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Project Scope

m To review existing City of Toronto pavement design
procedures

m Evaluate the existing standards using mechanistic —
empirical methodologies

m Consolidate the design standards and procedures of
the former municipalities

m Develop new pavement structural design guidelines
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Seminar Goals

Why is this study important?
How was the study completed?
What is the outcome of the study?

How will this study affect you?
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Agenda

Study background

Brief introduction to pavement design

Introduction to the M-E PDG

Use of the new pavement design guidelines
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1 EXPANDING THE REALM OF POSSIBILITY

Background
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Background

m 5,200 centreline kilometres of roadways
m 250 centreline kilometres of laneways
m Network is over 100 years old
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Functional Classification

m Arterial Roads

e Primary, Secondary, Local, Major, Minor, etc
m Collector Roads

e Industrial, Residential

m Local
e Industrial, Residential
Road Classification System ’
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Existing Pavement Types

m Two primary pavement types throughout the City:

e Asphalt Concrete over
Aggregate Base

e Asphalt Concrete over
Concrete Base

8

Expanding the Realm of Possibility




Existing Pavement Standards

m The City of Toronto comprises 7 former cities and
municipalities

East York
Etobicoke T
Metro ?
North York B

e
SCARBORDUGH

Scarborough

TORONTD AND
ERST YORK
&

Toronto
e York
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Existing Pavement Designs
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Lack of Commonality

m Etobicoke Arterial m Scarborough Arterial
e 40 mm HL1 e 40 mm HL1
e 225 mm HL8(HS) e 125 mm HL8
e 40 mm Granular A e 50 mm Granular A
e 260 mm Granular B e 400 mm Granular B

HL1 HL1

HL8 (HS)
Granulana "
Granular rhiiar
ks B
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Pavement Design [ ‘

Methodologies
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Pavement Design Methods

m There are many different design procedures in use
around the world

m The theory behind the design procedures varies
immensely between agencies

m A variety of different techniques exist and they are
generally categorized as:

e Empirical
e Mechanistic
e Mechanistic-Empirical

PAVEMENT
DEZIGN
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State of Practice/Art

State-of-Practice State-of-the-Art

1

Mechanistic

Empirical

]

Common
Practice??
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Empirical Design

m Empirical design is based on correlations with
existing experience

m Most widely used design method because people
have developed confidence in the existing methods

®m You need a lot of existing data to have confidence in
the results

m Results are limited to the scope
of the testing
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Empirical — Basic Methods

Early trial and error methods

Successful designs are copied and repeated

Designs often related to pavement thickness and
compared using equivalent granular thickness
(EGT) or granular base equivalency (GBE)

Typical GBE or EGT factors

e 1 mm HMA ~ 2 mm base ~ 3 mm subbase
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Empirical — More Advanced

Most common empirical design procedure in North
America is the 1993 AASHTO Guide for Design of
Pavement Structures

Been validated for Ontario and widely used across
Canada

Based on in-service pavements therefore
empirically based

No procedure for innovative/improved technologies
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Brief History of the
AASHTO Design Guide

AASHO Road Test (1958-60)

1961 — AASHO Interim Guide for the Design of Rigid
and Flexible Pavements
1972 — Revised Interim Guide Experience

1981 - Revised Interim Guide for PCC

1986 AASHTO Guide for the Design of Pavement Structures
1993 AASHTO Guide for the Design of Pavement Structures
1998 Supplement to the AASHTO Guide (PCC)

2002 Guide to utilize mechanistic principles
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AASHO Road Test (late 1950’'s)
L e |

Matisnl Awndemy of Scbenses-
Matisnal Reseorh Cownil

Figure 11, Map of AASHO Read Test.
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Loading of the AASHO Road Tes

LooP 2 LANE 2 LooP 2
2 Kips

driving fatalities occurred '
during the two-year test .
period. kd
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= A fleet of 70 to 126 _é- &
vehicles
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Evaluation of Road Condition
m Road was evaluated in terms of the Pavement
Serviceability Rating (PSR)

e "The judgment of an observer as to the current
ability of a pavement to serve the traffic it is meant

n
to serve
5
Acceptable? “ery Good
4
Good
Yes 3 .
Fair
Mo 2
Poor
Undecided 1
“Wery Poor
0
Section ldentification Rating
Rater Date Time Wehicle
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Results of the AASHO Road Test

m A better understanding of the difference in damage
caused by different types and weights of trucks
(ESALS)

m A better understanding of what users consider to be a
good performing roadway (PSI)

m Design equations to relate the traffic with the damage
seen on the roads

APST }
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g, (g) =Z 48, +7.35%Iog o(D )~ 006+ — 93 g 039p y¥lag,,| — 5 ¢ o113
| 0, 162410 PO S
T ' (E IR

$ARA “
l\\<>/ Expanding the Realm of Possibility

11



Using the AASHTO Data Today
m What has changed since the AASHO Road Test?

e Significant changes to the types of materials used
in pavement construction

e Increase in traffic volume and vehicle weight
e Large advancements in the construction practices
e Other design factors (ie. drainage, friction, etc...)

m Our understanding of the materials and the
mechanisms of the deterioration is greatly advanced
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Mechanistic Design

m Relates stress/strain states to failures
m If modeled correctly can be very accurate

m Long history of existing mechanistic models I L
e Boussinesq
e Burmister __
e Linear Elastic Analysis St v e (T i ',':.:
e Finite Element Analysis i

i
et

(it 10 havee
mirale depth)

avement surface deflaction

P
Horzontal tensile stramn st bottom of bruminous layer
“eriical compressive strain i top of base

Werkal compressve stran ol lop of subg ade
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Pavement Response Under
Load

Base/Subbase @

Expanding the Realm of Possibility

Why Not Use Mechanistic Design?
m Pavement systems are VERY complicated to try and
model

e Asphalt concrete is a non-homogenous thermal-
viscoelastic material and has properties that
change with age

e Variability in materials along a project
e A pavement is only as good as it is constructed
e A pavement is designed for predicted traffic

m Early attempts to predict service life were very poor

m Relationships between stress/strain and failure
modes are still being developed (ride quality,
structural failure, rutting, etc...)

<+ ARA %
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Mechanistic-Empirical Design

m Mechanistic Design uses models to predict the effect
of materials, traffic, and environment on the expected
performance

m Empirical calibration ensures that it matches what is
seen in the field

m A large data set is used to calibrate pavement
models used to predict various methods of pavement
deterioration

m The larger amount of data and mechanistic
component allows for a more accurate reliability
component

+ARA .
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Mechanistic-Empirica
Pavement Design |
Guide
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Mechanistic-Empirical Pavement
Design Guide (M-E PDG)

m Uses advanced inputs to predict the mechanisms of
failure (structural and functional).

m Correlated with field results to ensure the models are
accurate.

Thermal cracking
Cracking

ﬂ._ 29
OHRH Expanding the Realm of Possibility

M-E PDG Design Inputs

m Climate Conditions
m Traffic Conditions
m Layer Materials and Thickness

Load °

i i i g

Time
...... Damage Distress
Response Accumulation
+ARA .
‘{k’ Expanding the Realm of Possibility
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T e
Integrated Climatic
Model

FINVACES

WiHnE: & temrperature
Precipitation e Sy :
Temperature i
Frost
Wind
Solar Radiation
Water Table Depth

Soil Mg w/moisture-& frost
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e
Truck Traffic Inputs

® Moving away from Equivalent Single Axle Loads
(ESALS)

m M-E PDG models the damage caused be individual axle
loads for each pavement section

m Traffic is also distributed by time of the year and by time
of the day to better account for the relationship between
climate and load.

ﬂ\ 32
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M-E PDG Material Inputs

m No longer based on standard co-efficients for each
material class (SN coefficients, GBE coefficients)

m Detailed material properties and performance
characteristics are needed

e Layer moduli

e Gradation

e Mix Volumetrics
e Drainage

33
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Mechanistic Models

m All inputs are combined to predict stress-strain
relationships for all load combinations at different
times of the day and year

m Models used for predicting distresses include:
e Finite element analysis for flexible pavements
e Neural network for rigid pavements

m Results in a prediction of performance
for a potential cross-section

@ARA :
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all over the U.S.A. and Canada.

Performance (LTPP) project.

by State and Provincial Agencies

practices.

