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1. Scope E 83 Practice for Verification and Classification of Exten-

1.1 This test method covers the determination of the failure _Someters o
strain and failure stress of asphalt binders by means of a direct E 220 Test Method for Calibration of Thermocouples by
tension test. It can be used with unaged material or with _Comparison Techniqués
material aged using Test Method D 2872 (RTFOT), Practice 2:2 Deutche Industrie Norm (DIN) Standard:
D 6521 (PAV), or AASHTO T240 (RTFOT) and AASHTO PP1 43760 Standard for Calibrating Thermocoufles
(PAV). The test apparatus is designed for testing within the 2.3 AASHTO Standards:
temperature range from +6 to -36°C. T 2407
1.2 This test method is limited to asphalt binders containing PP! (PAV)’
particulate material having dimensions less than 250 pm. :
1.3 The values stated in Sl units are to be regarded as theé' Termln.ollo.gy _ )
standard. 3.1 Definitions—For definitions of general terms used in
1.4 This standard does not purport to address all of thethiS standard, refer to Terminology D 8.
safety concerns, if any, associated with its use. It is the 3-2 Definitions of Terms Specific to This Standard:
responsibility of the user of this standard to establish appro- 3-2-1 brittle, adj—type of failure in a direct tension test
priate safety and health practices and determine the appnca\_/vhere the stress-strain curve is essentially linear up to the point

bility of regulatory limitations prior to use. of fa_ilure ar_1d the failure is by sud_den_ rupture of _the test
specimen without appreciable reduction in cross-section of the
2. Referenced Documents specimen.
2.1 ASTM Standards: 3.2.2 brittle-ductile, adj—type of failure in a direct tension
C 670 Practice for Preparing Precision and Bias Statement§St where the stress-strain curve is curvilinear and the failure
for Test Methods for Construction Materials is by sudden rupture of the test specimen. Limited reduction in
D 8 Terminology Relating to Materials for Roads and Pave-Cross-section of the specimen occurs before rupture.
ments 3.2.3 ductile, adj—type of failure in a direct tension test
D 140 Practice for Sampling Bituminous Materfls where the specimen does not rupture but fails by flow at large
D 2872 Test Method for Effect of Heat and Air on a Moving Strains. . . o
Film of Asphalt (Rolling Thin-Film Oven Test) 3.2.4 effective gage lengtm—for specimens used in this
D 6373 Specification for Performance Graded Asphalf€St, the effective gauge length,, has been determined to be
Binder 33.8 mm. This is an effective gauge length that represents the
D 6521 Practice for Accelerated Aging of Asphalt Binder Portion of the specimen that contributes to the majority of the
Using a Pressurized Aging Vessel (PAV) strain. . _ .
E 1 Specification for ASTM Thermometérs 3.2.5 failure, n—point at which the tensile load reaches a

E 4 Practices for Force Verification of Testing Machihes maximum value as the test specimen is pulled at a constant rate

E 77 Test Method for the Inspection and Verification of Of €longation. _ _ _ _
Thermometers 3.2.6 failure strain, n—the tensile strain corresponding to

the failure stress.
* This test method is under the jurisdiction of ASTM Committee D04 on Road 3.2.7 failure stress n—the tensile .Stress on the t(f.'St Specl-
and Paving Materials and is the direct responsibility of Subcommittee D04.44 odneN when the load reaches a maximum value dunng the test

Rheological Tests. method specified in this standard.
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3.2.8 gage sectionn—the central portion of the specimen reliable, accurate and uniform temperature control during
where the cross-section does not change with length. For thtesting and conditioning of specime) (real-time load mea-
geometry used in this test method, the gage section is 18 msuring and recording device®)(real-time elongation measur-
in length (see Fig. 1). ing and recording devicesg) a real-time temperature detec-

3.2.9 tensile strainn—axial strain resulting from the appli- tion and recording device, and)(real-time data acquisition
cation of a tensile load and calculated as the change in lengtind display devices. The system shall have an electro-
of the effective gage length caused by the application of thenechanical or servo-hydraulic loading unit capable of applying
tensile load divided by the original unloaded effective gageand measuring tension and compression forces of at least 500
length. N and actuator travel of 20 mm. The system stiffness shall be

