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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:

Streets and Local Roads
Parking Lots
Intermodal/Industrial Facilities

- Design guidance and tools for:

Jointed-Plain Concrete Pavements

Continuously Reinforce Concrete Pavement

Concrete Overlays
Composite Pavements
Roller Compacted Concrete
Cement Modified Soils
Cement-Treated Base
Full-Depth Reclamation
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Summary —

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!
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Bringing Online the Best
of the Best Available Design Tools
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ACI 330R-08

Old Ways of Designing Parking Lots

Guide for the Design and Construction
of Concrete Parking Lots

AASHTO 93/86/72

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

Reported by ACI Committee 330

@ American Concrete Institute®

i
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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 Suppor k, psifin. CHE R 55V
Finc-graincd soils in whick sl and clay-siee pariicles predominaie Larw TS o 120 2535 10 22 233l
Sands snd sund-grovws| mixiures with modorzic smoents of silt and clay Modirm 130w 70 4575 Wi dl 1549
Sand ond sand-gravel mixtores relsinvely e of plastic fnes High 18 o 220 25in 12 45 i 52 53 oGl

B = California bearing msia; B = resrsiance values snd 35% = sodd sspport valoe. [ psi = G0065 MPo and 1 psifin. = 227 M'/m.

Subgrade &

Sub-baw thickness

vuluc, psafin. 4in | i in | Bin. | 12in
e R M U T il le 3.4—Twenty-year design thickness recommendations, in. {(no dowels)
= 65 15 83 1 & = 500 psifin. (CRR = 5 R = 36) k = 400 psifin. {CHR = 38; R =51 k= 300 psifin, (CBR =24 R =&7)
tha L o o o MOR, psiz| 850 &0 550 500 50 0 550 500 A50 0] 550 500
00 20 30 E] 3201 : - - = - : - : ; :
A [ADTT =1) A1) 40 41 40 on ) L0 Al ) 40 ) 15
00 A ... i =~ AADTT=100 | 40 40 4.0 a5 4.0 4.0 T 15 4.0 15 45 25
o] Mo bk I (AT = 25 44 45 5D 45 45 50 55 45 45 50 55
' TH X i 1 = 1 . .
= e = i o me | BADTT=300y | so0 50 55 55 50 50 55 55 51 55 55 6.0
i i ol s 540 oy | COADTT=100) | 50 50 55 55 50 55 55 Bl 55 55 ) &0
200 470 B400 B30 — = - - - — -
. COADTT=2300 | 540 55 55 fl 5.5 55 G0 ) 55 fiil fi.0 65
Unher treated suhbase C {ADTT = 700 55 55 6.0 = 1) 5.5 55 A0 iS5 55 fiil .5 A
= TNy ; ih] 1 ¥ k
= = s T 75 [ ELCEK 5 55 1 £l 5 5 * s i * 1.5
100 |75 210 70 315 I (ADINTT = 708 6.5 6.5 6.5 6.5 6.5 6.5 6.5 &5 6.5 £.5 65 6.5
L] [ S £ F Tl
00 280 115 AL A k=200 peifin. (CHE = ik R= 28] k=100 psifin. (CHR =3: R=18) k=50 psifin_ (CHR =2: B=5)
00 150 [T e T MOR, psiz] 650 &00 550 =00 i) B0 5500 50K} RS0 [T 550 5000
g S ——— Fﬁm octionct ot Aaaccisao A JADTT =1) 11} L0 a1 45 in 45 A5 5.4) 45 51 510 55
T o e e o MPlin AGADTT=10) | 45 4.5 5.4 50 15 5.0 50 5.5 5.0 5.5 55 4.0
B {ADTT = 25) 5.0 50 55 6.0 5.5 55 6.0 .01 6.0 B0 6.5 70
Trume | BADTT=300) [ 55 5.5 £i.f] £.5 ] ) 6.5 70 f.5 7.0 70 75
catcpory | C(ADTT=100) | 55 6.0 £.0) £.5 £.0 6.5 6.5 74 6.5 74 75 75
C(ADTT=300) | 60 .0 b5 £ £S5 6% 7.0 75 70 75 75 &0
CADTT=T00 | 60 6.5 f5 7.0 ] 70 7.0 75 0 7.5 &0 85
DiADTT=70m" | 70 7.0 7.0 7.0 B0 ED 8.0 Hil 5.0 8. 5.0 8.0

ADTT = merage daly ruck rafic. Trucks are defined as vehicles with o least s5x wheels, evclades panel

k= modulos of subprids maction: (FIR = Califorms bearieg ratio; B = reSsiance value: and MOR

o rupl

s, picksp tmclks, and other four-wheel vehicles., Hefer o Appendin A
s 0 ure.



