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Presentation Overview

e Background / history of the design procedure
e Concrete pavement design principles

 Discussion of the primary factors (inputs)
affecting concrete pavement design

e Example using StreetPave design software

—
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Municipal Pavement Design
Thickness Design Basics

—



Streets and Local Roads Thickness Design Procedure

Surface smoothness Thickness Design
or rideability

Longitudinal joint

Concrete materials

Dowel bars

Tiebars
Subgrade

Subbase or base




Thickness Design Procedures

« Empirical Design
— Based on observed performance
« AASHO Road Test

e Mechanistic Design
— Based calculated pavement

responses
» PCA Design Procedure
(PCAPAV)
« StreetPave (ACPA Design AASHO Test Road:
Method) Ottawa, lllinois (approximately 80 miles southwest of

Chicago) between 1956 and 1960




StreetPave Design Software

e Pavement design tool
geared primarily for
roads & streets

e Based on the PCA’s
pavement thickness
design methodology

* Checks adequacy of
concrete thickness
using both fatigue and
erosion criteria




l Concrete Pavement Types

e Jointed Plain
— Undoweled
— Doweled

e Jointed Reinforced

o Continuously
Reinforced

e Prestressed




' Jointed Plain

Plan

8-15ft




SLR Pavement Design

Street classification
Traffic

Geometric design
Subgrade and subbase
Concrete quality
Thickness design
Jointing

Dowel Bar Recommendations




Street Classifications

Street Description Two-way Two-way Average .

P Average Daily Daily Truck Typ:)(;aéllzgnge

Class Traffic Traffic (ADTT) Thickness

(ADT)

Light Short streets in subdivisions and Less than 200 2-4 4.0-5.0in.

. . similar residential areas — often not (100-125 mm)

Residential | through-streets.

Residential Through-streets in subdivisions and 200-1,000 10-50 5.0-7.0in.
similar residential areas that (125-175 mm)
occasionally carry a heavy vehicle
(truck or bus).

Streets that collect traffic from 1,000-8,000 50-500 55-90in.

CoIIector several residential subdivisions, (135-225 mm)
and that may serve buses and
trucks.

Business Streets that provide access to 11,000-17,000 400-700 6.0 -9.0in.
shopping and urban central business (150-225 mm)
districts.

Industrial Streets that provide access to 2,000-4,000 300-800 7.0-10.51n.
industrial areas or parks, and typically (175-260 mm)
carry heavier trucks than the business
class.

Arterial Streets that serve traffic from major 4,000-15,000 300-600 6.0-9.0in.
expressways and carry traffic through (minor) (150-225 mm)
metropolitan areas. Truck and bus 4,000-30,000 7.0-11.0in.
routes are primarily on these roads. (major) 700-1,500 (175-275 mm)
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Municipal Pavement Design

Geometric Design

—



 Increase Edge
Support

Geometric Design

Integral Curb
Tied Curb & Gutter

Widened Lanes (2 feet no
parking)
Parking Lanes

Rural Areas — Tied
Concrete Shoulders




' Edge Support

Concrete Shoulder Curb & Gutter Widened Lane

separate

integral




Basic Two-Lane Sections

25’ to 28’ wide 28’ to 42’ wide
PLAN PLAN
T T~ 7~ [ T~ T

—
—

/\/"\/\/\/‘\

- —»| 1/3 width |4_ 18” mm_,i l—
18" min.—» |« (typ.)
< 2528’ — 28'-42'
PROFILE PROFILE
No curb No curb

T e

Integral curb  Separate curb
Integral curb  Separate curb

NOT TO SCALE




Three-Lane Section

34’ to 42’ wide

PLAN

[ T

<« — —>

/\/\\/\\/\/‘\
—»| 1/3 width |« 18" min.—» |«
(typ.)

«—— 34-42

PROFILE

No curb

Integral curb  Separate curb

NOT TO SCALE




I Municipal Pavement Design

Subgrades and Subbases

e Subgrade

— Natural ground, graded, and compacted on which
the pavement is built.

e SU

bbase
_ayer of material directly below the concrete

pavement.

—



Design for Uniform Support

Three Major Causes for Non-Uniform Support

e Expansive Soils

e Differential Frost Heave

e Pumping (loss of support)




Subgrade Properties

Modulus of Plate-Load Test
Subgrade Reaction,
k-value B Recioil
|| @ Pressure Gage
.- Plateload on subgrade Stacked Plates ;@g@g@;@;@n } i’
~ Plate deflection on subgrade \) - E

20 DSl _ 4455 b/ in.

K= 05in

Subgrade




Subgrade Properties

Subgrade Soil Types and Approximate k Values

relatively free of
mm plastic fines

Type of Soil Support k value range)

Fine-grained solls in
which silt and clay- o
Size particles (20 - 34 MPa/m)
predominate

Sands and sand-
gravel mixtures with Medium 130 - 170 pci
moderate amounts (35 - 49 MPa/m)
of silt and clay

Sands and sand-
gravel mixtures High 180 - 220 pci

(50 - 60 MPa/m)




' Subgrade Properties

Resilient Modulus of the Subgrade

_ Resilient Modulus
Soil Type Support (MR), psi
Fine-grained with

high amounts of Low

silt/clay
Sand and sand-

gravel with Medium 2500-3300

moderate silt/clay
Sand and sand-

gravel with little or High 3500-4275

no silt/clay




Subgrade Properties

Typical composite k-values for unbound granular, aggregate, or

crushed stone subbase

Thickness of Unbound Granular or

Subgrade Crushed Stone Subbase
kK-value
pc) | 4 o .
100 130 160 190
150 176 185 215 255
200 220 230 270 320




' Subgrade and Subbases Design

Summary

o Subgrade strength is not a critical element in the
thickness design.
— Has little impact on thickness.

* Need to know If pavement is on:
— Subgrade (k = 100 psi/in. (25 MPa/m)),
— Granular subbase (k = 150 psi/in. (40 MPa/m)),
— Asphalt treated subbase (k = 300 psi/in. (80 MPa/m))

— Cement treated/lean concrete subbase (k = 500 psi/in.
(125 MPa/m)).




Subbase Effects

At the AASHO Road Test,
concrete pavements with
granular bases could carry
about 30% more traffic.

The current design procedures
allows concrete pavements
built with granular bases to
carry about 5 - 8% more
traffic.




Fatigue Analysis

Critical Loading Position

e Allowable number of

load repetitions for Fatique Transverse joint
each axle group Is /
determined

* % Fatigue Is
calculated for each I I
axle group

e Total fatigue Midslab loading away from

transverse joint produces
consumed should not critical edge stresses

exceed 100%.




