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INTRODUCTION 

The ultimate goal of temperature control in asphalt paving operations is 
to control binder viscosity. After all, pumps, spray nozzles, compactors, 
aggregate coating, shearing action of binders between aggregates respond to 
viscosity and not to temperature. 

Since viscosity-temperature relationships of asphalts vary with source 
and even with different lots from a single source, it is desirable to 
establish the viscosity-temperature relationship for each asphalt used. 
Armed with this information, the engineer has a better understanding of his 
building material and can make better decisions regarding the proper 
temperature for storage and handling, spraying for seal coats, optimization 
of plant mixing, compaction cessation, and opening to traffic. This will be 
particularly true when unfamiliar products with vastly different viscosity
temperature relationships, such as modified asphalts, are involved . 

The objective of this work was to develop a standardizable test 
procedure for measuring rheological properties of asphalts at high 
temperatures (mixing and compacting) that would be fast, simple, and easily 
performed in a central or a field laboratory. This method is intended to be 
a replacement for the capillary viscometer in the new SHRP asphalt cement 
performance specification. Based on convenience, versatility, and cost, the 
ideal instrument appeared to be a rotational viscometer; a Brookfield 
viscometer was selected for this study . 

Rotational viscometers measure viscosity by sensing the torque required 
to rotate a spindle at a constant speed while immersed in the sample fluid. 
The torque is proportional to the viscous drag on the immersed spindle, and 
thus to the viscosity of the fluid. For the user, rotational viscometry has 
some advantages when measuring rheological properties of asphalt cement: 

1. The rate of shear is high when compared to a capillary tube 
viscometer and thus better simulates high shear rates associated 
with mixing and compaction of paving mixtures. 

2. The rate of shear to which the sample fluid is subjected during a 
given test is constant, so the instrument is suitable for measuring 
Newtonian and non-Newtonian fluids. 

3. By rotating the immersed spindle at several different speeds, shear 
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dependent behavior of non-Newtonian fluids can be detected and 
analyzed. 

Rotational viscometers are rugged, mechanically simple instruments that 
are capable of measuring a wide range of viscosities. Multiple speeds and 
interchangeable spindles result in a large selection of viscosity (or 
temperature) ranges for optimum sensitivity and accuracy. Setup for this 
type of device is usually a relatively simple operation. Reasonably accurate 
and reproducible viscosity determinations can be made quickly without 
requiring a high degree of operator skill. 

Viscosity-temperature relationships of asphalt binders are not linear 
and may be radically altered by additives or other modification techniques . 
Rotational viscometry provides an excellent method to rapidly characterize 
the viscosity of asphalt binders as a function of temperature over the range 
normally encountered during construction. Thus valuable information is 
provided regarding optimum mixing, placing, and compacting temperatures for 
asphalt concrete or spraying temperatures for seal coats. 

To evaluate the Brookfield viscometer, tests were performed on seven 
neat asphalts and four modified asphalts. Variables evaluated included 
temperature, shear rate, and shear time . 

A test procedure capable of accurately quantifying the consistency of 
asphalt cement or modified asphalt binders at a viscosity range of 
approximately 0.1 to 20 Pa•s or a temperature range of about 80°C to 190°C 
(175°F to 375°F) was developed. This test method will be convenient for use 
at a central laboratory or a plant site to rapidly determine if an asphalt 
product meets the specifications and to characterize its viscosity 
temperature rel at i onsh i p. A test procedure of this nature will be very 
useful in providing information that is often currently guesswork because it 
takes too long to obtain information from the central laboratory. With this 
device it is expected that the viscosity-temperature curves needed to 
determine equi-viscous temperatures can be rapidly determined. 
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SURVEY OF EXISTING EQUIPMENT AND PRACTICES 

This portion of the study was initiated to identify an "appropriate" 
device for measuring viscosity of asphalts at relatively high temperatures 
and develop a test method for uniformly and consistently performing the 
measurement. "Appropriate" is defined, in this case, as reasonably accurate 
and precise, fast, convenient, rugged, economical, and not requiring a high 
degree of operator skill. The instrument is intended to replace the 
capillary viscometer as a SHRP specification test for asphalt at temperatures 
normally required for mixing and compaction of paving mixtures. Then 
objective of this survey was to identify the most suitable commercially 
available device for use in both central laboratories and field environments. 

Several viscometer manufacturers were contacted and questioned regarding 
their products. Of particular interest were portable models that would be 
suitable for measuring viscosity of hot asphalt at a plant site or in a field 
laboratory. Literature was requested and reviewed. Three manufacturers 
brought their instruments to the TTI laboratory and either provided 
demonstrations or left the device a few days for familiarization and 
evaluation. There are approximately 50 different varieties of viscometers on 
the market today. Common methods used in determining viscosity include 
rotary, capillary, vibratory, falling ball, parallel plates, and timed flow 
from a container of known volume. Viscosity measurements may be provided in 
standard units or in relative units peculiar to a particular instrument or 
manufacturer. 

Desired Utility of Viscosity Test 

A test procedure was desired for quantifying the consistency of asphalt 
cement or modified asphalt binders at a viscosity range of approximately I to 
1,000 poise (or a temperature range of about 93°C to 191°C (200°F to 375°F)). 
This test method should be convenient for rapidly determining if an asphalt 
product meets the pertinent specifications. The method will have particular 
value when: 

1. quick decisions are needed, 
2. when asphalts are stored for long periods {especially when certain 

• polymer-type additives are employed which may chemically change with 
time and thus affect viscosity), 
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3. when asphalt products are blended, 
4. when adjustments in plant operation temperature or compaction 

temperature are needed to accommodate a modified asphalt or 
ameliorate a problem, 

5. when new experimental binders are used, and 
6. when those "unexplainable" problems occur that appear to be related 

to binder consistency . 
A test procedure suitable for field application would be very useful in 
rapidly providing essential information where guesswork is often relied upon 
because it takes too long to obtain information from the central laboratory. 

Viscosity-temperature relationships of asphalt binders are not linear 
and may be radically altered by additives or other modification techniques. 
Measurement of viscosity in field laboratories would provide an excellent 
method to rapidly characterize the viscosity of asphalt binders as a function 
of temperature, particularly at temperatures other than those at which 
asphalt viscosity is normally measured. This would provide valuable 
information regarding optimum mixing, placing, and compacting temperatures 
for asphalt concrete or spraying temperatures for asphalt seal coats. Much 
closer control of binder viscosity would thus be assured . 

A portable viscometer will be useful primarily for measuring asphalt 
viscosity at temperatures and shear rates that simulate those experienced 
during mixing in a plant and compaction of the mat. Table 1 gives 
approximate rates of shear to which asphalt is exposed in asphalt pavements 
and in certain laboratory tests. It is postulated that the shear rates to 
which asphalt is exposed during mixing and compaction is approximated by that 
estimated for slow moving traffic (10 sec-1

) (Table 1) . 

Portable Viscometers Available 
Most portable viscometers on the market today are of the rotational type 

as shown in Table 2. Most of these devices afford simple operation and can 
be removed from their stands and hand held if the need arises. Some models 
provide a readout in nonstandard units which must be converted to viscosity 
units using a simple calculation while others provide direct readout in 
conventional units. Some more expensive models provide direct readout of 
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Table 1. Rates of Shear in Asphalt Pavement Performance and Laboratory 
Tests. 1 

Rate of Shear, sec-1 Deformation Condition 

Pavement Performance 
3x10·1 Settlement 

2x10·5 Light loads (static) 

3x10·4 Heavy loads (static) 

2x10-1 Penetration test 

lxl01 Moving traffic (slow) 

lxl03 Moving traffic (fast) 

Laborator~ Tests 
1x10·3 Capillary viscometer 

0.05xl0° Sliding plate viscometer 

l-2xl0° Compressive strength test 

1 These data were assembled from estimates of shear rates presented in 
ASTM STP 328 . 

temperature, shear rate, rotational speed, shear stress, and torque. Hand
held, battery operated models are available which offer complete portability. 
Accessories are available which can be used to maintain a sample of asphalt 
at a constant temperature; this can also be accomplished quite economically 
using a household deep fryer. 

For a rough measurement in a field environment, viscosity as a function 
of temperature could easily and rapidly be obtained from a can of hot asphalt 
as it cools. Of course, periodic stirring immediately before measuring 
viscosity and temperature would be necessary to avoid development of a 
temperature gradient within the can. This procedure could be used to 
"bracket" the viscosity at a temperature of interest and thus obtain a value 
with a relatively high level of confidence. 

In-Line Viscometers 
During this study, it was found that in-line viscometers are available 
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Table 2. Description of Portable Viscometers. 

