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Overview and Background

- ACPA, NRMCA, and PCA partnership, with a contribution from
the RCC Council to develop a website application to design
cement-based solutions for:

ACPA

Municipal Streets and Local Roads
Parking Lots '/.

Intermodal/Industrial Facilities AMERICAN CONERETE
PRUEMENT ASSOCIATION

- Design guidance and tools for:

Jointed-Plain Concrete Pavements ((‘ ‘ ( PCA\

Continuously Reinforce Concrete Pavement NRMCA

America's Cement Manufacturers™
Concrete Overlays

Composite Pavements RCC

Pavement

Roller Compacted Concrete Council
Cement Modified Soils - S

Cement-Treated Base

Full-Depth Reclamation PavementDesigner.org
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Bringing Online the Best

of the Best Available Design Tools
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Background and Overview —

Primary audience is city, county, and consultant
engineers who design pavements

Secondary audience is professors and students

Unifies design methods, providing promoters
with a single source to direct target audience to
for consistent answers

Fills a design void for some products

Web-based platform, appealing to existing and
future generations of design engineers...

...with broad industry partner support!
FREE and easily accessible!

PCA~.

RCC
Pavement
Council

~ m—

(O ..}_—__,_ —\
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ACI 330R-08

Old Ways of Designing Parking Lots

AASHTO 93

ACl 330R-08 & 330R-18
Guide for Concrete Parking Lots

Guide for the Design and Construction
of Concrete Parking Lots

Reported by ACI Committee 330

StreetPave

@ American Concrete Institute®

Pavement .0rg




ACl 330

Table 3.2—Modulus of subgrade reaction k

Table 3.1—Subgrade soil types and approximate support values (Portland Cement Association 1984a.b;
American Concrete Pavement Association 1982)

Type of sail

Support

k, psifin.

CHE

R

S5V

Finc-gruined soils in which silt and clay-sies particlos predominale

Lirw

75 120

25w 35

10122

23 A1

Sands and sand-grovel mixtures with modorabe amounts of silt and clay

Medium

130 b 1700

45 7.5

29104

15 d G

Sand and sand-grave]l mixiures relatively free of plostic fincs

High

180 by X200

ES5im 12

45 1o 52

53 b1

HBE = Californiz beaning misi; K = resisiance value; and 55Y = il support valoe. 1 psi = 000069 MPa, and 1 psifin. = 0227 MPa/m.

Subgrade k
valuc, psifin.

Rub-base thickness

4 in.

| &im. |

9 in. | 12 in.

(imnular aggrcgaic subbasc

5 75 85

le 3.4—Twenty-year design thickness recommendations, in. (no dowels)

104

130 140 160

1]

k= 500 p=ifin. (CBE = 3} B = Bf)

& = 400 psifin. (CHR = 38; B =81

k = 30} psifin. ("BR =F

b, K =6T)

650

MOR, ps=i:

G0

550

S0

G540

G

550

5K G50

L

550

500

A [ADTT =1) 4.1

200 220 50 I 320
300 320 as0 i 434

4.0

4.1

4.0

4.0

4.

4.0

4.1 40

4.0

4.0

4.5

A(ADTT =10 4.1

Cemeont-trealed mabbase

4.0

4.1

4.5

4.0

4.0

4.5

415 4.0

4.5

4.5

4.5

I (ADTT = 25) 4.1

170 30 310

4.5

4.5

50

4.5

45

5.0

55 4.5

4.5

50

55

104D

400 520

B {AIDTT = 3M) 5.0

5.0

55

55

50

50

55

55 50

55

55

.0

C{ALDTT = N 5.0

200

G40 230 —

5.0

55

55

5.0

55

55

6 55

5.5

6.0

.0

Oiher trealed suhbase

C{ADTT = 301) 5.0

55

55

55

55

.0

6.} 55

& i1

LR

.5

5]

g5 115 170 215

C (AT = T 55

55

P

55

55

.0

65 55

& i1

6.5

100

175 10 7 315

D (ADTT = 7003 6.5

.5

6.5

6.5

.5

G5

65 6.5

&5

.5

200

280

115 360 A0

k=200 peifin. [

BE=1LkR=

k= 100 peifin. [C

"BR=3; R=1E8]

k=35

0 jpsifim.. {I

"HE =2; B =15])

00

50 85 420 4]

MOR, psiz| 650

G0

550

G540

G

550

5K G50

L

500

“For subbase spplied over different subgrades, psifin. (Poriland Cement Association

1964 be Faderal Aviation Administration 1978
: c e e i

Midie: | 1n. =

A mm, d | psafin. =0.27 MPa/m.