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 s



Parking Lot Design with PavementDesigner

- Design a bus terminal that | el
serves ~50 buses a day T | WL

- Existing subgrade is clay

PavementDesigner.org s




PavementDesigner Map PavementDesigner
and Methodology Start Designing -
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STREETS & LOCAL ROADS

PavementDesigner.org s



Municipal Street Design with PavementDesigner

- Overlays

- On Asphalt and Concrete
- Bonded and Unbonded

. FuH-Ieith Concrete

- RCC
- CRCP

- Composite Pavements

iR

PavementDesigner.org




Other Ways of Designing Municipal Streets

Design of Pavement Structures
1993

AASHTO 93/86/72 AASHTO, Guide for w Pﬂ%|

Pavement ME

- ACl 325.12R-02 e
- Guide for Design of Jointed .
Concrete Pavements for Streets e 25 o BRI . o
and Local Roads - SlreetPave ———
spzpmevss Seimal Resiv Saltuses
e St rEEtPave enn'ncrele Pavements

PavementDesigner.org




AASHTO 93

- Wholly empirical — AASHO Road Test

- Limited inference space:
Materials
Structural sections
Soils
Traffic

|—+— Test Tangent ——‘

Asphalt

|
1

L Lane 1 Lane2 \ 3 6 5) 4
—— Test Tangent @ S ) ‘(‘:) — C‘ﬁ
Test Loop )|
}'24ft (7.3 m)

|«— 120t (36.5 m) —]|

Test Section

PavementDesigner.orq =



Necessary Thickness was Guessed!

TYPICAL SECTIONS

—

NS P
D=

R T b R [ e e e
Vi - B

Subgrade = Clay Soil
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Sections Loaded for 2 Yrs | 1.1 Mil Reps

Max Single
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1986-93 JPCP AASHTO 93 Equation

Change in Serviceability

Overall
Standard o _ -
Normal Deviate \ Standard DeV|at|or} Thickness Log[ APSI }
Log(ESAL) = Z, *5,+7.35* Log(D+1)~0.06 +| — =221
} 1 1.624*10
Traffic T (D
Modulus ofD _ - -
i Rupture rainage
lerminal B Coefficient .
Serviceability l v/
"k * 0.75
+(4.22-0.32% p,)* Log| —2 - Ca= (D~ ~1.132)
215.63% J*| ps - 1842
0 ) (E. 10" |
\NHAT D S Load Modulusf \ Modulus of
Esj[GNER Transfer of Elasticity Subgrade Reaction
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Performance Estimated Subjectively

@ Present Serviceability Index (PSI) PERCENT SURVIVING WITH PSI ABOVE 2.5

Qo

*]

]

o

(]

4.0-5.0=Very Good
3.0-4.0=Good
2.0-3.0 = Fair
1.0-2.0 =Poor
0.0-1.0=Very Poor

o “Failure” at the Road Test

considered @ 1.5

@ Typical U.S. state agency

terminal serviceability
in practice = 2.5

Percent of Sections

100

80

60

40

20

200 400 600 800 1,000 End of
Load Applications, thousands Test
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The experimental design at the AASHO Road Test
included a wide range of loads as previously discussed
(Section 1.4.1): however, the applied loads were lim-

ited to a maximum of 1.114.000 axle applications for AASHTO, Guide for
. . . . Design of Pavement Structures
those sections which survived the full trafficking per- 1993

iod. Thus, the maximum number of 18-kip equivalent
single axle loads (ESAL's) applied to any test section
was approximately one million. However, by applying
the concept of equivalent loads to test sections sub-
jected to only 30-kip single axle loads. for exampl.. it

Published by the
American Association of State Highway
and Transportation Officials

is possible to extend the findings to 8 x 10° ESAL's.
Use of any design ESAL's above 8 x 10° requires
extrapolation beyond the equations developed from
the Road Test results. Such extrapolations have. how-

PavementDesigner.org ==



PAVEMENT THICKNESS

Current design traffic
is far beyond AASHO

BRI P

road test limits ot

o S

Data oF
Limits S

(AASHO rojection

T e et

Road - e
Test)

S i
S pammas et
-------------------------------------

1.1mil e

................