Direct 
Brand Model Operating Operating Shear Rate Reproducibility, Readout Battery Approx. 
Name No. Principle Range, Range, 1/s percent of Operation Cost, 

Pa•s Shear dollars 
Stress 

Bolin Visco 88 Rotational 6.5 - 3.5 4 - 1200 - Yes Yes 7,000 -
X 102 15,000 

Brookfield Di al Rotational 5 - 104 0.06 - 750 ± 1 No No 1,100 
Reading 

Brookfield DV-1 Ro tat i ona l 5 - 104 0.6 - 750 ± 0.5 No No 1,500 

Brookfield DV-11 Rotational 5 - 104 0.6 - 750 ± 0.5 Yes No 1,800 

Haake Viscotester Rotational 0.5 - 104 5 - 6000 ± 0.2 Yes No 10,000 
VT500 

O'\ 

Haake VTOl Rotational 0.0015 - - ± 2 No Yes 1,650 
0.330 

Haake VT02 Rotational 30 - 4 X - ± 2 No Yes 1,650 
102 

Nametre N-1 Rotational 2 - 10 0 - 2,100 ± 1 No No 17,00 

Nametre AR706 Vibrating2 0.1 - 2 X 4,084 ± 1 No No 10,000 
Sphere 102 

1 Hand held only 
2 Models are also available with vibrating collet, cylinder, rod, and plate. 
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that can be used to continuously monitor viscosity of a material as it is 
transferred from one area of a plant to another. These devices are designed 
to be mounted directly into pipelines and tanks, operate where flow is fast 
and turbulent, and respond instantly to viscosity changes. They resist high 
temperature and pressure, impact, and corrosion. Most of these devices 
employ the principle of vibration or oscillation at very low amplitudes 
(about I micron) and high frequencies . 

Some individuals claim the high shear rates utilized in the measurement 
process may be unrealistic when compared to those found in an asphalt plant 
or those during compaction of the mat and thus pose a disadvantage for use 
in measuring asphalt viscosity. The Nametre in-line viscometer applies a 
constant shear rate of 4084 sec-1

• The data presented in Table I indicate 

this shear rate may be simulating that applied to a pavement by fast moving 
traffic. The applied shear rates for the in-line viscometers may correlate 
reasonably well with those found in the nozzles of an asphalt distributor 
truck. This type of instrument would allow one to directly measure 
viscosity of asphalt at any point in an asphalt plant. Furthermore, utility 
of these devices could be extended to an asphalt distributor truck often 
used in pavement sealing operat i ans. Thus binder vi seas ity could be 
controlled directly and not indirectly through temperature measurements. 
This direct measurement would eliminate the need for a viscosity-temperature 
curve for each different product used in the distributor truck. Asphalt 
viscosity could be precisely adjusted to optimize performance of the spray 
nozzles on the distributor truck. This information needs to be distributed 
to asphalt user agencies and paving contractors. 

In-line viscometers are available from Automation Products Dynatrol, 
Nametre Company, and Bendix Corporation. Cost of these instruments ranges 
from $6000 to $12,000. These instruments need to be investigated to 
determine suitability and utility in the asphalt industry. 

Existing Applicable Standards 
Since the Brookfield rotational viscometer was ultimately selected for 

evaluation in this study, the following ASTM standards appear to be of 
particular value. In fact, ASTM D 4402-84 may provide the needed standard 
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procedure with a few minor modifications. 
ASTM D 4402-84. This standard is titled "Viscosity Determinations of 

Unfilled Asphalts Using the Brookfield Thermosel Apparatus." A summary of 
the method is as follows: 

This method outlines a procedure for measuring the apparent viscosity 
of asphalt from 38 to 260°C {100 to 500°F) using the Brookfield 
Thermosel apparatus . 

The Brookfield Viscometer Thermosel system described in this procedure 
can be used to measure the apparent viscosity of asphalt at elevated 
temperatures. The torque on a spindle rotating in a special 
thermostatically controlled sample holder {Thermosel) containing a 
small sample of asphalt is used to measure the relative resistance to 
rotation. A factor is applied to the torque dial reading to yield the 
viscosity of the asphalt in millipascal seconds or a direct readout 
model viscometer can be used. 

For most routine asphalt testing, ASTM D 4402 should be a suitable test 
procedure. The procedures developed herein are designed to decrease testing 
time of asphalts in the temperature range from 80°C to 180°C. In addition, 
they were designed specifically for use with the Model RVTDV-II. 

ASTM D 2196-86. This standard is titled "Rheological Properties of 
Non-Newtonian Materials By Rotational (Brookfield) Viscometer." It calls 
for a Brookfield model LVF or LVT having four or eight rotational speeds, 
respectively. A summary of the method is as follows: 

These test methods cover the determination of the apparent viscosity 
and the shear thinning and thixotropic properties of non-Newtonian 
materials in the shear rate range from O .1 to 50 s-1 

Test Method A consists of determining the apparent viscosity of 
coatings and related materials by measuring the torque on a spindle 
rotating at a constant speed in the material. 

Test Methods B and C consist of determining the shear thinning and 
thixotropic (time-dependent) rheological properties of the materials3

• 

The viscosities of these materials are determined at a series of 
prescribed speeds of a rotational-type viscometer. The agitation of 
the material immediately proceeding the viscosity measurements is 
carefully controlled . 

ASTM D 3236-73. This standard is titled "Apparent Viscosity of Hot 
Melt Adhesives." The procedure employs a rotating spindle type viscometer. 
A Brookfield with thermosel is depicted in the standard. A summary of the 
method is as follows: 
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This method covers the determination of the apparent viscosity of hot 
melt adhesives and coating materials compounded with additives and 
having apparent viscosities up to 200,000 millipascal second (mPa-s) 
at temperatures up to 175°C (347°F) . 

A representative sample of the molten material to be tested is 
maintained in a thermally controlled sample chamber. Apparent 
viscosity is determined under temperature equilibrium conditions using 
a precision rotating spindle type viscometer. Data obtained at several 
temperatures can be plotted on appropriate semi-1 ogarithrni c graph paper 
and apparent viscosity at intermediate temperatures can be estimated. 

ASTM D 2493-85. The standard is titled "Viscosity - Temperature Charts 
for Asphalts." The viscosity-temperature chart covered by this standard is 
a convenient means of plotting data for estimating the viscosity of asphalts 
at any temperature within a limited range. Conversely, the chart may be 
used to ascertain the temperature at which a desired viscosity is attained . 
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EVALUATION OF BROOKFIELD VISCOMETER AND 
DEVELOPMENT OF DETAILED TEST PROCEDURE 

A thorough investigation of the capabilities of the Brookfield DVII 
viscometer and thermosel system to measure the viscosity of neat and polymer
modified asphalts at high temperatures was conducted. The investigation 
resulted in the development of a detailed test procedure which provides four 
to six data points which may be used to construct a viscosity versus 
temperature curve. Results of selected Brookfield tests were compared with 
the kinematic viscosity from the existing standard procedure (ASTM D 2171) 
which uses the capillary viscometer . 

Description of Test Procedure Developed 
The Brookfield DVII viscometer and thermosel system were used to develop 

a test procedure which can be used in the field to obtain a viscosity versus 
temperature curve in an expedient manner (Appendix A). Advantages of the 
test are that it requires a relatively small sample, it is reliable, and it 
compares well with the results of the standard capillary tube viscosity 
tests. A viscosity-temperature curve covering a 100 C0 temperature range can 
be produced fairly rapidly. This allows the technician or engineer to select 
a particular temperature and viscosity combination for use in construction or 
for further scrutiny in the laboratory. 

During this investigation, it was found that when the temperature 
setting on the Thermosel was raised by 20 degrees Celsius, 12 to 15 minutes 
were required to allow the asphalt sample temperature to readjust to the new 
temperature setting. This is because the temperature sensor is not in 
physical contact with the asphalt specimen but is outside the sample chamber 
between the chamber wall and the heating element. Much more time is required 
when viscosity measurements are made with the temperature descending since 
the Thermosel is well insulated and has no mechanism for cooling the sample. 

Binders used in this evaluation were obtained form the SHRP Materials 
Reference Library located in Austin, Texas. 

Shown in Figures 1 and 2 are examples of the curves obtained from the 
detailed testing procedure developed in this study. The data points may be 
plotted on semi-log graph paper. Typically, two hours will be required to 
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110 120 130 140 150 160 170 180 190 200 210 220 230 

Temperature, degrees C 

Figure 1. Viscosity versus Temperature of Modified Asphalt M-TH-029-001 -
(used spindle SC4-27 at 20 rpm). 
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Viscosity, Pa.s 

80 90 100 110 120 130 140 150 160 170 180 190 

Tempe,atu,e; degrees C 

Figure 2. Viscosity versus Temperature of Core Asphalt AAM-2 - (used spindle 
SC4-27 at 20 rpm). 
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produce four to six points which will completely define the shape of the 
viscosity versus temperature curve. 