A (ADTT =1) 4.1

4.0

4.1

4.0

4.5

4.5

5.0 4.5

5.0

5.5

A(ADTT =10 4.5

4.5

5.0

4.5

50

5.0

5.5

6.0

Traffc

¥
calrgory

B(ADTT=125 | 50 50 5.5 6.0 5.5 55 6.0 £ 6.0 il £.5 7.0
BADTT=300) | 55 55 5.0 6.5 5.0 6.0 6.5 7] f.5 7.0 70 75
C{ADTT=10m | 55 6.0 .00 £.5 6.0 £.5 6.5 71 £.5 7.0 T. 7.5
C{ADTT=30m | 60 6.0 £.5 £.5 5.5 f.5 7.0 75 70 75 75 7.0
C{ADTT=T00) | 6.0 6.5 6.5 7.0 6.5 7.0 7.0 15 70 15 B0 5.5
DADTT=Tom'| 70 7.0 7.0 7.0 8.0 ED 5.0 8.0 9.0 0. 0.0 2.0

"ADTT = average daily ruck traffic. Trucks are defined as vehicles with a2 lesst six whesls: exchades panel tnecks pickup tnecks, and other foor-wiee ] vehiclkes. Refer io Appendin A
it = moduhs of subgrade eaction; CHE = Califormia bearing ratio; £ = resistance vaiue; and MOE = modulvs of ruptore. )
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Parking Lot Design

- ACl 330R-08 Guide based
on StreetPave (PD’s
predecessor) design runs

. StreetPave is another
accepted design

methodology for Parking
Lots

- New guide (ACI 330-R18) is
based off PD design runs




Parking Lot Design with PavementDesigner

- PavementDesigner’s
Parking design uses a
slightly modified version of
the Street’s Module for the +
sake of simplicity

- Allows for various design
lives, reliabilities, and
percent slabs cracked at the
end of the design life

PavementDesigner.org




Parking Lot Design with PavementDesigner

- Design a bus terminal (ACI
Spectrum-C) that serves
~50 buses a day

- Assume 20 year design life
- Existing subgrade is clay

PavementDesigner.org
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Municipal Street Design with PavementDesignher

(] Ove rI a yS ) - | T . . Select Street Project Type
Bonded and Unbonded s o P
On Asphalt and Concrete

nth Concrete

PavementDesigner.org




Other Ways of Designing Municipal Streets

[LRAT) e |

AASHTO 93 NSO [V Pavemept) |
Design of Pavle;ggnt Structures |_r

Pavement ME - o

AT I8 1 R0

ACl 325.12R-02
. Guide for Design of Jointed

Concrete Pavements for Streets e i of el Conerete Ravemaris
and Local Roads syt Stl'ee“'ave IR
e e StrUCtUral Design Software
for Street and Road
- StreetPave — CONCTELE PavEENLS

FLURESTENTE R L ey
|||||||||| ’
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AASHTO 93

- Wholly empirical = AASHO Road Test

. . . Test Tangent
- Limited inference space: | |
- Materials .
il
. Structural sections ‘ L I
ane 1 Lane?2
- Soils <«——— Test Tangent
- Traffic }-24fr (7.3m)
«— 120 ft (36.5 m) —{
PERCENT SURVIVING WITH PSI ABOVE 2.5 _ TetSecton foos woor e
" THIKNESS E=—x c:ﬁ% (ﬁ
c 80 :
g :]5;" LODP2 l.oorl
g 60 T
” y
o — 25"
E 40 4 THICKNESS
E "
a 20 Lhasy T
SUBBASE st
0 ___20’!