AXLE LOAD REPETITIONS
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Don’t Just Take My Word...

United States General Accounting Office

G AO 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.” yhisis why Pavement ME exists!
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Other,
1%

AASHTOWare Pavement ME Design

- Developed for Highways

- NOT street, road, parking lot, etc.

- Complex
- Expensive

~

Federal,
3% AASHTO tools are

being developed
for these owners...

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

~ ProjectlProject | Projectl: Trafic

-4 Projects
E-4
2]

W/ Single Axde Distributi
%] Tandem Ade Distriby
5/ Tiidem Awde Distribut
N7 Quad Ade Distributic|
Climate
@ JPCP Design Properties
{4 Pavement Structure
- Project Specific Calibrati
|5 New Flexible

{5k New Rigid
|5 Restore Rigd
|5 Bonded Rigid
|5 Unbonded Rigid
Sensiivity
{le# Optimization
=) PDF Qutput Report
% Multiple Project Summary
[ Batch Run
-4 Tools
[ DARWin-ME Calibration Factors

{3 Rehabiltation Fexiblf :

Design type:
Pavement type;
Design life (years)

Click here io

‘General Information

New Pavement b

| Jointed Plain Concrete | ~

20 -

Output (g Error List |= Compare |

Performance Criteria

Terminal 1Rl {n/mie)

JPCP transverse cracking [percent slabs)

Mean joirt fauking fn )

JFCP Design Fropeties

=]
El JPCP Design
PCC surface shortwave absorptivity 0.85
PCC joint spacing (ft) 15
Sealznt type Preformed
Daweled joints Spacing(12). Diameter(1.25)
Widened slab Not widened
Tied shoulders Not tied
Erodibility index Very erodible (5)

PCC-base contact friction
Permanent curliwarp effective temperature difference (deg F)
El Identifiers

Full friction with friction loss at (240) months
-10

Disnlay Default
Display namefidentifier
Display name of for outputs and graphical interface

PavementDesigner.org




Pavement ME Design

- Not “perfect” & not intended to be a “final”
product

- Complex and relatively costly
- Primarily for high volume roadways

L .r'll' :- oafs .‘,:' .3&”! ':'
“’ . "Q f'l o %

Mechanistic Empirical

: _ Pavement
Calculation Tie to Performance
of Responses Ground Prediction

PavementDesigner.org ==



JPCP Calibration — BIG INF. SPACE!

SASKATCHEWAHN R R
i
./.\K"‘-x Montréal 4
MOHTAHA H. DAK. ] g, Ottawa
INHE ‘-—\ -
SOUTH . Hun  gToroiito
& pakoTa & '-"f} iy il‘ HEW/ ¥
WYOMING . MICHI o
1WA, - 0
il g = Hey
A NiffeED stafle ipado J& 1 "% Fapiac
& NEBR, o T R 5 LF
£y = = v Fyyashingtc
fic 4 £0Lorano B o, Lo = Clp
i 4 KANSAS ’ & . :
CALIFORHIA : g.'“
s nngemg ARIZONA _ . - TEHHESS
L a:hnem HEWY MEXICO AOKLA,  ARKASA S.C.
San Diego TEXAS & Atlanti
ST MISS. GA.
= LABAM
Ocean
A LTPP GPS-3 & RPPR JPCP Sections s .
] OUISIANA
n‘tnnmEI IElHnustn:ln ELA
F LTPP SPS-2, MnROAD, & AASHO JPCP Sections
MEXICO Fuif of Mexico & o
i
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Sounds Easy Enough, Right?

n = traffic path.
The damage increments were discussed previously in this section.