@ ARA

National Calibration of Models

m The models were calculated based on research sites

m Advanced testing and routine monitoring was
completed as a part of the Long Term Pavement

m Test sites were located on states built and monitored

m |t was recommended that local calibration be
considered to ensure that models matched local
conditions, materials, loads, and construction

35
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B Etohicoke Collector Flexible.dgp - Design Guide 2002
File Edit View Tools Help

e H ? TN

B site/Project Identification
E Analysis Parameters

[ axle Load Distribution Factors
=i [ General Traffic Inputs
[ nmumber AxdesiTruck
H axle Configuration
0 'wheelbase
O climate
= @ structure
[ Drainage and Surface Properties
= [ vLayers
[ Layer 1 - Asphalt concrete
[ Layer 2 - Asphalt concrete
O Layer3-a1a
O Layer4-a1h
O Layers-sm
O Thermal Cracking
O Distress Potential

For Help, press F1

s Inputs 1 Results
= [0 Traffic =@ Input Summary
= [ Traffic volume adjustment Factors Project
[ Monthly Adjustment Traffic
[ ehicle Class Distribution Climatic
Haurly Truck Distribution Design
[ Traffic Growth Factor Laver

B output Summary
= Flexible Surmmary
Layer Modulus
AC Modulus (plot)
Fatigue Cracking
Surface Down Damage (plot)
SurFace Down Cracking (plok)
Biottom Lp Damage (plot)
Battam Up Cracking (plat)
Thermal Cracking
Crack Depth (plot)
Thermal (C-hj (plot)
Crack Length (plot)
Crack Spacing (plot)
Rutting
Ruting (plat)
IRI (plok)

OSSN o@oOE@E

Analysis Status:

Analysis ‘ % Complete ‘
0 Traffic 100%
[ Climatic 100%
[ Thermal Cracking 100%
[ AC &nalysis 100
[ Summary 100%

General Project Information;

Faamster | Value

Type Mew Flexible

Dresian Lite 20%ears

Location CADG20024Proje.
Properties

Setling [ Walue

Units 1S Custamary

Analysis Type  Probabilistic
Default Input — Level 3

<95 pun Analysis
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Flexible Distress Prediction

m The following distresses are predicted for flexible
pavements:

e Thermal (transverse) cracking

e Bottom-Up fatigue (alligator) cracking

e Top-Down fatigue (longitudinal) cracking
e Rutting

e |RI

% ARA .
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Typical Prediction Outcome

Bottom Up Cracking - Alligator

50

40

w
S}

Alligator Cracking (%)

N
S}

° fj”f_’/

0

0 30 60 90 120 150 180 210 240 270 300

Pavement Age (month)
/’T"x\ H H ——Maximum Cracking —s— Bottom Up Reliability —— Maximum Cracking Limit 38
k\<>/ R Expanding the Realm of Possibility
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Rigid Distress Prediction

m The following distresses are predicted for rigid
pavements:

e Faulting

e Slab cracking

e Joint load transfer
e RI

+ARA .
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| P ical Predicti Out
y Figure 3. Predicted Faulting
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M-E PDG Calibration
for _ ‘
The City of Toronto

1 T R

An Employee-Owned Compan

e
Climate Inputs
m A composite station was necessary to combine
information from the 4 available weather stations
m Depth of I AT W i
water table , @l AT 23
WaS o] w'@ < i) )
assumed to o A Lo =
be constant ¥ & AV
for all X |
I t oy @@@ =2
ocations b o e
4 ) gy
= % =) [ e
' Yol R
N NS A o T
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Local Local Collector
FHWA Truck Type L_ocal . (Commercial | (Residential Co_llecto_r (Commercial
Class (Residential) - (Residential) -
/ Industrial.) | Throughway) / Industrial.)
4 R 15 % 25% 20 % 20 % 25%
5 LoD 30 % 25% 30 % 30 % 25%
6 oo 45 % 40 % 40 % 40 % 40 %
7 o o 5% 5% 5% 5% 5%
8 wooev 5% 5% 5% 5% 5%
Total 100 % 100 % 100 % 100 % 100 %
7\ s
k\{b HRH Expanding the Realm of Possibility
e
Minor Arterial Minor Major Arterial . .
FSZ\SI? Configuration (Non-Truck Arterial (Non-Truck Izq'?l?crkARE(t)?thgl
Route) (Truck Route) Route)
4 o= 20 % 25% 35% 35%
5 lo—25 30 % 25% 30 % 15%
6 oL 40 % 40 % 30 % 14%
7 —_ 5% 5% 0% 2%
8 r— o 5% 5% 5% 14%
9 r—eey 0% 0% 0% 20%
Total 100 % 100 % 100 % 100 %
7N “
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Construction Material Inputs

m Standard pavement

JOB MIX FORMULA — GRADATION PERCENT

mixtures are used through frews

MARSHALL | e | $ELECTED LYY 23 % RaAP
out the city R I T O = o s
= Typical mix design reports et |

were available for

volumetric and mix

properties

* FIMES RETURNED TO MIK_[1.5%)

3 Mo B80 e vale - 804
e smg

REMANKS: 1
i T Thuiates sy compaced i N 4081 125

/r\\\ HRH :
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Subgrade Material Inputs

m The subsoils within the City limits
comprise predominately till and delta
sands

IROOUOIS SHORELINE

46
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Empirical Model Calibration

m A calibration of the M-E PDG was performed as a part
of this project.

m Testing was completed on 117 sections composed of:
e 67 Flexible
e 41 Composite
e 6 JPCP

m Visual surveys and laser
profiler testing were
completed on all sections

47
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Calibration Results

m The distresses were predicted and then compared to
the measured distresses

m Not all of the performance models were designed for
municipal pavements.

m The traditional distresses used for a structural
analysis (ie. alligator cracking) were centered around
the national calibration models.

7N\
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Calibration Highlights

m Thermal (transverse) cracking
e Dependent on binder type
e PGAC has helped mitigate
e Reflection cracking is not easily modeled
m Bottom-Up fatigue (alligator) cracking
e Most reliable model
e Basis of previous design methodologies
m Top-Down fatigue (longitudinal) cracking
e Difficult distress mechanism to accurately predict

+ARA
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e

Calibration Highlights

® Rutting

e The rutting predicted was significantly worse than
that measured in the City of Toronto

e Rutting issues encountered are related to the
asphalt mix volumetrics

m Roughness (IRI)

e Roughness measured tended to be significantly
higher than predicted

¢ IRl models were calibrated based on highway
conditions and do not include municipal road
hardware effects

4 ARA
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e
Roughness Calibration...

m Pavement roughness is used to ensure that the road
is safe to drive at reasonable speeds.

m |IRI model didn’t predict street hardware and traffic
calming devices.

LWP RWP Average
+ARA ;
\ ! . Expanding the Realm of Possibility

M-E PDG and T
Existing Toronto
Pavement Sections

N T B e

An Employee-Owned Company
#
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e
Pavement Design with the
M-E PDG

m The designs were based on:

e Common City of Toronto
materials

e Experience of design and
construction staff

e Functional
classifications

e Limiting fatigue cracking

= - - L]
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Evaluation of Existing Sections

m The M-E PDG was used to evaluate the existing cross-
sections used by the former municipalities

m The Toronto specific design inputs were used

m The results of the analysis were the expected truck
traffic

& 134

12
11 A /
10

-

8

7 Etobicoke Secondary Arterial —
6 Pavement Structure
5

4,

,000 5,000 6,000 7,000 8,000 9,000 10,000
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Evaluation of Existing Sections
(Arterial Roads)

12000
N EGT = 830 Major Arterial Truck Route
I; =T Major Arterial Non-Truck Route
% 10000 m Minor Arterial Truck Route
e EGT =780 B Minor Arterial Non-Truck Route
E 8000 - B Predicted AADTT
s
3 EGT =700
2 6000
'_
c
=
g 000 .
A8 4
B
k] EGT =780
2 2000 EGT =750
o
0
Etobicoke -  North York- Metro-Deep  Etobicoke -  Scarborough  East York -
Primary Heavy Duty Strength Secondary Local Arterial

4 ARA .
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____
Two Arterial Sections
m Etobicoke Arterial m Scarborough Arterial
e 40 mm HL1 e 40 mm HL1
e 225 mm HL8(HS) e 125 mm HLS8
e 40 mm Granular A e 50 mm Granular A
e 260 mm Granular B e 400 mm Granular B

HL1 HL1

HL8 (HS)
Granular Granular
B B

T,
$ARA 56
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Evaluation of Existing Sections
(Collector Roads)

5000
= 4500 EGT =730 MfajorArleri-aI
E Minor Arterial
é 4000 = Collector Comm./Ind.
= W Collector Residential
£ 3500 - A
E EGT =750 | Predicted AADTT
S 3000 EGT =680
3 EGT =570
S 2500
' 2000
. 4
= EGT = 630
A 1500
B
‘S 1000
£
£ 500
0
Etobicoke - York - Etobicoke - North York - Scarborough  East York
Industrial ~ Standard 'A"  Residential Medium Duty

@ ARA
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Issues with Exist

m East York Collector
e 50 mm HL3
e 50 mm HLS8
e 150 mm Granular A
e 225 mm Granular B

Granular
B

@ARA

iIng Designs

m North York Collector
e 35 mm HL1
e 175 mm HL8
e 50 mm Granular A
e 100 mm Granular B

Granular B

58
Expanding the Realm of Possibility
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Evaluation of Existing Sections
(Composite Pavements)

8,000

7,000 /

6,000 /
5,000 /
4,000 //

3,000 Major Arterial

2,000 / 150 mm Granular A
5 m Slab Length
50 MPa Subgrade

AADTT

1,000

0
220 225 230 235 240 245 250 255 260

PCC Slab Thickness (mm)

+ARA .
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Development of New Guidelines

m New designs were based on the existing designs and
experience with them

m Some things were reduced:

e Fewer materials

e Less variability in material thickness
m Some things added:

e More flexibility in traffic levels

e Some consideration of subgrade type

+ARA .
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Granular Material

m Existing guidelines use:
e Granular A — 40-150 mm
e Granular B — 100-400 mm
m The granular material is used to:
e Provide frost protection
e Allow adequate drainage
e Provide suitable construction platform

(\%E)HRH Expanding the Realm of Possibilietly
__r_—
Recommended Granular
Material

m Granular A is recommended at 50 mm

m Granular B Type Il is recommended to provide
adequate angularity and support

Functional Class Granular A Granular B
Type 1l

Major Arterial (Truck Route) 50 mm 350 mm

Major Arterial (Non-Truck Route) 50 mm 300 mm

Minor Arterial 50 mm 250 mm

Collector 50 mm 250 mm

Local 50 mm 250 mm

+ARA e s of st
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Asphalt Material

m The designs focus on four common mixes:
e HL-1
e HL-3
e HL-8
e HL-8 (HS)

m Thickness was provided for different traffic levels
within functional classifications

