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◼ Introduction

◼ Performance Graded Asphalt Cement 
(PGAC)

◼ Asphalt cement specification OPSS.MUNI 
1101 before 2016

◼ Premature pavement cracking

◼ OPSS.MUNI 1101 Nov 2016 asphalt cement  
specification

◼ Advanced testing

◼ Asphalt pavement performance

◼ Current nomenclature

◼ Summary 

PRESENTATION OUTLINE
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◼ More extreme weather conditions

◼ Hot summers

◼ Cold winters
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INTRODUCTION
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AAT

PG Grading System

PG 58 -28

Performance

Grade

HIGH TEMP RATING

DSR; T=58 OC at:

G*/sin  >= 1.00 kPa (tank)

- or -

G*/sin  >= 2.20 kPa (RTFO)

LOW TEMP RATING

BBR; T=-18 OC at:

S(60) <= 300 MPa

- or -

m(60) >= 0.30

INTRODUCTION



PGAC ZONES IN ONTARIO
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◼ Rotational Viscometer (Brookfield)
◼ Is this material pumpable?

◼ Dynamic Shear Rheometer (DSR)
◼ Strength properties at high temperatures

◼ Rolling Thin Film Oven (RTFO)
◼ Simulates short term aging

◼ Pressure Aging Vessel (PAV)
◼ Simulates long term aging

◼ Bending Beam Rheometer (BBR)
◼ Flexibility properties at low temperatures

◼ Direct Tension Testing (DTT) (optional)

BEFORE 2016 AC SPECIFICATION



SUPERPAVE TESTING

AAT

SHRP Binder Grading:
Overview
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aging

RTFO
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bending
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Source:  OHMPA



ROTATIONAL VISCOSITY

Rotational Viscosity

Brookfield

viscometer

Thermosel

unit

spindle

shear stress:

 = T / 2Rs
2L

shear strain rate:

2 Rc
2

Rc
2 - Rb

2
 =

viscosity:

 =  / 

Source:  OHMPA



DYNAMIC SHEAR RHEOMETER (DSR)

◼ Measures strength properties of the asphalt cement 

at selected temperature

◼ High Temperature Testing

◼ Tests performed on Tank and RTFO aged asphalt 

cement

◼ Tests performed at pavements high temperature

◼ Results from both tests must meet minimum 

specifications

◼ Determines rutting resistance



AAT

Dynamic Shear Rheometer 
(DSR)





complex modulus:

G* = max / max

loss modulus:

G” = G* sin 

storage modulus:

G’ = G* cos 

Source:  OHMPA

DYNAMIC SHEAR RHEOMETER (DSR)



Rolling Thin Film Oven

(RTFO)

Source:  OHMPA



ROLLING THIN FILM OVEN (RTFO)

◼ Simulates the aging of the asphalt cement as 

it travels through the asphalt plant, mixed with 

aggregate and placed 

◼ Determines the stability of the asphalt cement 

when subjected to hot air

◼ Asphalt cement is placed in glass bottles

◼ Bottles are rotated @15 RPM, AC is spread thin

◼ Hot air @ 163 C is blown into bottles

◼ Mass loss is determined after 85 minutes in oven

◼ Maximum allowable change in mass is +/- 1%



Source:  GAL

ROLLING THIN FILM OVEN (RTFO)



Rolling Thin Film Oven

(RTFO)

Source:  OHMPA



PRESURRE AGING VESSEL (PAV)

◼ Simulates the aging of the asphalt cement over many in-service 

years

◼ Asphalt cement is placed in pans

◼ Test chamber is set to:

◼ Pressure of 2070 kPa using compressed air

◼ Temperature of 90, 100 or 110 C 

◼ Test is run for 20 hours

◼ Entrapped voids may effect BBR test results



Source:  GAL

PRESURRE AGING VESSEL (PAV)



BENDING BEAM RHEOMETER (BBR)

AAT

Bending Beam Rheometer 
(BBR)

load, P,

and deflection 

beam of thickness, t,

width w, and length l

creep stiffness, S(t):

m-value:

m(t) = d S(t) / d t

S(t) = 
    Pl

 3

4wt
3
(t)

Source:  OHMPA



Source:  GAL

BENDING BEAM RHEOMETER (BBR)
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◼ PGAC shall be according to AASHTO M 320 for the performance grade specified in 

Contract Documents

BEFORE 2016 AC SPECIFICATION



PREMATURE PAVEMENT CRACKING
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Pavement in 2015 and 2018



◼ Extensive premature cracking of municipal, airport 

and industrial pavements

◼ Quality Control/Quality Assurance results review

◼ All pavements met project specification requirements

◼ Laboratory testing

◼ Superpave (Region No.1) and Marshall (Region No. 2) 

mixes – volumetric requirements met

◼ Focus on asphalt cement testing

◼ Conventional PGAC testing required in project specification
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FAILURE INVESTIGATION



ASPHALT PAVEMENT QUALITY
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OHMPA 2015/2016 AP Quality Task Force