' Pavement Design Principle #1

Stress / Fatigue

e Compressive strength: ~4000 psi
e Flexural strength: ~600 psi




Pavement Design Principle #1

igue

Stress / Fat




Thickness Design Procedure

Concrete Properties

» Flexural Strength
(Modulus of Rupture, ASTM C

78) Third-point Loading
— Avg. 28-day strength in
3rd-point loading

e Other Factors:

— Concrete Strength Gain
w/ Age

— Fatigue Properties
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Concrete Strength Properties

— Type | (GU)
— Type Il (HE)

3d

7d

28d

3m
Age

1y

3y 5y 10y 20y

If specify minimum flexural
strength at 28-day of 550
psi & allow 10% of beams to
fall below minimum:

STEP 1
Estimate SDEV.:
9% for typical ready mix.
SDEV =550 * 0.09 = 50 psi

STEP 2
S’c design = S’c minimum + z *
SDEV

S’c design =550 + 1.282 * 50
S’c design = 614 psi




l Design Period/Life

» 20 to 35 years Is commonly used

 Shorter or longer design period may be
economically justified in some cases

« High performance concrete pavements
— Long-life pavements
— A special haul road to be used for only a few years
— Cross-overs
— Temporary lanes




- Reliability

 |s simply the factor of safety
o Usually expressed as %

 |s a measure of how likely the
design will fail due to fatigue
or erosion

e Or can be used to estimate the
amount of pavement repair
required at the end of design

Probability of “Winning” period/life

—




Reliability

Levels of Reliability for Pavement Design

_ L Recommended Reliability

Functional Classification

of Roadway

Urban Rural

Interstates, Freeways, and 35 - 99 30 — 99

Tollways
Principal Arterials 80 - 99 75 —-95
Collectors (80)- 95 75 — 95
Residential & Local Roads 50 - 80 50— 80




Thickness Design

Recommended Levels of Slab Cracking by Roadway Type

Recommended
Percent of Slabs

Roadway Type Cracked at End of

Design Life
(Default) 15%
Interstate Highways,
Expressways, Tollways, 5%
Turnpikes
State Roads, Arterials 10%

Collectors, County Roads

Residential Streets 25%




Effects of Combined Reliability &

Table 5. Typical Values of Reliability and Percent Cracking

Slab Cracking

Street classification Specified reliability Percent cracking Average percent cracking
Light residential 75% 15% 7.5%
Residertial a0, 15% 6%
Collector 85% 10%, 3%

Minor artenal a0, 100, 2%
Major artenal Q50 %% 0.5%

Awerage percent cocking = (100 - lserspecifed miobility) * Percert aacking / 50,




' Erosion Analysis

* Repetitions of heavy Critical Loading Position
axle loads cause:
. . Erosion ..
— pumping; erosion of Transverse joint

subgrade, subbase and
shoulder materials:
volds under and

adjacent to the slab; and

faulting of pavement

joints.

A thin pavement with
Its shorter deflection Corner loading produces
basin receives a faster Critical pavement deflections

load punch than a
thicker slab.




Pavement Design Principle #2
Deflection / Erosion / Pumping

o i

Faulting

2 red

i b
e &

ol '!s;.p 3 . § .|,-""
R e T




Design - Erosion

Conditions for Pumping:

e Subgrade soil that will go
Into Suspension

e Free water between slab
and subgrade

e Frequent heavy wheel
loads / large deflections




l Concrete Pavement Design for Municipal Streets

Load Transfer = slabs ability to share its load with neighboring

slabs
* Aggregate Interlock A =x
» Dowels | @ A
f | U=20
« Edge Support | ———
— Tied curb & gutter Poor Load Transfer
— Integral curb & gutter
— Pz_irkmg lane A=x/2 A= /2
— Tied concrete &

]
i

i

Good Load Transfer




I Aggregate Interlock

4

Shear between aggregate particles
below the initial saw cut

—




Interlock

Aggregate




Dowel Recommendations

e Dowels

recommendations:

— If pavement thickness is 7”
or less dowels not
recommended

— If pavement thickness is 7.0”
& 7.5” use 1” dowels,
stabilized subgrade, or 4-6”
subbase. Note: If erosion is
the failure mechanism.

— If pavement thickness is 8”
or greater use 1%* dowels




Dowel bars

Length 14” min.

6.0 In. Minimum
embedment length

Diameter:
— 1.0 In streets and roads
— 1.25-1.50 in. for arterials roads

Epoxy or other corrosion

protection for harsh
climates




Table 13(a). Concrete Thickness (inches), 30-Year Design WITH Concrete Curb and Gutter or Concrete Shoulders

| k = 100 pci k = 150 pdi k = 200 pci k = 300 pdi
Modulus of rupture Modulus of rupture Modulus of rupture Modulus of rupture
(psi) (psi) (psi) (psi)
Traffic classification 550 (EIE@ 650 | 550 600 | 650 | 550 | 600 | 650 | 550 | 600 | &GO
Light residential
2-lane ADTT =13 5.0 5.0 4.5 5.0 4.5 4.5 4.5 4.5 4.0 4.5 4.0 4.0
Residential
2-lane ADTT = 10 5.5 5.5 5.0 5.5 5.0 5.0 5.0 5.0 4.5 5.0 4.5 4.5
ADTT = 20 6.0 5.5 5.5 5.5 5.5 5.0 5.5 5.0 5.0 5.0 5.0 4.5
ADTT = 50 6.0 6.0 5.5 5.5 5.5 5.0 5.5 5.0 5.0 5.0 5.0 4.5
Collector
2-lane ADTT = 50 6.5 | 6.0 | 6.0 | 80 | 6.0 | 5.5 | 6.0 | 5.5 | 55 | 5.5 | 5.5 | 5.0
ADTT = 100* | 6.5 6.0 | 65 | 60 | 6.0 | 60 | 60 | (55| 6.0 |(5.5)|(5.5)
ADTT = 500" 7.0 6.5 6.5 6.5 6.5 6.0 6.5 6.0 6.0 6.0 6.0 | (5.5)
Business
2- or ADTT = 400* 7.0 6.5 6.5 6.5 6.5 6.0 6.5 6.0 6.0 6.0 6.0 5.5
4-lane ADTT = 700* 70 7.0 | 8.5 | 7.0 | 65 | 6.0 | 65 | 6.0 | 6.0 | 6.0 | 6.0 |55
Minor arterial
4-lane ADTT = 300* 7.5 1.5 7.0 1.5 7.0 6.5 7.0 6.5 6.5 6.5 6.5 6.0
ADTT = a00* 8.0 1.5 7.0 1.5 7.0 7.0 1.5 7.0 6.5 7.0 6.5 6.5
Industrial
4-lane ADTT = 300* 8.0 2.0 1.5 8.0 1.5 7.0 1.5 7.0 7.0 7.0 7.0 6.5
ADTT = a00* 8.5 2.0 2.0 8.0 1.5 1.5 2.0 1.5 7.0 1.5 7.0 1.0
Major arterial
4-lane ADTT = 700* 8.5 8.0 1.5 8.0 1.5 1.5 2.0 1.5 7.0 1.5 7.0 6.5
ADTT=1100* | 85 | 80 | 80 | 80 | 80 | 7.5 | 80 | 7.5 | 7.0 | 7.5 | 7.0 | 7.0
ADTT = 1500* | 8.5 2.5 2.0 8.5 a.0 1.5 2.0 1.5 1.5 1.5 1.5 1.0
* Dowels recommended COMVERSIONS
when ADTT is greater 11in. = 25.4 mm
than or equal to B0: 100 psi = 0.689 MPa
1. If pavement thickness 100 pa = 27.15 MPa/m
15 6" or less dowels not
recommended
2. If pavement thickness
is 6.5" to 7.5" use 1"
dowels
3. If pavement thickness
15 8" or greater use 1%"
dowels

NAATEC A0 NATI TAMI S and 20 o d aa AL




Table 13(b). Concrete Thickness (inches), 30-Year Design WITHOUT Concrete Curb and Gutter or Concrete Shoulders

than or equal to 80:

