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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 CONCRETE
PRUEMENT ASSOCIATION

- Design guidance and tools for:

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

Continuously Reinforce Concrete Pavement NRMCA

America's Cement Manufacturers”®
Concrete Overlays

Composite Pavements

RCC
Pavement
Roller Compacted Concrete [:o:ncu
—
Cement Modified Soils . ‘_\

Cement-Treated Base

Full-Depth Reclamation PavementDesigner.org

PavementDesigner.org




Bringing Online the Best

of the Best Available Design Tools

PavementDesigner Map

and Methodology
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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!

ACPA

7P

AMERICAN CONCRETE
PAVEMENT ASSOCIATION

PCA~.

America's Cement Manufacturers™

RCC
Pavement
Council

~ ‘.-=i.\

N
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ACI 330R-08

Old Ways of Desighing Parking Lots

AASHTO 93
ACl 330R-08 & 330R-19

Guide for Concrete Parking Lots

Guide for the Design and Construction
of Concrete Parking Lots

Reporied by ACl 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 soil

Support

&, psifin.

CHE

Y

Finc-grained soils in which silt and clay-ses particles predominale

Lirw

75 120

25 3.5

101022

23 A1

Zands and sand-gravel mixtures with modoratc amounis of silt and cloy

Medium

130 b 170

45w 7.5

294l

15 d G

Zand and sand-grave] mixtures relatively e of plastic fncs

High

180 b 220

ES5w 2

45 o 52

53 A1

AR = Californiz beaning misa; B = resistance value; and 55V = soil support valoe. 1 psi = 000069 MPa, and 1 psifin. = 027 MPa'm.

Subgrade k Sub-basc thicknoss

value, psifin. agin. | 6in. [ 9in

Ciranular ageregaie subbase

50 65 75 i

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

104D 150 140

1]

200 220 50 I

320

MIORE, psi:

i = 500 psifin. (CBE = 3} B = 84)

k = 40 psifin. (CHR = 38; R = 8}

k = 3} psifin. (TR =26; B =67)

G50

&0

550

S0

54 Gl

550

5K 50

L

550

500

300 350

430

Cemont-trcaled mabbasc

150 310

3]

104D 00 520

G}

200 x

640 230

Oither trealed subbase

50 E5 115 170

215

104D 175 20 I

325

& [ADTT =1)

4.1 4.0

4.0

4.0

4.0 4.

4.0

4.1 4.0

4.1

4.0

A (ADTT =10}

4.1 4.0

4.0

45

4.0 4.

4.5

45 4.0

45

4.5

B (ADTT =25)

4.1 4.5

4.5

50

4.5 4.5

5.0

55 45

45

50

I (ALDTT = 30

50 50

55

55

5.0 50

55

55 50

55

55

C{ADTT = 1)

5.0 5.0

5.5

5.5

3.0 5.5

5.5

6.1 55

5.5

6.0

C{ALDTT = 30 50 55 55 G0 55 55 .0 £l 55 £ 6.0 6.5
C{ADTT =) 335 5.5 6.0 6.0 35 5.5 4.0 6.5 55 6.0 6.5 6.5

D (AINTT = 7000

65 6.5

]

6.5

6.5

6.5

6.5

]

6.5

200 280 315 360

AT

300 50 185 420

S04

MIOR, psi:

k=200 psifin. (I

BE=1kR=

4R}

k= 1000 psifin.

(CRR=3; BE=18)

k=35

0 psivin. (CHR =2; B=15)

G0 &0

550

S

il

5K 50

L

550

500

"For subbase spplied over different subgrades, psifin. (Poriland Cemesi Association

| 9842 b; Federal Aviation Administration 1978,
Mote: | in = 254 mm, and | psifin. = {27 MPa/m.

Traffic

L
caicgory

A (ADTT =1)

4.1 4.0

4.0

4.5

5.0

5.0

5.5

A (ADTT =10)

4.5

5.0

50

5.0

55

55

6.0

B (ADTT =25) 54 5.0 55 .00 55 55 .0 i | .0 6.0 6.5 70
B (ALDTT = 30 55 55 .} 6.5 i 6.0 6.5 T 6.5 .40 7.0 1.5
C{ADTT = 1) 55 .0 6.0 6.5 6.0 .5 .5 T 6.5 710 15 15
C{ALDTT = 30 il .0 .5 6.5 6.5 6.5 7.0 15 T.0 15 7.5 8.0
C {ALDTT = T £l 6.5 .5 7.0 6.5 1.0 7.0 15 T.0 15 B.D 5.5
D (ADTT =700 710 7.0 T 10 BO A B.0 B0 Xk g e XN 9.0

"ADTT = average daily sruck traffic, Trucks
k = modulus of subgrads mection; CHR = Cabiformiz bearing ratic; B

are defined as vehicles with o leasi six wheels: exchdes pane| tnecks, pickep inecles. and other four-wheel vehicles. Refier o Appendin A.
= resisiance vafue; and MOE = maodules of ruplone.
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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 1 EE o
Parking design uses a —L ‘
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
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Municipal Street Design with PavementDesigner

- Overlays o r— e
Bonded and Unbonded Aadk o 4. " o
On Asphalt and Concrete '

-Depth Concrete

- Composite Pavements = o s

PavementDesigner.org




Other Ways of Designing Municipal Streets

RBASH T IWa
Pavemepl
Design of Pavement Structures  ° l
1993 '

AAS H TO 9 3 AASHTO, Guide for
Pavement ME

ACl 325.12R-02
- Guide for Design of Jointed

Concrete Pavements for Streets e 228 - of Joitad Conerete Povemer
" for Streets and Local Roads
and Local Roads -== SUIGELPAVE TR
sz Structural Design Software |
for Street and Road
. StreetPave Concrete Pavements