◼ Suppliers, contractors, MTO, municipalities, academia, 

consultants

◼ Four bulletins

◼ Asphalt pavement issues, additional AC testing, 

increase AC content, responsible use of RAP

◼ Research

◼ Professor Simon Hesp

◼ MTO

◼ Industry - suppliers



2016 AC SPECIFICATION

◼ OPSS.MUNI 1101, Nov 2016



ADDITIONAL AC TESTING IN ONTARIO
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◼ LS-227 Determination of Ash Content

◼ LS-299 Determining Asphalt Cement’s 

Resistance to Ductile Failure Using Double 

Edge Notched Tension (DENT) 

◼ LS-308 Determination of Performance 

Grade of Physically Aged Asphalt Cement 

Using Extended Bending Beam Rheometer 

(BBR) Method

◼ Low Temperature Limiting Grade 

(LTLG)

◼ Grade Loss 

◼ Multiple Stress Creep Recovery (MSCR) 
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◼ OPSS.MUNI 1101, Nov 2016

2016 AC SPECIFICATION



◼ OPSS.MUNI 1101, Nov 2016

The asphalt cement shall not contain any of the following additives added for PGAC 

modification: atactic polypropylene; carbon black; polyisobutylene; polyisoprene; natural 

rubber; alkaline bases; insoluble particulates or fibres; salts of iron, copper, manganese 

and/or cobalt; silicates; styrene-butadiene rubber (random copolymer latex); synthetic 

waxes (paraffin waxes, naphthenic waxes); synthetic and saturated oils (including but not 

limited to the following: vegetable oils or modified vegetable oils; (paraffin oils, 

polyalphaolefins (PAO), lube oils, and re-refined lube oils.); waste oils (including but not 

limited to the following: cracked residues, re-refined high vacuum distillate oils; tall oils, 

vacuum tower asphalt extenders; waste cooking oils, waste engine oils, waste engine 

oil residues). Asphalt cement supplier shall declare in writing that they have not added 

the PGAC additives listed above. 

If modifiers or additives other than styrene-butadiene (e.g., SB diblock, SBS triblock, SBS 

radial, SBS high vinyl, SB tapered, etc.) or epoxy-type (e.g. reactive elastomeric 

terpolymers) polymers are used for the modification of neat asphalt cement, pre-approval 

from the Owner is required. 

2016 AC SPECIFICATION



◼ OPSS.MUNI 1101, Nov 2016

2016 AC SPECIFICATION



MSCR
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◼ Multiple Stress Creep Recovery (MSCR) 

◼ AASHTO T 350-14 – Standard Method for Multiple Creep 

Recovery (MSCR) Test of Asphalt Binder Using Dynamic 

Shear Rheometer (DSR)

◼ AASHTO M 332-14 Standard - Standard Specification for 

Performance-Graded Asphalt Binder Using MSCR

◼ The present test methods for AC grading do not adequately 

characterize rutting or polymer modification of asphalts 

(PMA)

◼ The current PG system (AASHTO M-320) is “blind” to 

modification and requires PG plus tests such as Elastic 

Recovery to characterize PMA binders



MSCR
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◼ Uses Dynamic Shear 

Rheometer (DSR)

◼ Runs the sample 10  times. 

Load and relax.

◼ Jnr3.2 – Nonrecoverable 

creep compliance for 10 

cycles at a creep stress of 

3.2 kPa

◼ Jnr3.2 – S<4.5, H<2, V<1, 

E< 0.5

◼ % Average Recovery at a 

creep stress of 3.2 kPa



MSCR
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◼ Jrn3.2 correlates well 

with observed rutting

◼ Jnr3.2 works with 

modified and non-

modified binders



◼ OPSS.MUNI 1101, Nov 2016

2016 AC SPECIFICATION



◼ OPSS.MUNI 1101, Nov 2016

2016 AC SPECIFICATION



MUNICIPAL EXPERIENCE
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MUNICIPAL EXPERIENCE

Municipalities 1 to 4

◼ Contractors had no issues obtaining the specified PG grade 

and did not identify any constructability issues related to the 

PGAC and new paving specification. No complaints about 

the new 2016 specification

◼ Recently placed pavements look good and all are 

performing well

◼ The specifications were met with no issues 
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MUNICIPAL EXPERIENCE
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ASPHALT CEMENT NOMENCLATURE



ASPHALT CEMENT NOMENCLATURE



SUMMARY

◼ Early pavement cracking observed on municipal roads 

before 2015

◼ OPSS.MUNI Nov 2016

◼ Asphalt cement modification limitations

◼ New testing required

◼ Higher asphalt cement content

◼ Tighter construction requirements

◼ Slightly higher cost ($3.0 to $5.0 per tonne of mix)

◼ No significant construction problems with new 

specifications observed

◼ Much better pavement appearance, no distresses

◼ New cement nomenclature

◼ Municipalities appreciate industry’s positive response!

June 15, 2021 39

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNipn-muksgCFRd_kgodyj4GAw&url=http://www.us.all.biz/bohlin-dynamic-shear-rheometer-g20648&bvm=bv.103627116,d.aWw&psig=AFQjCNGFtLGEF3ErXugvo_H4P_7HDORahA&ust=1443276687527062


QUESTIONS AND ANSWERS

Thank You
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