The applied number of load applications (1w ») is the actual number of axle type k of load
m level / that passed through traffic path n under each condition (age, season. and temperature
difference). The allowable number of load applications 15 the number of load ¢ycles at which
le”’,, = Z AFGH”, fatigue failure is expected (comesponding to 50 percent slab cracking) and is a function of the
- applied stress and PCC strength. The allowable number of load applications is determined using
i= the following fatigue model:

AFault, = Cy, * (FAULTMAX , — Fault,,)* * DE,

3
zog[N,m_,Fc,-{ MR, ] + 04 (3.4.10)

Crsbima

FAULTMAX, = FAULTMAX, +C, *" DE, * Log(1+Cj *5.0%%)% -

j MR,

* G "

FAULTMAX, =Cp, *6_,._*| Log(1+ C, +5.05%P) + [og(Fn " #eDU5, .

allowable number of load applications at condition i, j, k. I, m, n
PCC modulus of rupture at age f. psi

applied stress at condition i, j, k. [ m, n

calibration constant = 2.0

calibration constant = 1.22

[ )

The fatigue damage calculation is a simple process of summing damage from each damage

b i except that a ical integration scheme is used to accurately determine the effects
of mraffic wander. The fatigue damage at the critical damage location caused by an axle load
placed at any random distance away from the pavement edge (point f) is given by the following:

FD, = Plcov,} FD, (34.11)
Ercchbn_ -

Fns. = fationa damase at lacation i fesitieal damaca Incation) due to the fraction of

.LRI o= IRI[ + C] *CRK +C2*SPALL — C3*TFAUIT - C4*SF cation) due to the traffic load

The probability of coverage is determined assuming normal distribution.

Oy =
2(1= fpee)

NORMDIST = %!%F{;ﬂl! 3412
SCF =—1400 + 350 + AIR% + (0.5 + PREFORM) + 3.4fc + 0.4 ol o
- 0‘2 (FTCYC - AGE) + 43 hPCC - 536 WC—Raﬁo NO?MD!FF : ﬂﬁﬁ:ﬁ:::ﬁ:rpﬂmn edge (or outside of the paint stripe
for widened slab) to the outer edge of outermost wheel, in

c‘, 34.64
ow=Max| L- 5,,,,+aPCCAT;—E'f‘ 11000 CC. 0.001

PCC

PavementDesigner.org s



INPUTS, INPUTS, INPUTS!!I

AASHTOWare Pavement ME Design 2.6.2.2 (US)

Projectl:Project :
GeneralInformati Perfomance Citeria Lt Reiabity Report Visbilty Stop Al Anaivai
Design type: | New Pavement v| =y

%)

Pavementtype: | Jointed Plain Concrete Pavement WPCP) | [ Teminal IRl in/mie) 1 |%0 =
Design life (years): 30 ~ | |JPCP transverse cracking (percent slabs) 90 ™
Mean joint faulting (in) %]}

Pavement construction; June v||2025 v
Traffic opening: Se k v 2025 v

Special traffic loading for flexible pavements

*Add Layer “ Remove Layer |

[4PCP Design Propetties

BEs |3
v JPCP Design ~
PCC surface shortwave absorptivity 0.85

. > Doweled joints Spacing(12). Diameter(1.25)
32 Batch Fun Erodibility index Very erodible (5)
-5 Tools > PCC-base contact friction Full friction with friction loss at (240) months
< s > PCC joint spacing (ft) 15
(#-Z8 ME Design Calibration Factors P Jwarp effective diflerence (deg F) = -10

Sealant type Preformed

> Tied shoulders Not tied

> Widened slab Not widened

v Identifiers
Approver
Date approved
Author
Date created
County

Click here to edit Layer . Description of object Default JPCP Design Parameters
. . Direction of travel

Display name/identifier Default
District v

Approver

Person who approved use of this object/material/project

R X | Compare <
i ¥ Clear Comparison e

Lnaded integrated defaults for "Design\Analysis!

Loaded integrated defauts for " Dug\\DdulJPCFDesm

Loaded user-defined material defaults: C: \ngwnDaa\ANiHTOWm\ME Design\User Defaults
\Materials\Nonstabilized Type Display Nan Proiect 1
Loaded user-defined maternial defaults: C:\ProgramData\AASHTOWare \ME Design\User Defaults
\Materials \Nonstabilized

Loaded user-defined material defaults: C:\ProgramData\AASHTOWare\ME Design\User Defaults
\Materials\Subgrade

>




AASHTO 93 vs. ME

Wide range of structural and

rehabilitation designs 50+ million load reps
design \ / trafifie
Limited structural sections 1.1 million load reps
AASHTO 93
- =
AASHTO Pavement ME