3.2.10tensile stress n—axial stress resulting from the at least 3 MN/m including the load cell and the loading pins.
application of a tensile load and calculated as the tensile loa®ihe unit shall have a transducer to measure and control grip
divided by the original area of cross-section of the specimenseparation and provide a feedback for strain control with a
displacement resolution of 1.0 um. The system shall be capable
4. Summary of Test Method of closed loop elongation rate control accurate to at least 1 %

4.1 This test method describes the procedure used to megf the commanded specimen elongation rate using feedback
sure the stress at failure and strain at failure in an asphalt bind@fom a displacement transducer mounted between the loading
test specimen pulled at a constant rate of elongation. Tegfins or a non-contact extensometer measuring the elongation of
specimens are prepared by pouring hot asphalt binder into the specimen.

suitable mold. Two plastic end tabs are used to bond the asphaltg 1 1 Tensile Loading Machine Equipped With Temperature
binder during the test and to transfer the tensile load from th%oﬁtfol—A tensile loading machine with a controlled-

test machine to the asphalt binder. dis . .
: . placement loading frame capable of producing at least a
4.2 This test method was _dgve[oped for' asphalt_bmdprs #00.00 N load is required. The loading frame shall be table
temperatures where they exhibit brittle or brlttle-ductllefa|lure.mounted The gripping system (loading pins and platens) shall
A brittle or brittle-ductile failure will result in a fracture of the be complletely submerged under the cooling fluid if a fluid

test gpecimen as opposed to a ductile .failure in which th ased system is used. The gripping system shall be a minimum
specimen simply stretches without fracturing. The test metho f 25 mm under the cooling fluid surface. Loading shall be

is not applicable at temperatures where failure is by ducmeaccomplished by pulling directly in tension in the plane of the

flow. gpecimen. The distance between the load frame’s loading

4.3 A displacement transducer IS used to measure th oints (between loading pins) shall accommodate specimens
elongation of the test specimen as it is pulled in tension at

constant rate of 1.00 mm/min. The load developed during th%Ith total length (including the end tabs) of at least 100.0 mm,

ee Fig. 1). If an air cooled system is used, the testing frame
all be equipped with two standards (columns) with sufficient

Bar space between the standards so that an insulated tempera-

ture control chamber can be placed between the standards.

5. Significance and Use 6.1.2 Specimen Gripping SysteaThe gripping system

5.1 Stress at failure is used in a mechanistic pavemerffust produce a_self—e_lligning uniaxial test Ioe_ld and accept the
cracking model to compute critical cracking temperature. Thénd tabs described in 6.1.2.1 and be designed so that test
procedure to compute critical cracking temperature is deSPecimens can be easily mounted in the machine. The system
scribed in Practice D 6521. The critical cracking temperature ighall include two grips. Each grip shall include a specially-
then used in specifying the low temperature grade of asphathaped pin that is mounted rigidly to the loading platens of the
binder in accordance with Specification D 6373. testing machine. Fig. 2 shows a typical grip and loading pin

5.2 The test method is designed to measure the strength 8sSembly. One grip shall be fixed and remain stationary during
the asphalt binder at the critical cracking temperature. Théhe test while the other grip is displaced at the desired
asphalt binder has limited ability to resist stress withoutelongation rate.
cracking. In the asphalt binder Specification D 6373, failure 6.1.2.1 Specimen End TabsEnd tabs made from Phenolic
stress is used to determine the critical cracking temperature. G-10 material having the dimensions specified in Figs. 3-5

5.3 For evaluating an asphalt binder for conformance teshall be bonded to both ends of the test specimen to transfer the
Specification D 6373, the elongation rate of the gage section ikensile load to the asphalt binder. The end tabs shall be
1.0 mm/min and the test temperature is selected from Tablmachined from standard G-10 Phenolic sheet. Each end tab
number 1 of Specification D 6373 according to the grade ofhall contain a precisely machined hole lined with a 304
asphalt binder. Other rates of elongation and test temperatursgainless steel ring. The diameter of the lined hole shall be

test is monitored and the tensile strain and stress in the te
specimen when the load reaches a maximum are reported as tC
failure strain and failure stress, respectively.

may be used to test asphalt binders. 10.00+ 0.05 mm. Gripping of the specimen is accomplished
through the bond (adhesion) between the asphalt binder test
6. Apparatus specimen and the end tab. Each end tab shall be mounted on a