1. If pavement thickness
is 6" or less dowels not
recommended

2. If pavement thickness
is 6.6" to 7.5" use 1"
dowels

3. If pavement thickness
is 8" or greater use 1%"
dowels

100 pci = 0.689 MPa
100 pei = 27.15 MPa/m

k = 100 pci k = 150 pci k = 200 pci k = 300 pci
Modulus of rupture Modulus of rupture Modulus of rupture Modulus of rupture
(psi) (psi) (psi) (psi)
Traffic classification 550 | (B00)| 650 | 550 | 600 | 650 | 550 | 600 | 650 | 550 | 600 | 650
Light Residential
ADTT =13 6.0 5.5 5.5 5.5 5.5 5.0 5.5 5.0 5.0 5.0 5.0 | 4.5
Residential
2-lane ADTT =10 6.5 6.5 6.0 6.5 6.0 6.0 6.0 6.0 5.5 6.0 5.5 5.5
ADTT = 20 7.0 6.5 6.0 6.5 6.0 6.0 6.5 6.0 5.5 6.0 5.5 5.5
ADTT = 50 7.0 7.0 6.5 7.0 6.5 6.0 6.5 6.0 6.0 6.0 6.0 5.5
Collector
2-lane ADTT = 50 1.5 7.0 7.0 7.0 6.5 7.0 6.5 6.5 6.5 6.5 6.0
ADTT = 100* 2.0 7.0 1.5 7.0 6.5 7.0 7.0 6.5 7.0 6.5 6.0
ADTT = 500" 8.0 8.0 7.5 8.0 7.5 7.0 1.5 7.0 7.0 7.0 7.0 6.5
Business
2-or ADTT = 400 2.0 2.0 1.5 1.5 1.5 1.0 1.5 1.0 1.0 7.0 1.0 8.5
4-lane ADTT = 700* 8.5 8.0 7.5 8.0 7.5 7.0 1.5 7.5 7.0 7.5 7.0 6.5
Minor Arterial
4-lane ADTT = 300" 0.0 8.5 8.0 B.5 8.0 1.5 8.0 8.0 1.5 8.0 7.5 7.0
ADTT = 800* 9.5 8.0 8.5 9.0 8.5 8.0 8.5 8.0 1.5 8.0 7.5 1.5
Industrial
4-lane ADTT = 200 8.5 | 9.0 8.5 9.0 2.5 8.0 2.5 8.5 2.0 2.5 8.0 1.5
ADTT = 800* 10.0 | 9.5 9.0 0.5 9.0 8.5 0.0 8.0 8.0 8.5 8.0 8.0
Major Arterial
4-lane ADTT = 700" 10.0 | 9.5 9.0 0.5 0.0 8.5 0.0 8.5 8.0 8.5 8.0 8.0
ADTT =1100* | 10.0 | 9.5 9.0 9.5 9.0 8.5 9.0 8.5 8.5 8.5 8.5 8.0
ADTT =1500* | 10.0 | 9.5 9.0 9.5 9.0 8.5 8.0 9.0 2.5 0.0 8.5 2.0
* Dowels recommended CONVERSIONS
when ADTT 1s greater 11in. = 25.4 mm




Thickness Design Procedure

Design controlled by:

 Fatigue usually controls design of light-traffic
pavements, light residential, collector, minor arterial
— Single-axles usually cause more fatigue damage

 Erosion usually controls design of undoweled
medium- and heavy-traffic pavements, minor and
major arterials

— Tandem-axles usually cause more erosion damage
— Tridem-axles usually cause more erosion damage




Jointing

Longitudinal Joints
Control natural Divides pavement lanes (8-12 ft.)

transverse and Depth Y4 - 1/3 pavement thickness
longitudinal crack from
Internal slab stresses

Divide pavement into
construction lanes or

Increments
Accommodate slab
movements
Provide load transfer \
Provide uniform sealant .
- Transverse Joints
reservolr Transverse Contraction Joints (8-15 ft.

Depth ¥ - 1/3 pavement thickness
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Municipal Pavement Design

StreetPave Example

—



StreetPave User Inputs & Outputs

Global Settings

— Region

— Units (English or Metric)

— Terminal Serviceability

— Percent Slabs Cracked
at end of design Life

Design Life
Reliability

Traffic

Pavement Properties
Thickness/Dowel/Jointing Recommendations




' Design Example — Inputs

e Design life = 30 years

» k-value =100 pci

» Concrete flexural strength = 600 psi
 Load transfer (dowels) = No/yes

e Edge support = yes

 Traffic category = Collector

e« 2-way ADTT =100

* Reliability = 80%

e Percent Slabs Cracked = 15% I



File Global Settings  Abouk
Froject ‘Traﬂ‘ic] FPavement Propertiea] Existing Pavement ,ﬂmalyaial Mew Pavernent Ahalysial Life Cycle COST]
Enable Walkthrough Wizard |

Project Information:

Froject Name | Froject Description |
Route | Owner | Agency |
Location | Design Engineer |
— Designfanalysis Type: Froject-Level Inputs:
« Determine Concrete Thickness and Design Life | 20 years Help

T Determine Equivalent Asphalt Thickness
™ Determine Life-Cycle Costs

Reliability | 85 % Help

© Analyze Existing Concrete Pavement




ﬂ StreetPave Global Settings

Edit your global settings below.

1. Region (refer to map)
Commm MAAT =45°F
2 MAAT =60°F
O mmmm MAAT =75°F
2. Units

« English
" Metric

3. Terminal Serviceability

’72 Help |

4 Percent of Concrete Slabs
Cracked at End of Design Life

[ 15 % Help |

Save and Close

MAAT — Mean Annual Air Temperature

Bl MAAT = 45°F
[ MAAT =60°F
Bl MAAT = 75°F




f StreetPave Global Settings
Edit your global settings below.

1. Region (refer to map)
Commm MAAT =45°F
& MAAT =60°F
C ommm MAAT = 75°F
2. Units
@« English
" Metric

3. Terminal Serviceability

2 Help

4 Percent of Concrete Slabs
Cracked at End of Design Life

[ 15 % Help

Save and Close

o Help (Terminal Serviceability)

Serviceability is @ measure of pavement condition. It was devised for the AASHO
Road Test. which occurred from 1958 to 1960 in Ottawa, lllinois. The serviceability
of a pavement is rated on a scale from 0 (completely impassable) to 5 (perfect
pavement condition). Terminal serviceability is the point at which the pavement
needs rehabilitation of some sort, such as restoration, resurfacing, or reconstruction.

StreetPave uses terminal serviceability to calculate the equivalent single axle loads
(ESALs) carried by the pavement structure over the design life. The calculation of
ESALs is not very sensitive to terminal serviceability, so an estimate of the desired
terminal serviceability is adequate.

Typical terminal serviceability values include:

Terminal Serviceability Road or Street Classification
Interstates, Tollways. Major Highways,
2.50 : .
Major Arterials
295 Primary Roads, Minor Arterials, Industrial
i and Commercial Streets
Secondary Roads, Collector Residential
2.00
Streets
1.50 Complete Pavement Failure




Sleciraye

v Help (Percent Cracking)

Edit your global settings below.
1. Region (refer to map)
Cmmmm MAAT =45°F
® MAAT =60°F
Comm MAAT =75°F

2. Units

« English
" Metric

3. Terminal Serviceability

’—2 Help |

4 Percent of Concrete Slabs
Cracked at End of Design Life

15 % Help

Save and Close

This input should reflect the allowable percent of concrete slabs that are cracked at
the end of the design life of the pavement. This number could correspond fo the
percent of slabs that are intended to be replaced in determining future rehabilitation
of the pavement for life cycle cost analysis. Recommended percentages are as

follows:

Recommended Percent of Concrete Slabs

Cracked at End of Design Life

Default 15%

Interstate Highways, 59
Expressways, Tollways, Turnpikes i
State Roads. Arterials, Collectors, 15%
County Roads .
Residential Streets 25%

The asphalt fatigue equation {or relationship) on which the asphalt design
procedures are based was obtained from laboratory fatigue data which had been
adjusted to provide an indication of approximately 20 percent or greater fatigue
cracking (based on total pavement area) in selected sections of the AASHO Road
Test. Therefore, asphalt designs are essentially;j~cked at 20 percent cracking or
greater (45 percent in the wheel path ) while cor  ete pavements are typically
designed for less than that amount.