+ARA .
k\ / Expanding the Realm of Possibility

Optimum AC Thickness (fatigue)

16
- —— Allligator Cracking
o 14
<
& 12
(=2
£
X100 ——_————— = —
o
QO g
o
g
b 6 T Major Arterial
32 4 Non-Truck Route
g 5% Comm. Vehicles
L 2 L AADT 75,000
o 50 MPa Subgrade
0 T T
125 150 175 200
AC Thickness (mm)
%) R o
k\ﬁ?/n H Expanding the Realm of Possibility
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Asphalt Thickness (traffic)

200

/

190
180 -
170 ~
160 -
150 3

140

AC Thickness (mm)

130

120

110 —

—e— 30 MPa Subgrade
—=— 50 MPa Subgrade

Granular Layers:

350 mm Granular

100
30,000

40,000 50,000
Traffic Volume for Major Arterial Non-Truck Route (AADT)

60,000

70,000 80,000

+ ARA
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Updated Pavement Designs

30,000 40,000 50,000 60,000 75,000
30 MPa 50 MPa 30MPa s0MPa 0MPa 50MPa 30 MPa 50MPa 30MPa 50MPa
[ o mm LT [T o mm LT T mm LT
[Non- Truck Routes] 110 mm HLs (H5) J50 mm HL-8 (H5) 125 mm LB (+5) 100 mm HL-8 (H5) 135 mm HLB (HS) 110 mm L8 (45) 145 mm HLs (+5) 120 mim HL3 (H5) 155 mm HLB (HS) 125 mm L8 (45)
i A A A A A A A A
Vehicles) 8 B . . . B . .

e 3

535 mm Tota. 510 mm Total 545 mm Total

30 mm FLL 10 mm AL 30 mm FLT f20 m

160 mm HLB (+45) 165 mm HLB (+5) [170 mm LB (HS) 150 o HL (45)
A A A

A
B 8 8 3
1500 mm Total 480 mm Total 515 mm Toa 490 mm Total 1525 mm Total 500 mm Tora)
[20 mm A1 [20 mm FiLL 30 mm AL 30 mm AL [20 mm A1 J20 mm FL1
Truck Routes 130 mm Ha (4s) 110 mm HL3 (45) 150 mm HLB (+45) 150 mm HLS (15) 155 mm HL (H5) 155 mm HL3 (45)
A A A A A A

Major Arterial

Vehicis) 350 mm Graniar 8+ [350 mm Granulers+ | s | | o | - Bt | .3 0
570 mm Totl 550 mm Total 590 i el 570 o Toa! 575 i Toral 600 i Toral 610 m Toal 590 o Toe!
0 i L1 20 mm LT 0 min L1 0 i L1 i LT 20 mm LT
rckpoues fisomm s is)  Josmmras)  fsommitas)  fssmmiiams  [momm e 175 mm L3 15) s mm L8 (49)  [165 mm Lo 0us)
) A A » »
Vehicies) |350 mm Gronuiar B+ [350 mm Granulars® | e | - 8" . e | 5t |350
590 mm Total 565 mm Toral 1500 mm Total J575 mm Towt Lst0 mm Tom 566 mm Toal Js15 mm Tota J505 mm Total Ls25 mm Tota J605 mm Total
All Traffic &
20,000 25,000
Subgrade
30MPa S0 wPa 30wPa sowPa
[T T ajor
HL8 (1) o0 mm HL8 (S) o5 mmhLa sy fesmmiis gus) arerial
© A A A A
vehictes) 250 mm Granuiar 8+ [250 mm Granutar 5+
35 o Toul 420 mun Toua 145 i Tot 25 oo ol
20 mm L1 f20 mm LT [30 mm ALT 0 rm L1
Mokfoutss 135 mm o (4s)  |uommHLe(S)  |uommHLB(S)  [120mmHLa (4S)
1 A A A
Y Vehictes) |250 mm Granuiar B * |zsa mm Granular B |zsn o Granular 8 * |zsu mm Granular 8 *
75 o Toe! 150 mim Toil 120 mun Tt 0. Totl 50 mm L1 0TS
200 mm PeC Concrete
000 7,500 10,000 15,000 150 mm Granutr
30 wPa s0wPa 30wPa sowPa 30 Pa s0wPa 30 wPa s0wPa 1400 o Toel
[ s T [ s [ s s oS
comm./ina. 5% 105 mm s 75 mm HLa 115 mm Lo o5 mm L5 125 mm s o5 rmm HLa [Fomm LTS
Commercial A » 150 mm pCC Concrete
ehicles) B 8t 8" . 3 150 mm Granuir &
145 i Totar 15 o Towr 15 o Toul 426 min Toual 165 i Totar 135 o Toal 250 o Toual
[ [ s 0 L3 20 m FL3 20 m FL3 f20 o L3
residential 3% [r0 mm s l60 mm e o5 mm s 50 mm s fos mm L8 l60 mm 1.5
Commercial » A | A | A | A
ehicles) « Josomm Granuer 8+ o .3 . .
10 r Toul 200 mun voul 25 i voul Ja00 mn vout i35 mn rou L100 mm ot
2,500 3,000 4,500 Notes: AADT
[ sowe [ sowee owa | sow Sowea sowe Subgrade
- Tocal Throughway (3% Commercial
nmercial ‘ "
Local Residential (3% Commercial Vehicles) Local Industrial (10% Commercial Vehicles) ey & + Subbase s Granular 8 - Type l as specified in 0SS 1010
o oS oS oS o Fomm TS
0 mm L3 0 mm s I~
o 5 | |
250 i Granuier & + |2547 mm Granuar 5. B 8" ne
100 rm Tou! 400 mm Total 120 mim Total Li00 mm 1ot 400 o Total 00 mm Toul WA

+ARA
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1 EXPANDING THE REALM OF POSSIBILITY

How to Use the NJW
Guidelines -

JSOCIATE, INC.

An Employee-Owned Company

ﬁ S1SP ARA0127-67

Pavement Design Procedure
Determine the
functional classification
b Determine
traffic parameters
“ Determine
subgrade support value
g Use design matrix table to
select pavement sections
g { Life cycle cost analysis }
g Recommended
pavement design

T,
<+ ARA .
k'\ / Expanding the Realm of Possibility
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Determine Functional Classification

m Refer to the City Road Classification System

http://insideto.toronto.ca/wes/transportation/rc/index.htm

m If classification is unknown or undetermined contact

e Operational Planning and Policy Unit
Transportation Infrastructure

Management Transportation Services
1 Toronmo Roautcln:‘[i‘na[ion System

e fare]

69
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General Functional Classifications

Characteristic Locals Collectors Minor Arterials Major Arterials Expressways

Traffic movement versus property access Property access | Traffic movementand | Traffic movement primary | Traffic movement primary Traffic movement

primary function property access of ; some subjectto | primary consideration;
equal importance property access control property access control no property access
Typical daily motor vehicle traffic # 2,500 2,500 - 8000 8,000 - 20,000 > 20,000 > 40,000
volume (both directions)
Minimum number of peak period lanes One (one-way One (one-way streets) Two Four Four
(excluding bicycle lanes) streets) or two or two
Desirable connections Locals, collectors Locals, collectors, Collectors, arterials Collectors, arterials, Major arterials,
arterials expressways expressways
Flow characteristics Interrupted flow Interrupted flow Uninterrupted except at Uninterrupted except at Free-flow (grade
signals and crosswalks signals and crosswalks separated)
Legal speed limit, km/h 40-50 40 -50 40 -60 50 - 60° 80 - 100
Accommodation of pedestrians on one on both on both sides Sidewalks on both sides Pedestrians prohibited
or both sides sides
Accommodation of cyclists Special facilities as required Wide curb lane or special facilities desirable Cyclists prohibited

Surface transit Generally not Permitted Preferred Preferred Express buses only
provided
Surface transit daily passengers Not applicable # 1,500 1,500 - 5,000 >5,000 Not applicable

Heavy truck restrictions
.g. seasonal or night time;

Restrictions

Restrictions permitted

Generally no restrictions

Generally no restrictions

No restrictions

preferred
Typical spacing between traffic control 0-150 215 -400 215 - 400 215 - 400 Not applicable
devices?, m
Typical right-of-way width, m 15-22 20-27 20730 207457 > 45"

70
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Determine the Traffic

m The type of vehicles greatly affect the service life of a
vehicle.

m The traffic data needed for the design guidelines
includes:

e AADT
e Commercial Vehicles

+ARA ,1
KJ Expanding the Realm of Possibility

Traffic Data

m Refer to the City’s Traffic Management Centre (TMC),
Volume Maps, or Turning Movement Summaries

http://insideto.toronto.ca/wes/transportation/tmc/tdcsb/volumes/index.htm

m If there is no traffic data, a traffic count request can be
made through

e Traffic Data & Safety Bureau ,
Traffic Management Centre  [jgmam - . ...
Transportation Services m—