200 400 600 800 1,000 End of
Load Applications, thousands Test
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Don’t Just Take My Word...

United States General Accounting Office

GAO

Report to the Secretary of
Transportation

November 1997

TRANSPORTATION
INFRASTRUCTURE

Highway Pavement

Design Guide Is
Outdated

GAO/RCED-98-9

“The current design guide and its predecessors
were largely based on design equations
empirically derived from the observations
AASHTO’s predecessor made during road
performance tests completed in 1959-60.
Several transportation experts have criticized
the empirical data thus derived as outdated
and inadequate for today’s highway system. In
addition, a March 1994 DOT Office of
Inspector General report concluded that the
design guide was outdated and that pavement
design information it relied on could not be
supported and validated with systematic
comparisons to actual experience or

research.___this Is why Pavement ME exists!

PavementDesigner.org




AASHTOWare Pavement ME Design

- Developed for Highways
- NOT street, road, parking lot, etc.

D AASHTO DARWin-ME Version 1.0 Build 1.0.18 (Date: 8/31/2011)

- Complex

hi = =
° Project1:Project }/Plojecﬂ:'lraﬂic ] X
(=4 Projects
. S I V = ;‘ Project1 General Information Performance Criteria = E—
X p en e : Desin e
-5 Traffic 63
g i‘"ﬂ: M;D‘SD“““:“ Pavement type Teminal IR in /imile) ZRE!
andem Ade Distibl} Design lif: .
%/ Tridem Avle Distribut ol Veass) JPCP transverse cracking (percent slabs) 15 50
v Guad Ade Distributic| Mean joint faulting (in.} 012 50
-l Cimate Pavement construction
@ JPCF Design Properties )
Other Federal e
) y 4 =-3 Project Specific Calibratil
\ -k New Flexible
10/ 30/ 5 Rehabiltation Flesdblf : o Add Layer $ Remove Layer JPCP Design Properties -
(0] (0] -4 New Rigid | ‘ B
tools are et 2
|5 Bonded Rigid B JPCP Design -
- |5 Unbonded Rigid PCC surface shortwave absorptivity 0385
being developed e i z
e Optimization Seszlant type Preformed
“L PDF Output Report Doweled joints Spacing(12). Diameter{1.25)
or these owners... 2 Wkl Prject Summay Widened scb Not widened
-3 Batch Run Tied shoulders Not tied
-3 Tools Erodibility index Very erodible (5)
-3 DARWIR-ME Calibration Factors PCC-base contact friction Full friction with friction loss at (240) months
Permanent curlwarp effective temperature difference (deg F) -10
B Identifiers
Disnlay Default a2
Display namefidentihier
Display name of obj ial/project for outputs and ical interface

Project Object Property Description

+ | = Output |5 Error List == Compare |
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JPCP Calibration — BIG INF. SPACE!

SASHATCHEWAH\ OHNTARIO
Y
M . &
k = e I'l.lll:luntfmlIil
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- | s Torefto
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i WYOMING . MICHIGRA .~ .
: 7 PA. [
ol N I T E D 5 = hirago " EEhilac
& HEBR, o = “m = =
* F = : = Wazhinote
fic db fummuu F 40 5 - " VA D.C.
- 4 KANSAS ’ " '
CALIFORHIA M’ §0
I g ARIZOHA N | .
L H"hneni: HEW MEXICO ADKLA, > 5.C.
San Diego TEXAS s Atlanti
Tolbs MISS. G A.
= LABAM/ o
cean
A LTPP GPS-3 & RPPR JPCP Sections :
San OUISIAHA A,
ntumu@ Houston E‘A'
F LTPP SPS-2, MNROAD, & AASHO JPCP Sections
MEXICO Ui of Mexico &