=l

1. Asphak Instiute, "Research and Development of the Asphalt lnstiute’s Thickness Design Manual (M5-T)
Ninth Edwion, " RR-52-2, August 71952, p. 3.

2. Nationa! Cooperative Highway Research Program, Recommended Performance-Healeted Specification for
Hot-Mee Asphakt Construction: Resuks of the WesTrack Project, NCHRP Raport 455, 2002 p. 3T.

L ¥




File Global Settings  Abouk

Froject ‘Traﬂ‘ic] FPaverment Propertiea] Existing Pavement ,ﬂmalyaial Mew Pavernent Ahalysial Life Cycle COST]
atep 1. Choose the Designd/analysis Typeis) wvouwould like to perform and then click the Canfirm button. Confirm |

Project Information:

Froject Name | Froject Description |
Route | Owner | Agency |
Location | Design Engineer |
~ Design/analysis Type: - Froject-Level Inputs:
« Determine Concrete Thickness and Design Life | 20 years Help

v Determine Equivalent Asphalt Thickness
W Determine Life-Cycle Costs

Reliability | 85 % Help

© Analyze Existing Concrete Pavement




File Global Settings  Abouk
Froject ‘Traﬂ‘ic] Favement Properties | Existing Pavement ,ﬂmalyaial Mew Pavernent Analysis | Life Cycle COST]

Presvious | step 2. Enter Project Information and Froject-Level Inputs then click the Mext button. Mgt

Project Information:

Froject Name |‘~firginia Concrete Pavement Confere  Project Description |2— Lane Collector

Route |Route 1 Owner / Agency |City of Richmond
Location |F{ichmor‘|d, WA Design Engineer |Sco‘rt Haislip
- DesigniAnalysis Type: - Project-Level Inputs:
« Determine Concrete Thickness and Design Life | 30 years Help
v Determine Equivalent Asphalt Thickness -
o Reliability | 80 % Help
v Determine Life-Cycle Costs =

© Analyze Existing Concrete Pavement




File Global Settings  Abouk

Project Traffic ‘ Favement Properties | Existing Pavement ,ﬂmalyaial Mew Pavernent Analysis | Life Cycle Cost

Previous | otep 3. Define Traffic by filling in and making choices for all inputs. Nexd Traffic Categony: Collectar
kips Aulesz 11000 trucks
Trari t Single fwles
o raimc categqory 7R on7
L :ﬂl 24 1.6
" Residential 55 5B
20 B.63
& Collector 15 TERT
’ : 16 23.88
" Minor Arterial 12 A7 TR
£/ : : 12 116.76
" Major Arerial 10 1477
User Defined Tandefmms GEEL
' 44 1.16
Total Murmnber of Lanes gg S?S?TBB
2 32 54.76
Directional Distribution |4 Help 28 44.43
5 24 30.74
_ - 20 45
Design Lane Distribution |8 Help 1B 59 25
10 12 41,15
| a 47.01
_ _ Help Tridem xles (User Defined Onl)
« ADOTT {average daily truck traffic, two-way) | 100 B2 0
56 0
 ADT (average daily traffic, two-way) | 50 0
44 0
% trucks | 38 0
32 0
26 0
. 20 0
Truck traffic growth | 2 % peryear 14 0
g 0




File Global Settings  Abouk

Project Traffic ‘ Favement Properties | Existing Pavement ,ﬂmalyaial Mew Pavernent Analysis | Life Cycle Cost

Previous | Step 3. Define Traffic by filling in and making choices for all inputs. Mext Traffic Categony: Collectar
kips Bexlez [ 1000 trucks
Trari t Single fwles
o raimc categqory 7R on7
L :ﬂl 24 1.6
" Residential 55 5B
20 H.Bd
& Collector 15 TERT
. : 16 23.85
" Minor Arterial 12 A7 TR
o : 12 116.76
" Major Arerial 10 1477
User Defined | Tandefmms 233.8
| 44 116
Total Mumber of Lanes E ~| gg S?S?TBB
32 54.75
Directional Distribution | 50 % Help 28 44.43
— 24 30.74
_ R 20 45
Design Lane Distribution | 100 9% Help 1B 59 25
12 H1.13
g 47.01
_ _ Help Tridem xles (User Defined Onl)
« ADOTT {average daily truck traffic, two-way) | 100 B2 0
56 0
 ADT (average daily traffic, two-way) | 50 0
44 0
% trucks | 38 0
32 0
2B 0
: 20 0
Truck traffic growth | 2 % peryear 14 0
g o




File Global Settings  Abouk

Project | Traffic Pavement Properties | Existing Pavernent Analysis | New Pavement Analysis | Life Cycle Cost |
Presvious | step 4. Define Fawvement Froperties by filling in and making choices for all inputs.

COMNCRETE PAVEMEMNT

Resilient Modulus of the Subgrade

(Mpsg )
(used for both concrete and asphalt designs)

M et

ASPHALT PAVEMENT

Calculate | | 1940 psi

Help |

Composite Modulus of Subgrade Reaction (k)

* Design zubbasze layver system and use calculated k value

Add Layers | 100 pai Help |

" Uszer-defined kvalue for existing subbasze layer system
pel

Select Concrete Properties
26-Day Flexural

Strength (MR) | 600 psi Help
tModulus of _
Elastioty (E) | 4050000 psi __ Help |

‘Selact Load Transfer Dowels

T wyes & no

Help |

Select Edge Support (tied concrete shoulder, curb

and gutter, or widened lane)
Help |

“wes  ( no

Adjust Support for Asphalt Design Beliability

Coefficient of
Yariation |

38 % Help
(COV)
Design (Mpgg ) 1318.56 psi Info®

*Full-depth design type not available due to MRSG
[design] walue. Click MRSG help for details.

Select Asphalt Paverment Type

Design Type:




File Global Settings  Abouk

Project | Traffic Pavement Properties | Existing Pavernent Analysis | New Pavement Analysis | Life Cycle Cost |
Presvious | step 4. Define Fawvement Froperties by filling in and making choices for all inputs.

COMNCRETE PAVEMEMNT

Resilient Modulus of the Subgrade

(Mpsg )
(used for both concrete and asphalt designs)

M et

ASPHALT PAVEMENT

Calculate | | 1940 psi

Help |

Composite Modulus of Subgrade Reaction (k)

* Design zubbasze layver system and use calculated k value

Add Layers | 100 pai Help |

" Uszer-defined kvalue for existing subbasze layer system
pel

Select Concrete Properties
26-Day Flexural

Strength (MR) | 600 psi Help
tModulus of _
Elastioty (E) | 4050000 psi __ Help |

‘Selact Load Transfer Dowels

T wyes & no

Help |

Select Edge Support (tied concrete shoulder, curb

and gutter, or widened lane)
Help |

“wes  ( no

Adjust Support for Asphalt Design Beliability

Coefficient of
Yariation |

38 % Help
(COV)
Design (Mpgg ) 1318.56 psi Info®

*Full-depth design type not available due to MRSG
[design] walue. Click MRSG help for details.