I

<+ ARA
\4_}/ Expanding the Realm of Possibility
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v & Safety Bu

m T“ﬂn"m City of Toronto - Traffic Data Centy

TURNING MOVEMENT COUNT SUMMARY REPORT

Printed on: 09-JUN-2004 Survey Date:  2004-TUN-02 (Wednesday)
ISTERSECTION OF CARLAW AV AT LAKESHORE BV Survey Type:  Reutine Hoars
Time  Vehiche NORTHBEOUND EASTROUND SOUTHBOUNT WESTBOUND
Perfod  Type Exits  Lett Thru Kight Towal Exits Lent  Thru  Right Left Thru Right Total Exits Left  Thra  Kight  Towal Peds Bike Other
om0nag-0p CAR B 4& 4T 2 18 3 TR 43 308 $ 1MmE 17 M N T 0
A AR TRK 4 40 17 & &3 2 1 9 M 168 1 4 1 s 9 o
’ BUS 5 ] 5 [} 7 [ ] & [} & 2 [} [ (4 & 0
TOTAL D 86 [ A 186 1 15 1 M 162 3278 D EEET 1 0
16:30-17:3 CAR 77T & 1 I 6 1] &4 M7 1206 2 M 1009 N (1] ]
PAM PEAK TRE n 5 0 1% L o w0 20 & ] L} L Lo 18 o
T oBus + 3 ] 4 1 1 ) 4 ] 4 [ ] ] ] 1 ] ] 3 ]
TOTAL ) s 17 T “ 16 D D CIEET B o
CAR 5 s ¢ 10 o BT SIS T VT T o
oFFRr TRE  # 307 F I 1 [ PR 2 o1s 4w 2 ]
AVG  BUS 3 1 3 0 4 2 [} 2 1 0 : 0 4 3 ] 2 ] 0
TOTAL m 95 i 1 18 LI M L6 [ 28 T 35 149 LT 2 0
0T:50-09=80 CAR m iE o2 ii 1,664 653 108 83 5605 F g o
TEE 108 5 49 £ 153 3 0 2 m 5 1
1HR/
RUS 13 £ 13 0 n 1 -] 1} 1 n 10 o L]
TOTAL CTRN T i 366 1818 TeE L 1 R ] ]
16:00.15-00 CAR 1,440 s1ia 2an 4 158 N []
rmmpn TRE ¥ [T PRI o
- BUS n L] 9 T o S E 13 o
TOTAL = 144 T 1570 WL W w0
30-18:00 CAR Fiod I 3 13487 161 11505 N M1 o
US | 13 3 @
TOTAL 1413 995 LEE 1060 (F9 e L6 176 (6 Jan IEIER T T 1
Total 8 Hour Vehicle Volmme: 31255 Total 8 Hour Bicycle Valame: 3 Total 8 Hour Intersection Velume: 31258
Comment:  OTHER = LB & WB U TURNS
Page lafl
Determine AADT from Intersection
649 m 8 Hour Traffic
142
(142) 1514 + 649 + 215 + 504
= 2882 Vehicles
m Commercial Vehicles
515 437 + 142 + 20 + 105
504 20
105 (20) =704 C.V.
m 24% Commercial Vehicles
* o
2882 * 2.1 = 6052
74
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Subgrade Support

m The subgrade soil is the native material that the
roadway is built on.

m The purpose of the pavement structure is to
adequately protect the subgrade from the traffic loads

m The subgrade support is defined in terms of the
Resilient Modulus (M,)

% ARA .
k\ / Expanding the Realm of Possibility

Subgrade Support Classes

m Cohesive soils m Sandy Alluvium Soils

e Tills, clays, silts, etc e Sand bars, beaches,

e Low to high frost and boulder fields of
susceptibility the lower lying
depending on the Iroquois Plain
actual soil matrix e Low frost

e Fair subgrade susceptibility
support with an M, of e Good subgrade
30 MPa support with an M, of

50 MPa

T,
$ARA 76
k\ / Expanding the Realm of Possibility

38



Major Arterial

4 ARA

Select Appropriate Cross Section

30,000 40,000 50,000 60,000 75,000
S0P S0P S0wPa Sowpa 0P S P 30 P Sowra 0wPa S0P
[ [0t o [ T
on kot tommia 1) foomm . ) B S L e T e 125 mm i 015)
» A A x A A A
enicies) oo Graner 8+ (300 mm Granlr 5+ B 8t o . o0 mm Granuaro
5nn oo oo T ot o 1ot o o EE 500 mm Tou oo o o 545 mm Toul 516 mm Totl
[30 mm L1 0 mm AL féo mm L
ruck Routes ua s o ommsia v [ommsis v [(Sommiiia v Lo mmsia e s [ommsis v L its s frommrs s 150 mn s (15)
A A A
enicies o Granr B+ (350 Granlr B+ | © [esomm Granuiar-
570 o Toual 550 i Total oo 1o o o o n e 576 mm To! oo s o 510 m Toul 50 mm Totl
[0 mm LT a 0 o L1 fs0 mm L1
inckroues [isomm tico ) [i2smm o) 160 e v L5 mmiice v [Fommiiis B9 et s mmbice o Lssmm o I e
A » A A A
Vericie) |350 " Granar . |aso ' Granuar &+ | . |350 nm Granular
590 mm Total 565 mm ol |5W o Total |575 mm Total |s|u m Total 565 mm Toial Ims o Total |595 mm Total [625 mm Total Jb0s mm Total
20,000 25,000 S
S0P s0WPa Sowpa Sowpa
AT [T 5
Non-Tuckouefos s (15) 50 S (15) 105 mm g 1) [esmm e (i)
S x A
Vehices rsomm G o0 n o« o .
s T 420 mm Tor 445 m Tote 26 mm Tor
S Fio m 1 o L1 o mm L1
acroues [iosmmiiaps  [iommuoms  [wommiioes  [lommis i
A A x
Vehicles) |250 mm Granuiar B+ [250 mm Granular B+ [250 mm Granular B+ [250 mm Granular 5+
75 mm Tom! 0 mm Tora 50 mm Tor 50 mm Tor
200 mm pc Concrete
5,000 7,500 10,000 15,000 150 mm Granutar &
owra sowpa a0wpa Sowra owra sowPa 30 wPa sowpa 0 o Tora
0 T [T e ommis TS
106 mm e rs mm s 1ismmbie a5 mm e 126 mm e o5 o L8 AT TS
150 mm PCC Concrete
150 mn Granutar &
25 mm Tota 16 mm Tou s izt 5 mm Tote 35 o Tota 350 mm Torl
[T = 0 mm L3 o mm L3 Fior
romm e 50 mm s o5 mm s 50 mm s 55 5 fomm s
A »
256 mm Granuiar 8+ 250 mm Graniar .+ .
410 mm Total Total Iazs mm Total Imn mm Total |4:5 o Total |4<x) o Toial
2,500 3,000 4,500 Notes: AADT
[ 30 MPa [ 50 MPa 30 MPa. [ 50 MPa. 30 MPa [ 50 MPa Subgrade
Tocal Throughay (3% Commercial
Local Residential Vehictes)| Local industrial Vehictes)
¢ ) Vehicies) * Subbase is Granular B - Type Il as specified in OPSS 1010
[T oS (e oS [ommreT oS
o mm e 60 i L o0 mm Lo 0 mm s o mm s l6omm Hie
A » A | A | [
256 mm Granuiar 8+ 250 mm Graniar .+ ne.
400 mm Total 400 mm Totel Ja20 mm Totet Ls00 mm ot 400 mm Total J200 mim Totel .

77
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Using the Design Matrix

m The design matrix is setup in groups of functional
classes

m For each functional classification, find the specific
design by using the expected traffic and subgrade
support value.

20,000

25,000

30 MPa

50 MPa

30 MPa

50 MPa

Non-Truck Routes|
(4% Commercial
Vehicles)

40 mm HL-1

95 mm HL-8 (HS)

50 mm Granular A
250 mm Granular B *
435 mm Total

40 mm HL-1
80 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
420 mm Total

Truck Routes
(7.5% Commercial
Vehicles)

|
=
(]
-
o
<
<)
=
b3

40 mm HL-1

135 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *

40 mm HL-1

105 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
445 mm Total

40 mm HL-1

85 mm HL-8 (HS)

50 mm Granular A
250 mm Granular B *
425 mm Total

40 mm HL-1

110 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *

475 mm Total

450 mm Total

40 mm HL-1

140 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
480 mm Total

40 mm HL-1

120 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
460 mm Total

Expanding the Realm of Possi
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Composite Pavements

All Traffic &
m Selected only by Functional Subgrade

. . 40 mm HL-1
Classification

Major 50 mm HL-8 (HS)
Arterial 250 mm PCC Concrete
150 mm Granular ‘A’
490 mm Total

m Pavement structure isn’'t as

40 mm HL-1

50 mm HL-8 (HS)

250 mm PCC Concrete
150 mm Granular ‘A’
490 mm Total

sensitive to traffic volume.