The test procedure developed in this program provides an easy and quick 
comparison between different asphalt samples or asphalt samples with 
different modifiers. The complete procedure to produce a temperature
viscosity relationship between 80°C and 180°C requires approximately 2 hours. 
Figure 3 shows how the viscosity as a function of temperature of Asphalt AAM-
2 changes when a latex modifier is added. It also compares the viscosity of 
the core asphalt with the viscosity of another SHRP modified asphalt (M-TH-
029-001). All data presented in Figure 3 is easily obtained in one day of 
testing (about 7 hours) . 
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Viscosity, Pa-s 
100 ~------------------------, 

10 + 

1 

0.1 

~ Asphalt AAM-2 

+ M-TH-029-001 

-*- AAM-2 W/3% Latex 

+ 

0.01 ~~-~-~~-~-~~-~-~~-~-~~-~ 
80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 

Temperature, degrees C 

Figure 3. Viscosity versus Temperature of Asphalts AAM-2, 
M-TH-029-001, and AAM-2 with a Latex Modifier -
(used spindle SC4-27 at 20 rpm) . 
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PERFORMANCE OF THE BROOKFIELD DVII VISCOMETER 
AND THERMOSEL SYSTEM 

The Brookfield DVII Viscometer with the thermosel system was tested for 
performance limitations and to establish selected parameters of the proposed 
detailed testing procedure . 

Comparison With Capillary Viscometer 
If the engineer requires only one viscosity measured at a given 

temperature, the Brookfield can produce that data in about 20 minutes after 
preparing the specimen which is not a significant improvement over the time 
required for a capillary viscometer test (ASTM D 2170, Kinematic Viscosity of 
Asphalts}. Time required for the capillary test depends upon the oil bath 
temperature and whether it has been previously brought to the temperature 
required for the test. The Brookfield, howeyer, can produce the one point at 
one temperature in 20 minutes without any delay caused by adjustment of the 
temperature chamber. 

The test procedure developed for the Brookfield system will produce 
four to six data points in approximately one and one-half to two hours with 
which to construct a temperature-viscosity curve. To produce the same five 
points using the capillary viscometer would require more than five hours 
primarily due to time requirements for adjusting the temperature of the oil 
bath • 

Figures 4 through 9 compare the results of the viscosity-temperature 
curve obtained using the Brookfield system to the curve obtained using a 
kinematic viscosity test. The kinematic data was converted from centistokes 
to Pascal-seconds and the Brookfield data was converted from centipoise to 
Pascal-seconds. These graphs demonstrate a fairly good correlation between 
the established kinematic method of viscosity determination for asphalts and 
the Brookfield procedure developed in this study. Single value viscosity 
determinations are normally within 15 percent of one another. The widest 
variations between the Brookfield and kinematic viscometers occur at 
viscosities less than one Pascal-second. 

These differences are most likely due to the non-Newtonian behavior of 
the asphalts. Non-Newtonian viscosity values are not unique material 
properties but reflect the behavior of the fluid and the measurement system. 
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Viscosity, Pa-s 
10~---------------------~ 

1 

0.1 

Brookfield 

-~- Capillary 

0.01 '---'-------'-------'----'----'-----'-----'--__._-~--'----'----' 
70 80 90 100 110 120 130 140 150 160 170 180 190 

Temperature, degrees C 

Figure 4. Brookfield Viscosity of Asphalt AAC-2 Compared to 
Capillary Viscosity • 
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Figure 5. Brookfield Viscosity of Asphalt AAG-1 Compared to 
Capillary Viscosity • 
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Figure 6. Brookfield Viscosity of Asphalt AAM-2 Compared with Kinematic 
Viscosity - (used spindle SC4-27 at 20 rpm) . 
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Figure 7. Brookfield Viscosity of Modified Binder AAM-2 with 3% Latex 
Compared to Kinematic Viscosity - (used spindle SC4-27 at 20 rpm). 
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Figure 8. Brookfield viscosity of Modified Binder M-MF-001-003 Compared to 
Kinematic Viscosity - (used spindle SC4-27 at 20 rpm). 

20 



• 

• 

• 

• 

• 

• 

• 

• 

• 

Viscosity, Pa-s 10~------=---.:_ _________________ _ 

1 

0.1 

Brookfield 

-~- Kinematic 

0.01 '----'------'----'-----'------'----'-----'--~--~-~~ 
80 90 100 110 120 130 140 150 160 170 180 190 

Temperature, degrees C 

Figure 9. Brookfield Viscosity of Asphalt AAM-2 Compared to 
Capillary Viscosity . 
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Additional comparisons are available in Table Cl of Appendix C. 

Temperature Measurement 
The Brookfield Thermosel system includes a digital proportional 

temperature controller with RTD sensor. The controller has several 
programmable functions and can be set to display either Fahrenheit or 
Celsius. However, it must be pointed out that the input for the temperature 
controller programming functions recognize only the Celsius scale even though 
Fahrenheit may be selected. 

A major concern in the design of the Thermosel was that it does not 
directly measure the actual temperature of the asphalt specimen. The RTD 
sensor for the controller is mounted in the insulated portion of the 
thermosel housing but outside the sample chamber. This design places the 
metal wall of the sample chamber and the metal wall of the sample container 
between the RTD probe and the asphalt specimen . 

Limited tests were conducted to verify the accuracy of temperature 
measurement in the Thermosel. The device appeared to measure temperature 
within less than ±l°C in the temperature range of interest in this study (80 
to 180°C) when ample time was allowed for equilibration . 

Several tests were performed to establish the time required for an 
asphalt specimen to reach the set temperature or that displayed on the 
temperature controller. Figure 10 shows results typical of several tests 
where the temperature controller was alternately set to hold a given 
temperature for 15 minutes and then increased by 25°C and held for 15 
mi nut es. The Brookfi e 1 d DV-Gather software (discussed later) was set to 
collect and record data points every 1.5 minutes. In Figure 10, the 
viscosity reaches a flat point when the specimen temperature is no longer 
increasing which indicates that the specimen and the controller readout are 
equal. These experiments established that a 15 minute hold time is required 
to insure that the specimen temperature has reached the set temperature. 

Effect of Spindle Speed 
The Brookfield DVII viscometer incrementally controls the spindle speed 

with a selector knob. Possible spindle speeds include 0.5, 1.0, 2.5, 5.0, 
10.0, 20.0, 50.0, and 100.0 rpm. Spindle speed affects the torque of the 
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Figure 10. Brookfield viscosity of SHRP Asphalt AAM-2 Compared to Kinematic 
Viscosity - (used spindle SC4-27 at 20 rpm). 
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spring and the shear susceptibility of the specimen. 
The operating principle of the Brookfield viscometer is that the 

spindle is driven through a beryllium copper spring and the degree to which 
the spring is wound, detected by a rotational transducer, is proportional to 
the viscosity of the fluid. Consequently, the higher the rotating speed, the 
higher the drag or torque. 

Testing was performed to the precision (repeatability) of the 
Brookfield viscometer at several speeds. The procedure used in this 
particular case is given below. 

I. Ascertain the proper test temperature for the particular asphalt 
being tested. 

2. Measure sample into the sample container (10.5 ml for the SC4-27 
spindle). Place the container into the sample chamber. 

3. Set the temperature controller to the predetermined temperature . 
Enter the temperature in degrees Centi grade at setting 7. When 
ready to start the test, initiate program I. 

4. With the spindle attached to the viscometer, above the chamber, 
turn on the viscometer, enter the spindle number and "auto zero" 
the machine. 

5. Carefully lower the spindle into the chamber. The wire hook is 
very fragile and easily bent. 

6. When the controller readout shows the required temperature, start 
the stop watch and wait for equilibrium of the sample and chamber 
(about 15 minutes). 

7. With the DV Gather software, chose Gather, variable speed gather 
e and start the test. 

8. The first viscosity measurement will be taken after the RPM dial is 
moved. Usually, the test is started at 0.5 RPM and the dial 
advanced the full range to 100 RPM for 8 data points. When the 100 
RPM point is reached, the dial must be returned to 50 RPM to record 
the 100 RPM data point. 

9. When the test is completed, save the data and print it. 

The results were compared with the values established in previous tests 
and with the capillary viscometer. Different asphalts were tested at a 

24 



• 

• 

• 

• 

• 

• 

• 

• 

constant temperature with spindle SC4-27 varying only the spindle speed. 
Typical results are depicted in Figures 11 and 12. It can be seen that as 
the speed of the spindle increases there is initially a drop in viscosity . 
Then viscosity levels off at rotating speeds above 10 rpm. Viscosity 
readings in the level area of the plots compare well with the values obtained 
in previous testing and reasonably well with the capillary viscometer. 