& @w
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AASHTO 93 vs. ME

Wide range of structural and
rehabilitation designs

Limited structural sections

50+ million load reps

/

R4
1.1 million load reps

AASHTO 93

. B

AASHTO Pavement ME

1 climate/2 years

V

All climates over 20-50 years

1 set of materials

N

New and diverse materials

PavementDesigner.org




File Name: C:\Users

|Desi§n Inputs

Design Life: 20 years
Design Type: JPCP

Design Structure

Layer type ]
PCC JPCPLC
Flexible Default
Cement_Base Cemen
Subgrade A-T-6
Subgrade A-T-6

|Design Outputs

[Dlstress Prediction St

Terminal IRI (in/mile)
Mean joint faulting (in)
JPCP transverse cracking

| Distress Charts

Sing Crac o 1)

OUTPUTS, OUTPUTS, OUTPUTS!!!

RDOT - I-30 | Design Outputs

I Distress Prediction Summary

Distress @ Specified s e Jo
Reliability Reliability (%)

. Criterion
Distress Type Satisfied?
Target  Predicted Target Achieved '
Terminal IRI (in/mile) 172.00 117.99 90.00 99.92 Pass
Mean joint faulting (in) 0.12 0.07 90.00 99.90 Pass
JPCP transverse cracking (percent slabs) 5.00 4.61 90.00 91.91 Pass
2.00
| Distress Charts
. IRI . Faulting
180 172 . a.az
g ::-w 117.93 Ern.l:.; Q.a7
il ] B I - i o

Shap Cracwed |%)

Payemenm Gge |weas)

Cracking PCC

st
-

e

2.3

é e 1l i4 1.3 -3 ¢
Ravemam Gge |wess]




ACl 325

- Limited design charts

- New guide based on
PavementDesigner runs

Table 3.4—Twenty-year design thickness recommendations, in. (no dowels)

k= 500 psifin. (CBE = 5} & = 86)

& = 400 psifin. {CHE = 38; R =8)

k = 30 psifin. (CBE =26; K =67)

MOR, psiz| 650 G600 550 SO0 G50 GO0 550 500 G50 G0 550 500
A (ADTT =1) 4.10 4.0 4.1 4.0 4.0 4.0 4.0 4.1 4.0 4.0 4.0 4.5
AADTT =10y 410 4.0 4.1 4.5 4.0 4.0 4.5 45 4.0 4.5 4.5 4.5
B (ADTT = 25) 4.10 4.5 4.5 50 4.5 4.5 5.0 55 4.5 4.5 50 55
Traffic | B (ADTT =300) 5.0 5.0 55 55 5.0 5.0 55 55 50 5.5 5.5 6.0
.;.'j_||_'Em’_l‘l+ C{ADTT = 100) 5.0 5.0 55 55 5.0 55 55 6.0 55 5.5 6.0 6.0
CADTT = 3) 5.0 55 55 6.0 55 5.5 6.0 6.1 55 6.0 6.0 6.5
C{ADTT = T00) 55 55 6.0 6.0 55 55 6.0 6.5 55 6.0 6.5 6.5
D ADTT =700 65 6.5 6.5 6.5 6.5 6.5 6.5 ] 6.5 6.5 6.5 6.5
= 20 psifin. (CBR = 1 R = 4E) k= 100 psifin. (CBR =3; R = 18] k= 50 psifin. (CBE = 2; K= 5]
MOR, psiz| 650 G600 550 SO0 G50 GO0 550 500 G50 G0 550 500
A (ADTT =1) 410 4.0 4.1 4.5 4.0 4.5 4.5 5.1 4.5 5.0 50 55
AADTT =10 415 4.5 5.1 50 45 5.0 5.0 55 50 55 55 6.0
B (ADTT = 25) 5.0 5.0 55 6.0 55 55 6.0 6.0 4.0 6.0 6.5 7.0
Trafic | B (ADTT =3I 55 55 6.0 6.5 &0 6.0 6.5 T4 6.5 7.0 1.0 .5
;'1||:gnr_l.l+ CADTT = 100) 55 6.0 6.0 6.5 6.0 6.5 6.5 T 6.5 7.0 1.5 .5
C{ADTT = 30) .10 6.0 6.5 6.5 6.5 6.5 7.0 15 7.0 T35 1.5 5O
C{ADTT = T00) 6.0 6.5 6.5 T.0 6.5 T.0 7.0 15 7.0 75 ED 85
I3 (AINTT = 700} 710 7.0 7.4 T.0 B0 B 8.0 B oo 0.0 oD 9.0

"ADITT - mverage daily suck raffic. Trucks are defined as vehicles with o least six wheels; exchades panel tnackes, pickup tnecks, and other four-wheel vehicles. Befer o Appendin A.
k= modulus of subgrade reaction; CHE = Califormiz bearing ratio; £ = resistance value; and MO = modules of rupiune.