1 climate/2 years 1 set of materials

s . maiterials

climate
/ AN

All climates over 20-50 years New and diverse materials

PavementDesigner.org



ACl 325

- Limited design charts

- Previously based on StreetPave runs

- Updated version based on
PavementDesigner runs

v

ACT 128 12060

Guide for Deslgn
i Jalmied Concrede Pavemenls
fowr Sivessls and Loscnl Foosdds

e e LT T TN

TEEEE Ry L

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

k= 500 psifin. (CHBR = 50, R = 86) k = 400 psifin. (CHE = 38; R =8 k=10 psifin. (CHE =26; R =67)
MOR, psiz] 650 &0 550 300 a50 GO0 550 300 G50 600 550 500
A{ADTT =1) 44 40 a4 40 40 4.y an 4.4 40 40 40 4.5
A(ADTT = 10 44 40 44 4.5 40 40 435 15 40 45 45 45
I3 {ADTT = 25} 4.4 4.5 4.5 50 4.5 4.5 5.0 35 4.5 415 50 55
TrafMc | B (ADTT =300y 540 50 55 55 ] 50 55 35 30 35 55 6.0
.;J_'J_'E(F_\l“ C{ADTT = Ny 5.4 50 35 55 30 55 55 61 55 55 LR &0
C{ADTT = 31y 5.0 i 35 G0 55 5.5 &0 6.1 55 .0 6.0 6.5
C{ADTT =T00) 55 55 6.0 51 35 35 a0 ] 55 60 65 6.5
D (ADTT = 70k 65 6.5 6.5 6.5 65 6.5 6.5 &5 65 6.5 65 65
k=200 psifin. {C| R=a8) =1 psifin. (CHR =3: R=18) fin. (CAR =21: K=15)
MOR, psiz] 650 600 550 300 G50 600 550 500 G50 G0 550 500
A{ADTT=1) 44 40 41l 45 40 4.5 4.3 S 4.5 540 30 55
A{ADTT=10) 15 45 54 50 415 50 5.0 ] 50 55 ik ]
I {ADTT = 25) 540 50 6.0 55 55 6.0 Gl a0 6.0 6.5 10
Truic | B (ADTT =300 5.5 55 6.5 a0 Gl 6.5 14 635 10 0 1.5
CJ.'.EE-'.:I'!." C{ADTT = 1) 55 &0 6.5 60 6.5 ] 740 65 74 1.5
C{ADTT = 300} 6.0 &0 6.5 £S5 6.5 7.0 15 70 T3 A0
C{ADTT =T il i 7.0 65 70 70 5 0 15 5
I (ADYTT = 701" 7 1.0 L] ED B.O Bil 9.0 G a0

Y R P S e P i e e N P e S S R i P




PavementDesigner for Roadways

- Roots date back to the 1960s
PCA Method

- Tailored for streets and roads *

- Failure modes are cracking
and erosion

Support

PveenDsiger.org s




PavementDesigner.org Evaluation and
Comparison to MnPAVE-Rigid

Final Report

Prepared By:

Kenneth A Tutu
Neil G. Lund

Braun Intertec Corporation

October 2019

Minnesota Department of Transportation
State Aid for Local Transportation, MS 500
395 John Ireland Boulevard
St. Paul, MN 55155

This report represents the results of research conducted by the authors and does not necessarily represent the
views or policies of the Minnesota Department of Transpartation, or Braun Intertec Corporation. This report does
not contain 3 standard or specified technique.

The authors, the Minnesota Department of Transpartation, and Braun Intertec Corporation do not endorse
products or manufacturers. Any trade or manufacturers’ names that may appear herein do 5o solely because they
are considered essential to this report.

http://www.dot.state.mn.us/stateaid/projectdelivery/pdp/p

MINNESOTA DEPARTMENT OF TRANSPORTATION
State Aid Division
Technical Memorandum No. 20-SA-01
November 5, 2020

To: County Engineers
City Engineers
MnDOT District State Aid Engineers
MnDOT District Materials Engineers
FHWA

From: Kristine Elwood, P.E. M
State Aid Engineer

Subject: State Aid for Local Transportation (SALT)
Use of PavementDesigner.org Software for Design of Concrete Pavements
for Cities and Counties

Expiration

This Technical Memorandum will remain in effect until November 5, 2025 unless superseded
prior to this date, or the information provided in this Technical Memerandum is incorporated into
the State Aid Manual.