It was concluded that the Brookfield viscometer should not be operated 
below the 10 rpm range for routine testing of asphalt specimens. Thus it is 
recommended in the test procedure that the test be performed at a spindle 
speed of 20 rpm . 

Viscosity as a Function of Shear Time 
The Brookfield viscometer inherently yields incorrect viscosity 

readings during the first few seconds after the device is turned on. The 
documentation provided by the manufacturer recommends that the viscometer be 
turned on and allowed to run until a constant reading is obtained since 
momentum is gained by the spindle during the initial acceleration. The time 
required to reach that constant reading depends upon the speed of the spindle 
and the viscosity of the material being tested . 

It was of interest to determine the length of this initial erroneous 
time zone for typical asphalts. Therefore, tests were performed at various 
temperatures with several different asphalts. The test procedure followed in 
this segment of work is given below: 

1. Determine the temperature at which the viscosity measurement is to 
be performed. All tests were conducted using a SC4-27 spindle at 
a spindle rotation speed of 20 rpm. 

2. Measure asphalt sample into the sample container (10.5 ml for the 
SC4-27 spindle). Place the container into the sample chamber. 

3. The temperature contra 11 er should be set at the predetermined 
temperature. Enter the temperature in degrees Celsius at setting 

• 7. When ready to start the test, initiate program 1. 

• 

4. With the spindle attached to the viscometer and above the chamber, 
turn on the viscometer but do not start the motor, enter the 
spindle number, and "auto zero" the machine . 
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Figure 11. Brookfield Viscosity of Modified Asphalt AAM-2 with 3% Latex as 
a function of Spindle Speed - (using spindle SC4-27 at 115°C) . 
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Figure 12. Brookfield Viscosity of Modified Asphalt M-TH-029-001 as a 
function of Spindle Speed - (used spindle SC4-27 at 140°C) . 
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5. Carefully lower the spindle into the chamber. Note that the wire 
hook is very fragile and easily b~nt. 

6. Set the DV-Gather software on Gather, Timed Gather. The program 
was preset for a 3-second interval and 50 data points. 

7. When the asphalt specimen reaches the required temperature, start 
the data gather and turn on the viscometer motor at the first data 
point; this merely provides a convenient zero-time point . 

8. The first data point will be taken after 3 seconds or one 
revolution of the spindle and subsequent data points will be taken 
at each revolution. The software will automatically take data for 

• 50 points {or 150 seconds}. 

• 

• 

• 

• 

• 

9. Repeat the above steps twice raising the temperature by 20°c 

increments for each repetition. 
10. When all tests are completed, save the data and print it . 

Figures 13 and 14 show results typical of several of these tests. The 
data points were taken at 3 second intervals after the start of the 
viscometer motor, 3 seconds being the time for one full rotation of the 
spindle at 20 rpm . 

As can be seen from the graphs, the time required to attain a constant 
viscosity reading varies significantly with temperature or rather viscosity. 
Consequently, any test should require continuous rotation of the spindle for 
at least two minutes before any reading is recorded when testing at 20 rpm . 
Figure 14 shows how the unsteady state zone is dependent upon the viscosity 
of the material being measured. 

Effects of Ascending or Descending Temperature 
The effects on asphalt viscosity of ascending or descending temperature 

of the sample in the Thermosel were examined by first measuring viscosity as 
a function of temperature while temperature was increasing and then 
immediately making the same measurement while temperature was decreasing. 
Results of these measurements are recorded in Table Cl. To illustrate the 
trends, selected data were plotted and are shown in Figures 15 through 18. 

A 15 minute hold time was used in the ascending mode in an attempt to 
insure the asphalt sample had reached the temperature depicted by the 
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Figure 13. Brookfield Viscosity of SHRP Asphalt AAC-2 as a function of Time 
After Initiating Spindle Rotation - (used spindle SC4-27 at 20 
rpm) . 
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Figure 14. Brookfield Viscosity of Modified Asphalt M-MF-001-003 as a 
function of Time After Initiating Spindle Rotation - (used 
spindle SC4-27 at 20 rpm) . 
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Figure 15. Brookfield Viscosity of Asphalt AAC-2 Measured 
with Temperature Increasing and Decreasing . 
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Figure 16. Brookfield Viscosity of Asphalt AAM-2 (Run 1) 
Measured with Temperature Increasing and Decreasing • 
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Figure 17. Brookfield Viscosity of Asphalt AAM-2 (Run 2) 
Measured with Temperature Increasing and Decreasing . 
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Figure 18. Brookfield Viscosity of Asphalt AAM-2 + 3 percent 
Latex Measured with Temperature Increasing and 
Decreasing • 
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Thermosel sensor. In the descending mode, the asphalt specimen was uncovered 
and a fan was used to cool the sample while in the Thermosel. Once the 
temperature had reached the desired value, the specimen was covered with the 
ceramic lid and 10 additional minutes were allowed for the system to 
equilibrate with the spindle rotating. 

The viscosity data indicate that immediately after the temperature had 
reached the maximum and had began to decrease, the temperature of some 
specimens may have been lower than that being portrayed by the Thermosel 
readout. Apparently, more time should have been allowed for the specimen 
temperature and Thermosel interior to equilibrate when changing from the 
heating to cooling mode . 

The differences in asphalt viscosity for ascending and descending 
temperature may be due to improper temperature measurement of the specimen 
(the reader is reminded that actual specimen temperature is not measured in 
the Thermosel), repeatability limitations of the test, and/or thermal history 
effects of the different binders. Much more time is required for producing 
a viscosity-temperature curve in the descending temperature mode than in the 
ascending mode. This is because of the time requirements for specimen 
cooling in the insulated Thermosel . 

Viscosity Before and After Shearing 
Viscosities of selected asphalts were measured using the Brookfield 

- viscometer and kinematic viscometer before and after high shear mixing in a 
blender at 3000 rpm for 15 minutes at 155°C (311°F). It was surmised that 
the application of mechanical energy may measurably reduce the viscosity of 
some asphalts, particularly of certain modified products. Significant 
mechanical energy in the form of shear is applied to asphalts when pumped 
during handling and when mixed with aggregate in a plant. This was an 
attempt to simulate that mechanical energy applied to asphalts and measure 
the effects on viscosity. Data from these experiments is given in Table C3 
and Figures 19 through 21. 

In every case, the average viscosity of the binders increased after the 
shearing process. Both Brookfield and kinematic viscometers showed 
consistent agreement on these results. Apparently, the blending process used 
in this brief study fostered sufficient oxidative aging of the asphalt to 
produce an increase in viscosity of the specimens which overwhelmed any loss 
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Figure 19. Brookfield and Kinematic Viscosities of Asphalt 
AAM-2 before and after Shearing in a Blender . 
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Figure 20. Brookfield and Kinematic Viscosities of Modified 
Binder M-MF-001-003 before and after Shearing in 
a Blender • 
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Figure 21. Brookfield and Kinematic Viscosities of Binder 
M-TH-005-008 before and after Shearing in a 
Blender • 
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in viscosity that may have occurred due to the shearing action. Or, 
possibly, the shearing action actually contributed to the increase in the 
viscosity . 

Accuracy and Duplication of Results 
The Brookfield DVII viscometer and thermosel system have proven to be 

extremely reliable regarding accuracy and duplication of results. Viscosity 
as a function of temperature for a high temperature viscosity standard oil is 
shown in Figure 22. The standard values for the oil are 8.875 Pa•s at 93.3°C 
and 4.39 Pa•s at 148.9°C. The instrument was capable of measuring viscosity 
within two percent of the standard value . 

In another test, samples of the same asphalt were performed by 
different technicians several months apart. The results of these tests are 
shown in Figure 23. Repeatability for these particular tests was essentially 
perfect at viscosities above one Pa•s . 

Information provided by the manufacturer indicates that any viscosity 
data recorded at a torque lower than 10 percent is guaranteed to be accurate 
only to ±10 percent. Correlation of data between the individual tests and 
comparison with data acquired by other testing procedures has indicated 
better precision than ±10 percent is attainable unless the torque falls below 
1 percent. 

Statistical analyses were performed on data in Table Cl determine 
repeatabi 1 i ty of the Brookfield viscometer and test procedure. The data 
consists of two replicate viscosity measurements of eight different types of 
asphalt, with approximately five measurements each at a different 
temperature. Occasionally, the viscosity measurements were not performed at 
exactly the same temperatures for both the test runs. In these cases, the 
needed values were interpolated to obtain the viscosity values at the same 
temperature for both the test runs in a given pair. Repeatability for this 
paired data set was determined using the "paired t test". 