50 mm HL-1 of HL-3
Local 200 mm PCC Concrete

Collector - 1150 mm Granular ‘A’

Route 400 mm Total

[2]
3
c
(3]
£
3]
>
T
o
]
=
[%2]
o
a
£
o
o

ocal [50 mm HL-L or HL-3
Collector - 150 mm PCC Concrete
Non 150 mm Granular ‘A’
Bus/Truck 350 mm Total
Route

+ARA :
l\_i?/ Expanding the Realm of Possibility

Pavement Type Selection

m City of Toronto uses two pavement types:

e Flexible (Asphalt) pavement

e Composite (Asphalt and Concrete) pavement
m Many factors to consider

e Long term performance

e Short term performance

e Serviceability

e Life Cycle Cost

$ARA :
l\\<>/ Expanding the Realm of Possibility
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e

Life Cycle Cost

A procedure to account for all costs over the whole life
of a pavement

Costs for both alternative pavement types are
calculated and compared

m Recommended whole life
e Arterial Roads — 100 years
e Collector Roads — 75 years

m Recommended rehabilitation analysis period
e 50 years (30 years minimum)

+ARA "
K ¥ / Expanding the Realm of Possibility

e

Life Cycle Cost Considerations

m Select appropriate whole life maintenance plan

m Calculate costs of all maintenance and rehabilitation
activities for each alternative

m Calculate life cycle costs for each alternative

® Summarize and compare the Net Present Value for all
alternatives

m If the life cycle cost is within 10 percent, they are
considered equivalent (other factors must then be
considered)

+ARA .
K ¥ / Expanding the Realm of Possibility
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[
Whole Life Maintenance Plan

Composite Pavement Performance for Major and Minor Arterial Roads
New construction or
reconstruction Excellent

Resurfacing 1

Resurfacing 2

= Good

o]
[
3
2 Resurfacing ~ Time period for cost- -
= ® effeciive applcation ) o
= o of resurfacing Fair 9
© . 2
> . . 3
© 0y . 5
£ |7 < Unplanned reconstruction -1 Planned —y- B
g resultina from deferral reconstruction
[
3] Poor
T
o

Very

Poor

0 10 20 30 40 50 60 70
Time (Years)
= Performance Range — Average Performance
e Deferred Maintenance Crack Seal

83
npn Expanding the Realm of Possibility

[
Pavement Unit Costs

Pavement Material Unit Prices for 2005 and 2006

Item Description Unit Unit Price Percent
2005 2006 Chang
Average | Std Dev | Average | Std Dev
Hot-Mix Asphalt HL1 PGAC 58-28 hg $64.65 $3.76| §97.86|  $20600 S1%
Hot-Mix Asphalt HL3 and HL3 MOD PGAC 58-28 hg $55.965 §2.77| §57.54| §31.08| 48%
Hot-Mix Asphalt HLB PGAC 58-28 hg $50.24 $5.63| §63.79| $10.50| %
Hot-Mix Asphalt HLBHS) PGAC 55-28 il §62.14 $5.00] §7869) 25378 %
Granular A Crushed Limestone gy 2711 $13.16
Granular A Recycled Concrete gy $26.71 $10.96
Granular & (Al lterms) hg §19.558 $5.49) 2653 $12.30] 3%
Granular B Crushed Limestone (Type ) Iy $29.29|  §14.07
Granular B Recycled Concrete Iy $21.03 §7.78
Granular B gy $18.73 $1.96
Granular B (Al ltems) Iy $15.55 $3.46 $24.00 $10.68]  29%
Concrete Base 150 mrm Thick e $32.00 $35.40 F4.51 1%
Concrete Base 200 mrm Thick e §42.67 $53.88 $0.76) 26%
|Concrete Base 250 mrm Thick (Estimated) m? $53.33 $75.70)na 42%

Source: Transportation Infrastructure Asset Management and Programming Unit

84
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Typical LCCA Format

DETAILED LIFE-CYCLE COST ANALYSIS
Composite Major and Minor Arterial Road per 1 km LCCA Maintenance Plan

MAJOR ACTIVITY MINOR ACTIVITY [ VU I —
VEAR INITIAL INITIAL | INITIAL
DESCRIPTION cogy | DESCEIPTION | (o o FACTOR | WORTH
0 Latitial Construction | $1,534.2350 $1,534,350 tooof  $1,534250
3 Crack Seal 48,000 $2,000 0344 $i6,730)
B Crack Seal 36,400 36,400 0636 $4,069]
26 Resutfacing $i611,052 $i611,052 0229  $140.203
29 Crack Seal $3,000 32,000 0.194 $1,549]
24 Crack Seal 96,400 §i5,400 0.146 $934)
4 Resurfacing $611,052 $611,052 0.074) §45,183
49 Crack Seal $2,000 2,000 0062 [
54 Crack Seal 36,400 §i6,400 0.047 3301
69 Feconstruction 1,534,230 $1,534,230 0.030 $30,849
72 Crack Seal 48,000 2,000 0017 $135)
77 Crack Seal 36,400 36,400 0013 382
95 Resusfacing $611,052 $611,052 0.005 $2,819)
08 Crack Seal 3,000 §2,000 0.004 4§31
Sub-total 1,767,633
Salvage Value ( 5% of Construction Costy 7 $30,553 106
Life-Cycle Cost for 68 Year Road Life $1,733,631
100 Year Life-Cycle
Residual Value ( 15420 of last Rehabilitation) "-$1,150,688 -$4,000
Total Life-Cycle Cost - 100 Years $1,763 547

CALCULATION OF DISCOUNT RATE

#nmual Interest Rate = 9%

T Annual [nflation Rate = 3%
"/,JL By HRH Discount Rate = 583 % 85
\‘_r/" Expanding the Realm of Possibility

Preferred Alternative

m The pavement structural design should be based on

Life Cycle Cost Analysis

Operating Costs

Impact to the Public

Risk Analysis

+ARA %
\‘_':/" Expanding the Realm of Possibility
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General Considerations

m Flexible Pavements m Composite Pavements
e Typically lower initial e Longer service life
cost e More resistant to
e Shorter service life heavy loads

e Typically less
expensive to maintain

+ ARA .
k\ / Expanding the Realm of Possibility

Design Example - 1

Local Road Rehabilitation of Existing Flexible Pavement

e Princess Anne Crescent and surrounding streets
(Oldham Rd, Cheviot PI, Orkney Cr, Byland Rd,
Grimsby Ct)

Road Classification:
Local Residential Roads

m Traffic Level:
AADT <2,500;
<3% Commercial Vehicles ,
m Assumed sandy silt till subgrade; \
support 30 MPa P 3
N sa
Kﬁ_}/ HRH Expanding the Realm of Possibility
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Design Example 1 — Princess Anne Cr.

30,000 40,000 50,000 60,000 75,000
e Sowea Sowre owpe | sowes | sowes | sowes sowra ET) Sowpe
[
Non-Truck Routesf 10 mm .6 (14) l50 mm HLs (145) 125 mim HLs (1) i) 120mm g (1) 155 mm kL (4s) 125 mm HL8 (45)
A A A = or A A A
vtices) 2 o All Traffic & s+ . © |
500 mm Total 250 mm Toal 515 i Total 510 mm Total 545 mm Total 515 mm Total
20 rm FLL 20 mm L. a0 mim L1 0 mm HLL 70 T AL 30 rm FLL
A A A r 7 A A I
Venicles) | e | B | B 40 mm HL-1 jare*  Jasomm Granuiare*  [350mm Granular B+ [350 mm Granular & *
570 mm otal 550 i Tota 500 mim Total 565 mm Total 10 mm Total 1590 mm Total
20 mm A1 o0 rm A1 fi0 mm L1 A 0 mm HLL 70 AL 20 LT
frckpoues ficcm o ws  [Lsmmiiecs  fisommiacs Major 50 mm HL-8 (HS) o [immians  [smmeiows  fiesmmice v
A A A i or 1 A A A
vehices) e | e | 8 Arterial 250 mm PCC Concrete [t |3su o Granular &+ |350 o Granlar 5+ |350 mm Granuiar 8
| EE Jsss mm o 500 mn vl 150 mm Granular ‘A’ 05 i Toal 25 o Toal o5 ron Totl
1 490 mm Total
2,500 3,000 4,500
Non-Truck: e
(v commer 30 MPa I 50 MPa 30 MPa I 50 MPa 30 MPa | 50 MPa
. N " . N " . Local Throughway (3% Commercial
Local Residential (3% Commercial Vehicles)| Local Industrial (10% Commercial Vehicles) ghway (
Truck Routes Vehicles) ete
7.5 Comme
Venicles) 40 mm HL-3 0 mm HL-3 40 mm HL-3 [40 mm HL-3 [40 mm HL-3 [40 mm HL-3 -
60 mm HL-8 0 mm HL8 80 mm HL-8 60 mm HL-8 60 mm HL-8 60 mm HL-8 -
{50 mm Granular A 0 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A
250 mm Granular B * 50 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B *
400 mm Total 00 mm Total 420 mm Total 400 mm Total 400 mm Total 400 mm Total
comm/ina. 6% 105 mim L8 (#0Umm Total o5 mm HLo T (5o AT or T
Commercial 50 mm Granuier A ora 50 mm Granuiar & Collctor- |10 mm pcc Concrets
Veicles) 250 mim Granuiar & + . . o 150 mom Granutar
445 mm ol Ja35 mm Total BusTruck {350 mm Total
(i (s i s 50 mm HL-1 or HL-3 . A "
Resigential 3% [70 mm s l6o mm HLs es mm HLs
e " | " 150 mm PCC Concrete
Veicles) . . A
410 mm Total 400 mm Toe! 125 mm ol 150 mm Granular ‘A
350 mm Total
2,500 3, Notes: AaDT
[ 30 MPa [ 50 MPa. 30 MPa. Subgrade
Local Residential (3% Commercial Vehicles)| Local Industrial (10  Subbase s Granular B - Type l as specfied in OPSS 1010
[ [0 TS [ s oS oS oS ‘
0 mm s l6o mim L 0 mm HLs 0 mm L 60 mm L l6o mm L AT
; : 4 . bR
B B 1
200 mm Total 00 mm Tt Ja20 mm ol 100 mm Total 100 mm ot 200 mm Toal L e

« ARA
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But We're Not Reconstructing!

m Must consider appropriate rehabilitation strategies

Partial reconstruction (pulverize, regrade, new HMA)

Cold Recycling and Overlay

Full Reconstruction Flexible

Full reconstruction Composite

m Treatment selection should be based on LCCA

Expanding the Realm of Possi
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Design Example - 2

2006/07)

e From Pharmacy Ave to Warden Ave

Bus Route

Road Classification: Minor Arterial Road
Traffic Level: AADT ~ 16337 (2004); Non-Truck Route,

Reconstruction of McNicoll Avenue (Program Year

Assumed silty clay subgrade; support 30 MPa

Bas4 (05|

91
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Design Example 2 — McNicoll Avenue