Implementation

This Technical Memorandum, which allows the use of the PavementDesigner.org
{PavementDesigner) software for jointed concrete pavement design as an alternative to the
MnPAVE-Rigid softy , is effective i diately. In deciding which software program to use,
several factors, including those mentioned in this Technical Memorandum, shall be considered
by the Engineer. City, county and consultant engineers working on State Aid and Federal-aid
concrete pavement projects are allowed to use the PavementDesigner software program as an
alternative to the MnPAVE-Rigid software program. However, concrete pavement projects
within Trunk Highway right-of-way must continue to implement the MnPAVE-Rigid design
software.

Introduction

To stay current with new technology and design methods, in October 2019 State Aid for Local
Transportation {SALT) initiated a study by Braun Intertec to compare PavementDesigner to
MnPAVE-Rigid.

Based on the recommendations found the in the report tited “PavementDesigner.org Evaluation
and Comparison to MnPAVE-Rigid”, SALT will allow the PavementDesigner software to be used
as an alternative design mechanism for concrete pavement.

Purpose

There are three main purposes of this Technical Memorandum. First, to describe which

http://www.dot.minnesota.gov/stateaid/admin/memos/20-sa-01.pdf

avement/pavment-design-software-comp-review.pdf

PavementDesigner.org



Municipal Street Design with PavementDesigner

- Design for Overland o R ‘ -
Parkway with ~100 ST T T TN g
trucks/day - T

iR

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

PavementDesigner.org




n
PavementDesigner.org
Project Description

DESIGN SUMMARY REPORT FOR
JOINTED-PLAIN COMCRETE PAVEMENT (JPCP)
DATE CREATED:

Thu Oct 04 2018 15:10:11 GMT-0500 {Central Daylight Time)

Project Name: ARDOT - 1-30 CalculatSdvider: undefined Zip Code: undefined
Designer's Name: undefined Route: undefined
Project Descripion: undefined
Design Summary
Doweled Undoweled Doweled Undoweled
Recommended Design Thickness: 8.50in. 8.50in. Maximum Jeint Spacing: 15 15 .
Calculated Minimum Thickness: B43in. 8.430n.
Pavement Structure
SUBBASE
User-Defined Compaosite K-Yalue of Subsinucture: 180 psifin
Layer Type Reailient Modulus. Layer Thickness
:Iqt-i\.‘ﬁx or Warn-Mix Asphait 450,000 pal n
Base
CONCRETE SUBGRADE
28-Day Flex Strength: 630 psi Edge Support Yes R-Value: 20

Modubuss of Elasticty: 3500000 psi

Caleulated MREG Value 4,305 psi

Project Level
TRAFFIC
Spectrum Type: Major Arterial
Dresign Life: 20 years
USER DEFINED TRAFFIC

Trucks Per Day: 7.860
Traffic Growth Rate %: 1 % per year
Directional Distribution: 50%
Design Lane Distributon: 0%

GLOBAL
Reliabiity 0%
% Slabs Cracked at End of Design Life: 5%

Hwg TrucksDay in Design Lane Cver the Design Life: 2,506
Total Trucks in Design Lane Over the Design Life: 13,064,078

1tD«

RDOT - I-30 and Ramps Concrete Pavement Design Analysis - Optimifg
3 - 1-30 &l Remps Concrete Pavement Design Analyss - Optimized dgm

¥ NEDes)

| Design Inputs
Design Life: 20 years Existing construction: = Climate Data 24 747, 02233
Design Type: JPCP Pavement construction: June, 2020 Sources (Lat/Lon}

Traffic opening: September, 2020
!Design Structure lTraTﬁc
Layer type Type Thii {im} Loint Design: (year) Heavy Trucks

PCC JPCP Default a.0 lioint spacing (ft] 15.0 o {cumulative)
Flexible Default asphalt concrete 1.0 Dowel diameter (in) 125 | |2020 (initial) 7.880
Cement_Base Cement stabilized 8.0 [Siab width (ft) 120 | [2030(10 years) | ©.775.300
[subgrade PEr 10.0 2040 (20 years) | 22.134.400
Subgrade A-T-8 Semi-infinite

| Design Outputs

I Distress Prediction Summary

Distress @ Specified -

" Criterion
Distress Type i Satishied?
Target Predicted Target  Achieved |
Terminal IRI (infmile) 172.00 117.92 50.00 go.92 Pass
Mean joint faulting (in} 012 o.o7 o0.00 80.80 Pass
JPCP transverse cracking (percent slabs) 5.00 4.81 80.00 81.81 Pass
| Distress Charts
IR . Fanlting
g~
i
Joe
i,
' 1
&
i
|-
— Threshold Value = @ SpecifiedReliability - =~ @ 50% Rellability
Rt panerated on: Wier g i by
104/2018 3:03 PH 230+65 Crsteat L4018 1:37 M Apprve . Jojaga018 1537 PM
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Typical Sections — Foundation Design