Select Asphalt Paverment Type

Choose Type j
Asphalt with 6" Granular Base
Asphalt with 12" Granular Base

Design Type:




vd Help (Subgrade Modulus Coefficient of Variation)

Projec The asphalt design procedure used in this program incorporates reliability of the asphalt design section as afunction
Prewioll of the subgrade resilient modulus. To accomplish this adjustment, a coefficient of wariation of the supporting soils is J
i needed. Also, seasonal wariation is not considered as part of this procedure. Average conditions should be used.
The equation uzed iz as follows:
MBS G [design] = MBSG [user-entered] = (1 - ZF = COV)
Where:
Corr RS GE [degign] = the value of subgrade rezilient modulus to uze inthe azphalt dezign equation
MBS G [uzer-entered] = the subgrade rezilient modulus value that iz entered (or calculated) by the uzer
v
O £F = ztandard normal warnate, calculated from uzer-entered reliabilite (R)
il COW = coefficient of variation tvpical of the project type and zoilz for the project
& Twypical walues ta use for coefficient of variation, if the walue is unknown for a particular project:
FRange
- Sely 028-0.38 Frojects with extremely high levels of quality control and wery homogenous sails
] throughoutthe project. Frojects characteristic of research sections and special projects.
Frojects with typical levels of gquality control and typical wariation of soils within the project.
0.353-0.45 ; i ; :
Typical mainline highway construction.
Frojects with typical levels of guality control in wariable soils. Typical mainline roadway
0.45-0.58 : : ; oy ;
construction or high-quality municipal construction.
~Sely
0.59-0.70 Frojects with little guality contral of soils. Sections typical of municipal paving or industrial
' ' sections built with little or no inspection.
- Sely - - . . .
anc 0.3g Mote: The coefficient of variation for soils on the flexible sections at the AASHO Road Test,
' 185338-1880, Ottawa, llinais, LISA,
Mote: This guidance is based largely on experience in looking at field data as well as reports and data from
state highway agencies.




F’rojec’r] Traffic Pavement Properties | Existing Pavement Analysis | New Pavement Analysis | Life Cycle Cost |
Presious | Step 4. Define Pawvement Froperties by filling in and making chaoices for all inputs. @t

CONCRETE PAVEMENT ASPHALT PAVEMENT

vd Help (Asphalt Subgrade Resilient Modulus)

{ Consistent with asphalt industry procedures, the asphalt design equations used in StrestFave are not calibrated to
subgrade resilient moduli lower than 3000 psi. Howewver, values less than 3000 psican be used in StreetFave, if a
Composite Modl)]  base course is specified under the asphalt. On softer soils, a base (or subbase) course of crushed stone or ather
guarried material becomes a construction platform to aid asphalt compaction. In order to obtain the required density
* Designsubbd inthe asphalt during construction, the asphalt lifts need to be placed against a material that can provide adeguate
support. If a specific soil has a resilient modulus lower than 3000 psi, it can also be improved through the use of
Add Layers chemical stahilization or modification agents such as cement, cement kiln dust, fly ash, lime, or lime kiln dust.

" User-defined|

StreetPawve uses the MR5G [design] value as opposed to the MRSG [user-entered] value for calculations and
analysis. Thisis consistent with asphalt industry practice, which incorporates reliability into pavement design
Select Concrel bydirectly adjusting the resilient modulus of the subgrade (MRSG Design). The MRSG [design] equation is
provided below.

26-Day Fleg
STrEHQTh li Your current values:
MRSG [user-entered] psi MRSG [design]: 1319.6 psi
b ol
Elasticity

The equation uzed iz as follows:

MRESGE [dezign] = MRSG [user-entered] = (1 - Z2F = COVY
Select Load Ti

YWhere:
[ },-'95 i
MREG [dezign] = the value of subgrade rezilient moduluz to uze in the azphalt dezign equation
Select Edge 5 PRSGE [uzer-entered] = the zubgrade resilient modulus value that iz enterad {or calculated) by the user

and gutter, or y§
£R = standard normal variate, calculated from uzer-entered reliabilite (F)

o wog { e o : : ; :
by COY = coefficient of variation typical of the project type and soilz for the project

*Design Limitation

The full depth asphalt design type is not available because your current MBSG [design] walue is less than
3000 psi. If full-depth asphalt designs are desired, the user-entered subgrade resilient modulus, reliakility,
and/or coefficient of wariation must be madified in arder to obtain a design subgrade resilient modulus
areater than 3.000 psi.




File Global Settings  Abouk

Project | Traffic Pavement Properties | Existing Pavernent Analysis | New Pavement Analysis | Life Cycle Cost |
Presvious | step 4. Define Fawvement Froperties by filling in and making choices for all inputs.

COMNCRETE PAVEMEMNT

Resilient Modulus of the Subgrade

(Mpsg )
(used for both concrete and asphalt designs)

M et

ASPHALT PAVEMENT

Calculate | | 1940 psi

Help |

Composite Modulus of Subgrade Reaction (k)

* Design zubbasze layver system and use calculated k value

Add Layers | 100 pai Help |

" Uszer-defined kvalue for existing subbasze layer system
pel

— select Concrete Properties
26-Day Flexural

Strength (MR) | 600 psi Help
tModulus of _
Elastioty (E) | 4050000 psi __ Help |

‘Selact Load Transfer Dowels

T wyes & no

Help |

— Select Edge Support (tied concrete shoulder, cur

and gutter, or widened lane)
Help |

“wes  ( no

Adjust Support for Asphalt Design Beliability

Coefficient of
Yariation |

38 % Help
(COV)
Design (Mpgg ) 1318.56 psi Info®

*Full-depth design type not available due to MRSG
[design] walue. Click MRSG help for details.

~ Select Asphalt Paverment Type

Design Type:

e

subgrade



Project | Traffic Pavement Properties | Existing Pavement As
Previous | Step 4. Define Pavement Properties by filling in and ma

CONCRETE PAVEMENT

ﬂ Calculate k-value

Your current Resilient Modulus of Subgrade value Mgz is: 1940 psi

The corresponding k-value before adding subbase layer(s)
= 100 pCi

To determine the k-value for a subbase layer system, use the calculator tool
below. First input the subbase(s) resilient modulus and thickness. Mext, click the
calculate k-value button.

Resilient Modulus of the Subgrade  (Mpgge)
(used for both concrete and asphalt designs)

Step 1 -From the Top Down, Input Subbase(s) Resilient Modulus and

‘Composite Modulus of Subgrade Reaction (k) EMAcknis
) Mumber of subbase layers between subgrade and
* Designsubbase layersystem and use calculated kvalue concrete pavement: |'I Layer ﬂ
100 pci Hel |
Add La?ers p{: P TDP' Lﬂ‘j"EF |UI‘IbDL.I'IE Compacted Granular Matensls {sand/gravel, crushed stone) ﬂ
~ .
User—deﬁnedkvaluefurﬂnshngmhbiamlarerm Resilicnt Modukis of Subl M s | =T pSI
| pci Alllowable Range: 15,000 - 45,000
_ ' Thickness of Subbase | g in.
~ Select Concrete Properties - 7|
28-Day Flexural Layer2 | =]
Strength (MR) | 600 pst __ Help | Resilient Modulus of Subbase M iy | i
Alllowable Hange: Choose Layer Type
Mot of : Thickness of Subbase i
Elasticity (F) | 4050000 psi Help in.
' Layer3 | =]
~Select Load Transfer Dowels -
Resilient Modulus of Subbase M pcp | .
(v L
i i ﬂl Alllowable Range: Choose Layer Type P
_ ' Thickness of Subbase i
— Select Edge Support (tied concrete shoulder, curb  —— | oA
and gutter, or widened lane) _
Help | Step 2 - Calculate K ‘ K Value | Run Calculation Pcl
“ yes © no
Close Window and Save K




File Global Setlings  About

Prmject] Traffic Pavement Properties ‘Exjsting PavementAnaIysis] New Pavementﬂnalysisl Life Cycle Costl
Previous | Step 4. Define Pavement Properties by filling in and making choices for all inputs.