6.1 Direct Tension Test SysterA direct tension test system specially shaped pin that is part of the gripping system. The
consisting of 1) a closed feed-back loop displacement- specimen shall be mounted on the grips by positioning the end
controlled tensile loading machine?)(a specimen gripping tabs in the test machine such that the end tabs fit onto the pins
system, 8) either a fluid bath or an insulated chamber forand are indexed against the face of the grips. Matching the
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coefficient of thermal expansion of the asphalt binder and théhe required 42 to 58 % potassium acetate to deionized water combination

end tabs is necessary to reduce thermal shrinkage stresses ati# be obtained by mixing the commercially available 50:50 deicing fluid
interface that otherwise cause bond failures. with deionized or distilled water until a density value between 1.235 and

. 1.240 is obtained at 25°C. The density may be measured using a suitable
6.1.3 Test Chamber for Temperature Control and Testing hydrometer. y may g

The temperature control chamber shall have sufficient space for ) ] )

storing at least eight (8) specimens. The temperature control 6-1.5 Load Measuring and Recording Devieetoad shall
range for the cooling chamber, without asphalt binder speciP® measured with a load cell having a minimum capacity of
mens, at all points within the bath, shall be from +6°C to -36°c500 N and a sensitivity of 0.1 N. The load cell shall be
with temperature stability as a minimum of0.1°C. Placing a  Calibrated at least annually in accordance with Practices E 4.
room temperature specimen in the cold chamber is allowed t§h€ load and elongation shall be monitored with the data
cause the chamber temperature between the grips to fluctusigauisition system such that they can be resolved to 1.0 percent
+0.2°C from the target test temperature during testing an@f the failure load and elor_lga_\tlon, respectively. Once the test
isothermal conditioning of the specimen. However, duringhas starte_d, jche data acquisition system shall be able to detect
testing the temperature gradient between the grips shall ndf€ Pointin time when the load starts to change as a result of
exceed-0.1°C. The temperature measurement shall be acconflongation in the sample. This shall be accomplished by
plished with a calibrated Platinum Resistance TemperaturBonitoring the load cell signal with time. A change in the load
Detector (PRTD) located in the chamber in proximity of testSignal equivalent to 2 M- 0.3 N (threshold load) shall be used
area (NIST Traceable, calibrated at 8 temperatures in the rand@ Mark the point in time where zero reading of the displace-
+6°C to -36°C). If an air based cooling system is usedMent transducer is obtained. The point in time whgr.e the peak
mechanical cooling or liquid nitrogen may be used to cool thdoad is obtained will be capturgd by the data acquisition system
chamber. It shall have a dehumidifying system with a capacitnd the accumulated elongation from the zero reading to the
such that the formation of frost on the interior of the chamber€longation corresponding to the peak load shall be used to
the test specimen, or any of the test fixtures is eliminated. Th@alcula_te the failure strain. Once the testis complet_e, the device
chamber shall be capable of storing a minimum of eight tesghall display the strain at failure. Peak loads typically range
specimens on a rack which is thermally isolated from the wall§rom 10 to 250 N depending on the test temperature, grade,
and floors of the chamber such that heat conducted from th@ding, and source of the binder. Stress and strain shall be
walls and floors of the chamber does not affect the temperatuf@Splayed to the nearest 0.1. _ _

of the stored specimens. If an air based cooling system is used, 6-1-6 Elongation Measuring and Recording Deviees
the chamber shall be fitted with a front-opening door forSpecimen elongation shall be mea_sured between the grips with
maintenance and standardization purposes and an access pgoffisplacement transducer. The displacement transducer shall
that allows for insertion of the operator's hand and forearm td®€ capable of measuring and controlling grip separation and
position test specimens on the storage shelf for conditionin@rov'de a fee_dback for elongation rate control with a displace-
and to position test specimens on the grips for testing. Th&ent resolution of 1.0 um. _

access port shall be designed so that changes in chamber6-1.6.1 If .the data acquisition component consists of an
temperature are+0.2°C during an operation in which the IBM-compatible computer, it shall have three A/D channels;
operator’s hand or forearm is inserted into or removed from th@ne for load, one for elongation, and one for temperature. Data
chamber. Visual access to the interior of the test chamber shaih@!l be stored in ASCII format. .