;-.
WAMTRAD O rrie beviba e
/ .......... el s e

PavementDesigner.org
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AASHTO 93

- Wholly empirical = AASHO Road Test

- Limited inference space:

Materials
Structural sections

Test Tangent

Soils
Traffic

Lane 1 Lane?2

—— Test Tangent

THICKNESS ‘>
15 Test Loop

& }-24 ft (7.3 m)

T «— 120t (36.5 m) —

THICKNESS Test Section 3 6 5 4

B ]50' E—— rE—=—g (% =0
LoopP 2 Loop 1

Loor

! 1 = Sy
— 20”
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Performance Estimated Subjectively

@ Present Serviceability Index (PSI) PERCENT SURVIVING WITH PSI ABOVE 2.5
o 4.0-5.0=Very Good 100

o 3.0-4.0=Good
v
o 2.0-3.0 = Fair g 80
o 1.0-2.0=Poor I
v 60
o 0.0-1.0=VeryPoor “V_‘
. V4 o
o “Failure” at the Road Test € 40
considered @ 1.5 Y As
g 20 Lhay
: a ¢
o Typical U.S. state agency
terminal serviceability 0

200 400 600 800 1,000 End of

. e=D
In practice > Load Applications, thousands Test

PavementDesigner.org




Don’t Just Take My Word...

United States General Accounting Office

G AO Report to the Secretary of
Transportation

November 1997 TR AN SP ORTATION
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
AASHTQ’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.

- Complex

- Expensive

Other, Federal,
1% P~ 3%

° ® AASHTO tools are
being developed

for these owners...

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

Projectl:Project ]/Plojecﬂ:'lraﬂic ]

ro—

Py Pavement)

. JPCP Design Properties
[ Pavement Structurs
=23 Project Specific Calibrati|
-k New Flexible
- Rehabilitation Flexibl §
21 New Figd H %Add Layer “ Rernove Layer |
|5 Restors Rigid
\_ﬂ Bonded Rigid
-5 Unbonded Rigid
o Sensitivity

Optimization
-2 PDF Output Report
= “L Muttiple Project Summary
- Batch Run
3 Tools
-3 DARWin-ME Calibration Factors

Traffic opening:

Project Object Property

- X
=13 Project: .
& E \I‘GJ PI’!:Ed1 General Information Performance Criteria Limit Reliability
B et Decionves o
57 Single Ade Distributi| Pavement type: Joirted Plain Cencrete b v | | Taming) IRI fin./mile) 172 90
%7 Tandem fde Distibil| Design life . 5
57 Tridem Aude Distribut Tz, JPCP transverse cracking (percent slabs) 15 90
v Guad Ade Distributic Mean joint faulting (n.) 012 50
[l Climate Pavement construction

JPCP Design Properties

=

B JPCP Design
PCC surface shortwave absorptivity
PCC joint spacing (ft)
Sealant type
[ Doweled joints
‘widened slab
Tied shoulders
Erodibility index
PCC-base contact friction
Permanent curl/warp effective temperature difference (deg F)
B Identifiers
Diznlay

0.85

15

Preformed

Spacing(12). Diameter(1.25)

Not widened

Not tied

Very ercdible (5)

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

Default

m

Display namefidentifier
Display name of obj,

project for outputs and

interface

Description

Designer.org




JPCP Calibration — BIG INF. SPACE!

OREGOH

CALIFORHIA

B Angeleg

. ]
San Diego

ARIZOHA

ajhueni:

A LTPP GPS-3 & RPPR JPCP Sections

F LTPP SPS-2, MNnROAD, & AASHO JPCP Sections

SASKATCHEWAH CHTARIO
i,
> A
o E S MuntrealEl ‘
MOHTANA H. DAK. p. X, Cttavya ‘
IHHESQ ‘-\\ .
- Like 1
el Hiwn g Torefto
SOUTH | . :
& paKkoTA & wip- 4 & il!- HEW Y @R
WYOMING . MICHIGAR J
W o
=8 i Hewv
k 2 PA. O
UNITED 5 5 Fciwage @ bitac
NEBR, 4 = A \E
t F = : = WWazhingtc
5 - : e,
OLORADO
[ MO va.
4 KANSAS
: 2 dg
i . :
HEW MEXICO AOKLAL, 5 5.C.
Ul s Atlanti
S MISS. G A,
= LABAMSZ Tyt
nmﬁlﬂg OUISIANA " L?
= Houston i .
MEXICO Gl of Mexico 'y K M

I Uvsaililiswl ILLJ\..JIHI I\_I.org




AASHTO 93 vs. ME

Wide range of structural and
rehabilitation designs

N

*,

Limited structural sections

50+ million load reps

/

R4
1.1 million load reps

AASHTO 93

. =

AASHTO Pavement ME

1 climate/2 years

)

All climates over 20-50 years

1 set of materials

N

New and diverse materials

PavementDesigner.org




OUTPUTS, OUTPUTS, OUTPUTS!!!

RDOT - 1-30 . |Desigll Outputs

File Name: C:\Users'

Design Inputs Distress Prediction Summary

Design Life: 20 years
Design Type: JPCP

Distress @ Specified

Criterion

Distress Type Reliability

Design Structure

Satisfied?