T

Imfcrmaiomal

AC] 325 2fad

Guides for Daskgn
of Joinled Concrele Pavements
foar Slressls and Locnl Foasds

v by b i T

FLITRISTEN T SRR N P
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PavementDesigner for Roadways

- Roots date back to the 1960s
PCA Method

. Tailored for streets and roads * #_

- Failure modes are cracking
and erosion

avementDesignher.org




Municipal Street Design with PavementDesignher

- Design for Overland 4 o
Parkway with ~100 o & e
trucks/day B

- Existing Subgrade is poorly |
graded silt (A-5)

PavementDesigner.org




Highway Design with PavementDesigner

- 7,860 trucks (~20M ESALs) - Edge Support

- 90% Reliability - HMA Subbase = 1"

- 5% Slabs Cracked - Cement Stb Subgrade = 6”
- 6 lane facility - K =160 psi/in

- R-Value =20 - Design:

. MOR = 630 psi . AASHTO 93 =11”

. Ewc= 3,500,000 psi

PavementDesigner.org




DESIGN SUMMARY REPORT FOR
JOINTED-PLAIN CONCRETE PAVEMENT (JPCP)

™ DATE CREATED:

n
PavementDesigner.org

Project Description

Thu Oct 04 2013 15:10:11 GMT-0500 {Central Daylight Time)

RDOT - I-30 and Ramps Concrete Pavement Design Analysis - Optimifl

File Name: C:\Liser\efermebes. cpalDocuments\My ME Design\ARDOT - 1-30 &nd Ramps Concrete Pavernent Design Analysis - Optimized dgpx

Project Name: ARDOT - 1-30 CalculatEovier: undefined Zip Code: undefined
Designer's Name: undefined Route: undefined
Project Description: undefined
Design Summary
Doweled Undoweled Doweled Undoweled
Recommended Design Thickness:  8.50 in. 8.50in. Maximum Joint Spacing: 15 ft 15 ft.
Caleulated Minimum Thickness: B.43in. 5.430n.
Pavement Structure
SUBBASE
User-Defined Composite K-Value of Substruchure: 180 psifin
Layer Type Resilient Modulus. Layer Thickness
CONCRETE SUBGRADE
28-Day Flex Strength: 630 psi Edge Support ‘fes R-Value: 20

Modulus of Elasticity: 3500000 psi

Caleulated MRSG Value 4,305 psi

Project Level
TRAFFIC

GLOBAL
Spectrum Type: Major Arterial Reliabiity: 0%
Design Life: 20 years % Slabs Cracked at End of Design Life: 5%
USER DEFINED TRAFFIC
Trucks Per Day: 7.880 Avg Trucks/Day in Design Lane Over the Design Life: 2506
Traffic Growth Rate %: 1% per year Total Trucks in Design Lane Over the Design Life: 18,064,078
Directional Distribution: 50%
Design Lane Distribution: 80%

|Design Inputs

Design Lifie: 20 years
Design Type: JPCP

Existing construction:

1tD

Pavement construction:  June, 2020

Climate Data
Sources (Lat'Lon)

34.747,-92.233

Traffic cpening: September, 2020
| Design Structure | Traffic

Layer type Material Type Thickness (in) Uoint Design: Age (year) Heavy Trucks
PCC JPCP Default 2.0 Uoint spacing (ft) 15.0 (cumulative)
Flexible Default asphalt concrete 1.0 Dowel diameter (in) 125 2020 (initial) 7.860
Cement_Base Cement stabilized 6.0 Slab width (ft) 120 | 2030 (10years) | 9.775.200
Subgrade A-7-6 10.0 2040 (20 years) | 22,134,400
Subgrade A-T-6 Semi-infinite

|Design Outputs

I Distress Prediction Summary

Distress @ Specified S
Reliability Reliability (%)