be provided to permit proper mounting of test specimens and 6-1.6.2 Display of Stress-Strain CurveThe data acquisi-
test monitoring. Use of the laser requires optical glass windowd0n and display system shall be capable of displaying a
on two sides of the temperature chamber so that a beam of lasgif€SS-strain curve in units of stress (MPa) versus percent

light can be passed through the chamber without distorting th&train. This may be accomplished using the video screen of the
laser beam. data acquisition computer or with an x-y recorder. If a recorder

is used, the units may be in volts but in this case the test file
Note 1—The required temperature measurement can be accomplisheshall contain the calibration factor in MPa/Volt and percent
A thermrstor. Caiibation of the PRT o thermistor can be verifed as perT&n/Volt for both thex andy axes.
a . . .
10.1.3. The platinum resistance thermometer meeting DIN Stand?ar? 6.2 Specimen MO]dS—ThB specimen molds shall t.)e maT‘”'
43760 (Class A) is recommended for this purpose. actured from aluminum. Molds shall have the dimensions
o ) ) ) _ specified in Fig. 4. Arelease agent along with a silicone-coated
6.1.4 If fluid is used as a cooling medium, a suitable fluidyglease paper, described later in 7.2 and 7.3, shall be used to
for temperature control and testing has been found to be 3revent asphalt binder from adhering to the aluminum mold
aqueous mixture of 42 % potassium acetate powder and 58 %qes and back plate when making specimen. The release paper
deionized water by weight. Alcohols have been found tojs required to prevent asphalt binder from adhering to the
embrittle asphalt binders (that is, affect failure properties inygttom plate of the mold.
presence of stress) and, therefore, shall not be used as ag 3 Specimen Storage PlatesAcrylic plastic, TFE-
medium for temperature control and failure testing of asphalfjyorocarbon or other plastic plates for transferring and storing
binder specimen. test specimens in the air cooled environmental chamber. These
Note 2—Potassium acetate is commercially available in the form of aPlat€s are not required if a fluid cooling bath is used.
deicing fluid mixture composed of approximately 50 % potassium acetate 6.4 Calibrated ThermometerA calibrated liquid-in-glass
and 50 % deionized water. If this commercial fluid mixture is purchasedthermometer of suitable range with subdivisions of 0.1°C is
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required for verification of the temperature transducer. Thigiations (steric hardening) that occur during normal storage at
thermometer shall be calibrated in accordance with Tesambient temperature.
Method E 77. An ASTM 133C thermometer as specified in L . .

e . . - . - Note 3—Minimum pouring temperatures (readily pours but not overly
Specification E 1 is Sl_J't_able' Altemat'vely'_ a high pr(':‘C'S'C'nfluid) are recommended. Heating asphalt binders to temperatures above
NIST traceable RTD digital thermometer with an accuracy ofigs°c should be avoided. However, with some modified asphalts or aged
better than or equal ta0.03°C is also acceptable for verifi- binders, a pouring temperature above 165°C may be required. Tempera-
cation of the DTT bath temperature. tures above 180°C should not be used unless absolutely necessary to make

6.5 Freezee—A freezer Capabie Of maintaining a tempera_ the sample sufﬁciently fluid to pour. In all cases, heating time should be
ture of -15+ 5°C. The freezer is only required when using the minimized. During the heating process, the sample should be covered and
air-cooled chamber for testing. stirred occasionally to ensure homogeneity. Use caution during stirring to

. . avoid trapping air bubbles in the asphalt binder.
6.6 Oven—A forced-air convection oven capable of reach- PPing P

ing and maintaining a temperature of 1605°C for heating 9.2 Coat the specimen forming surfaces of the two mold
asphalt. side plates of the aluminum mold with the release agent. The

coating shall be applied so as to produce a thin uniform film on
7. Reagents and Materials the metal surface such that no part of the metal surface is

7.1 Fluid for Temperature Control in Systems Equipped withexposed. Place a single precut sheet of release paper on the
Cooling Baths—An aqueous mixture of 42 % potassium ac- bottom plate of the mold. Slide one side plate on to the bottom
etate powder and 58 % deionized water by weight shall be use@late over the release paper. Place the end tabs into both ends
as a fluid for temperature control. Alcohols are not allowedof the mold. Slide the other side plate on to the bottom plate to
because they have been found to lower the failure properties @omplete the assembly of the mold. Place the molds and end
all asphalts. tab assembly in a sand bath placed in an oven maintained at the

7.2 Release AgentA 50/50 mixture of glycerin and talc is Same temperature at which the asphalt binder is heated for no
further adjusted as required to obtain a paste of propemore than 7+ 2 min. After the required 7 2 min pre-heating
consistency. A consistency similar to thin peanut butter wagime, the sand bath and the molds are removed from the oven
found suitable. for pouring hot asphalt binder in the molds, as explained in

7.3 Release PaperA TFE-fluorocarbon-coated paper paragraph 9.3. If molds are left in the oven for longer than 9
coated on both sides with a minimum of 0.3 um of TFE-min, it will affect the release properties of the glycerin and talc
fluorocarbon has been found to be suitable for use as a releageating. The sand bath shall be preheated to the required
paper. Silicone coated papers may be used as release papéesaperature before placing the molds.