Layer type M Target Pl'ed icted Tal"get ACh ieved
":ICCbl -E)P‘::IE Terminal IRI (in/mile) 172.00 117.99 90.00 99.92 Pass
exible efault
Cement Base _|Cement Mean joint faulting (in) 0.12 0.07 90.00 99.90 Pass
e e JPCP transverse cracking (percent slabs) 5.00 461 90.00 91.91 Pass
Design Outputs | Distress Charts

ptimi 5

ed.dgpx

| Distress Prediction St

IRI Faulting
200 0.4
180 172 ) a.iz
0.12
R, 160
. _— —
Terminal IRI (in/mile) £ e £
Mean joint faulting (in) L 1799 Mo ar|
JPCP transverse cracking ?, 100 | . 3o
JEPPRRTT L aL.al ~ | L S
Distress Charts 5 Yinksnieg: 63 i ————— UL - S
i ppmm——— 17 ] s
it L ----—----.——-“"——
=1 Ll ° p—
— == o 2 4 6 & 10 12 14 16 18 20 ] 2 4 & @ 10 12 14 16 18 0
. ;j., Bavernen: fige [yeas) Pavermen: fge |yeacs)
£
2 o
"
@
:
) Cracking PCC
&
Cracking PCC 5
; s i
%' [ £,
FRET S S 1
LN 3 1T
~ 3 2 e
S S T S A ’
Pavemen: age |yes 2 - -~
' a.:
o o |
o
o 1 H & 4 1 12 4 16 1@ 10

Pavemen Gge |yeads)




ACI 325

- Limited design charts

- New guide based on

PavementDesigner runs

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

k=500 psifin. (CBE = 50 R = 86)

k= 400 psifin. (CHR = 38; B =80

& = 300 psifin. (CBR =26; & =67)

MOR, psiz| 650 &0 550 500 G50 L] 550 S0 G50 L 550 500
A (ADTT =1) 41 4.0 4.0 4.0 4.0 4.0 4.0 410 4.0 4.1 4.0 4.5
AJADTT =10} 41 4.0 4.0 45 4.0 4.0 4.5 15 4.0 4.5 4.5 4.5
B {ADTT = 25) 41 45 415 50 4.5 4.5 5.0 55 45 4.5 50 55
Traffic | B (ADTT =300 5.0 5.0 55 5.5 5.0 50 55 55 50 5.5 5.5 &.0
;_;_.._-!gr_|.-+ C{ADTT = 100y 5.0 5.0 55 5.5 5.0 5.5 55 6.0 55 5.5 G0 &.0
C{ADTT =300) 510 55 55 . 55 55 a.0 6.0 55 6.0 6.0 6.5
C{ADTT =T, 55 55 6.0 & 55 5.5 &.0 ] 55 6.0 6.5 6.5
D (ADTT =700 6.5 6.5 .5 6.5 6.5 6.5 6.5 5 65 6.5 6.5 6.5
k=200 pzifin. (CER = 10 B = 48) k=100 psifin. [CER =3; R=1E) k=50 pzifin_ (CHRE = 2; R=5)
MOR, psiz| 650 &0 550 500 G50 GO0 550 S0 G50 G0 550 500
A (ADTT =1) 41 4.0 4.0 45 4.0 4.5 4.5 5.0 45 5.0 50 55
AJADTT =10} 415 4.5 5.0 5.0 45 5.0 5.0 55 5.0 55 55 a.0
B (ADTT = 25) 5.0 5.0 55 &0 5.5 5.5 &.0 6.0 a.0 6.0 6.5 70
Trafic | B (ADTT = XN 55 55 6.0 6.5 .0 G 6.5 7.0 6.5 T4 70 1.5
a'.l.ll.'g-:-:l'_l.'+ C{ADTT = 100y 55 6.0 6.0 6.5 .0 6.5 6.5 740 6.5 7.0 15 .5
C{ADTT =300, 6.0 &.0 ] 6.5 6.5 6.5 7.0 15 T.0 15 1.5 50
C{ADTT =T, 6.0 6.5 ] T.0 6.5 T 7.0 15 T.0 15 ED iS5
D ADTT = 700 740 7.0 7.0 T BO B R0 B0 o0 G o

"ADITT = mverage daily ruck trafic. Trucks are defined as vehicles with at least six wheels; exchodes panel inecle, pickep tnecks, and other four-wheel vehicles. Refer o Appendin A
J: m|:d1.||us 1I' suhbr.:de rr:aclu n; CHE = I: skl rmx he.:nn@ rakio; R‘-rr:ml.:.nn: value; and MR = madules o Fm|'.||u.n:

T

Imtermuatbanmal

ACI 25 2R

Guide for Design
of Jointed Concrele Pavements
for Streets and Local Roads

Rervvawt ly A Covmwmitan 1N

WAMTNCAD D i M b e

PavementDesigner.org




PavementDesigner for Roadways

- Roots date back to the 1960s ' | T
PCA Method TN |

- Tailored for streets and roads

- Failure modes are cracking
and erosion

PavementDesigner.org




Municipal Street Design with PavementDesigner

- Design for Overland sl o e ' ‘_
Parkway with ~100 aadh  ad L an A
trucks/day .

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

PavementDesigner.org




s, parking lots, and intermodal/industrial faciliti

est viewed using Chrome on Windows or Safari for MacOS

c chrome @Safan
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p—i Select Project Type
7a\

CONCRETE STREETS

A long-lasting solution for
conventional over the road
traffic. This module can be
used to design jointed plain
concrete pavement (JPCP),
continuously reinforced
concrete pavement (CRCP),
roller-compacted concrete
pavement (RCC), overlays,
and composite pavements
with stabilized bases and
soils. This module should be
used for the design,of county,
town, and city streets.

Privacy Policy Terms of Service



< Select Project Type Select Street Project Type

Privacy Policy Terms of Service



m < Select Project Type Select Street Project Type
7a\

CONCRETE

Concrete Streets provide a
long-lasting pavement for city
streets and local roads. This !
module can be used to P
design conventional jointed
plain concrete pavements
(JPCP), roller-compacted
concrete pavements (RCC).
or continuously reinforced
concrete pavements (CRCP).