The t test involves proof by contradiction. The two sets of the paired 
data are assumed to be no different from each other, i.e., their means are 
the same (µ1 -µ2 == 0, the null hypothesis). This hypothesis is checked to 

determine, for a given confidence level, if it can be rejected. If there is 
sufficient evidence to disprove the hypothesis, it is rejected, otherwise it 
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Figure 22. Brookfield Viscosity versus Temperature for a Commercial High 
Temperature Viscosity Standard Oil - {used spindle SC4-27 at 20 
rpm) . 
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Figure 23. Brookfield Viscosity versus Temperature of a Modified Asphalt 
(Texaco AC-10 with a 4% Polypropylene) measured Several Months 
Apart by Two Different Technicians. - (used spindle SC4-27 at 20 
rpm). 
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is accepted. 

For the Brookfield viscosity data, Test 1 and Test 2 had mean values of 

1.3842 and 1.3627, respectively. The difference in means, µ0 , was 0.0215 and 

the standard deviation of the differences, s 0 , was 0.1455. Using the 

following relationship, 

tpaired = (µ0/s0 )Vn ; where n= number of pairs 

tpaired was calculated to be 0.9091. For a 95% confidence level, and 38 data 

points, the ta,2.n_, value is given to be 2.025. According to the statistical 

procedure, for the hypothesis to be rejected, the necessary condition is tpaired 

~ ta,2.n_,. Since this condition was not satisfied, there was insufficient 

evidence to reject the null hypothesis. Hence it can be stated, with 95% 

confidence level, that the two test runs are not different from each other . 
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DVGATHER SOFTWARE 

The Brookfield DVII viscometer can be used with the Brookfield DV
Gather software. This software is designed to facilitate testing procedures 
by preprogramming certain commonly used data gathering techniques. It can 
automatically control the viscometer and collect rheological data. It will 
display data to the computer screen, save data to a diskette, print and plot 
data, present screen templates for easy input of test parameters, and program 
preselected torque alarm settings to signal an out-of-range condition. The 
main shortcoming of DV-Gather is that it does not collect temperature data 
from the Thermosel . 

Three different testing modes are available: manual, timed, and vari
speed (variable speed}. 

The manual mode is handy but not necessary for the type of work 
involved in the field testing procedure described previously. It was used in 
the development of the testing procedure because it prints out the viscosity, 
torque, shear stress, and shear rate for each data point which is difficult 
to accomplish without the software. 

The timed mode was extremely valuable in establishing the different 
parameters of the testing procedures. The timed mode enables the technician 
to automatically take multiple data points at as little as two second 
intervals. Although, the program allows a setting of one second, the buffer 
action does not really permit an actual one second interval. The two second 
interval, however, is reliable. 

The varispeed mode takes a data point every time the speed is changed 
as described in the testing procedure detailed above . 
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DEVELOPMENT OF AN ABBREVIATED TEST 

When the detailed procedure described in Appendix A was used to produce 
a temperature-viscosity relationship from 80°C to 180°C using the Brookfield 
viscometer, approximately 2 hours was required. Based on a request by the 
prime contractor of this study, an abbreviated test procedure was developed 
which allows the technician to approximate the temperature-viscosity 
relationship of a binder in 30 to 45 minutes. This request was initially 
approached in several ways. 

As mentioned earlier, the temperature sensor in the Thermosel is not in 
physical contact with the asphalt specimen but is outside the sample chamber 
between the chamber wall and the heating element. The initial inclination 
was to restructure the sample chamber in the Thermosel to reposition the 
temperature sensor and locate it inside the sample holder and in contact with 
the asphalt sample. This alteration would drastically improve sample 
temperature measurement and significantly shorten testing time. The 12 to 15 
minute hold would not be necessary for the temperature of the asphalt sample 
to equilibrate with the temperature being read by the sensor. Viscosity 
could be measured at any temperature while the temperature is changing 
(ascending or descending). This concept was discussed with Brookfield but 
they were unwilling to furnish a Thermose l with such a design. Ti me and 
funding in this element of work did not permit implementation of this 
redesign and reconstruction scheme by the researchers . 

As mentioned previously, 12 to 15 minutes are required for the asphalt 
sample temperature to readjust to a new temperature setting 20 C0 higher. 
While testing the programming response of the temperature controller, it was 
noticed that, with a two-minute hold (instead of 15 minutes), the viscosity
temperature curve was very near the same "shape" as the one obtained with the 
longer test but with higher values. It was concluded that, when speed is 
important and approximate viscosity values are acceptable, a temperature 
sweep could be made using a two minute hold time then a multiplication factor 
could be used to correct the measured viscosity values. Viscosity
temperature curves from tests using different timing intervals are shown in 
Figures 24 and 25. The two-minute interval was selected as the fastest time 
which retained the curve shape of the full-scale test. 

It was postulated that a correction factor could be used to account for 
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Figure 24. Brookfield Viscosity versus Temperature for a 
Modified Asphalt (Texaco AC-10 with 4% Polypropylene) 
with Different Temperature Hold Time Periods Programmed 
into the Temperature Controller - (used spindle SC4-27 
at 20 rmp). 
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Figure 25. Brookfield Viscosity versus Temperature of Asphalt 
AAK-1 with Different Hold Time Periods Prograrruned 
into the Temperature Controller - (used spindle 
SC4-27 at 20 rpm) • 
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the difference in the actual temperature of the specimen and the temperature 
shown on the readout of the controller. Testing was 
multiplication factor of 0.472 was established 
(Table 3). 

performed and an average 
for the core asphalts 

Using this factor, a viscosity temperature curve from 80°C to 180°C 
(176°F to 356°F) can be produced with the Brookfield viscometer within 30 
minutes. The accuracy is not as good as the longer test because the factor 
will vary slightly from specimen to specimen, but, depending on the accuracy 
requirements, it could be a useful procedure. The abbreviated test would be 
very helpful in the emergency situation in the field when the approximate 
viscosity of a questionable asphalt is required and construction is being 
delayed until the data is obtained . 
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Table 3. Samples used in establishing factor in abbreviated test. 

I 
ASPHALT 

I 
GRADE 

I 
TEST 

I 
FACTOR 

I TEMP RANGE 

AAA-1 150/200 80-180 0.489 

AAC-1 AC-8 80-165 0.461 

• AAC-2 AC-5 80-185 0.433 

AAD-1 AR-4000 85-180 0.495 

AAF-1 AC-20 85-185 0.487 

AAG-1 AR-4000 85-190 0.434 • AAK-1 AC-30 90-195 0.476 

AAM-1 AC-20 90-190 0.495 

AAM-2 AC-10 80-180 0.482 

• AVERAGE FACTOR 0.472 

• 

• 

• 

• 
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CONCLUSIONS AND RECOMMENDATIONS 

A limited evaluation of the Brookfield viscometer was conducted in an 
attempt to develop an improved viscosity test procedure for paving grade 
asphalts at temperatures between 80°C and 180°C and to develop an 
interlaboratory test program to further evaluate the procedure. Two test 
procedures were developed and are presented herein. Shortages in funds and 
time precluded accomplishment of the interlaboratory test program. Based on 
the foregoing data and discussions, the following conclusions and 
recommendations are issued . 

Conclusions 
1. The Brookfield DV-II viscometer and Thermosel system is a reliable 

instrument for efficient measurement of asphalt viscosity at 
typical paving application temperatures. This work was limited to 
testing between the norma 1 aspha 1 t-aggregate mixture compaction 
cessation temperature (80°C) and the normal maximum spraying or 
mixing temperature {l80°C). 

2. Results from the Brookfield viscometer compare reasonably well with 
results from standard capillary viscometers. 

3. The test equipment requires a relatively small sample (10.5 ml for 
the spindle selected for most of this work). 

4. One viscosity measurement at a given temperature can be obtained 
with the Brookfield in about 20 minutes after pouring the specimen 
which is not a significant improvement over the time required to 
obtain one measurement using a capillary viscometer. Testing time 
for the capillary viscometer depends upon the oil bath and whether 
it has been previously set at the temperature required for the 
test. The Brookfield, however, can produce the one point at one 
temperature without any additional delay caused by adjustment of 
the temperature chamber . 

5. The test procedure developed for the Brookfield system will produce 
four to six data points in approximately one and one-half to two 
hours with which to construct a temperature-viscosity curve. To 
produce the same five points using the capillary viscometer would 
require more than five hours primarily due to time requirements for 
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adjusting the temperature of the oil bath. 