30,000 40,000 50,000 60,000 75,000
0P sowpa Sowra Sowea | sowea | sowea | cowea SowPa 0P soura
@ [T O iCT [T m
on TruckRoutd o mn s (45)  foommHLE5)  [125 mm s (es) R R e
A . o n
Venicies) 300 mm Granuiar 8+ [300 mm Granular B+ [300 mm Granular &+ All Traffic & arg B* 300 mm Granuiar &+
500 Tor! 480 mm Tor 515 i Tou barad 510 Tora ot n 515 i T
o mm L [0 mn Lt o i AL o min AL T Fiomm L
) R Y Subgrade [ ot I; s
A * o a A
Vehictes) fs50 mm Granuiar 8+ [350 mm Granuiar B+ [350 mm Granular B+ 40 mm HL-1 iar 8+ |50 mm Granuiarg +  [350mm Glanu\av B+ 350 mm Granular B+
570 mm Tor! 550 mm Tor) 550 i Tou 565 mm Tora siomn T 550 o Tor!
6 mm L Fio L1 o i R o i ALt iEN o mm AT
rkfouss isommiice s |iosmm s ms) |60 mm s ) Major 50 mm HL-8 (HS) o [issmmicans  [ismsoes  [issmmrcsns
A
Vehicles) 350 mm Granui . |35u m Grenular 8
50 o Tom! s o Tora
’ All Traffic &
Subgrade
0] 30 MPa 30 MPa 50 MPa [somm i1
40 mm HL-1 140 mm HL-1 40 mm HL-1

@9 Commercal
vehices) .
(4% Commercial

Minor Arterial

Non-Truck Routedlo5 mm HL-8 (HS)

50 mm Granular A

105 mm HL-8 (HS)
50 mm Granular A

85 mm HL-8 (HS)
50 mm Granular A

s
rruckRoutes [135 mm a0 ¢ JRNSAN Vehicles) 250 mm Granular B * 250 mm Granular B * 250 mm Granular B *
I BN 435 mm Total 1445 mm Total 425 mm Total
e e
75 o 7o [N 40 mm HL-1 [40 mm HL-T 40 mm AL-1 [0 AL T
Jej Truck Routes 135 mm HL-8 (HS) 140 mm HL-8 (HS) 120 mm HL-8 (HS) I
=3 (7.5% Commercial|50 mm Granular A 50 mm Granular A 50 mm Granular A PR
PR Vehicles) 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 200 mm Total
475 mm Total 450 mm Total 480 mm Total 460 mm Total R —
for= 350 mm pec concrete
250 mm Granuir 8-+ 5 [750 mm Granuiara - [Non 150 mm Granuir &
145 i Totar 135 o Toal us/Truck {250 mm Toul
oS [omm s 30 mm A3 50 mm HL-1 or HL-3 o
S e S it 150 mm PCC Concrete
+ [esomm Granutar s+ [o50 mm Granuirs A
e [omenes fome 150 mm Granular ‘A
350 mm Total
2,500 3.4 Notes: AADT
[ owe [ sowe sowra Subgrade
Local Residential (3% Commercial Vehicles)| Local Industrial (10 « Subbase is Granular B - Type Il as specified in OPSS 1010
o oS oS = oS, o TS
80 mm HL-8 60 mm HL-8 60 mm HL8 [60 mm HL-8 I
e B B =] i
250 mm Granwiar 8+ [250 mm Granuiar 5+ o
o0 o 7o [zmen 20 mm v ico o T 0 mm Tt J£00 o 7o WL ne.

4+ ARA
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e
Design Example 2 Summary

m Flexible Cross-section m Composite Cross-section
40mm HL-1 40mm HL-1
95mm HL-8 (HS) 50mm HL-8 (HS)
50mm Granular A 250mm PCC Concrete
250mm Granular B — Type I 150mm Granular A

m Complete LCCA
m Other Considerations:
e Urban cross-section with four lanes

ﬂ\ 93
npn Expanding the Realm of Possibility

e
Design Example 3

m New Development

e Rouge Hills (single family -detached, semi and -row
housing)

m Road Classification:
Local Residential Roads

m Traffic Level:
2,500 AADT

m Assumed silty clay subgrade;
support 30 MPa

i R ;'
QHQH Expanding the Realm of Possibility
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—_
30,000 40,000 50,000 60,000 75,000
Sowra Sowra Sowra owpe | sowes | sowes | sowes sowra ET) Sowra
o
Non-Truck Routesl 110 mm s (45)  [s0 mm WL (1) 125 mm bLs (1) hs)  feommiiams)  [issmm s o) 125 mm HL (45)
[t A A A = - n A A A
I ciccs) [soomm Granuars < [300mm Granar ¢ 200 mm Granulr B+ All Traffic & o+ o + [s00m Granuars +
g 500 mm Total Ja80 mm Total 515 n Toa 510 mm Total 545 i Total 515 mm Total
5 0 mm LT 20 mm LT f20 mm L Omm LT 0 mm AL 40 mm Lt
£ [ e P Subgrade [~ 7 [ —
< A A | A Jar A [ A A A
o vericies) 250 mm Granular 8+ [350 mm Granular B+ [350 mm Granular &+ 40 mm HL-1 jarB*  [a50mm Granular*  [350mm Granular 8+ |350 mm Granular 8 *
=y 570 o Toual 550 i Total 500 i ol 55 i Toal 510 m Toul 50 mm Totl
g 20 rm L1 20 mm LT [30 mm LT A R Orm LT [ mm LT [0 mm LT
Bl oo [ommnioes  [smmiisrs  [omn s Major 50 mm HL-8 (HS) T O R .
A » A i - n A A A
B e el St el - Arterial 250 mm PCC Concrete 11, . fromcnile:  [omeiie: [
550 mm Total 565 mm ol 500 mm Total 150 mm Granular ‘A’ 595 mm Total 625 mm Total Jsos mm Total
1 490 mm Total
2,500 3,000 4,500
on-Truck ere
(e 30 MPa | 50 MPa 30 MPa | 50 MPa 30 MPa | 50 MPa
I . . . . . Local Throughway (3% Commercial
Local Residential (3% Commercial Vehicles)| Local Industrial (10% Commercial Vehicles) ghway (
ruck Routes Vehicles) ere
(7:5% Commel
Vehicie) 40 mm HL-3 0 mm HL-3 20 mm HL-3 [20 mm HL-3 40 mm HL-3 20 mm HL-3 (-
60 mm HL-8 0 mm HL8 80 mm HL-8 60 mm HL-8 60 mm HL-8 60 mm HL-8 e
gl 50 mm Granular A 0 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A
250 mm Granular B * 50 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B *
400 mm Total 00 mm Total 420 mm Total 400 mm Total 400 mm Total 400 mm Total
[Comm./Ind. (5% 105 mm HL-8 [2U0 mm Total o5 mm HL-8 = [50 mm AL-L or AL3.
Commercial 50 mm Granuier A ra Js0 mm ranuiar & Collector~ [0 mm pec Concrete
Venicies) 250 mim Granuiar e+ . 8 150 mm Granuiar &
a5 mun 1ot 35 o Tota Bus/Truck 350 mm Tota
o TT [T o 50 mm HL-1 or HL-3 . Rovte "
Resicential (% [0 mm 1.5 60 mm HLs es mm s
| " N " 150 mm PCC Concrete
Venicies) 50 mm Granuar B+ [250 mm Granutar 3+ [250 mm Granular e+ e
410 mm Total 400 mm Total 425 mm Total 150 mm Granular ‘A’
350 mm Total
2,500 3, Notes: AADT
[ 30 MPa [ 50 MPa 30 MPa. Subgrade
Local Residential (3% Commercial Vehicies)| Local Industrial (10  Subbase is Granclar B - Type Il a5 specifed in OPSS 1010
[T o LT oS o oS o TS
0 mm s 60 mm s 20 mm s 50 mm s 5o mm s o0 mm s T
250 mm Granuiar &+ [250 mm Granutar .+ B 8t o
100 o Toe! 100 min Toe! 20 mun Tt 00 mm Tour Ji00 mm vore 00 mm Tt 2 e

95
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Design Example 3 Summary

m Flexible Cross-section m Composite Cross-section
40mm HL-1 50mm HL-1 of HL-3
60mm HL-8 150mm PCC Concrete
50mm Granular A 150mm Granular A
250mm Granular B — Type

m Complete LCCA
m Other Considerations:
e Primarily residential use

~T,
$ARA :
k\ / Expanding the Realm of Possi
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Design Example - 4

New Development

e East Bayfront (condominium)

Road Classification:
Local Throughway

Traffic Level:

4,500 AADT

Assumed sand subgrade;

support 50 MPa

Expanding the Realm of Possi

Design Example 4 — East Bayfront

30,000 40,000 50,000 60,000 75,000
Sowra o Sowra owps | sowes | sowes | sowe Sowra Sowre SowPa
[ [T G T T T
on-Truck Routedl110 mm 6 145) l50 mm HLs (145) 125 mm HLs (45) ) 120 mm HL (1) [155 mm L8 (HS) 125 mm HLs (45)
A = or A
_ [y 300 mm Granuiar 8+ [300 mm Granular B+ [300 mm Granular &+ All Traffic & arg B* B+ |00 mm Granuiar 8+
g 500 mm Total 450 mm Toe! 515 mm Total 510 mm Total 545 mm Total 515 mm Total
5 20 mm AL 20 mim 7L 20 tom AL 0 mm AL 30 mm LT a0 rm FLL
(e fiomnis s [omions  [sommnises) Subgrade 170mmsio 15 IEM Has
< A A A or 2 A A
oy verictes) (350 mm Granuiar 8+ [350 mm Granuiar 8+ [350 mm Granular B 40 mm HL-1 iere s | B | B [0
S 570 mm Total 550 mm Tora 550 mm Total 565 mm Total 610 mm Total 1590 mm Total
g 20 mm AL 20 rm P 0 o AT - 20 mm AL 70 AL 20 rm AT
Bl ccroies fommnoms  [msmmiiems  [lommiacs Major 50 mm HL-8 (HS) s [smmivsne  [smmaaws  fosmmisns
0 or 1 A A
Vehicies) |35u m Granular B+ 350 mm Granuiar B+ |3su mm Granular B+ Arterial 250 mm PCC Concrete %, | B | 8- |35u
590 mm Total 565 mm 1ot 00 mm Total 150 mm Granular ‘A’ J505 mm Total Ls25 mm Tota J605 mm Total
L 490 mm Total U Teasti
2,500 3,000 4,500
30 MPa I 50 MPa 30 MPa 50 MPa 30 MPa l 50 MPa
" N " N " Local Throughway (3% Commercial
Local Residential (3% Commercial Vehicles)|Local Industrial (10% Commercial Vehicles) gvehi)él(es)n e
40 mm HL-3 40 mm HL-3 40 mm HL-3 40 mm HL-3 40 mm HL-3 40 mm HL-3
60 mm HL-8 60 mm HL8 80 mm HL-8 60 mm HL-8 60 mm HL-8 60 mm HL-8 ote
50 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A 50 mm Granular A
250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B * 250 mm Granular B *
400 mm Total 400 mm Total 420 mm Total 400 mm Total 400 mm Total
o5 mm HLa [50 o FL L or A5
- 50 rmm Graniar A
135 mm Total
S [0 mm s 50 mm HL-1 or HL-3
idential @ [70 mm HLe l60 mm L
commercial A A A 150 mm PCC Concrete
hicles) + osomm Granuiars+  [250 mm Granuiar 8+ At
420 mm Total 200 mm Toral 25 mm Total 150 mm Granular ‘A’
350 mm Total
2,500 3, Notes: AADT
[ sowe [ sowee sowra Subgrade
Local Residential (3% Commercial Vehicles)| Local Industrial (10 + Subbase s Granular 8 - Type l as specified in 0SS 1010
s [ T oS oS oS
0 mm HLs 0 mm HLa 60 mm HLs l60 mm HLs T~
250 mm Granuiar 8+ [250 mm Granuar 5 B B
o T mes 0 o o 60 o Jico o [i6o e T e

Expanding the Realm of Possibi

49



Design Example 4 Summary

m Flexible Cross-section m Composite Cross-section
40mm HL-1 50mm HL-1 of HL-3
60mm HL-8 150mm PCC Concrete
50mm Granular A 150mm Granular A

250mm Granular B — Type Il

m Complete LCCA
m Other Considerations:

e Primarily residential use (access to
condominiums)

4 ARA ”
4} Expanding the Realm of Possibility

Design Example - 5

Reconstruction of Carlaw Avenue (Program Year 2007)

e From Commissioners Street to Lake Shore Blvd East
South Branch e AT

Road Classification:
Collector Road

G, E) - an
s A ¢

Traffic Level:
AADT 6050 (2004);
24% Commercial
(Major truck route)

Assumed sand subgrade;
support 50 MPa

. X
e > SR K

+ARA

| il 3 Expanding the Realm of Possibility




——
30,000 40,000 50,000 60,000 75,000
S0P S0P S0wPa Sowpa 0P S P 30 P Sowra 0wPa S0P
o o [ [0t T
on-Truck Routed 110 mm s (4)fo0 mm WL (45 [izsmmis s foommicas  fasmmiers  |uommiiss)  [wusmmbses)  [ommicaws)  [issmm e s 125 mm i 015)
» A A x A A A A
_ 300 mm Granier 200 mm Gramuer &+ B 8t o . o o o0 mm Granuaro
S 500 o Toua! 480 i Total 515 i Toal 190 i Tow 25 mm Toul 500 mm Tou 526 i Toua 510 i Toul 545 mm Toul 516 mm Totl
5 0 mm LT 30 mm Lt F30 mm LT 0 mm L 40 mm AL [30 mm L1 [30 mm Lt Omm LT 0 mm AL 40 mm Lt
B ruccrones fizomniers  [uommiews  |sommises)  [mommeees)  [ssmmaees  [ssmmeees  fsommHees  [usmmises [0 s es) 150 mn s (15)
< A A Ak A x Ao | Ao | A A
Y venicies) 50 mm Granuiar 8+ 350 mm Graniar .+ o e o 8 © [esomm Granuiar-
=y 570 o Toual 550 i Total 550 i Toal 570 o Tot! 05 mm Toml 576 mm To! 500 m Toa) 506 i Tota 510 m Toul 50 mm Totl
g 0 0 rm L1 T Fi0 mm LT LT 0 o L1
rukoues fisommicois)  [izsmmiiers)  [oommeats  [ssmmeioms  |uommuiees)  [wsmmAiers)  [smmeiees)  [issmmelats  [ssmmbLoes)  [165mmeie )
| Ak A | A A | » A A
Vehicles) |350 mm GranuiarB+ (350 mm Granular &+ B . . |350 o Granular B+
590 mm Total 565 mm ol l500 mm Toa Is75 mm ot Le10 mm Toral 565 mm Toial lo15 mm To Lso5 mm Total [625 mm Total Jb0s mm Total
20,000 25,000 CIRICUIRE
Subgrade
S0P s0WPa Sowpa Sowpa
(BT [T 0 5
Bl on rukrouedss mn s (1) [so mm s (4s) 105 mm g 1) [esmm e (i)
£ A A A
bl ericies) 750 mn Granuiar 5[50 mm Granier .+ o .
% 35 mm Tor) 420 mm Tor 445 m Tote 25 o Towar
N fiomm A1 Fio m 1 o L1 o mm L1
rukroues  fiosmmicois)  [1ommiiers)  [uommies  [izommriegis)
A A x A
Vehicles) |250 mm Granuiar B+ [250 mm Granular B+ [250 mm Granular B+ [250 mm Granular 5+
75 mm Tom! 0 mm Tora 50 mm Tor 50 mm Tor ]
200 mm pc Concrete
,000 7,500 10,000 15,000 150 mm Granutar &
owra sowpa a0wpa Sowra owra sowPa 30 wPa sowpa 0 o Tora
0 T [T ommis TS
106 mm e rs mm s 1ismmbie a5 mm e 126 mm e o5 o L8 AT TS
0 A A A 150 mm PCC Concrete
o o a- o 150 mn Granutar &
25 mm Tota 16 mm Tou 55 mm Tor) 25 mm Tota 5 mm Tote 35 o Tota 350 mm Torl
[T = 0 mm L3 o mm L3 [ mm LS [0 mm LS
romm e 50 mm s o5 mm s 50 mm s o mm e 50 mm 1o
A A A | A | A | i
256 mm Granuiar 8+ 250 mm Graniar .+ o . s o
i Total m Total L2 mm T L100 o Tota) L5 o Toia) L200 mum Totel
2,500 3,000 4,500 Notes: AADT
| Y — -z S| IG5 B Sonr SlEede
Tocal Throughay (3% Commercial
Local Residential Vehictes)| Local industrial Vehictes)
¢ ) Vehicies) * Subbase is Granular B - Type Il as specified in OPSS 1010
[T oS (e oS [ommreT oS
o mm e 60 i L o0 mm Lo 0 mm s o mm s l6omm Hie
A » | |
256 mm Granuiar 8+ 250 mm Graniar .+ ne.
400 mm Total 400 mm Totel Ja20 mm Totet Ls00 mm ot 400 mm Total J200 mim Totel L

% ARA
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Design Example — 5 issues

m There is no option for a Collector Road with 6050 AADT
and 24% commercial vehicles

m Consider Annual Average Daily Truck Traffic (AADTT)
e Truck & Buses 1450
m Similar truck traffic loading as minor arterial
e 1500 AADTT (20,000 AADT with 7.5% commercial)

» ARA

102
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Design Example 5 — Carlaw Avenue

30,000 40,000 50,000 60,000 75,000
o o o e | o | s | e Sours o Sowre
NERERROR o v 5 ) Joo mm HCs (rs) 125 mm His (1s) is) 120 mm W8 (HS) 155 mm HLs (4s) 125 mm L8 (4s)
[Vices™ ™ [oomm G+ [s00mm Granrs < [300m o8+ All Traffic& [ o Far [oomm G

B
510 mun Total 545 mm Total
_'a_u m AL 70 mm HLL
170 mm HL (H5)

Vehicles)

rruck Routes
7:5% Commercia
Vehicles)

50 mm Granuiai

Non-Truck Routes|95 mm HL-8 (HS)

(4% Commercial
Vehicles)

50 mm Granular A
250 mm Granular B *
435 mm Total

80 mm HL-8 (HS)