METHODOLOGY: ACPA
StreetPave/PCA Method,
AASHTO 93

Privacy Policy Terms of Service



0 PROJECT LEVEL

Project Type: Street © Concrete
TRAFFIC

Select Spectrum Type v

Design Life

GJser Defined Traffic Info VD

Trucks/Day

Traffic Growth Rate

(% per year)

Directional Distribution

Design Lane Distribution

< Change Design Type

Privacy Policy

e PAVEMENT STRUCTURE

Help Q

GLOBAL
Reliability
(%)

% of Slabs Cracked at End of Design Life

(%)

CALCULATED TRAFFIC RESULTS

Avg Trucks/Day in Design Lane over the Design Life

( )

Total Trucks in Design Lane over the Design Life

( )

Terms of Service

TRAFFIC SUMMARY DETAILS
+—i
—i —i
H Single H Tandem R Tridem
AXLE AXLES/ : . AXLE AXLES/
LOAD 1000 OAD 000 LOAD 1000
(kips) TRUCKS (kips) TRUCKS
24 16 24 1.6 24 16
22 26 22 26 22 26
20 6.63 20 6.63 20 6.63
18 16.61 18 16.61 18 16.61
16 23.88 16 23.88 16 23.88
14 47.76 14 4776 14 4776
12 116.76 12 116.76 12 116.76
10 142.7 10 142.7 10 1427

PAVEMENT STRUCTURE




o PROJECT LEVEL a PAVEMENT STRUCTURE e SUMMARY

- Help 9 -

& Project Type: Street © Concrete GLOBAL TRAFFIC SUMMARY DETAILS
ﬁ e © select Spectrum Type Reliability
: el i s ket Y e
Select Spectrum Type ¥ the truck traffic you expect. acked at End of Design Life § # singe 4 Tandem i 2
Desi . Custom distributions may also be entered. AXLE  AXLES/ AXLE  AXLES/ AXLE = AXLES/
gn Life (%) LOAD 1000 LOAD 1000 LOAD 1000
(Yez More Information (kips) TRUCKS || (kips) TRUCKS || (kips) TRUCKS
| 24 0.07 24 0.07 24 0.07
AAT AL Amm A A — b } ih ¢ T =
( Help (Select Spectrum Type) X 2 26
20 6.63
The four default traffic categories in the left column are each a composite of data averaged from loadometer tables representative of the facility type listed and = p—
the five default traffic categories in the right column are from the forthcoming ACI 330-18 design guide, 'Guide for Design and Construction of Concrete Parking :
Lots." ACI 330R-08 describes Category A as passenger cars only, Categories B and C as composites of data averaged from several loadometer tables = 2%
representing appropriate pavement facilities, and Category D as tractor semitrailer trucks with gross weights of 80 kips (360 kN). The table below gives general 14 47.76
details for each default traffic category in the left column. 12 116.76
- 3 10 1427
Traffic Maximum Axles Loads (kips) b 7
%Trucks  ADTT™  SingleAxies  Tandem Axies | MEGSES =3
Residential Resn.denfial streets, rural and secondary roads (low to 50-800 19%-3% 1-20 2 35 E
medium®) -
Collector streets, rural and secondary roads (high*), arterial
Collector : - o ) 700-5,000 3%-15% 40-1,000 26 - E
istreets and primary roads (low*) S
: : IArterial streets and primary roads (medium™), expressways [3,000- e :
- +
Mihoriceal and urban and rural interstate (low to medium™) 15,000+ Sk S50-6.000 = B2
s - ial . pri : high*), 4,000-
Major Arterial IArteria st.reets primary r.oads e>'<pre*ssways (high™), urban 000 10%-30% | 700-10,000+ 24 50
jand rural interstate (medium to high*) 50,000+

*The descriptors high, medium, or low refer to the relative weights of axle loads for the type of street or road; that is, "low" for a rural Interstate would represent
heavier loads than "low" for a secondary road.

** Trucks -- two-axle, four-tire trucks excluded.
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Project Type: Street © Concrete GLOBAL TRAFFIC SUMMARY DETAILS
Reliability
TRAFFIC
(%) —
Collector v H Single H Tandem
% of Slabs Cracked at End of Design Life
2ol AXLE AXLES/ || A A AXLE AXLES/
e (%) LOAD 1000 OAD 000 || LOAD 1000
i . R ki TRUCKS
(Years) (kips) TRUCKS (kips)
26 0.07 44 1.16 62 0
CALCULATED TRAFFIC RESULTS 24 16 6 776 55 0
GJser Detined Damk: info V) Avg Trucks/Day in Design Lane over the Design Life 22 26 40 38.79 50 0
Trucks/Day ( ) 20 6.63 32 | 5476 44 0
18 16.61 28 44.43 38 0
Total Trucks in Design Lane over the Design Life 16 23.88 24 30.74 32 0
e ( ) 14 4776 20 45 2% 0
(% per year) 12 116.76 16 59.25 20 0
0
Directional Distribution Y L 12 FE1 L
8 2336 8 47.01 8 0
(%)

Design Lane Distribution

!
|

(%)

m
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e ( ) 14 4776 20 45 2% 0
(% per year) 12 116.76 16 59.25 20 0
0
Directional Distribution Y L 12 FE1 L
8 2336 8 47.01 8 0
(%)