6. For most routine asphalt binder testing using a Brookfield rotary 
• viscometer, ASTM D 4402, "Viscosity Determinations of Unfilled 

Asphalts Using the Brookfield Thermosel Apparatus," should be a 
suitable test procedure. ASTM D 4402 is designed to measure the 
apparent viscosity of asphalts from 38°C to 260°C (100°F to S00°F). 

• The test procedures developed herein are designed to rapidly 
measure viscosity of asphalts as a function of temperature in the 
temperature range from 80°C to l80°C. 

• Recommendations 
1. Based on the findings of this study, it is recommended that ASTM D 

4402-84 be used as the standard test method for field laboratory 
measurements of asphalt viscosity and that the Brookfield 

• viscometer Model DV-II with Thermosel be adopted as the standard 

• 

• 

• 

• 

equipment. This method, as written, allows other Brookfield 
viscometer models. The only reason for recommending the model DV
II is that it provides direct readout of viscosity and shear rate 
for relatively low cost. If shear rate is not needed, then lower 
cost models should be specified. 

2. The Brookfield viscometer should not be operated below the 10 rpm 
range for routine testing of hot asphalt specimens. It is 
recommended that a spindle speed of 20 rpm be used for asphalts in 
the 80 to 180°C temperature range. 

3. A specification for a temperature controller (Thermosel) should be 
developed which requires the temperature sensor to be in physical 
contact with the asphalt specimen while the viscosity measurement 
is being made. Such a device may be more expensive than the 
current Thermosel but will provide for faster production of a 
viscosity-temperature curve . 
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• APPENDIX A 
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TEST PROCEDURE USING 
THE BROOKFIELD DVII VISCOMETER AND THERMOSEL SYSTEM 

TO PRODUCE A VISCOSITY VS. TEMPERATURE CURVE 

Introduction 
The Brookfield Thermosel Viscometer described in this procedure can be 

used to measure the viscosity of asphalt at elevated temperatures. The 
torque on a spindle rotating in a special thermostatically controlled sample 
holder containing a small sample of asphalt is used to measure the relative 
resistance to rotation . 

Significance and Use 
I. This method can be used to measure the apparent viscosity of 

asphalts at application temperatures. It is designed specifically 
to produce the relationship between viscosity and temperature . 

2. Some asphalts may exhibit non~Newtonian behavior under the 
conditions of this test or during use at temperatures within the 
range of this method. Since non-Newtonian viscosity values are not 
unique material properties but reflect the behavior of the fluid 
and the measurement system, it should be recognized that 
measurements made by this method may not always predict performance 
under the conditions of use. 

3. Comparisons between non-Newtonian viscosity values should be made 
only for measurements made with similar viscometers under similar 
conditions of shearing stress and shear history. 

Apparatus 
I. Brookfield Thermosel High Temperature Viscosity Measurement System 

Using a Standard Brookfield DV-II (model RV) 
2. Spindle SC4-27 for Brookfield Thermosel Viscometer 
3. Thermose1 System: 

I. Thermo Container and Sample Chamber 
2. Model 84 Temperature Controller and Probe 

4. Stopwatch 
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Procedure for the Brookfield Thermosel 
1. Measure the asphalt specimen into the specimen container. For the 

SC4-27 spindle, the required amount of specimen is 10.5 ml. Do not 
overfill the sample container. The sample volume is critical to 
meet the system calibration sta1ndard. Thoroughly stir filled 
asphalt coatings to obtain a representative sample. 

2. Using the extracting tool, put the loaded chamber into the 
thermosel container. 

3. Turn the temperature controller on with the switch on the back of 
the chassis. 

4. Use the select button to set the operation of the controller. For 
the initial temperature setting, move to No. 7 to set the required 
temperature. When the specimen is unknown, set No. 7 to 80°C and 
return to setting No. 1. When the on/off button is pressed, the 
controller will adjust the temperature of the specimen to the value 
selected with button No. 7 and hold there until the "off" button is 
pressed. 

5 . 

Note: The Brookfield temperature controller will read in either 
degrees Celsius or degrees Fahrenheit. It wi 11 only control 
in degrees Centigrade. Recommended procedure is to perform 
the test in degrees Centigrade and convert to degrees 
Fahrenheit if needed for reporting procedures. 

When the digital readout on the temperature controller shows the 
required temperature, start the stopwatch. The system requires 
fifteen minutes for the actual specimen temperature to reach that 
shown on the controller readout. 

6. With the spindle suspended above the Thermosel container, turn on 
the viscometer, enter the appropriate number for spindle being 
used, and "auto zero" the machine. 
Note: As an example, to enter spindle number 27, press "spdl", 

enter "2" and "7", and press"%". To "autozero", press the 
"auto zero" button . 

7. After about 10 minutes, carefully lower the spindle into the liquid 
in the chamber. The alignment of the Thermosel container and the 
viscometer is critical and the wire which suspends the spindle is 
very easily bent. Put the insulated cover in place on the sample 
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chamber. 
8. Start the motor on the viscometer. The motor RPM should be set at 

20. Observe the readout of the torque. If it is not out of range, 
proceed with the test. If it is showing "EEE", turn off the motor 
and reset the controller by turning off the temperature hold (No. 
1), proceeding to No. 7, reset the temperature up five degrees, 
and, returning to No. 1, set the hold again for 10 minutes. Repeat 
this procedure until the torque is in range. 

9. Record the temperature, torque, and viscosity on the chart 
provided. 
Note: To read the viscosity, press "cps". Also notice the 

exponential as shown by the red dot at the right of the 
digital display. 

10. Reset the temperature controller as follows: 
1. Turn off No. 1 . 
2. Set No. 7 five degrees higher than the last setting. 
3. Set No. 8 to 25 (degrees change per step) or 20 for a 

longer test with more data points. 
4. Set No. 9 to 15 (minutes to hold at each step) 
5. Set No. 11 to 125 degrees above the setting of No. 7. 

Note: This is the final setting and must be one step 
higher than the tempenature actually required. 

6. Return to No. 4 and turn it on . 
11. As No. 4 is turned on, start the stopwatch. 
12. 

13. 

14. 

When the stopwatch reaches 14 minutes, record the temperature, 
torque, and viscosity. 
At each step, when the red light indicating the heating mode comes 
on and stays on, restart the stopwatch. 
This procedure will result in five or six points with which to 
produce a curve of viscosity versus temperature . 
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APPENDIX B 
Abbreviated Test Procedure Using 

The Brookfield DV-II Viscometer/Thermosel System 
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Introduction 

ABBREVIATED TEST PROCEDURE USING 
THE BROOKFIELD DVII VISCOMETER AND THERMOSEL SYSTEM 

TO PRODUCE A VISCOSITY VS. TEMPERATURE CURVE 

The Brookfield Thermosel Viscometer described in this procedure can be 
used to measure the viscosity of asphalt at elevated temperatures. The 
torque on a spindle rotating in a special thermostatically controlled sample 
holder containing a small sample of asphalt is used to measure the relative 
resistance to rotation . 

Significance and Use 
1. This method can be used to estimate the apparent viscosity of 

asphalts at application temperat~res. It is designed to rapidly 
• produce an estimate of the viscosity of an asphalt as a function of 

temperature. 

• 
2. Some asphalts may exhibit non-Newtonian behavior under the 

conditions of this test or during use at temperatures within the 
range of this method. Since non-Newtonian viscosity values are not 
unique material properties but reflect the behavior of the fluid 
and the measurement system, it should be recognized that 
measurements made by this method may not always predict performance 

• under the conditions of use. 
3. Comparisons between non-Newtonian viscosity values should be made 

only for measurements made with similar viscometers under similar 
conditions of shearing stress and shear history. 

Apparatus 
1. Brookfield Thermosel High Temperature Viscosity Measurement System 

Using a Standard Brookfield DV-II (model RV) 
2. Spindle SC4-27 for Brookfield Thermosel Viscometer 
3. Thermosel System: 

1. Thermo Container and Sample Chamber 
2. Model 84 Temperature Controller and Probe 

4. Stopwatch 
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Procedure for the Brookfield Thermosel 
1. Measure the specimen into the specimen container. For the SC4-27 

spindle, the required amount of specimen is 10.5 ml. Do not 
overfill the sample container. The sample volume is critical to 
meet the system calibration standard. Thoroughly stir filled 
asphalt coatings to obtain a representative sample. 