34,000 Ibs.
- Commonly Used
Concrete Section... - Asphalt designs Load appllles
Why? heavily utilize B NEa the subgrade.

pressure = 30 psi

L\

supporting layers >

7 - 10" JPCP
w/ Dia Dowels
34,000 Ibs.
. Concrete spreads ’ °
the load over Load appliles
12,000 Ibs. to
larger areas, the subgrade.

Subgrade

reducing reliance SIS = bl _
on bases >

PavementDesigner.orq =




Caltrans Concrete
Design

PROJECT SPECIFIC PAVEMENT DESIGN LOWERS

COST AND ENVIRONMENTAL IMPACT

Optimized
Concrete Design

9.6” JPCP
!

BE T

7/5P X

Subgrade

W/ 1.25"” Dia Dowels

Agg Subbse

8.5” JPCP
w/ 1.25"” Dia Dowels

6.0” Agg Subbse

Subgrade

Initial Const.

Pavement

LCB
Agg Subbase

Rehabilitation
Carbonation
PVI-Deflection
PVI-Roughness

Total

.. Optimized
Original CALTRANS Schedule Pavement-ME Design
LCA LCCA LCA LCCA
(tons CO2e) (NPV $) (tons CO2e) (NPV $)
3,954 $3,147,585 3,063 $2,256,638
2,860 $2,229,803 2,803 $2,021,307
781 $644,902 -- -
313 $272,880 260 $235,331
479 $911,663 54 $315,798
(123) (87)
604 704
1,912 2,110
6,826 $4,059,248 5,844 $2,572,437

Optimization reduced the initial construction GWP by 890 tons (22.5%) and the life cycle GWP by 980 tons (14.3%)

Optimization reduced the initial construction costs by $890k (28.3%) and the life cycle cost $1.48M (36.6%)

Caltrans Concrete Design: From Table 623.1E (South Coast/Central Coast, Type Il SG

Initial AADTT = 1,357 / day, 4% Compound Growth (Initial ESAL = 335,000 / yr)

20 Yr ESALs = 10,650,000; 50 Yr ESALS = 51,151,000

/l:EITIEX

Tyler Speakmon, Cemex
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PAVEMENT ME PROVIDES A PROCESS TO COMPARE
DIFFERENT DESIGNS / DIFFERENT FEATURES

Original Concrete Optimized
Design Concrete Design
”»
8.5” JPCP eildzas
e X ITy Joints = 12-ft.
Joints = 15-ft. 11.25" D |
w/ 1.25” Dowels kAR s
f 13-ft. WL
. 30”ACBase .
(SuperPave 19:0) - 6” Agg Base

12” Agg Base

Subgrade A-7-5

Subgrade A-7-5

Pavement ME gives a repeatable, non-biased,
scientific process to determine how a specific
pavement design will perform

240

210

180

150

IRI, in/mile
X
o

90

60

30

50
45
40
35
30
25
20
15
10

Percent Slabs Cracked, %

IRI

1 Rehab Target

—8.5" JPCP /3" AC 112" Agg - 15 JS

=-=-8.5" JPCP /3" AC 12" Agg - 15 JS -90% Reliability
—8" JPCP /6" Agg-12JS

- -8"JPCP /6" Agg -12 JS - 90% Reliability

—IRI Limit

Standard Optimized
i ~ 24 Yr to 1t Rehab ~ 24 Yr to 1t Rehab

0 4 8 12 16 20 24 28 32 36 40 44 48 52

Pavement age, years

Predicted Cracking

—8.5" JPCP /3" AC /12" Agg - 15 JS

---8.5"JPCP /3" AC 12" Agg - 15 JS -90% Reliability
—8" JPCP /6" Agg -12JS

- -8"JPCP /6" Agg -12 JS - 90% Reliability
—Distress Limit

0 4 8 12 16 20 24 28 32 36 40 44 48 52

IAEI‘I‘IEX

Pavement age, years
Tyler Speakmon, Cemex -36-



Typical Sections — Foundation Design

12(300) T T T |

. Concrete needs:
- Stability
- Uniformity

6 (150) k

10 (250) /Major Arterial

8000 020 TRl

4(100) /
(100) Residential Street

Concrete Pavement Thickness [in.(mm)]