Design Lane Distribution

!
|

(%)

m

< Change Design Type Privacy Policy Terms of Service PAVEMENT STRUCTURE



0 PROJECT LEVEL e PAVEMENT STRUCTURE

Helpe ‘B

Project Type: Street © Concrete GLOBAL TRAFFIC SUMMARY DETAILS
Reliability
TRAFFIC
(%) +—i
Collector v H Single H Tandem
% of Slabs Cracked at End of Design Life
A AXLE AXLES/ || A . AXLE = AXLES/
e (%) LOAD 1000 OAD 000 || LOAD 1000
i D 2 ki TRUCKS
25 (Years) (kips) TRUCKS (kips)
26 0.07 44 1.16 62 0
CALCULATED TRAFFIC RESULTS 24 16 6 776 55 0
YseriDetnediiraic Info ¥ Avg Trucks/Day in Design Lane over the Design Life 22 26 40 38.79 i o
Trucks/Day ( ) 20 6.63 32 | 5476 44 0
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TRAFFIC
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25 (Years) (kips) TRUCKS (kips)
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Collector
Design Life
25

(Years)

User Defined Traffic Info

Trucks/Day
100

Traffic Growth Rate

Directional Distribution

Design Lane Distribution

100

< Change Design Type

1 (% per year)

(%)

Privacy Policy

e PAVEMENT STRUCTURE

Help Q

GLOBAL

Reliability

(%)
% of Slabs Cracked at End of Design Life

(%)

CALCULATED TRAFFIC RESULTS

Avg Trucks/Day in Design Lane over the Design Life

C = )

Total Trucks in Design Lane over the Design Life

( 515,791 )

Terms of Service

TRAFFIC SUMMARY DETAILS

Calculation was successful L

SUMMARY

—

4 singe  §—# andem F——R Tricem
AXLE AXLES/ AXLE AXLES/ AXLE AXLES/
LOAD 1000 LOAD 1000 LOAD 1000
(kips) TRUCKS | (kips) TRUCKS | (kips) TRUCKS

26 0.07 62 0
24 16 36 7.76 56 0
22 26 40 38.79 50 0
20 6.63 32 54.76 44 0
18 16.61 28 44 .43 38 0
16 23.88 24 30.74 32 0
14 47.76 20 45 26 0
12 116.76 16 59.25 20 0
10 142.7 12 91.15 14 0
8 233.6 8 47.01 8 0

g
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Project Type: Street © Concrete GLOBAL TRAFFIC SUMMARY DETAILS
Reliabili
TRAFFIC 24 —t
85 (%) +—i +—i
Collector v 4 since ¥ ndem F——# Tiidem
% of Slabs Cracked at End of Design Life
R AXLE AXLES/ | AXLE AXLES/ | AXLE AXLES/
DasnLife (%) LOAD 1000 | LOAD 1000 § LOAD 1000
i i Ki TRUCKS
5 Yeis) (kips) TRUCKS || (kips) TRUCKS [ (kips)
26 0.07 62 0
CALCULATED TRAFFIC RESULTS  ETE ETE B
User Defined Traffic Info M Avg Trucks/Day in Design Lane over the Design Life 22 26 40 38.79 50 0
Trucks/Day ( . ) 20 6.63 32 54.76 44 0
18 16.61 28 44.43 38 0
100
Total Trucks in Design Lane over the Design Life 16 23.88 24 30.74 32 0
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: 14 0
Directional Distribution L R °1°
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Project Type: Street © Concrete GLOBAL TRAFFIC SUMMARY DETAILS
TRAFFIC Reliability ' l
85 (%) — —
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% of Slabs Cracked at End of Design Life AXLE Es/
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25 (Years)
26 0.07 62 0
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18 16.61 28 44 .43 38 0
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SUBGRADE CONCRETE STRUCTURE
Known MRSG Value v 28-Day Flex Strength v Ui T
1 v
MRSG Value 3rd Point Loading 28-Day Flex Strength
pel = Layer Type Resilient Modulus Layer Thickness

Modulus of Elasticity

Calculated Composite K-Value of Substructure Override
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Macrofibers in Concrete Edge Support
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SUBGRADE CONCRETE STRUCTURE
Known MRSG Value v I 28-Nav Flex Strenath v Subbase Layers
© Resilient Modulus of the Subgrade 1 v
MRSG Value Flex Strength
Enter a value for MRSG, the elastic response of a Layer Type Resilient Modulus Layer Thickness
psi soil under repeated loading. psi
More Information ticity

4,000,000 psi

Choose Layer v

SUBGRADE
Macrofibers in Concrete Edge Support

-m Calculated Composite K-Value of Substructure
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SUBGRADE

Known MRSG Value v

MRSG Value

psi

Help 9

CONCRETE

28-Day Flex Strength v

3rd Point Loading 28-Day Flex Strength

psi

Rmsdiiliim af Elanbinits

Help (Resilient Modulus of the Subgrade)

Q PAVEMENT STRUCTURE

Subbase Layers

1 v

STRUCTURE

Resilient Modulus

Layer Thickness

The Resilient Modulus is one of three basic subgrade soil stiffness/strength characterizations commonly used in structural design of pavements. Resilient
Modulus is a measure of the elastic response of a soil (how well a soil is able to return to its original shape and size after being stressed) under repeated
loading. The table below shows typical CBR and Resilient Modulus values for various common subgrade soils.

ASTM (Unified) CBR (%) Resilient Modulus (psi)
Coarse-Grained Soils
Gravel A-1-a, well graded GW,GP 60-80 32,000-39,000
A-1-a, poorly graded 35-60 22,000-32,000
Coarse Sand A-1-b SwW 20-40 15,000-25,000
Fine Sand A-3 SP 15-25 12,000-18,000
Granular Materials with High Fines
Silt Gravel A-2-4, gravelly GM 40-80 25,000-39,000
Silt Sandy Gravel A-2-5, gravelly
Silty Sand A-2-4, sandy SM 20-40 15,000-25,000
Siltly Gravelly Sand A-2-5, sandy
Clayey Gravel A-2-6, gravelly GC 20-40 15,000-25,000
Clayey Sandy Gravel A-2-7, gravelly
Clayey Sand A-2-6, sandy SC 10-20 9,000-15,000
Clayey Gravelly Sand A-2-7, sandy
Fine-Grained Soils
Silt A-4 ML, OL 4-8 5,000-8,000
Silt/Sand/Gravel Mixture 5-15 6,000-12,000
Poorly Graded Silt A-5 MH 4-8 5,000-8,000
Plastic Clay A-6 CL 5-15 6.,000-12,000