2. Using the extracting tool, put the loaded chamber into the 
thermosel container. 

3. Turn the temperature controller on with the switch on the back of 
the chassis. 

4. Use the select button to set the operation of the controller. For 
the initial temperature setting, move to No. 7 to set the required 
temperature. When the specimen is unknown, set No. 7 to 80° C and 

return to setting No. I. When the on/ off button is pushed, the 
controller will take the temperature of the specimen to the value 
selected with button No. 7 and hold until the "off" button is 
pushed. 
Note: The Brookfield temperature controller will read in either 

degrees Celsius or degrees Fahrenheit. It will only control 
in degrees Centigrade. Recommended procedure is to perform 
the test in degrees Centi grade and convert to degrees 
Fahrenheit if needed for reporting procedures. 

5. When the digital readout on the temperature controller shows the 
required temperature, start the stopwatch. The system re qui res 
fifteen minutes for the actual specimen temperature to be what is 
shown on the controller readout. 

6. With the spindle suspended above the thermo container, turn on the 
viscometer, enter the spindle being used, and "auto zero" the 
machine. 

7 . 

Note: To enter the spindle, press "spdl", enter 11 211 and 11 711
, and 

press 11%11
• To "autozero", press the "auto zero" button. 

After about 10 minutes, carefully lower the spindle into the liquid 
in the chamber. The alignment of the thermosel container and the 
viscometer is critical and the wire which suspends the spindle is 
very easily bent. Put the insulated cover in place on the sample 
chamber . 
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8. Start the motor on the viscometer. The motor RPM should be set at 

20. Observe the readout of the torque. If it is not out of range, 
• proceed with the test. If it is showing "EH", turn off the motor 

and reset the controller by turning off the temperature hold (No. 
1), proceeding to No. 7, reset the temperature up five degrees, 
and, returning to No. 1, set the hold again for 10 minutes. Repeat 

• 

• 

• 

• 

this procedure until the torque is in range . 
9. Record the temperature, torque, and viscosity on the chart 

provided. 
Note: To read the viscosity, press "cps". Also note the 

exponential as shown by the red dot at the right of the 
d i git a 1 di s p 1 ay . 

10. Reset the temperature controller as follows: 
1. Turn off No. 1. 
2. Set No. 7 five degrees higher,than the last setting. 
3. Set No. 8 to 10 (degrees change per step) 
4. Set No. 9 to 2 (minutes to hold at each step) 
5. Set No. 11 to 125 degrees above the setting of No. 7. 

Note: This is the final setting and must be one step higher 
than the temperature actually required . 

6. Return to No. 4 and turn it on. 

11. When the test is started, wait until the temperature controller 
readout is approximately 20 degrees higher than the starting 

• temperature. At this time data points may be taken in any interval 
desired, at specific time intervals or particular temperatures of 
interest. 

12. This procedure will result in f,ive or six points which when 

• multiplied by the factor of 0.472 will produce a curve of estimated 
viscosity versus temperature. 

58 



APPENDIX C
Tabulated Viscosity Data



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Table Cl. Brookfield Viscosity versus Temperature w:ith Temperature Increasing 

BINDER 
ID 

AAC-2 

AAG-1 

and Decreasing and Capillary Viscosity of SHRP Asphalts. (Spindle: SC4-27, 
Speed: 20 rpm) . 

TEMP, BROOKFIELD & VISCOSITY, Pa•s CAPILLARY oc VISCOSITY, 
TEST 1 TEST 2 Pa•s 

INCREASING DECREASING INCREASING DECREASING 

80 6.15 4.94 7.5 3.75 
93.3 2.02 

105 0.865 0. 775 0.965 0.8 
135 0.18 
140 0.225 0.225 0.163 0.225 
165 0.0875 0.112 0.075 0.112 

168.3 0.05 
180 0.05 0.0625 0.025 0.075 

80 17 .6 12.3 17.8 15.3 
93.3 4.74 

105 1.85 1.17 1. 7 1.4 
135 0.25 

(Spindle 140 0.425 0.25 0.375 0.3 
4-28) 165 0.175 0. I 0.15 0.125 

168.3 0.07 
180 0.1 0 .1 0.075 0.075 

92 12.3 
93 
95 7.6 7.9 12.16 
96 8.55 

111 2.56 
115 1. 73 1.87 
116 1.89 
132 0.756 
135 0.6 0.625 0.57 

AAK-1 137 0.61 
152 0.312 
155 0.262 0.275 
157 0.25 
168 0.15 
173 0.138 
175 o. 138 0.138 
178 0.112 
193 0.075 
195 0.075 0.0875 
198 0.0625 
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• 85 8.95 
86 8.5 8.5 

93.3 4.88 
95 3.57 

105 2.05 1.93 
106 1.93 

• 115 1.01 
125 0. 725 0.69 
126 0.635 

AAM-2 135 0.412 0.40 
145 0.325 0.3 
148 0.275 

• 155 0.2 0.11 
165 0.175 0.163 
168 0.138 
175 0.1 
185 0.112 0.112 
188 0.0625 

• 110 IO.I 
120 4.75 4.89 
121 5.25 6.3 
131 2.89 
140 1.58 1.59 

• 141 I. 7 
152 1.06 
160 0.7 0.665 

MTH- 162 0.7 
029-001 172 0.5 2.5 

180 0.363 

• 181 0.338 
183 0.363 0.5 
193 0.275 
200 0.225 0.2 
203 0.2 
213 0.175 

• 220 0.15 0.163 
224 0.125 

• 
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95 11.4 9.6 11.4 
96 9.85 

115 2.3 2.61 2.49 2.12 
120 1.92 • 135 0.79 0.825 
136 0.85 
145 0.575 

MMF- 155 0.375 0.412 
001-003 157 0.375 

170 0.237 0.81 • 175 0.2 
176 0.212 
177 0.2 0.24 
195 0.112 0.125 0.125 
198 0.112 

• 100 8.2 9.25 
101 9.55 
102 8.05 
120 2.15 2.44 2.61 
122 2.56 • 125 2.08 
140 0.82 0.89 

M-TH- 142 0.94 
005-008 150 , 0.69 

160 0.388 0.412 
162 0.437 1.57 • 176 33.8 
180 0.212 0.225 
183 0.23 0.37 
200 0.145 0.138 
202 • 18.8 
204 0.125 

• 220 0.112 0.188 

90 7.20 
95 4.76 

100 3.62 3.4 3.58 
115 1.48 5.98 

• 120 1.25 1.08 1.25 
135 0.625 

3% LATEX 140 0.6 0.475 0.585 
in AAM-2 155 0.35 

160 0.287 0.25 0.312 
175 0.212 
180 0.175 0. 15 0.188 0.59 
195 0.163 
200 0.125 0.112 0.138 

0.21 

• 
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Table C2. Brookfield Viscosity as a Function of Shear Rate (Rotation 
Speed, rpm). 

BINDER SPEED, VISCOSITY, Pa•s TEST SPINDLE 
ID rpm TEMP, NO. 

TEST 1 TEST 2 oc 
0.5 1.5 1.5 
1.0 0.8 1.0 
2.5 0.5 0.7 

AAC-2 5.0 0.4 0.5 120 SC4-27 
10.0 0.3 0.4 
20.0 0.3 0.4 
50.0 0.3 0.4 
100.0 0.3 0.4 

0.5 300.0 
1.0 150.0 
2.5 100.0 

AAG-1 5.0 90.0 No 120 SC4-28 
10.0 75.0 Data 
20.0 72.5 
50.0 69.0 

100.0 68.0 

0.5 3.0 2.5 
1.0 2.5 1.8 
2.5 2.1 1.5 

AAK-1 5.0 2.0 1.4 120 SC4-27 
10.0 2.0 1.4 
20.0 2.0 1.3 
50.0 1.9 1.3 

100.0 1.9 1.3 

0.5 2.0 1.5 
1.0 1.5 1.3 
2.5 1.1 1.0 

AAM-2 5.0 1.0 0.9 120 SC4-27 
10.0 0.9 0. 9, 
20.0 0.9 0.8 
50.0 0.9 0.8 

100.0 0.9 0.8 

0.5 450.0 400.0 
1.0 300.0 325.0 
2.5 230.0 270.0 

MTH- 5.0 210.0 220.0 140 SC4-27 
029-001 10.0 200.0 197.0 

20.0 189.0 187.0 
50.0 185.0 182.0 

100.0 183.0 180.0 
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0.5 550.0 500.0 
1.0 375.0 350.0 
2.5 280.0 270.0 

• 5.0 240.0 234.0 
MMF- 10.0 210.0 205.0 120 SC4-27 

001-003 20.0 197.0 195.0 
50.0 202.0 191.0 

100.0 191.0 189.0 

0.5 250.0 150.0 

• 1.0 150.0 125.0 
2.5 140.0 120.0 
5.0 120.0 115.0 

MTH- 10.0 110.0 105.0 140 SC4-27 
005-008 20.0 115.0 97.5 

50.0 96.0 98.6 

• 100.0 94.0 90.8 

0.5 400.0 400.0 
1.0 300.0 400.0 
2.5 220.0 230.0 
5.0 200.0 190.0 

• 3% Latex 10.0 163.0 160.0 140 SC4-27 
in AAM-2 20.0 145.0 146.0 

50.0 137.0 137.0 
100.0 134.0 133.0 

• 

• 

• 

• 
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Table C3. Kinematic Viscosity of Various Binders Before and After 
Shearing in a Blender at 3,000 rpm and 155°C . 