50 mm Granular A
250 mm Granular B *
420 mm Total

105 mm HL-8 (HS)
50 mm Granular A

250 mm Granular B *

85 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
425 mm Total

500 mm Total 250 mm Toal 515 i Tota 515 mm Total
20 rm FLL 20 mm L. a0 mim L1 30 rm FLL
L . [ Subgrade e
1 A A A n A A A
vehicles) 250 mm Granular 8+ [350 mm Granular B+ |350 mm Granular & * 40 mm HL-1 jar8*  [850mm GranuiarB*  [350 mm Granuiar8* 350 mm Granular 8
570 mm Total 550 i Tota 550 min Tota 565 mm Total 10 mm Total 1590 mm Total
20 mm A1 o0 rm A1 fi0 mm L1 A - 0 mm HLL 70 AL 20 rm A1
rckroues [isomm i ace  Jimammuass [ v Major 50 mm HL-8 (HS) P T R e
A
vehices) 250 mm Granul{ . |350 mm Granular 8
590 mm Total J605 mm Total
20,000 25,000 All Traffic &
Subgrade
30 MP| 30 MPa 50 MPa 30 MPa 50 MPa J40 mm HL-1
50 mm 8 (45)
Non-Truck Routes] 40 mm HL-1 40 mm HL-1 40 mm HL-1 40 mm HL-1 1 [250 mm PCC Concrete

150 mm Granuiar &

70 rm L1
b fommice s
w250 pec Concrere

475 mm Total

Minor Arterial

Truck Routes

(40 mm HL-L
135 mm HL-8 (HS)

(7.5% Commerciall50 mm Granular A

Vehicles)

250 mm Granular B *
475 mm Total

40 mm HL-1

110 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
450 mm Total

445 mm Total
Form AT
140 mm HL-8 (HS)
0 mm Granular A

‘80 mm Total

P50 mm Granular B *

40 mm HL-1

120 mm HL-8 (HS)
50 mm Granular A
250 mm Granular B *
460 mm Total
—

[200 mm PCC Concrete
150 mm Granuiar

1400 mm Total

BRI

for- [150 mm pcC Concrete
[Non 150 mm Granuiar &'
i35 mm Total [Bus/Truck 550 mm Total
Route

755 i Gramtor 5+ 5+ [p30mm cramdar 5+
25 mm Tota
o TT [T 0 L3 50 mm HL-1 or HL-3
romm s pomm s s s Collector - 150 mm PCC Concrete
256 mm Graniar 8+ 250 mm Granuiar 8+ 250 mm Gramuiar .+ A
fmene mmee | 150 mm Granular ‘A
Bus/Truck  |350 mm Total
2,500 3 Notes: AADT
[ 30 MPa [ 50 MPa 30 MPa. Subgrade
Local Residential (3% Commercial Vehicles)| Local Industrial (10  Subbase s Granular B - Type 1l a5 specifed n OPSS 1010
[T oS (e TS o ommTes
o mm e 60 i L o0 mm Lo 0 mm s o mm s oo o kL5 I
: . : : " @B DlToRoNm
256 mm Granuiar 8+ 250 mm Graniar .+ o e o
400 mm Total 400 mm Totel Ja20 mm Totel 400 mm Total L200 mm Toral J200 mim Totel L nc.
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m Flexible Cross-section

Design Example 5 Summary

m Composite Cross-section

40mm HL-1
135mm HL-8 (HS)
50mm Granular A
250mm Granular B

—Type ll

m Complete LCCA

m Other Considerations:
e Heavy truck route
e EXxisting section shows significant

rutting

@ARA

40mm HL-1

50mm HL-8 (HS)
250mm PCC Concrete
150mm Granular A

104
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1 EXPANDING THE REALM OF POSSIBILITY
D - T
—

Considerations

O T SR

An Employee-Owned Company

ﬁ S1SP ARA0127-105

- — —

Design Considerations

m There is more to pavement design than just the
thickness of the layers

e Asphalt Mix Design

e Concrete Base Design

e Recycled Crushed Concrete Base
e Drainage

e Sensitive Soils

e Geotextiles

e Perpetual Pavements

T,
“ARA
k'\ / Expanding the Realm of Possibility
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e
Asphalt Mix Design

m Asphalt mix design can have a very large impact on
the performance of a pavement

m Common mixes used in Toronto
e HL-1
e HL-3
e HL-8
e HL-8 (HS)

m Premium Mixes
e Superpave
e SMA

107
@HRH Expanding the Realm of Possibility

Performance Graded Asphalt
Cement (PGAC)

m Evolution of grading asphalt binder:
e Penetration grades
e Viscosity grades
e PGAC

m For the City of Toronto temperatures:
e Typical Surface Course — PG 64-28
e Typical Binder Course — PG 58-28
e Premium — PG 70-28

+ARA
w Y 5 Expanding the Realm of Possibility
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Design

criteria

m Superpave vs. Marshall Mix

e Same ingredients
e Same construction
e Just different mix design

Superpave Mix Design

m Equivalent mixes:

HL Designation

Comparable Superpave Designation

SMA SMA

DFC Superpave 12.5FC2

HL-1 Superpave 12.5FC1

HL-3 Superpave 12.5
HL-8/HL-8(HS) Superpave 19.0

LSBC Superpave 37.5

% ARA

109
Expanding the Realm of Possibility

[
Tack Coat

to underlying layers.

m A tack coat is used to ensure
that overlays properly adhere

m Should be used for all tie-ins,
and vertical surfaces

m Horizontal surfaces should be tack coated if
construction is staged.

4 ARA

110
Expanding the Realm of Possibility
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e
Concrete Base Construction

m Concrete Base

m When asphalt is removed during rehabilitation:
e Inspect the exposed concrete slabs
e Repair shattered slabs
e Repair joints for poor load transfer

4 11:32m

N 1
4+ ARA
N Expanding the Realm of Possibility

e
Recycled Crushed Concrete

m Recycled crushed concrete is a cost effective material
that can be used as a base for roadways

m Typically graded to meet OPSS Granular A
m Can be substituted for Granular A on a 1:1 basis

m Proper quality control is
necessary to ensure there
are no excess fines

Q ﬂngﬂ Expanding the Realm of Possibility
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e
Pavement Drainage

m Poor drainage can greatly reduce the service life of a
pavement

m In urban situations, continuous drains should be
used whenever possible

m Stub drains my be considered in cases where
permeable soils are present

CURB AND GUTTER
FINISHED ROAD SURFACE
e —— X‘ 1
_ T\ e
g
.

City of Toronto
B Standard Drawing
o [ T-216.02-8

CLASS
HON=WOVEN
FILTER CLOTH—

150mm DIA. PERFORATED —_—
POLYETHYLENE SUBDRAIN WITH KNITTED FILTER SOCK i

HL—8 CODARSE AGGREGATE

CONCRETE CURB AND GUTTEﬁ

@HRH Expanding the Realm of Possibility

[
Sensitive Subsoils

m Portions of the City have fine grained subgrade soils
that are moisture sensitive and susceptible to frost

heave
m Requires subgrade replacement or additional
granular material for frost protection

114
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Geotextiles

Geotextiles are synthetic sheets (woven and non-
woven) that are used typically to separate granular
layers

Adds tensile strength to layer

Supports layers and
improves drainage

Tend to be expensive and
should be considered on a
project specific basis

+ARA
Kib Expanding the Realm of Possibility

——————————=

Perpetual Pavements

Perpetual pavements are designed to limit the stress
and strains at the bottom of the asphalt layer

Designed to withstand fatigue cracking

Only requires occasional resurfacing
for a long service life

Pavements have been placed at an
HMA thickness of 500mm

Typically limited to freeway applications

+ARA
\_/ Expanding the Realm of Possibility
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Maintenance and Rehabilitation

m Not many new streets are being constructed anymore

m Most work done is either a reconstruction or a repair of
an existing road

Preventative maintenance
Repair of utility cuts
Localized repairs

Resurfacing

+ARA
k\J Expanding the Realm of Possibility

Crack Treatments

= Prevents water
and debris from

entering

individual cracks

in the HMA

pavement

surface
7N 18
4 ARA S TR
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Patching

= Address localized
areas of distress

= Correct surface
discontinuities

= Seal the pavement
from moisture
infiltration

119
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e
Resurfacing

Wearing course
Level pavement
Improve friction
Seal pavement
= Fills ruts

Optional vibratory dual steel drum rollers
Rubber tired rollers Optional load
Dual steel roller drum roller transfer vehlcle Hot mix truck
Asphalt distributor broom Milling

o A n Dy

Vol
Optional built-in tack coat application Tack coat application

+ARA
N Expanding the Realm of Possibility
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Hot In-Place Recycling

= Reduce rutting
» Reduce
roughness

Improve friction
Reduce distress

1. Vibratory dual steel drum rollers .
2. Rubber-rt)i,red rollers Re-former Hot mix for Infrared

3. Static dual steel drum rollers integral overly heaters

Second screed

Er— n@u =)

SN - vy MecEeie

e A P . /v oy
Mixing Scarifying Optional addition of aggregate

Leveling and profiling - T
and/or beneficiating hot mix

\ HQH Adding rejuvenator
"1.}" Expanding the Realm of Possibility
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e
Microsurfacing

= | evel pavement
surface

= Fill ruts

= Restore surface
friction

Portland cement Aggregate
~a ’9 Emulsion

Pug mil === | A/| |
Spreader box ~ A ’—/\; j \ '
J OC (@10 OO 1

Application unit Feeder & propulsion unit Tack coat application

$ARA
N Expanding the Realm of Possibility
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Surface Seals

= Seal pavement surface
Rejuvenate oxidized HMA
Provide delineation

= Improve friction

. . Asphalt distributor
Optional sanding
bl =
123

T
«ARA
k\ / Expanding the Realm of Possibility

Asphalt Chip Seal
= Wearing course §aa s “ﬂ ds;zé:-

= Improve surface
friction

= Seal pavement
= Eliminate dust

Power broom Rubber-tired Cover aggregate Self-propelled Asphalt
or sweeper rollers aggregate spreader distributor
o Y ol M
. May be one unit
i A 124
k\i?/ HRH Expanding the Realm of Possibility

62



e
Questions?

% ARA

i

ToronTo

Expanding the Realm of Possibility
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