However, it has been determined that silicone coating lowers 9.3 Remove mold and the sand bath from oven and place it
the failure properties of certain asphalt binders. These proten a flat surface. Pour hot asphalt binder into the mold starting
lems typically arise when adequate silicone coating is nofrom one end of the cavity and moving across the cavity in a
present on the release paper. single pass. Pour the specimen in a continuous stream to avoid

7.4 Solvert—A solvent such as, but not limited to, entraining air bubbles or gaps. Complete the pouring operation
d-limonene, mineral spirits, or a degreasing spray cleane®s quickly as possible to avoid any excessive drop in the
formulated for use on asphalt for cleaning molds, end tabs, an@mperature of the asphalt binder. Stop pouring when the
plates. A final wipe with an acetone-soaked cloth or papegsphalt is slightly above the top surface of the mold. The mold
towel is necessary to ensure a proper bond between asphahould be overfilled to allow for shrinkage as the specimen
binder and the end-tabs. cools to ambient temperature.

7.5 Cleaning Cloths-Cloths for wiping molds, end tabs, Note 4—Research data suggests that more consistent failure stress

and plates. results are obtained (coefficient of variation less than 10 %) by heating the
d assembled molds in a sand bath placed in the oven. An aluminum foil or
8. Hazards a piece of cloth should be placed over the sand bath to avoid incorporating

8.1 Use standard laboratory safety procedures required fernd particles in the mold and the specimen. Only two molds should be
handling the hot asphalt binder when preparing test specimeri§ated and poured at a time. Experience suggests that pouring more than
o molds at a time will excessively cool the asphalt binder thereby

and required safety procedures when cleaning with solvents ¢ ; : : ;
degreasers producing specimen of inconsistent geometry.

) ) ) 9.4 After pouring the test specimen, allow the molds to

9. Sampling, Test Specimens, and Test Units anneal in the sand bath for5 1 min. Next, remove the molds

9.1 Preparing Test Sampleslf unaged binder is to be from the sand bath and allow them to cool on the bench top at
tested, obtain test samples according to Practice D 140. Set tlenbient temperature for 30-60 min. Do not quench (quick or
cooling bath at the desired testing temperature and wait until iinstantaneous cooling) the specimen to achieve ambient tem-
stabilizes to within=0.1°C of the desired test temperature. perature (25°C or lower).
When testing for compliance with Specification D 6373, use 9.5 As soon as the specimen has cooled to room tempera-
the test temperatures specified in Table 1 of Specificatioture, trim off the excess asphalt binder with an approximately
D 6373. 165°C straight edge (for example, a flat stiff heavy gage putty

9.1.1 Anneal the asphalt binder from which the test speciknife) so that the asphalt binder is flush with the top of the
men is obtained by heating until it is sufficiently fluid to pour. mold. Use care during the trimming operation so that the
Annealing prior to testing removes reversible molecular assoasphalt binder is not pulled away from the mold and that the
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bond between the end tabs and the asphalt binder is nalways be tested with the trimmed side facing up. The transfer

damaged. Trim off the specimen in a consistent manner. Pufllate covered with the release papers should never be placed
the hot knife along the long axis of the sample flush with theinto the bath. Measurement of specimen dimensions after

surface of the mold to remove the excess asphalt binder. Aftetemolding is not necessary since dimensional tolerances are
trimming, remove all debris or extraneous asphalt binder frontlosely controlled in the molding process.

the holes or slots in the end tab. Let specimen sit at ambient Note 5—Minimize distortion of the specimen during demolding. The

temperature for 10-15 min after trimming. variability in failure properties is increased if distorted (bent along or

9.6 Specimen Demolding Procedure perpendicular to the loading axis) specimen are tested. A distorted

9.6.1 Prior to demolding, place two side plates of an unusedpecimen yields lower failure values.
aluminum mold (see Fig. 4) into the cooling bath or air N L
chamber and allow them to cool to the test temperature. These: Calibration and Standardization
side plates will be used as holders for transferring the specimen 10.1 Verify calibration of the displacement transducer, load
to the test bath or chamber. cell, and temperature transducer.