-

psi
Override
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Help (Resilient Modulus of the Subgrade)

Q PAVEMENT STRUCTURE

Subbase Layers

1 v

STRUCTURE

Resilient Modulus

Layer Thickness

The Resilient Modulus is one of three basic subgrade soil stiffness/strength characterizations commonly used in structural design of pavements. Resilient
Modulus is a measure of the elastic response of a soil (how well a soil is able to return to its original shape and size after being stressed) under repeated
loading. The table below shows typical CBR and Resilient Modulus values for various common subgrade soils.

ASTM (Unified) CBR (%) Resilient Modulus (psi)
Coarse-Grained Soils
Gravel A-1-a, well graded GW,GP 60-80 32,000-39,000
A-1-a, poorly graded 35-60 22,000-32,000
Coarse Sand A-1-b SwW 20-40 15,000-25,000
Fine Sand A-3 SP 15-25 12,000-18,000
Granular Materials with High Fines
Silt Gravel A-2-4, gravelly GM 40-80 25,000-39,000
Silt Sandy Gravel A-2-5, gravelly
Silty Sand A-2-4, sandy SM 20-40 15,000-25,000
Siltly Gravelly Sand A-2-5, sandy
Clayey Gravel A-2-6, gravelly GC 20-40 15,000-25,000
Clayey Sandy Gravel A-2-7, gravelly
Clayey Sand A-2-6, sandy SC 10-20 9,000-15,000
Clayey Gravelly Sand A-2-7, sandy
Fine-Grained Soils
Silt A-4 ML, OL 4-8 5,000-8,000
Silt/Sand/Gravel Mixture 5-15 6,000-12,000
Poorly Graded Silt A-5 MH 4-8 5,000-8,000
Plastic Clay A-6 CL 5-15 6.,000-12,000

-

psi
Override
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Calculated Minimum Thickness Analysis and Guidance

A | CRACKNG EROSON  LOADTRANSFER  JOINTSPAGNG
i Doweled Undoweled
( 5.83 irD C 5.83 iD

Recommended Design Thickness

et of P Song on Thomess

Doweled Undoweled
( 6.00 in) ( 6.00 ir)
Maximum Joint Spacing K-Value
Doweled Undoweled

C > Cr 9

I

£ " OB X B % ¥ & &4 8N 8§ & &
Ot

Ui, oy

. -
PavementDesigner.org Reliability % Slabs Cracked
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Calculated Minimum Thickness
Doweled Undoweled

GCID D

Recommended Design Thickness

Doweled Undoweled

Com 9w o)

Maximum Joint Spacing

e o s s

e

€@ rAvEMENT STRUCTURE © suvmary X

Analysis and Guidance

The key to excellent long-term performance of doweled joints is adequate load transfer over the life of the pavement.
Load transfer devices generally are recommended for jointed plain concrete pavements that have an initial design
thickness greater than about 8 inches (200 mm) because traffic levels that require such thicknesses for fatigue
resistance also are of a level that might result in pumping and faulting of the joints if load transfer devices are not
included in the joints. When the initial design thickness is less than 8 inches (200 mm), load transfer devices are
recommended only if faulting is the predicted cause of failure.

Although other geometries (e.g., elliptical, plate, square, etc.) and materials (e.g., stainless or microcomposite steel,
zinc alloy-sleeved, etc.) can be used to transfer load across transverse joints in jointed plain concrete pavements,
round and smooth steel dowel bars are the most commonly used load transfer device. Typical size recommendations

for round steel dowel bars placed at 12 in. (300 mm) on-center are:

S S Recommended Dowel Bar Size
( 11 D C 11 ﬂ) Concrete Design Thickness, in.
less than 8 in. and cracking is predicated cause of failure Dowel not recommended
less than 8 in. and faulting is predicted cause of failure 1.00 in.
between 8 in. and 10 in. 1.25in.
greater than 10 in. 1.50 in.
- . Required load transfer device size and spacing can, however, vary based on load transfer technology geometry and material
P n D . (see manufacturer's recommendations), and some non-uniform spacings offer opportunities to optimize/minimize steel
avement esl 9 ne r-org content at the joints while causing minimal impacts on pavement responses (see ACPA's DowelCAD 2.0). Other exceptions

also exist, like the lack of a need for load transfer devices in bonded concrete overlays on asphalt or composite pavements.
The National Concrete Consortium (NCC) also has developed, "Recommendations for Standardized Dowel Load Transfer
Systems for Jointed Concrete Pavements," which are available through the National Concrete Pavement Technology (CP
Tech) Center

I [ i ma
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Calculated Minimum Thickness Analysis and Guidance

