade Concept

Applied load (q) = 100 psi These two cross-sections are structurally equivalent
Diameter (a) = 5.35 inches Based on equal surface deflections from an applied load.

The analysis is based on elastic

Stone Recharge Bed layer theory; the two-ayer (stone
(E = 20,000 psi) “Composite” over subgrade) system is
_ Subgrade converted to a one-layer
N I (Mg = 12,500 psi) (‘composite’ subgrade) system.
 Uncompacted
- Subgrade r
- _\_-(M- = 4000 p9|)
Burmlsters Equatlon Burmister's Equation Wh‘ire: face deflection (i
For 2-layer systems: For 1-ayer systems: w, = surface deflection (in)
q = applied load (psi)
_15qa F _1.5qa a = load diameter (in)
L 2 Wo = E E = single-layer modulus
2

E, = ‘layer 2’ modulus in 2-layer system
(uncompacted subgrade)
F, = Burmister's 2-layer deflection factor




Deflection of Two-Layer System

after Burmister (1943)

q-= 100 pSl ég NN EJE,
a=5.35in 0.6 NN T
gi | \\ NINUT L3 wo = 1542 F,
F.=0.32 s i
19n ! '\}:T\:\\\_\ \\-“'\{Q‘\""—- |
Stone Recharge Bed 02 \m\%\\ o~ —
oy . Ll:q | \\ ™ N —
(E; = 20,000 psi) LN \\\\ N, \% “*—--______\\H"""'-
0.08 L\\‘\\ NS -‘;‘\‘::ﬁ'x‘-..._ -
006 NNy
0.05 NN~ T~
0.04 NS ——
0.03 ™ TN \\x\r‘_‘“‘
0.02 ik T~ T~
0 05 10 15 20 3 4 5 6
Surface Deflection: hyfa
W,=—p h= 4000 psi (0.32)=0.0642 in h/a=19in/5.35in = 3.55
2




Composite Subgrade Stiffness of
Equivalent One-Layer System

Target Equivalent
Surface Deflection =

g =100 psi 0.0642 in
a=5.35in _
é Surface Deflection for One-Layer System:
1.5ga
W, = <

Composite L

Subgrade

(Mg =2727) Equivalent Composite Subgrade for One-Layer System:

£ 1.5ga _15(100 psi)(5.35 in)
B B 0.0642 in

=12,500 psi
W

0







Structural Design Methodology

Empirical AASHTO Flexible Pavement Design Equation (1993):

APSI
P 4.2-15
10,5 Wiy = 2, *5, +9.36 *log,(SN)+ ) ~0.2-+ 2=19] | 5 32%og, M, —8.07
: 1094
0.40+ 155

SN = design Structural Number of the pavement = D,a; + D,a,m,

w,g = number of 18-kip equivalent single axle loads (ESALS) expected over design life
zr = standard normal deviate (level of design reliability)

s, = Standard deviation
APSI = allowable change in the Present Serviceability Index (PSI) over design life

My = subgrade resilient modulus (psi)



Step 1: Define the Problem (1)
 Obtain Hydrologic Design (not covered here)
 Determine Structural Parameters

Structural Coefficient, g Resilient Modulus, My (psi)

6" 0.40
Porous Asphalt* (see Slide 19)

19” 0.10 20,000
Stone Recharge Bed (see Slide 19) (see Slide 19)

\

Hydrologic Design

_ Uncompacted 4,000
L mapngiade iy (see Slides 30/18)

*Maximum for hydrologic design




Step 1: Define the Problem (2)

 Determine Design Parameters

Given:
 Design traffic : 3M ESALs (Heavy Trucks) * Allowable deterioration: APSI = 2.5
(project specific) (Initial PSI p, = 4.5; Terminal PSI p, = 2.0)