BINDER TEMPERATURE, VISCOSITY VISCOSITY 
ID oc (before), (after), 

Pa-s Pa•s 

M-TH-005-008 121 2.99 5.47 
135 1.57 1.87 
168 0.273 0.318 

M-MF-001-003 121 1. 75 2.80 
135 0.791 1.09 
168 0.236 0.296 

AAM-2 + 93 5.98 12.24 
3% Latex 135 0.586 1.12 

168 0.207 0.219 

AAM-2 93 4.88 ---
135 0.40 0.614 
155 0.11 ---

AAM-2 18 Hours* 168 --- 0.159 
AAM-2 72 Hours* 135 --- 0.589 

135 --- 0.600 

* After blending, specimens were allowed to set statically for 18 and 
72 hours to determine if the changes in viscosity due to blending 
would be reversible . 
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~~ Designation: D 4402 - 87 

Standard Test Method for 
Viscosity Determinations of Unfilled Asphalts Using the 
Brookfield Thermosel Apparatus 1 

This standard is issued under the fixed designation D 4402; 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 test method outlines a procedure for measuring 

the apparent viscosity of asphalt from 38 to 260"C ( 100 to 
SOO"F) using the Brookfield Tbermosel apparatus. 

1.2 This standard may involve hazardous materials, oper
ations, and equipment. This standard does not purport to 
address all of the safety problems 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. See 7 .6 for 
specific precautionary information. 

2. Referenced Document 

2.1 ASTM Standard: 
D 92 Test Method for flash and Frre Points by aeveland 

Open Cup2 

3. Definitions 
3.1 apparent viscosity-the ratio of shear stress to shear 

rate for a Newtonian or non-Newtonian liquid. 
3.2 Newtonian liquid-a liquid for which the rate of shear 

is proportional to the shearing stress. The constant ratio of 
the shearing stress to the rate of shear is the viscosity of the 
liquid. If the ratio is not constant, the liquid is non
Newtonian. Many liquids exhibit both Newtonian and 
non-Newtonian behavior, depending on the shear rate. 

3.3 viscosity-the ratio between the applied shear stress 
and the rate of shear is called the coefficient of viscosity. This 
coefficient is a measure of the resistance to flow of the liquid. 
It is commonly called the viscosity. The SI unit of viscosity is 
the pascal second (Pa·s). The centimetre gram second (cgs) 
unit of viscosity is the poise (dyreis/cm2) and is equivalent to 
0.1 Pa•s. Frequently, the centipoise (cP) is one millipascal 
second (mPa•s) and is used as a viscosity unit. 

4. Summary of Method 
4.1 The Brookfield Thermosel Viscometer described in 

this procedure can be used to measure the viscosity of asphalt 
at elevated temperatures. The torque on a spindle rotating in 
a special thermostatically controlled sample holder con
taining a small sample of asphalt is used to measure the 

1 This test method is under the jurisdiction of ASTM Committee D-8 on 
Roofing, Waterproofing, and Bituminous Materials and is the direct responsibility 
of Subcommittee D08.03 on Surfacing and Bituminous Materials for Membrane 
Waterproofing and Builtup Roofing. 

Cunent edition approved Feb. 10, 1987. Published April 1987. Originally 
published as D 4402 - 84. Last previous edition D 4402 - 84. 

2 Annual Book of A.STM Standards, Vol 04.04. 

relative resistance to rotation. A factor is applied to the 
torque dial reading to yield the viscosity of the asphalt in 
millipascal seconds. 

5. Significimce and Use 
5.1 This test method can be used to measure the apparent 

viscosity of asphalts at application temperatures. 
5.2 Some asphalts may exhibit non-Newtonian behavior 

under the conditions of this test or during use at tempera
tures within the range of this method. Since non-Newtonian 
viscosity viuues are not unique material properties but reflect 
the behavior of the fluid and the measurement system, it 
should be recognized that measurements made by this 
method may not always predict performance under the 
conditions of use. 

5.3 Comparisons between non-Newtonian viscosity 
values should be made only for measurements made with 
similar viscometers under similar conditions of shearing 
stress and shear history. 

6. Apparatus 
6.l Brookfield Thermose/ High Temperature Viscosity 

Measurement System Using a Standard Brookfield Synchro
Lectric Viscometer-Depending on viscosity range Model 
LV, RV, HA, or HB series may be used. 3 

6.2 Spindles for Brookfield Thermosel Viscometer. 
6.3 Thermosel System: 
6.3.1 Thermo Container and Sample Chamber. 
6.3.2 SCR Controller and Probe. 
6.3.3 Graph Plotting Equipment. 
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7. Procedure for the Brookfield Thermosel 
7.1 Read and understand the information in the instru

ment manufacturer's operating instructions before pro
ceeding. 

7 .2 Tum on Tbermosel power. 
7 .3 Set the proportional temperature controller to desired 

test temperature . 
7 .4 Refer to the operating instructions for calibration of 

the controller. 
7.5 Wait 1.5 h (or until equilibrium temperature is 

obtained) with the selected spindle in the chamber (check 
control lamp). 

7 .6 Remove sample holder and add the volume of sample 
specified for the spindle to be used. Exercise caution to avoid 
sample overheating and to avoid ignition of sample with low 

3 Available from Brookfield Engineering Laboratories, Stoughton, MA 02072 
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flash point. Calculate the mass required from specific gravity 
or density data for the sample. Approximately 8 to lO mL 
will be required. 

7. 7 Do not overfill the sample container. The sample 
volume is critical to meet the system calibration standard. 
Thoroughly stir filled asphalt coatings to obtain a represen
tative sample. 

7 .8 The liquid level should intersect the spindle shaft at a 
point approximately 3.2 mm (1/s in.) above the upper 
"conical body"-"spindle shaft" interface. 

7 .9 Using the extracting tool, put the loaded chamber 
back into the thermo container. 

7 .10 Lower the viscometer and align the thermo-con
tainer. 

7 .11 Insert the selected spindle into the liquid in the 
chamber, and couple it to the viscometer. Proper spindle 
selection may require testing with more than one spindle. 

7 .12 Allow the asphalt to come to the equilibrium temper
ature (about 15 min) 

7.13 Start Brookfield models RV, HA, HB viscometer at 
20 rpm, LV model at 12 rpm. Observe the meter reading. If 
it is between 2 and 98 units, proceed with the test. 

7.14 Record three readings 60 s apart at each test temper
ature. 

7 .15 Follow the procedure for each test temperature 
required. 

7 .16 If readings are above 98 units at the lowest test 
temperature, decrease the spindle rpm setting and continue 
with the tesL 

7.17 If the reading is above 98, use the next smaller 
spindle and repeat the procedure using the sample volume 
specified: Check in accordance with 7 .6. 

7.18 .Multiply the viscosity factor by the Brookfield 
reading to obtain viscosity in centipoise. 

7 .19 Do not change the speed (rpm setting) during a 
viscosity measurement as this will change the shear rate. 

8. Report 
8.1 Always report test temperature, spindle number, and 

speed with results. For example, viscosity at 60°C = 105 MPa 
with spindle number. 

8.2 Plot viscosity value versus actual test temperature for 
each of the three or more test temperatures and draw a curve. 

9. Precision 
9.1 The following criteria shall be used for judging the 

acceptability of any result (95 % confidence level). 
9,1.1 Repeatability-Duplicate values by the same oper

ator shall not be considered suspect unless they differ bv 
more than 3.5 %. · 

9.1.2 Reproducibility-The values reported by each of 
two laboratories, representing the arithmetic average of 
duplicate determinations, shall not be considered suspect 
unless they differ by more than 14.5 %. 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard.,. expressly advised that determination of the validity ol any such 
patent rights, and the risk of Infringement of such rights, are entirely their own responsibility. 

This standard is subject to nwision at any time by the responsible technical committee and must be ffNWNed every five years and 
if not nNised, either reepproved or withdrawn. Your comments are invited either tor l'fNision of this stlllldard or tor additional standards 
and should be addressed to ASTM Headquerters. Your comments will receive careful consic;aration at a meeting of the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Pfl/ladtllph/8, PA 19103 • 
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