9.6.2 Prep?‘re a specimen transfer plate as fOHO_WS: Placg aMNore 6—Calibration is usually performed by a calibration service
unused aluminum bottom plate of the mold (see Fig. 4) upsid@gency. Calibration verification, system standardization, and quality
down on the work bench so as to form a transfer plate. Placenhecks may be performed by the manufacturer, other agencies providing
two release papers so that they overlap lengthwise and coveuch services, or in-house personnel using the procedures described
the surface of the transfer plate. below.

9.6.3 Demold the trimmed specimen by gently sliding the 10.1.1 Load Cell and Displacement Transducer
specimen and the two mold side plates towards one edge of therification—A specially designed standard shall be used to
bottom plate until the side plate nearest to the edge is halfwayerify the operation of both the load cell and the displacement
across the edge. Pivot the overhanging side plate downwardsansducer. The verification standard shall have a spring rate of
using gentle pressure and demold that side. approximately 135 N/mm and shall be capable of withstanding

9.6.4 Replace the just-released plate and now slide tha 500.00 N load without damage. The verification standard
specimen and the two side plates (one side demolded bghall be supplied by the manufacturer of the direct tension test
reassembled) towards the other edge and repeat the procedsgstem along with the stress-strain characteristics. The manu-
given in 9.6.3. facturer shall provide a certificate with each verification

9.6.5 Again, repeat the demolding procedure described istandard which guarantees the NIST traceability of the equip-
9.6.3, except this time, remove one side plate completely anthent used to determine the stress-strain characteristics of the
gently mount one of the cold side plates from the cooling battstandard. Verify calibration of the load cell and displacement

or chamber onto that side of the specimen. transducer at least every 6 months and when measurements are
9.6.6 Demold the other mold side plate and mount the otheguspect. Verification of the load cell shall be in accordance with
cold side plate from the cooling bath or chamber. Practices E 4. Verification of the displacement transducer shall

9.6.7 At this point, the specimen and mold assembly shoul®€ in accordance with Practice E 83.
look exacﬂy like the trimmed Specimen before demo'ding 10.1.2 Veriﬁcation Of Elongation Rate'The e|0ngati0n rate
except the two side plates are now replaced with cold sidéhall be verified using the verification standard discussed in
plates that were placed in the cooling chamber or bath befor&0.1.1. To verify the elongation rate, elongation shall be plotted
the demolding process began. as a function of elapsed time. The resulting plot shall be a
9.6.8 Now turn the cold specimen mold assembly upsidétraight line with a slope 1.00 mm/min.
down by holding the mold assembly in the center between two Nore 7—Measurements are typically made at <£8.1°C for conve-
fingers of each hand. Place the upside down mold assembly oiience. Allow 10 min for the verification standard to achieve thermal
the transfer plate so as to form a cross, that is, the mol@quilibrium.
assembly must be perpedicular to the transfer plate covered g 1 3 Temperature DetecterVerify calibration of the
with release papers. temperature detector at least every six months by comparing
9.6.9 Gently remove the bottom plate from the upside dowRhe output of the RTD with a calibrated mercury in glass
specimen assembly resting on the transfer plate by genthhermometer in accordance with Test Method E 220. Alterna-
sliding it off. The release paper at the bottom of the specimefiively, a high precision NIST traceable RTD digital thermom-
is now exposed. Hold the two side plates so as to secure th&er with an accuracy of better than or equattd.03°C is also
specimen while gently removing the release paper. acceptable for verification of the DTT bath temperature. Place
9.6.10 Carry the transfer plate with the upside down buthe thermometer or the RTD in the environmentally controlled
exposed specimen to the test chamber or bath. Immediatebhamber and hold the RTD in intimate contact with the bulb of
place the specimen (along with the two cold side plates) intahe thermometer. When the thermometer and the temperature
the cooling bath or chamber onto one of the trays. detection device have reached equilibrium, compare the tem-
9.6.11 Remove the two side plates after a two minuteperature indicated on the readout for the RTD to the tempera-
cool-down period. Some softer grades may require more thafure observed by reading the thermometer. If the temperature
two minutes before removing the side plates. indicated by the thermal detector does not agree with the
9.6.12 Flip the just-released specimen in the test bath amercury in glass thermometer within0.1°C, apply an appro-
chamber so that the trimmed side is up. The specimen mugriate temperature correction to the temperature measurement

