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Standard Practice for
Determining the Continuous Grading Temperatures and
Continuous Grades for PG Graded Asphalt Binders’

This standard is issued under the fixed designation D7643; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice is used to determineestimate the continuous grading temperatures and continuous grade for an asphalt binder

graded in accordance with the speetfieationeriteriarequirements specified in B6373;Specification D6373Standard-Speetfieation-for
Performanee-Graded-Asphalt Binders:.

1.2 The values stated in SI units are to be regarded as standard. No other units of measurement are included in this standard.

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D8 Terminology Relating to Materials for Roads and Pavements

D2872 Test Method for Effect of Heat and Air on a Moving Film of Asphalt (Rolling Thin-Film Oven Test)

D6373 Specification for Performance Graded Asphalt Binder

D6521 Practice for Accelerated Aging of Asphalt Binder Using a Pressurized Aging Vessel (PAV)

D6648 Test Method for Determining the Flexural Creep Stiffness of Asphalt Binder Using the Bending Beam Rheometer (BBR)
D6723 Test Method for Determining the Fracture Properties of Asphalt Binder in Direct Tension (DT)

D6816 Practice for Determining Low-Temperature Performance Grade (PG) of Asphalt Binders

D7175 Test Method for Determining the Rheological Properties of Asphalt Binder Using a Dynamic Shear Rheometer

3. Terminology
3.1 Definitions: Definitions for many terms common to asphalt cement and asphalt binder are found in Terminology DS.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 continuous grade, n—a grade defined by the estimated upper and lower continuous grading temperatures.

3.2.2 continuous grading temperatures, T,, n—the high;-intermedtate;andtow-estimated temperatures at which the properties
of an asphalt binder are equal to the spemﬁcatlon requirements given in Tables 1 or 2 of Specification D6373-are-met..

3.2.3 eenfﬁmﬁm—gfade-dl[ference between estimated continuous grading w—temperature for S and the m-value, AT —a-grade
d 6 res—determined by subtracting the continuous grading temperature for

the m- Value from the continuous gradmg temperature for S.

3.2.4 PG grading temperatures, Tpg n—the temperatures listed in Specification D6373 used to designate the grade of a PG
binder, for example, 64°€;22°%€64 °C, 22 °C, and -28°%€-28 °C for a PG 64-28.

3.2.5 specification requirements, n—the limiting values given in Specification D6373 that are used to grade an asphalt binder,
for example, 1.00 kPa for G*/sind, 300 MPa for S, etc.

! This practice is under the jurisdiction of ASTM Committee D04 on Road and Paving Materials and is the direct responsibility of Subcommittee D04.44 on Rheological
Tests.
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3.2.6 test temperatures, T, and T,, n—two PG grading temperatures, one grade apart ane-with-F,>Tysuch that the testmeasured
properties at the two temperatures bracket the specification requirement for the property in question.

specification req W
temperaturer egulrement is determmed by 1nterpolat1ng between he-tw mpe ettate-the emp W
test results obtained at two adjacent specification temperatures. The two temperatures are chosen SO that the test result at one
temperature is greater than the specification requirement ts—m A g-temp ents
result at the other temperature is less than the specification requrrement The upper contmuous grade is determmed as the lower
of the two continuous grading temperatures determined for the original and RTFOT condition (Test Methods D2872 and D7175te
determine—the—eontintous—). The intermediate continuous grade is equal to the intermediate continuous grading temperature
(Practice D6521, Test Method D7175grade-of-the-asphalt-binder—). The lower continuous grade is determined as the higher of the
continuous grading temperatures for S and the m-value (Practice D6521, Test Method D6648).

5. Significance and Use

5.1 The continuous grading temperatures and continuous grade are used for informational purposes only and ateshall not be
used for the sale or purchase of asphalt binders. The continuous grading temperatures and continuous grade may be used for
forensic or research studies and when producing, blending, modifying, or otherwise evaluating asphalt binders. This guide is
applicable to Specification D6373, Tables 1 and 2.

6. Procedure

described below. TC s
:Phed-r-ffereﬁee—bet-weeﬂ—"l:faﬁd—"l:z sha

6. 1 1 Testmg When Contmuous Gradmg Criteria Do Not Include Fallure Strain ( Table )i ) —Hthe—results—For each of the
P b 3 3 y ample—specification properties (for
example G*/sind, S, m- value etc. ) for which a continuous gradmg temperature is to be determined, obtain test results at two test

temperatures, T¢g; and 7, as described in 3.2.6Speeifieation. D6373;-TFable-2)-then-the-temperatureshalt-be-tsed-as-theWhen the

intermediate grading temperature is required, the difference between continttousT, gradingand temperatire-T, shall be 3 °C.

Note 1—For example, a PG 64-XX tested for G*/sind at 64 °C and 70 °C may give test results of 1.86 and 0.89 kPa, respectively. These results bracket
the specification requirement 1.00 kPa.