(typical values and/or agency policy)
» Subgrade soil: clayey sand with medium-high

fines, classification SM, SC * Reliability parameters: |
o Per Subgrade Classification Table (Slide 17), (typical values and/or agency policy)
Mg = 3750+ psi o Reliability: 75% (Zg =-0.674)

0 Subgrade Modulus for Design: Use 4000 psi o Standard Deviation: 0.45




Step 2: Check Minimum Porous
Asphalt Thickness

e w;g=3M ESALS
see Slide29 4 © APSI=25

SN N
227" ! « Reliability: 75% (2 =-0.674)
Porous Asphalt I L « Standard Deviation: 0.45

« Asphalt layer support provided
19" by stone recharge bed

Stone Recharge Bed 0 Mg: 20,000 psi  See Slide 28

NS R e - Solve AASHTO Flexible Pavement Design Equation:
SR el cw o e ies SNy = 2.55
o EMCOIMBABIER ol R IR
LoeeQuRgrade st e sl Minimum asphalt thickness:
B e B e B R B e B R d, = SN,/a, = 2.55/0.40 = 6.375in.

Hydrologic design does NOT provide . :
minimum structural thickness ™= minimum d, = 6.5 inches




Step 3: Minimum Porous Asphalt
Thickness (2)

Example of a “Design Catalog”

W,z (ESALs) | Minimum Porous Asphalt
Thickness (inches) ;/al_ugslbased on.

50,000 3.0 Eiase = 20,000 psi
100,000 3.5 75% reliability
250,000 4.0 Sy =0.45
500,000 45 APSI =2.5
750,000 5.0

1,000,000 5.5

2,000,000 6.0

4,000,000 6.5




Step 4: Calculate Composite Modulus
of the Subgrade (1) — seeslides 24-26

g = 100 psi
a=535in !

19"

Stone Recharge Bed
(E, = 20,000 psi)

e R e ¥ ol TR L

Surface Deflection:

Uncempactgd

(Ez=40@0 PS'

after Burmister (1943)

10 g

0.8 TR E/E,
06 N T TR
0.5 ff N \‘\ B 5 1.5qa
Ty o .
_ 0.4 \\ ™ Sy ""’ Wy = Eg Fz
F2—032 03 ! N L\ M [
T
02 VN NN i ‘.\‘ T
| \\&%\\\: NN \\k 50 ‘\““-. — T
i | N ™
N N \.\_290\ -"\‘_____
0 1 \‘\I \\? \ '\r. %LR ""-\..,___ ‘-_:—-.-‘-_ -"""'--_.____
0.08 IRANAN NN S~ o T— ;
NANERNERCNEAS 500 o~ e —
0.06 NN T~
0.05 NN~ ~ _
0.04 N \\\- N\&OOG\\"“Q \\-'"‘-—__.______‘
N ™
0.03 b N N\5®0 \k\i""—‘_“
.
0.02 Ll N\m’{m T I
S0 05 10 15 20 3 4 5 6
hlJ'ra

B 1.San _ (1.5)(100 psi)(5.35 in)

o E 2

2

4000 psi

(0.32)=0.0642 in

E,/E, = 20,000 psi / 4,000 psi =

h,/a=19in/5.35in = 3.55



Step 4: Calculate Composite Modulus
of the Subgrade (2) — see slides 24-26

Target Equivalent
Surface Deflection =

g =100 psi 0.0642 in
a=535in )
é Surface Deflection for One-Layer System:
1.5ga
W, = 9

Composite E

Subgrade

(Mg = 277?) Equivalent Composite Subgrade for One-Layer System:

o 1:5ga _ 15(100 psi)(5.35 in)

=12,500 psi

W, 0.0642 in I




Step 6: Establish Final Structure

- Porous Asphalt Thickness:
POroUs Asphalt (use maximum value)

 Hydrologic design: 6 In.
e Minimum Structural Thickness: 6.51n.