Mext
CONCRETE PAVEMENT ASPHALT PAVEMENT
Resilient Modulus of the Subgrade  (Mgge) Calculate 1940 psi Hel
(used for both concrete and asphalt designs) | P 4[]'
Composite Modulus of Subgrade Reaction (k)
Adjust Support for Asphalt Design Reliability
* Designsubbase layersystem and use calculated kvalue
Add Layers | 131 pci Help | Coefficient of )
Variation | 38 % _ Help |
" User-defined k value for existing subbase layer sy=tem (cCov)
Ci
| ’ Design (Mgsg ) 1319.56 psi Info*
B R *Full-depth design type not available due to MRSG
26-Day Flexural [design] value. Click MRSG help for details.
Strength (MR) | 600 psi Help
Select Asphalt Pavement Type
Modulus of i
Flasticity (F) | 4050000 psi  __ Help |

Select Load Transfer Dowels

T yes & no

Help |

Select Edge Support (tied concrete shoulder, curb

and gutter, or widened lane)
Help |

“ yes  no

Design Type: |Asphalt with 6" Granular Base j

¥

HMAC T

vy

& granular hase

S

subgrade



ﬂ StreetPave

File Global Settings  Abouk

Project | Traffic | Pavement Properties | Existing Pavement Analysis New Pavement Analysis | Life Cycle Cost |

FPrevious | Step 9. Click the Bun Analysis button.
COMCRETE FAVEMENT ASPHALT PAVEMENT
+ Fun Analysis j_
PCC T HMAC T
A //// + 6" granular base T
R
subgrade S
subgrade
Composite Modulus of Subgrade Reaction (k) = pei Resilient Maodulus of the Subgrade:
MRESG [user-entered] = psi
MRSG [design] = psi
BEse =
Flexible ESALs =
Design Concrete Thickness = in. Design Asphalt Thickness = in.
Concrete Recommendations: Yiew and Print Reports
Concrete Thickness = in. Design and Analysis Sumrmary |
M axirmurm Transverse Joint Spacing = ft Sensitivity Analysis of:
Dowel Bars: & k-value  Reliability
" Concrete Strength © % Slabs Cracked
" Design Life W= |
Fatigue/Erosion Table Founding Considerafions
Frogress Bar




ﬂ StreetPave
File Global Settings About

Project | Traffic | Pavement Properties | Existing Pavement Analysis New Pavement Analysis |Life Cycle Cost |

Previous | Step 6. Analysis results and additional reports are now available. MNext

CONCRETE PAVEMENT ASPHALT PAVEMENT
+ Fun Analysis j_

PCC i HMAC L2
Lo o 4" granular base T

b A
subgrade SIS
subgrade
Composite Modulus of Subgrade Reaction (k) = 100 pci Resilient Modulus of the Subgrade:

Design Concrete Thickness = 617 in.

MRSG [user-entered] =
MRS5G [design] =

Base = 6inch Granular Base
Flexible ESALs = 405.148
Design Asphalt Thickness = 1103 in.

1940 psi
13196 psi

Concrete Recommendations:

Concrete Thickness = 650 in.
Maximum Transverse Joint Spacing= 13

Dowel Bars: Dowel bars not chosen and not
recommended.

Fatigue/Erosion Table

Rounding Considerations

View and Print Reports

Design and Analysis Summary |

Sensitivity Analysis of:

& k-value " Reliability
" Concrete Strength © % Slabs Cracked
- Design Life View |

Frogress Bar




pﬂ Fatigue and Erosion Analysis

Traffic Category: Collector I - Fatigue Analvsiz | Erozion Analysiz
. i fewles per 1000 woectern A F e atique e Alloweable i
#ole Load, kips | TrE.J ,r}-l F-E pFetitiu:u r:||:5: e Repetitions IZ:Z:;: :z:lljI rrl'uan:l FawEL F:nzlelpeti;.lilénln g IZ:ZZEr: : I.Jlr'r'lr-; d
Single Axles
= 0.07 b2 0.745 613 8.45 .27 72376 0.07
24 15 1185 0.691 1973 G0.04 35,165 116612 1.02
22 25 1325 0.637 8350 21.51 23.543 139505 0.96
20 E.63 4303 0.552 EE415 733 24.421 371220 1.32
18 16.61 12238 0.527 1021592 1.2 19.781 785103 157
16 23.88 17680 0472 45451152 0.04 15.63 2080632 0.85
14 4776 35360 0416 unlimited 1] 11.967 3417566 0.38
12 11E6.76 BE445 0.36 unlimited 1] 8.792 unlimited 1]
10 1427 105650 0303 unlimited 1] E6.106 urlimited 1]
g8 2336 172950 0.246 unlimited o 3.905 unlimited o
Tandern &xles
44 116 253 0.54 431432 018 36.082 10730 0.8
40 776 5745 0.434 8597075 0.07 2982 1593842 296
36 38.79 28719 0445 437852443 0.m 24.154 385261 745
32 54.76 40543 0.4 unlimited o 15.085 300103 4.5
28 44.43 32835 0.354 unlimited o 14.612 2874421 1.14
24 30.74 22753 0.306 unlimited o 10.735 24143258 0.03
20 45 337 0.258 unlimited o 7455 unlimited o
16 59.25 43867 0.2039 unlimited o 4771 unlimited o
12 .15 67484 0153 unlimited o 2654 unlimited o
g8 47.0 34805 01039 unlimited 1] 1.193 unlimited 1]
Triderm &=les
B2 0 0 0.455 210578356 0 243.013 463 0
56 0 0 0414 unlimited 0 198.254 837 0
50 0 0 0372 unlimited 0 158.047 1604 0
44 0 0 0.33 unlimited 0 122,392 N3 0
38 0 0 0.287 unlimited 0 91.288 7EE0 0
32 1] 1] 0.245 unlimited 1] £4.736 19877 1]
2E 1] 1] 0.2Mm unlimited 1] 42,736 B5335 1]
20 1] 1] 0157 unlimited 1] 25,288 30276 1]
14 1] 1] 0nz2 unlimited 1] 12,39 7333444 1]
2 1] 1] 0.066 unlimited 1] 4,045 unlimited 1]
Total Fatigue Used: 98.88 Total Erosion Used: 23.13




vd Rounding Considerations

otreetFave recommends rounding the exact design thickness up to the nearest 0.3 inch (12.7 mm). Rounding up
will increase hoth the relighility and theoretical life of the pavement. The effects of rounding up or down on both the
reliahility and theoretical life of the pavement are shown below.

specified Design Life Fecommended Thickness 6.50
specified Reliability 80 Founded-Down Thickness 6.00
Design Thickness 6.17
Theoretical Life of Recommended Concrete Design Theoretical Life of Rounded-Down Concrete Design
58 wears @ 80 % reliability 17 wears @ B0 % reliability
Felighility of Recommended Concrete Design Felighility of Rounded-Down Concrete Design

90.1 % reliability for 30 -year design F1.2 % reliahbility for 30 -wear design



Design and Analy

sis Summary Replace

with PDF Desktop

StrectPave

Pavement Design & Analysis Software
American Concrete Pavement Associition

Report for Concrete Pavement Cesign

Projct Name: Muricpa Cancete Pavement
Route: Roua 401
Loceon: Torento, Ontaio
Project Descrgtion: 2-Lane Collecor
OwnefAgency: Cement Associaton of Canada
Design Engineer. Scof Hasip
Recommended Concrete Pavemen! Design
Thickness 650 n
Jaint Spacing it
Dowel Bars~ Dowelbars nf chosen and ma recommended.