10



Ay b 6723

indicated by the temperature detector or further calibration oand the fact that the specimen did not fracture.

maintenance is required. Note 9—While the acceptable failure is in the gage section (18 mm

11. Conditioning long constant cross-section portion), ideally failure should occur in the

center of each specimen. The location of failure and the consistency or

11.1 Condition the specimens in the cooling bath or ChamFepeatability of failure data is directly related to straightness, how

ber at the test temperature for 605 min. Adhere carefully to  carefully the specimens are prepared, and how well they are mounted prior
time schedule to avoid testing variability that is caused byo testing.

physical hardening. 12.8 Repeat 12.2-12.7 for the remaining five specimens.
12. Procedure 12.9 After testing is complete, discard the asphalt portions

12.1 Prepare six test specimens according to Section 9. ©Of the spent specimens and clean the end tabs by soaking them
12.2 Using tongs, mount a specimen on the load frame b{f! Solvent and wiping with a soft cloth. After wiping the end
matching the holes on the end tabs at each end of the specimEHS, use a detergent soap solution to remove any oil film
to the loading pins on the load frame. If the holes do not matcfiesidue left by the mineral spirit cleaner. Alternatively, use a
with the pins, mount one of the pins with a specimen end an§l€greasing spray cleaner. Clean the end tabs thoroughly. A
adjust the load frame by moving the thumb wheel on thedréase film on th_e asphalt bonding area can create a weak bond
control box until the other end of the specimen falls into placef@using bond failures.
as shoyvn. Check the seating of the specimen by running thPs. Calculation or Interpretation of Results
tongs lightly on the end tabs at each end of the specimen. )
12.3 Once the specimen is on the loading pins, remove the 13:1 For each test result, compute the failure stress by
slack between the specimen and the loading pins. d|V|d[ng the failure .Ioad by the original area.of the test
12.3.1 For instruments with automatic removal of the slack SPecimen cross-section (6 by 6 mm) as shown in Eq 1:
the test is also automatically started by the software after or =P/ A (1)
zeroing the strain. No manual pressing of the start key is
required in that case. The test software will automatically
monitor the load, zero the strain, and start the test when thcsgf
load reaches a value of 2 0.3 N. A
12.3.2 For instruments with manual slack removal or if the
vertical test setup of an air cooled test chamber is used, thenNote 10—For Information only—for specimens used in this test
remove the slack manually by manipulating the thumb wheef* =36 - 10°m”
on the control box for fine adjustment. The thumbwheel is 13.2 For each test result, compute the failure strain by
moved in the direction so as to produce tension (stretch thdividing the elongation at failure by the original gage length, as
specimen). The thumb wheel is moved until a load of .3  shown in Eq 2:
N is shown on the monitor screen. 6 =9/L, @
12.3.2.1 Once this has been accomplished, recheck the
seating of the specimen with the tongs to avoid any erroneousgvhere:
load readings. € failure strain, mm/mm,
12.3.2.2 Repeat the above manual loading procedure until & = elongation at failure, mm, and
load of 2+ 0.3 N is again obtained. L, = effective gage length, mm.
12.4 Set the strain rate to 3 %/min (to allow an elongation Nore 11—For Information only—for specimens used in this test, the
rate of 1 mm/min) if it is not preset in the software. effective gage length,, has been determined to be 33.8 mm.

12.5 After the specimen fractures, or after the elongation of 13 3 piscard the two test results with the lowest failure

the specimen reaches 10 %, whichever comes first, stop the te§}ass. If two or more test results have the same failure stress

and remove the specimen or pieces. _ Dut different failure strains, discard the test result with lower
12.6 The strain at failure is easily identified as the strain at;jj re strain.

peak load (maximum stress) when the failure is by fracture
(that is, breaks into two pieces on failure). However, when the NoTe 12—Research data suggests that failure stress values of asphalt
Specimen does not fraciure, bu reaches a maximur siress afie folovs & Webul distiouton in s Wekul dettuton ot
then ﬂOV\_IS without fraCt.ure’ the strain aF failure is recorded a%xpected. Research also shows that discarding two lowest values con-
the strain corresponding to the maximum stress. DO NOfyrms the failure stress data to the Weibull distribution.

continue the test beyond 10 % strain; record the failure strain

as “greater than 10 %.”