A |
N Doweled ~ Undoweled
C 5.83 "D C 5.83 "D The key to excellent long-term performance of doweled joints is adequate load transfer over the life of the pavement.
‘ Load transfer devices generally are recommended for jointed plain concrete pavements that have an initial design
e SR S e |, L thickr aatar than ahnut 8 inchas (200 i i i
Recommended Design Thickness irknace araatar than ahaut 8 inchas mhjl) becau.se traffic Ie\{els that rgqglre §uch thicknesses f_or fatigue
: SAVE DESIGN ¢ Pumping and faulting of the joints if load transfer devices are not
: thickness is less than 8 inches (200 mm), load transfer devices are
St Sodeuan Design Name cause of failure. ‘
|
( .00 in) ( 6.00 m) C Enter unique design name ) e, square, etc.) and materials (e.g.. stainless or microcomposite steel, \
— ar load across transverse joints in jointed plain concrete pavements,
Maximum Joint Spacing Folder Name ost commonly used load transfer device. Typical size recommendations
( Project Folder v) )0 mm) on-center are:
Doweled Undoweled + CREATE NEW FOLDER
d cause of failure Dowel not recommended
' — -d cause of failure 1.00 in.
between 8 in. and 10 in. 1.251in.
greater than 10 in. 1.50 in.
- Required load transfer device size and spacing can, however, vary based on load transfer technology geometry and material
P = D o (see manufacturer's recommendations), and some non-uniform spacings offer opportunities to optimize/minimize steel
avement esl g ne r-Org content at the joints while causing minimal impacts on pavement responses (see ACPA's DowelCAD 2.0). Other exceptions

also exist, like the lack of a need for load transfer devices in bonded concrete overlays on asphait or composite pavements.
The National Concrete Consortium (NCC) also has developed, "Recommendations for Standardized Dowel Load Transfer
Systems for Jointed Concrete Pavements," which are available through the National Concrete Pavement Technology (CP
Tech) Center

I [ )
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Calculated Minimum Thickness Analysis and Guidance

ﬁ /
g Doweled ~ Undoweled
C 5.83 "D 5.83 EDIT DESIGN DETAILS I quate load transfer over the life of the pavement.
( | n concrete pavements that have an initial design
Recommended Design Thickness e RIS vels that require such thicknesses for fatigue
y 1 A s ting of the joints if load transfer devices are not
C S&R Example 1 C ACPA ) n 8 inches (200 mm), load transfer devices are

Doweled Undowele

DESIGNERS NAME PROJECT DESCRIPTION

( 6.00 in) ( 6.00 ( Eric Ferrebee > materials (e.g.. stainless or microcomposite steel,
- = verse joints in jointed plain concrete pavements,

Maximum Joint Spacing ROUTE oad transfer device. Typical size recommendations

At

=.

( Overland Parkway

Doweled Undowele ZIP CODE (Project location)

( 11 fD ( 11 | C Dowel Bar Size, in.
Dowel not recommended

1.00 in.
DOWNLOAD AND VIEW REPORT L23ih:
1.50 in.
- - Required load transfer device size and spacing can, however, vary based on load transfer technology geometry and material
P = D o (see manufacturer's recommendations), and some non-uniform spacings offer opportunities to optimize/minimize steel
avement esl g ne r-Org content at the joints while causing minimal impacts on pavement responses (see ACPA's DowelCAD 2.0). Other exceptions

also exist, like the lack of a need for load transfer devices in bonded concrete overlays on asphait or composite pavements.
The National Concrete Consortium (NCC) also has developed, "Recommendations for Standardized Dowel Load Transfer
Systems for Jointed Concrete Pavements," which are available through the National Concrete Pavement Technology (CP
Tech) Center

I [ )
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DESIGN SUMMARY REPORT FOR

JOINTED-PLAIN CONCRETE PAVEMENT (JPCF)

] DATE CREATED:

[}
PavementDesigner.org

Project Description

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

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

File Namme: C:\Uisers\efernehes aepalDocuements\My ME Design| ARDOT - 1-30 and Ramps. Concrete Pavement Design Analysis - Optimized dgp

Project Name: ARDOT - 1-30 CalculatEnvier: undefined Zip Code: undefined
Designer's Name:  undefined Route: undefined
Project Description: undefined
Design Summary
Dioweled Undowreled Dioweled Undoweled
Recommendead Design Thickness: 850 in. 8.50 in. Maximum Joint Spacing: 15 ft. 15 ft.
Calculated Minimum Thickness: 843in. 843 in.
Pavement Structure
SUBBASE
User-Defined Composite K-Value of Substructure: 180 psifin
Layer Type Resilient Modulus Layer Thickness
CONCRETE SUBGRADE
28-Day Flex Strength: 630 psi Edge Support ‘fes R-Value: 20
Modubes of Elasticity: 3500000 psi Macrofibers in Concrete: Mo Caleulated MRSG Value 4,305 psi
F’roject Level
TRAFFIC GLOBAL
Spectrum Type: Major Arterial Reliabiity: 0%
Deesign 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: 2 506
Traffic Growth Rate %: 1 % per year Total Trucks in Design Lane Over the Design Lifie: 18,064 076
Directional Distribution: 50 %
Diesign Lane Distribution: 60 %

|Deslgn Inputs
Design Lifie: 20 years Existing construction: - Climate Data 34 747, -02.233
] ‘ Design Type: JPCF Pavement construction:  June, 2020 Sources (Lat/Lon)
Traffic opening: 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 8.0 Slab width (ft) 120 | [2030(10vyears) | 9.775.300
Subgrade A-7-8 10.0 2040 (20 years) | 22,134,400
Subgrade A-T-G Semi-infinite
|Design Outputs

| Distress Prediction Summary

Distress @ Specified S
Reliability Reliability (%)

_ Criteri
Distress Type S;rtrit:lg:;in’
Target Predicted  Target Achieved i
Terminal IRI (in/mile) 172.00 117.09 20.00 9082 Pass
Mean joint faulting (in) 0.12 0.07 2000 %090 Pass
JPCP fransverse cracking (percent slabs) 5.00 4.81 2000 81.91 Pass
Distress Charts
P Faulting
. a2
o .
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B jo=

g Cracking PLD
. 1
i, =
E | I I I B . L T T |
H e
e =
e L+
MA“ ‘-m “.u:‘-l N ' !
—— Threshold Value === SpecifiedReliability - == @ S50% Rellability
D Repont penented on: vergion: : by:
10/4/2018 3:03 PM 230+65 ‘}‘mﬂ: 10/4/2018 1:37 PM ApprONed o 10412018 1:37 PM
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Intermodal Design
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What Designs are Available for Heavy Intermodal/Industrial
Vehicles