. Criteri
Distress Type S;rtrit:t;::dr!’
Target Predicted  Target Achieved i
Terminal IR (infmile) 172.00 117.98 8000 o882 Pass
Mean joint faulting (in) D.12 0.07 9000 9080 Pass
JPCF fransverse cracking (percent slabs) 5.00 4.81 9000 81.91 Pass
Distress Charts
o Faulting
a2
:,
=h
g Cradléing PLT
5
=y e
'E I I T
£ =
i =
N o L]
¥ s iy
—— Threshold Yalue - SpecifiedReliabilivy ==~ @ 30% Rellability
| Report penemsted on: Vergion: : Ly
10/4/2018 3:03 PM 230465 Ceated o ronss 37 o Aoproverd . opaya018 137 PM Page 1 of 16




Differences Between Parking and Street Design

- Simplicity in Parking:
Limited Spectrums (for now)
. Growth Rate = 0%
- Directional Dist = 100%
- Design Lane Dist = 100%
- Fibers not allowed

- Edge support assumed to be
yes

- Only allows 1 subbase layer

PavementDesigner.org




PavementDesigner Map
and Methodology

PavementDesigner
Start Designing

A
PavementDesigner.or

Full Depth
Concrete

Unbonded
on PCCor
HMA &
Bonded on
PCC

Bonded on
HMA

New
Composite

Concrete or
RCC Surface

Asphalt
Surface

Intermodal

PCA
Method /
StreetPave

Link to
BCOA-ME

Method /
StreetPave
(No
Dowels)

Limited
PCA
Method /
StreetPave

Method /
StreetPave

JAVAN S [ORE

PCA Pave
(Linear
Elastic
Design)

PCA
Method /
StreetPave

AirPave with
Modification

INTERMODAL DESIGN

PavementDesigner.org




Intermodal Design?

PavementDesigner.org




What Designs are Available for Heavy Intermodal/Industrial
Vehicles

- ACI 330.2R-17 — Guide for the

Design and Construction of
Guide for the Design and

Concrete Site Paving for Industrial Construction of Concrete
Site Paving for Industrial
and Trucking Facilities and Trucking Faciliies
Uses design tables (Mainly for Trucks) =

- Lists additional design software:
. ACPA StreetPave
. Pavement ME
. TCPavements / Optipave
. ACPA AirPave

PavementDesigner.org




Intermodal Desigh with PavementDesigner

- Design for a CAT 986 Loader
- 130,000 Ib
- Wheel base = 12.5 ft
- Axle width = 10 ft
- Tire Pressure = 90 psi
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What About Overlay Design?

- PavementDesigner Overlay
Design Procedure

Utilizes JPCP design with
modification to account for
existing surface layer’s condition
and thickness

- Links out to the BCOA-ME

Best method available

Incorporates ACPA BCOA and
6x6x6 designs

PavementDesigner.org




Increasing in Use!
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Lots of Guidance Available...
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Newest Resource Detailing Performance

o 4 i - Detailing overlays with
s up to 35 years of
performance!

IOWA STATE UNIVERSITY

Institute for Transportation

PavementDesigner.org




Guide to All Things Overlays! = wicossemmens

THIRD EDITION

Guide to
Overlay types and uses

Evaluation & selection @@M@&Eﬁﬁn
gutdoncs " OVERLAYS

Design guidance

Sustainable Solutions for Resurfacing and Rehabilitating Existing Pavements

Miscellaneous design details
Overlay materials selection e g i
Work zones under traffic ~/ r.-
Key points for overlay construction
Accelerated construction
Specification considerations
Repairs of overlays

- Free download at:

ACPA publication TB021.03P

WWW. hcenter.or i
cptec & PavementDesigner.org
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