where:

failure stress, MPa,

failure load, N, and

original area of cross-section,’m

13.4 Calculate the mean and standard deviation for failure

stress and failure strain for the remaining four test results.
Note 8—If the asphalt binder can be stretched to 10 % without

fracture, it meets the requirements of Specification D 6373 at the test4. Report

temperature. 14.1 Report the following information:
12.7 Record failure load and elongation at failure. If the 14.1.1 Sample identification,

specimen fails in the throat section, record the data for failure 14.1.2 Date and time of test,

but note that it failed in the throat. If the specimen fails to 14.1.3 Test temperature, to the nearest 0.1°C,

fracture at 10 % elongation, record the load at 10 % elongation 14.1.4 Rate of elongation, to the nearest 0.01 mm/min.,

11
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14.1.5 Average failure strain and standard deviation, to th@ata is available, a multi-operator (70 operators) data set was used to

nearest 0.01 percent, determine the repeatability of the test method. An unmodified PG 67-22
14.1.6 Average failure stress and standard deviation, to th@phalt binder was used to generate this data set. This data set was
nearest 0.01 MPa collected and saved during training sessions conducted by a manufacturer

for various state agencies and other users. The precision estimates
obtained using this data may be considered preliminary, as the require-
ments of Practice C 670 were not followed in experiment design or data

14.1.7 Peak load, to the nearest N, and
14.1.8 Type of fracture observed (fracture or no fracture

gage or throat). analysis.
i P Property Coefficient of Acceptable Range of
15. Precision and Bias Variation, % Coefficient of Variation, %
15.1 The precision of the procedure for measuring failure Failure Stress, MPa 85 24.1

stress, failure strain, and failure energy is being determined and 15 2 Bjas—There are no acceptable reference values for the

will be available on or before March 2002. It is not feasible 10 5 onerties determined in this test method so bias for this test
specify the precision of the procedure at this time becausg aihod cannot be determined.

equipment procurement, required training and experiment

design is under way. Therefore, this standard should not b% Keywords
used for acceptance or rejection of material for purchasing
purposes. 16.1 asphalt binder; direct tension; failure; failure strain;

Note 13—Precision—The precision of this method is being determined fracture; thermal cracking

using interlaboratory round robin tests. For your information, until that

APPENDIX
(Nonmandatory Information)

X1. ALTERNATIVE TEST PROCEDURE FOR SYSTEMS WITH FORCED AIR BASED COOLING

X1.1 After 60 = 10 min, mount the specimen on the pins sufficient to provide a friction fit on the 5 mm portion of the pin. The
using the environmental chamber hand access port so that tMasher should sl?de easily on the pin providing only sufficient force to
backface of the end tab is centered on the mounting pin. Do nd°!d the end tab in place during the test.
open the chamber door to handle or mount the specimen X1.2 Selectthe desired strain rate and load the specimen to
because that will produce excessive temperature fluctuatiorfailure. Select a strain rate that gives an effective gage section
which will take time to stabilize and lead to variable thermalelongation rate of 1.00+ 0.01 mm/min when testing for
histories. Handle the specimens with rubber surgeons gloves tmmpliance with Specification D 6373. If a test specimen fails
protect the operator’s fingers and to minimize heating of theoutside the gage area of the specimen (from throat to throat),
specimen. Handle the specimen by touching only the end tabdjscard the test.

do not touch the asphalt binder. X1.3 Alternate Loading ProcedureApply a preload to the

Note X1.1—Air currents for the circulation fan may cause the end tabstest specimen by mounting the specimen as previously de-
to move after being placed on the mounting pins. A silicone rubber orscribed and applying an elongation sufficient to depedol to
foam washer that remains flexible at the test temperature will help hold the N |oad; this may reduce testing variability. As soon as the 1
end tab against the face of the grip. It is important that the end tab bg 2 N load is reached stop the movement of the platen and

|

centered on the pin (flush against the face of the grip) in order for the loa e .
to be applied axially through the center of the test specimen. A suitabl IOV\_’ the load to relax until _It IS no longer dete_ctable. The time
washer may be cut from silicone rubber or foam sheeting with a cord€duired to relax the load will depend on the stiffness of the test

borer. The washer may be 5 to 10 mm thick with an outer diameter ospecimen. Once the load has relaxed continue the test as
approximately 10 mm. The inside diameter of the washer should belescribed in 12.4.
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