- ACIl 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 Facilities

Uses design tables (Mainly for Trucks) o

. 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

=
Engine Model Cat* C1S ACERT™ Rated Payload - Ouary Face 16tonnes  11tons
Gross Power - 1S0 18396 KW “ fated Payicad - Loose Materiad (Standard) 127 tomnes 14 tons
Net Power - SAE J1348 05 kwW w0e Rated Payicad ~ Locse Material (Migh Lift) 1ltoones  12.1toms
Buckets Operating Weight A7 kg 953791k
!!!!! Capacites m*
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p—i Select Project Type
7a\

INTERMODAL

Concrete Industrial and
Intermodal facilities offer a
long-lasting pavement
solution for non-over the road
traffic. This may include
forklifts, loaders, and other
vehicles that use pneumatic
tires and hard-rubber/plastic
tires only. Facilities that have
truck or bus traffic should use
the parking or street design
modules.

METHODOLOGY: ACPA AirPave

Privacy Policy Terms of Service



o PROJECT LEVEL

e PAVEMENT STRUCTURE

Project Type: Intermodal

SELECT INTERMODAL PROJECT VEHICLES

iome Name # of Wheels Coe
Pressure

Gross Weight (ibs)

(psi) Contact Area (in?)

Forklift - Clarklift C500/Y800CH 2 190653 80 566
Forklift - Clarklift C500/Y950 CH 2 217937 80 647
Container Handler - Kalmar LM 1 204168 130 746
Aerial Lift - Marathon Letoureau Model 1 243032 80 1443
2682

Straddle Carrier - Marathon Letoureau SST 1 229200 95 1146

100
Transtainer Crane - Paceco RT Transtainer 1 252960 124 969
Generic - Straddle Carrier 1 60211 110 260
Container Truck - Taylor TEC - 950L 2 223225 94 564
Container Truck - Taylor TEC - 155H 2 72716 110 157
Container Truck - Taylor TEC - 155L 2 71326 110 154
Container Handler - Taylor TYTC - 1100S 2 285120 108 627
Forklift - Valmet TD 1812 2 104084 80 309
Container Handler - Valmet TD 4212 2 206484 80 613
Wheel Loader - CAT 986H 4 130358 90 172

< Change Design Type

Privacy Policy

Terms of Service

Add Custom Vehicle

SAVE PAVEMENT STRUCTURE




o PROJECT LEVEL a PAVEMENT STRUCTURE e SUMMARY

Project Type: Intermodal

: SELECT INTERMODAL PROJECT VEHICLES

Add Custom Vehicle

Contact

riome #of Wheels  Gross Weight (ibs) (esi) Contact Area (in?)
Pressure

Forklift - Clarklift C500/Y950 CH 2 217937 80 647

WHEEL LOCATION COORDINATES CUSTOM VEHICLE DISPLAY VEHICLE INFORMATION x |

2 Wheels v VEHICLE NAME ‘

GROSS WEIGHT (Ib)
CONTACT PRESSURE (psi)

CONTACT AREA (in?)

Resources




o PROJECT LEVEL a PAVEMENT STRUCTURE e SUMMARY

Project Type: Intermodal

!} 5
ﬁ SELECT INTERMODAL PROJECT VEHICLES Add Custom Vehicle
. . Contact . Vehicle Name: Wheel Loader - CAT 986H
riome #of Wheels  Gross Weight (bs) i) (esi) Contact Area (@?) Netacic i
‘ehicle Image
2682 e
Straddle Carrier - Marathon Letoureau SST 1 229200 95 1146
100
Transtainer Crane - Paceco RT Transtainer 1 252960 124 969
Generic - Straddle Carrier 1 60211 110 260
= Container Truck - Taylor TEC - 950L 2 223225 94 564 a a
@ b Container Truck - Taylor TEC - 155H 2 72716 110 157
My Designs [ Container Truck - Taylor TEC - 155L 2 71326 110 154
= Container Handler - Taylor TYTC - 1100S 2 285120 108 627
Forklift - Valmet TD 1812 2 104084 80 309 " a a
0 I Container Handler - Valmet TD 4212 2 206484 80 613
o _
’ Wheel Loader - CAT 993K 4 427789 200 254
conveyor tan x dual y 4 157080 102 385 #
Example 2 100000 100 500 #
MO/KS Test Vehicle 4 130000 90 380 [# T

< Change Design Type Privacy Policy Terms of Service SAVE PAVEMENT STRUCTURE




Calculation was successful

0 PROJECT LEVEL e PAVEMENT STRUCTURE SUMMARY

Project Type: Intermodal

Help Q

SUBGRADE CONCRETE STRUCTURE
CBR (California Bearing Ratio) v 28-Day Flex Strength v ot b
1 v
CBR VALUE 3rd Point Loading 28-Day Flex Strength
Layer Type Resilient Modulus er Thickness
3 % 550 psi yer b Lay
Calculated MRSG Value Modulus of Elasticity

SUBGRADE

Calculated Composite K-Value of Substructure Override

( 256 psm’in) |

!
‘.

g
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° PROJECT LEVEL e PAVEMENT STRUCTURE

Project Type: Intermodal

Recommended Design Thickness Results and Guidance
C 9.25 in)
3 i Allowable
Calculated Minumim Thickness Maxiriamt Ma it Total
Vehicle Name Angle Stress Repetitions Thickness
C 9.20 .D Wheel Loader - CAT 986H 13543  271.08psi 645434 92in

Maximum Joint Spacing

C_ -+ )

Stress Ratio

O

/.’.

=)
PavementDesigner.org
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