19”
Stone Recharge Bed

o Structural Design Thickness: 7.51n.
g e Thickness = SNyegign /

Lo e Sbaes e - 3.00/0.40= 7.5in
(slide 35) (slide 29)

(from hydrologic design)



Design

For W, = 3,000,000 ESAL

Cat al O g S Design Subgrade Resilient Modulus (psi)
2000 3000 4000 6000 8000 10000 | 12000

"5 6| 115 10 9 8 7.5 7.5 7
§ 12 10 8.5 8 7.5 7 7 6.5
'ﬁ 18 8.5 8 7.5 7 7 7 6.5
o 24 8 7.5 7.5 7 7 6.5 6.5
2 [ 30 75 7.5 7 7 6.5 6.5 6.5
£ 36( 7.5 7 7 7 6.5 6.5 6.5
b 42 7 7 7 6.5 6.5 6.5 6.5
o | 48] 7 7 6.5 6.5 6.5 6.5 6.5

(For thin bases, also |

use conventional AASHTO |

design and take most
conservative case)

Required Porous Asphalt Thickness

Design Assumption for Catalog Tables:

* a;=0.40 (porous asphalt) *  75% reliability (Z, = -0.674) « a=5.35in (load radius)
* a,=0.10 (stone base) * s,=0.45 (overall variability) * =100 psi (load pressure)
* Epae =20,000 psi (stone base) ¢ APSI=2.5 Values for composite subgrade

(allowable serviceability decrease) modulus computation



(@ pavexpressdesign.com

P AV EX p re S S with LCCA Module now in Betal

Home Getting Started ~ My Projects

Welcome to PaveXpress
A simplified pavement design tool for flexible and rigid pavements using AASHTO 93/98.

Introduction

Welcome to PaveXpress, a scoping tool to help you
create simplified pavement designs while taking into
account key engineering inputs.

About ~

Resources

PaveXpress includes access to resources such as
design guides from state DOTs and industry
associations so you can build formal designs from its
simple recommendations.

View Resources

e

Pavement design
using AASHTO
93/98

Pavement design
for engineers

and students

Pavement design
for project

scoping

Welcome Charles!

Click on the button below to launch the PaveXpress
Scoping Tool and start creating your own designs, with
options for both flexible and rigid pavement
construction.






Today’s Speakers

e Kevin Hall, University of
Arkansas, kdhall@uark.edu

e Chuck Schwartz, Universitly of
Maryland, schwartz@umd.edu



mailto:kdhall@uark.edu
mailto:schwartz@umd.edu

Get Involved with TRB

o Getting Involved is free!
e Join a Standing Committee (http://bit.ly/2]YRIF6)
« Become a Friend of a Committee

(http://bit.ly/ TRBcommittees)

— Networking opportunities

— May provide a path to become a Standing Committee
member

e« Sponsoring Committee: AFD60

e For more information: www.mytrb.org
— Create your account
— Update your profile

The National Academies of l:’

SCIENCES * ENGINEERING + MEDICINE TRANSPORTATION RESEARCH BOARD
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http://bit.ly/TRBcommittees
http://www.mytrb.org/

Receiving PDH credits

 Must register as an individual to receive
credits (no group credits)

e Credits will be reported two to three
business days after the webinar

* You will be able to retrieve your certificate
from RCEP within one week of the webinar

I 4@
The National Academies of l:’

SCIENCES * ENGINEERING + MEDICINE TRANSPORTATION RESEARCH BOARD



TRB turns 100 on November 11, 2020

100 ﬁ VEARS  Helpre:

- Promote the value of transportation research;

- Recognize, honor, and celebrate the TRB community; and

- Highlight 100 years of accomplishments.

Learn more at

www.TRB.org/Centennial

MOVING IDEAS: ADVANCING SOCIETY—100 YEARS OF TRANSPORTATION RESEARCH

The National Academies of

SCIENCES - ENGINEERING - MEDICINE TRANSPORTATION RESEARCH BOARD
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