Effect of Rounding on Thickress
Exad desmn tickness= 6.7
Thearefica Lt of Roundee-U Concrete Thikness
9 yers@  40% elabilty

Reliaityof Roundec-Up Concrete Thiceness
90.1% reliabity for  30-year design

Experted Lfe of Rounded-Doun Concrel Thikness
17 yers@  80% relabilty

Reliahiity of Rounded-Dcwn Conerate Thickness
2% reliablity for - 30-year desin

Inouts

DesignL e 10 years

Belablty
Specfied Relbilty= 0%
Alowat e Percent Cratked Slabs at End of DesgnLe = 15%

e

Traffc Categery. - Colcior
Toil Numberof Lanes 2
Directon Disioution 50
Design Lane Distrouton 00

AT 100 perday
(average dallytruck fraffc, tvo-way, al lanes)

Truck Trafc Growh ohper year

4 B43N Engneer Seof Haisip

StreetPave

Pavement Design & Analysis Software

American Concrete Pavement Association

Report for Asphalt Pavement Design

Project Name:
Route:

Location:

Project Description:
CwnerfAgency:
Diesign Enginesr:

Cross-Seton

6500

600 in

Cross-Section

Roundeg-Up Trickness

Rounded-Dosn Thicness

Page 1f6
511472007

Asphalt Thickness

8:31:444M

Municipal Concrete Pavement
Route 401

Toronto, Ontario

2-Lane Collector

Cement Association of Canada
Scott Haislip

Recommended Asphalt Pavement Design

1013 in

Engineer: Scott Haislip

Page 4 of 6




Sensitivity Charts

Effect of k-value on Thickness Effect of Reliability (at 15% Slabs Cracked) on Thickness
68 as T
a 1
64
as
£ E =
- &0 =
w o
= E 15
L =
E s ! ] | £
| 55
&
48 = . e - A » - - an 2%
%0 100 130 200 250 300 330 400 430 300 530 800 e =8 &0 &8 20 a5 B0 a5 a0 as a8
k-value, psi/in. Reliabllity, %

Effect of Design Life on Thickness

Effect of Flexural Strength on Thickness

72 &6
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a8
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Life-Cycle Cost Analysis

Combines all present and future costs
Initial Cost (benefits)
Rehabilitation Costs

Maintenance
Costs

Cost

Time

Salvage
Value




File Global Settings  Abouk

Project | Traffic| Pavement Properties | Existing Pavement Analysis | New Pavernent Analysis Life Cycle Cost |
Project Inputs/Costs | Maint/Rehab Schedule | ReportiGraph |

Praoject Level Inputz

Concrete and Azphalt

Project length |1 miles
Lane width 12 ft

dnalvziz Period !3|:| wear

Concrete Cnly

Composite aggregate base denszity

Concrete Pavernent Initial Coztz

Dizcount Bate Applied to Future
hdaintenance tems

(+  |nterestBate |5.00 %

Inflation Rate lﬁﬂ %

" Discount Rate Fo3
120 | bt

Azphalt Only

Dezign thickness i

Arnount of design thickness | in
wehich iz surface course li ;

in

Remaining base amount

Surface courze densitye |‘|45 |II:u.l'ft‘ ﬂ
Baze denzity |‘|4|:| ill:-.l'ft’

Aggregate base density (120 | bitt®

~|
e

* |se concrete pavement imaterial) 8MD 7500 Bhed®

5.00 Fvd2

concrete placement (cure, zaw, zeal)

Concrete Paverment Maintenance Costs

" Usze zingle
concrete cost

16.25  $hed?

Aggregate base |‘I 2.00 i$."t-:un j

Joint zealant:

-
* Maozeal

" Hot-pourfiller in single sawcut
(" Hot-pour sealant (wibacker rod)
" Silicone sealant fwibacker rod)

Preformed neoprene compreszion seal

Concrete annual maintenance

175 i
oo
R L
oo

0.0o Fihed®
Full-depth repairs |W Ehed®
Partial-depth repairs W Fibed®
Diarmond grinding IE.EEIi A

dzphalt Paverment Initial Coztz

Surface course |42,|:||:| Biton

Azphalt Faverment Maintenance Costs

Baze |4|:|,5|:| Titon

Aggregate baze |1 2.00

!$.l'tcm j

&zphalt annual maintenance |EI.1 5

Crack sealing |E|_F5 i

$hvde Milling |1.00

Lhed™in

Chip zeal |3_nu Bhvde

Sealcoat [150 G



File Global Settings About

Project | Traffic | Pavement Properties | Existing Pavement Analysis | New Pavement Analysis Life Cycle Cost ]

Project Inputs/Costs |Maintf'ﬂehah Schedule] Report/Graph |
Previous | Step 7. Fillin Project Inputs and all known Costs.

Mext

Project Level Inputs
Concrete and Asphalt

Projectlength |1 miles

Lane width 12.0 feet

30 YEars

Analysiz Penod

Concrete Only

Composite aggregate base density

"Discount Rate Applied to Future

Maintenance ltems

*  |InterestRate |5.00 %
Inflation Rate IEHJEi gL

" Discount Rate %
120 b/t

Asphalt Only

Design thickness in
Amount of design thickness |4 5 in
which iz surface course ;
e in
Remaining base amount
Surface course density |145 ||:{-F ﬂ
Base density |1:1|3 |::-{1- L!

Aparegate base density | 120 b/

Concrete Pavement Initial Costs

[* |Use concrete pavement (material) AND

concrete placement (cure, saw, seal)

Concrete Pavement Maintenance Costs

94.00 | $iyd®

5.00 5/ yd?

" lse single
concrete cost

1625 $/yd®

Agaregate base |12_|]|3 |E.-'t::-n ﬂ

Joint sealant:

" No =eal
* Hot-pourfiller in single sawcut

" Hot-pour sealant (wibacker rod)
" Silicone sealant (w/backer rod)

" Preformed neoprene compression seal

175 SIIf
S 11
SIIf

Concrete annual maintenance l[:l:',l:i 5/yd?
Full-depth repairs IW S [yd?
Partial-depth repairs W 51 yd®

Diamond grinding IF S fyd?

5I1F

Asphalt Pavement Initial Costs

Surface course  |55.00

Asphalt Pavement Maintenance Costs

S [ton Base

55.00 % [ton

Aggregate baze |12,I:i|3

|E.-'t:>r! -

Asphaltannual maintenance |D.15

Crack sealing |I3__T5 S/If

S /yd? Milling |1.00

S/yd®=in

Chip =eal |3.DD § [ yd?

Seal coat [1.50 5 1yd?