6.1.2 Testing When Continuous Grading Criteria Include Failure Strain (Table 1)—For the low temperature, obtain test results
for S and the m-value (as described in 6.1.1) and determine the strain at failure at two test temperatures, 7, and 7, such that test
results bracket 1 %.

Note 2—Additional testing may be required to verify that S is between 300 and 600 MPa at the low temperature PG grade.

6.1.3 Testing When Using Table 2—For the low temperature, only perform the testing needed to determine the critical cracking
temperature.

6.2 Perform Interpolanon to Determine Contmuous Gradmg Temperatures—For each pair of test results obtained as per 6.1
min : b 5 ng-, interpolate between 7, and T, to determine the temperature at
which the test results would equal the espectlve spe01ﬁcat10n requirement. The interpolated temperataretemperatures shall be
reported as the contmuous gradrng tempefatu-re emperatures
6.2.1 § e cept-them=v o W
fCSﬂ'l'fS—ﬂﬁ'gFOI' the upper and mtermedlate contmuous gradmg temperatures the 1nterp01at10n shall be on a semi-logarithmic scale
using the ;se h nperatit ne—form:following equation:

I Pg) —1 P
0819 (Ps) —log, ( 1\))(T7_TI) )

gt (‘nz) g1 (PI)/
I.= T|+{10gm (P\‘) _102|(\(P|)HT7 — Tl}/{k)gm (Pv) _IOg|(\(P|)} (1)

where:
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T, = continuous grading temperature for the specification requirement in question, °C,
T, T, = test temperatures, °C,

= specification requirement for property in question, and
P, P, = test result for the specification property in question at 7, and 7, respectively.

6.2.2 : H : h e h Aterp . e
the lower continuous grading temperature the interpolation for S shall be on a semi- logarlthmlc scale using the f0110w1ng equatlon

Lo

1 =15 _f‘)m— T) @
T, 1
T = T +{10gm (P ) — IOgm( I)H - T }/{IOgm( 7) lOgln( 1\,}_ 10° C (2)

Note 3—EquationsFor andcalculation purposes, L Md—ﬁﬁ&ef&t&mﬁﬁe%ﬁeﬁaﬁﬁﬁemper&mﬁmay be designated as the upper or lower
temperature as long as the corresponding test result is used for orP,. deerease-with-temperatare—When using these equations retain the negative signs

for temperatures below 6°€-0 °C.

Note 4—Because the properties are a non-linear function of temperature tinear-interpotation—resulttsinaadjacent grading temperatures should always
be used in Eq 1 stightor Eq 2error-in-the-estimated—vataes—ofF. Otherwise the interpolation will give differing results.

Note 5—The TREND function in Excel performs linear regression and can be used to solve Eq 1 and 2. However, when using the TREND function,
arithmetic values of 7, and 7, must be used for the Ys and logarithmic values of P,,P,, and P, must be used for the Xs. The arithmetic value of the
properties and specification requirement are used in the TREND function when calculating the continuous grading temperature for the m-value and failure
strain.

6.2.3 For the lower continuous grading temperature, the interpolation for the m-value shall be on an arithmetic scale using the
following equation:

T{*:T|+{Pv 7P1HT77T1}/{P77P1}7IOOC (3)
6. 3 Befaﬁnﬂw—eenfﬁmmﬁ—&ﬂde—Determme t-he—contlnuous grade based-on-the-upper-andtowerand AT contintousgrading

6.3.1 Continuous Grade When the Crzterla Do Not Include Failure Stram (Table 1 )—Determme the continuous grade based on

the upper and lower continuous grading temperatures using the same rationale as presented in Specification D6373. The lower of
the two upper continuous grading temperatures (for G*/sind, original, and RTFO) shall determine the high temperature for the PG
grade. The upper of the two continuous grading temperatures (for S and the m-value) shall determine the low temperature for the
PG grade.

6.3.2 Continuous Grade When the Criteria Include Failure Strain, Table 1—The upper of the two continuous grading
temperatures for the m-value and the failure strain at 1% shall determine the low temperature for the PG grade with the requirement
that S must be between 300 and 600 MPa.

6.3.3 Table 2—The low temperature for the PG grade is equal to the thermal cracking temperature, T,, as determined by using
Test Method D6723 and Practice D6816.

6.3.4 AT —Calculate AT, as the continuous grading temperature for S minus the continuous grading temperature for the
m-value.

Note 6—AT is positive if the continuous grading temperature for S is above the continuous grading temperature for the m-value and negative if the
continuous grading temperature for the m-value is above the continuous grading temperature for S.

7. Report

7.1 Continuous Grading Temperatures—Report the uppet,intermediate;-upper and lower continuous grading temperatures to the
nearest O-1°C—using-theproeedure—as—desertbed—in0.1 °C, and when required also report the intermediate continuous grading

temperatures 6-2-to the nearest 0.1 °C.
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