- Some drainability (50 — 150 ft/day) 261f
- Achieved with either: 0%\ @I\ @;\ @q;\ @\'\ \Qq'\ >
Daylighted subbases Ny o
Edge drains
- Concrete does not need:

- Excessive strength ->

- Extra layers . Coname —

. Permeable bases -> B sufient

5 Applications




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 s



PavementDesigner Map PavementDesigner
and Methodology Start Designing -

- -
PavementDesigner.or

Intermodal

Full Depth New
Concrete Composite

Overlays

Unbonded
on PCC or
HMA &

Bonded on Bonded on Concrete or Asphalt

PCC HMA RCC Surface Surface

PCA PCA Pave

PCA
Link to Linear
Method / | 5 oop ME st 1y (Elastic

StreetPave . PCA StreetPave DEsign)

Limited Method /
PCA PCA StreetPave

AirPave with
Method / Method / (O SO S Modification
StreetPave

StreetPave Dowels)

INTERMODAL DESIGN

PavementDesigner.org s



Intermodal Design?

PavementDesigner.org




What Designs are Available for Heavy Intermodal/Industrial
Vehicles

- ACl 330.2R-17 — Guide for the
Design and Construction of
Concrete Site Paving for Industrial
and Trucking Facilities

- Uses design tables (Mainly for Trucks)

Guide for the Design and
Construction of Concrete
Site Paving for Industrial
and Trucking Facilities

Reported by ACI Committee 330

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

\

PavementDesigner.org




Intermodal Design with PavementDesigner

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




Input Data

Ontimization in the Future..Today!

Pavement Design and LCA G"avem:"tICOnt;xts
eogra ICa
LCCA In a Future Update Location DI
Climatic _‘I'_

Conditions A

http://pavementica.mit.edu/

.
Material
e Properties
MIT f ' %A
CSHub [ CONCRETE - .
“2 | susramaniry & MIT CSHub Streamlined Pavement Life Cycle Assessment Tool
HUB
v ", ’ Pavement
eSS,
Geometry
Design 1 - Maintenance and Rehabilitation (M&R) Schedule
Min. Max. Timing (years) -
: Traffic
Surface JPCP v Thickness (in) 7 9 L Min | Max | Treatment Type R
Base Granular ThicknessGn) 6 15 33 38 100% Diamond Grinding w/ Full Deg '.‘ 0
0 0 0 c
Subgrade Kovalve(pei)  509.50 931.94 i ’ Hnspecitied >1° '
PCC Comp. PCC Modules : 0 0 Unspecified v 0 0
Streagth (pci) S otire (o) MR = L
0 0 Unspecified ~ 0 0
L Parameters | Min | Max Mean | Distribution 0 0 Unspecified v 0 0
PCC Elastic Modulus (106 psi) 3 5 4 Uniferm v 0 0 Unspecified v 0 0
PCC Comp. Strength (psi) 3500 4500 4000 Uniform v
PCC Modules of Rupture (psi) 562 637 600 Uniform v
E};ﬁ;’;iem of Thermal Expansion (10°-6 4 6 5 Uniform -
Joint Spacing (ft) 15 15 15 Uniform v
Base Resilient Modulus (ESB): psi 20000 40000 30000 Uniform b




PavementDesigner Map
and Methodology

PavementDesigner
Start Designing ;
PavementDesigner.org

Intermodal

Unbonded
on PCCor
HMA &
Bonded on
PCC

Bonded on
HMA

Full Depth
Concrete

New
Composite

Concrete or
RCC Surface

Asphalt
Surface

PCA
Method /
StreetPave

Limited
PCA
Method /
StreetPave

Link to
BCOA-ME

Method /
StreetPave

Method /
StreetPave
(No

~ Dowels)

PCA
Method /
StreetPave

AASHTO 93

PCA Pave
(Linear
Elastic
Design)

AirPave with
Modification

PavementDesigner.org s




Thank You!

Any Questions?

Eric Ferrebee, P.E.
Senior Director of Technical Services
American Concrete Pavement Association
Ph: 847-423-8709 | eferrebee@acpa.org
acpa.org

PavementDesigner.org