File Global Settings About

Prt}jectl Tra’rﬁc] Pavement Prmperties] Existing Pavement Anarysisl New Pavement Analysis Life Cycle Cost ‘

Project Inputs/Costs - Maint/Rehab Schedule ‘ Report/Graph ]

CONCRETE PAVEMENT ASPHALT PAVEMENT

Maintenance, Preservation, and Rehab ltems:

2

Quantity Amount Units

%

Available
Year ltem
10 |Reseal joints ~||100
20  |Reseal joints ~||00

%

13728 I
13728 i

Maintenance, Preservation, and Rehab ltems:

4 5

Year lem Amount Units
8 Rout & seal cracks ~|so0
12 |Asphalt Overlay ~|15 in
20 |Rout & seal cracks ~|[1oo0  f
24 |Asphalt Overlay ~|15 in




File Global Settings  Abouk
F’rojec’r] Traﬂ‘ic] Paverment Properties | Existing Pavernent ,ﬂmalyaial New Pavernent Analysis  Life Cycle Cost ‘

Project InputstosTs] Maint/Rehab Schedule Report/Graph ]

Mote: Life cycle cost reports and graphs are only available affer running a new pavement analysis and
proceading directly o the life cycle cost section.

Fun a life cycle cost report to view initial pavernent costs, present value maintenance costs, and
cumulative costs over the analysis period.

Life Cycle Cost Report |

The life cycle cost graph depicts cumulative costs over the analysis period.

Life Cycle Cost Graph |




LCCA Report

StreetPave

Pavement Design & Analysis Software

American Concrete Pavement Association

Life Cycle Cost Analysis
Project Name: Municipal Pavement Design Webinar

Route: Route 1
Location: Skokie, IL
Project Description: 2-Lane Collector

Owner/Agency: American Concrete Pavement Association

Design Engineer: Scott Haislip

Initial Cost
Concrete Pavement Details

Project Length:
Number of Lanes:
Lane Width:

Design Thickness:

Aggregate Base Thickness:

Composite Aggregate Base Density:

Cost inputs

Concrete Pavement (material):
Concrete Placement (cure, saw, seal):
Aggregate Base:

1.0
2
120
6.50

miles

feet

in. *StreetPave Recommended Value

Top Layer = Not Selected
Thickness = Oin.

Layer 2 =Not Selected
Thickness = Din.

Layer 3 = Not Selected
Thickness = Oin.

120

$94.00
$5.00
$12.00

IVt

I yd?
!y
I ton

Calculated Initial Cost for Concrete =
Calculated Initial Cost for Aggregate Base =

$309,369

Total Initial Cost for Concrete Pavement Design =

4/18/2008 8:51:12AM

Engineer: Scoft Haislip

$309,369

Page 10f4

StreetPave

Pavement Design & Analysis Software

American C te P t Ass

Asphalt Pavement Details

Remaining Base Thickness

Cost Inputs

Project Length: 1 miles
Number of Lanes: 2
Lane Width: 12.0 feet
Design Thickness 11.03 in. "StreetPave Recommended Value
Surface Coarse Thickness: 1.5 in.
9.53 in
Aggregate Base Thickness: @ inch Granular Base
Surface Course Density: 145 b/
Base Density: 140 Ibff?
Aggregate Base Density: 120 Ibfft
Asphalt Surface Course: 385.00 /ton
Asphalt Base: 355.00 /ton
Aggregate Base: 312.00 /ton
Calculatad Initial Cost for Asphalt Surface Course = 574,848
Calculated Initial Cost for Asphalt Base = §387.452
Calculated Initial Cost for Aggregate Sase = $45.819
Total Initial Cost for Asphalt Pavement = $507,717
4:24:23PM Eng : Scott Haislip Page 20f4

4/28/2008
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File Global Settings About
Project | Traffic | Pavement Properties | Existing Pavement Analysis | New Pavement Analysis Life Cycle Cost ]
Project Inputs/Costs |Maintf'ﬂehah Schedule] Report/Graph |

Project Level Inputs
Concrete and Asphalt

Projectlength |1 miles

Lane width 12.0 feet

40 YEars

Analysiz Penod

Concrete Only

Composite aggregate base density

"Discount Rate Applied to Future

Maintenance ltems

*  |InterestRate |5.00 %
Inflation Rate IEHJEi gL

" Discount Rate %
120 b/t

Asphalt Only

Design thickness in
Amount of design thickness |4 5 in
which iz surface course ;
e in
Remaining base amount
Surface course density |145 ||:{-F ﬂ
Base density |1:1|3 |::-{1- L!

Aparegate base density | 120 b/

Concrete Pavement Initial Costs

[* |Use concrete pavement (material) AND

concrete placement (cure, saw, seal)

Concrete Pavement Maintenance Costs

94.00 | $iyd®

5.00 5/ yd?

" lse single
concrete cost

1625 $/yd®

Agaregate base |12_|]|3 |E.-'t::-n ﬂ

Joint sealant:

" No =eal
* Hot-pourfiller in single sawcut

" Hot-pour sealant (wibacker rod)
" Silicone sealant (w/backer rod)

" Preformed neoprene compression seal

175 SIIf
S 11
SIIf

Concrete annual maintenance l[:l:',l:i 5/yd?
Full-depth repairs IW S [yd?
Partial-depth repairs W 51 yd®

Diamond grinding IF S fyd?

5I1F

Asphalt Pavement Initial Costs

Surface course  |55.00

Asphalt Pavement Maintenance Costs

S [ton Base

55.00 % [ton

Aggregate baze |12,I:i|3

|E.-'t:>r! -

Asphaltannual maintenance |D.15

Crack sealing |I3__T5 S/If

S /yd? Milling |1.00

S/yd®=in

Chip =eal |3.DD § [ yd?

Seal coat [1.50 5 1yd?



File Global Settings About

Prt}jectl Tra’rﬁc] Pavement Prmperties] Existing Pavement Anarysisl New Pavement Analysis Life Cycle Cost ‘

Project Inputs/Costs Maint/Rehab Schedule ‘ Report/Graph ]

CONCRETE PAVEMENT ASPHALT PAVEMENT

Maintenance, Preservation, and Rehab ltems:

Maintenance, Preservation, and Rehab ltems:

|ﬁ L] Available |5 j :
Year ltem Quantity AmountUnits Year Iltem Amount Units
10 |Reseal joints ~/[io0 % 8 Rout & seal cracks ~|so0
20  |Reseal joints ~|[loo0 % 12 |Mil & Asphalt Overtay ~ ~|[15 in
28 |Full-depth repairs ~||6 % 20 |Rout & seal cracks ~|[1oo0  f
28 |Partial-depth repairs -2 % 24 |Mil & Asphalt Overlay ~ ~|[1.5 in
28 |Diamond grinding Z|95 % 30 |Rout & seal cracks ZH 500 M
28  |Reseal joints ~|[io0 % 34 |Asphalt Overlay ~15 in
| S0 & | ' |

%

: %
%
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l Summary

 StreetPave program incorporates reliability and
slab cracking into fatigue for concrete
pavement design

e Can be used to compare the outcome of
altering design inputs to obtain cost-effective
pavement sections

 Principles can also be applied to concrete
overlays

—



I StreetPave Software Availability

Avalilable from:

Bob Long
Executive Director
Mid-Atlantic Chapter ACPA

Patch v1.3: www.pavement.com




' Questions?




Thank Youlll

Please contact PRESENTER
with questions or comments:
Shaislip@ConcretelLot.com
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