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ASPHALT QUALITY CONTROL
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Meeting rigorous quality control of asphalt for every load
at the terminal with real-time viscosity measurements

By Manpreet Dash, Joe Goodbread, Ph.D., Sunil Kumar, Ph.D., and Vijoya Sa, Ph.D., Contributing Authors
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> ASPHALT HAS PROVEN ITSELF TO BE ONE OF
THE MOST VERSATILE AND EFFECTIVE MATERI-
ALS FOR PAVING.

Ensuring that asphalt meets regulatory norms like
ASTM, AASHTO, DIN, and EN—while reducing emissions
related to its production and use—is a win-win. Real-time
in-line viscosity monitoring and control of asphalt from
production in refineries to final loading at the terminal
for transport to the paving site improves bottom-line

Equipment for the production of
asphalt, cement, and concrete.

and protects personnel. Cost reduction and safety
improvements are achieved through optimizing the use
of solvents & modifiers to achieve fit-for-purpose asphalt
mixture. The measuring process creates zero emissions
and can be done completely in-line without need for
off-line grab samples. A resonant sensor based in-line
viscometer takes viscosity measurements into the digital
world in tune with modern road design and enables
real-time management of bitumen properties across the
complete asphalt life cycle.
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ASPHALT QUALITY CONTROL

Table 1: Stages of bitumen application where real-time viscosity measurements can improve operations

Segments

Asphalt Production (Refineries)

Transportation from asphalt mixing
plant to point of application with
Material Transfer Vehicles

Application Point (Paving)

An asphalt production plant.

Challenges

Meeting target properties accurately in harsh conditions with temperature and

environment fluctuations

Raw material and process manufacturing fluctuations mean periodic laboratory
testing does not represent the asphalt being produced

Inconsistency leads to considerable amount of money and time spent on post-

process blending to meet the minimum target specifications

Change of asphalt properties during transport from refinery to the pavement
(application sites) due to aging and micro-contamination

Material Transfer Vehicle to reblend material prior to application throug
adjusting for temperature & environment factors

Viscosity of asphalt-cement in a paving mixture influences its compaction by
rolling during construction and by traffic during pavement’s early service life

Value of Viscosity Management

R&D and testing of formulations

With real-time viscosity monitoring, adjustments can be made in the production
processes and corrective actions can be automated

Helps in achieving sustainable production goals—minimize material & energy
costs with optimization in mixing process

Prevention of change in properties during bulk storage and transportation due
to aging and contamination
To ensure QC before transfer from mix plants to the trucks—loading, unloading

Ensuring homogeneity in the mixture and ensuring correct properties just
before application

Compaction of paving mixture to specified density is achieved reliably by rolling
equipment, with adequate compaction effort
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APPLICATION

The two main parameters of polymer blended bitumen for the
production of hot mix asphalt (HMA) are viscosity and temperature.
Asphalt-cement viscosity describes resistance to compaction of
paving mixture. Using viscosity measurements in pipes and tanks,
engineers can ensure that the quality control parameters are
adhered to and the product is within specifications. An in-line viscos-
ity measurement could be used as a process feedback variable in
an automatic blending control system to regulate the temperature,
mixing time, and addition of performance-enhancing additives.

For asphalt mixing and transportation operations, viscosity data
provides more meaningful insights when collected and analyzed
over time. Data analysis helps process engineers diagnose quality
issues. Operators can schedule maintenance and make necessary
upgrades to their equipment to improve reliability and efficiency.

STAGES IN THE ASPHALT ECOSYSTEM WHERE
VISCOSITY MEASUREMENTS BRING VALUE

There are two separate stages in the life of every hot-mix asphalt
pavement. The construction stage from cold aggregate feed and
asphalt storage to finished pavement. The properties of bitumen
change as it ages in bulk storage, transport, and storage on-site. The
change in bitumen properties needs to be monitored and suitable
corrective actions undertaken across the value chain to ensure
correct properties prior to application.

Viscosity as a tool for R&D: New asphalt-mix development and
improvement studies

Viscosity is a property that is affected at the molecular level and
has tremendous amounts of information about the process and the
fluid behavior. The addition of viscosity modifiers to create high-
viscosity modified asphalt pavement has proved to have a strong
ability to resist shear flow and deformation, strong bonding strength,
and increased low-temperature performance of the material. The
quantity and types of addition need to be fine-tuned, and viscosity
measurements are key elements of conducting R&D, experimenta-
tion, and asphalt characterization studies. The temperature-viscosity
relationship is important when determining the performance
parameters such as adhesion, rheology, durability, and application
temperature of bitumen. Therefore, accurate viscosity analysis of
bitumen at different temperatures has become an important test.

Viscosity of asphalt binder at high temperatures is important
because it affects the following:

Pumpability. The ability of the asphalt binder to be pumped
between storage facilities and into the HMA manufacturing plant.

Mixability. The ability of the asphalt binder to be properly mixed
with and to coat aggregate and other HMA constituents in the HMA
manufacturing plant.

Workability. The ability of the resultant HMA to be placed and
compacted with reasonable effort.

Density information critical to paving troubleshooting and to
avoid paving problems

Long-term pavement performance is the result of the smooth-
ness and mat quality of the HMA mixture. Smoothness affects the

An asphalt paving site.

Pipelines transporting mixed asphalt.
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ASPHALT QUALITY CONTROL

transportation costs of the road user and directly influences vehicle
maintenance costs, fuel consumption, speed, passenger comfort,
safety, and vehicle noise. Poor mat quality also affects the pavement
performance and may be caused by cracks, segregation, poor joints,
and other defects. Furthermore, low density may cause the mix to
deform, make the mix more susceptible to moisture, prematurely
harden the asphalt, decrease the fatigue resistance, or reduce the
structural strength of the pavement. Possible problems with inad-
equate density management in paving operations are:

«  Non-uniformity in the HMA mix

« Thickness and mat quality variations

« Mat shoving ahead of roller

« Unsatisfactory compaction

TYPICAL TEST METHODS FOR CHARACTERIZING
BITUMEN-RELEVANT PROPERTIES AND
IMPACT ON RESISTANCE TO RUTTING

Usage of modified asphalt binders has been on the rise. As a
result, additives such as polymers, rubbers, acids, and oils have
been used for asphalt modification. Performance properties of
asphalt binders such as resistance against high-temperature
rutting have been significantly increased due to modification of the
asphalt binder.

There are many different components of asphalt that help define
its behavior and functions. Viscosity, complex shear modulus,
and stiffness are among those components that are especially
important when trying to understand the behavior of asphalt. There
are many identified correlations between bitumen relevant proper-
ties and the resistance to permanent deformation of bituminous

Table 2: Bitumen properties and test types to study impacts on rutting

Properties Tests

Viscosity « Capillary Viscometer Test

« Coaxial Cylinder Viscosity Test

« Cone and Plate Viscosity Test

« Creep Zero/Low Shear Viscosity

« Oscillation Zero/Low Shear Viscosity

Softening point « Ring and Ball (R&B) Test

Elastic and recovery properties « Multiple Stress Creep and Recovery (MSCR) Test

- Elastic Recovery Test

Complex modulus and phase angle « Dynamic Shear Rheometer (DSR) Test

« Performance Grade (PG) classification

Performance grading

Figure 1: Rheonics SRV
(Wide range in-line viscometer)
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mixtures. The bitumen properties and the associated tests are
presented in Table 2.

Measurements for rheological asphalt binder specifications
correspond to international standards such as ASTM, AASHTO, DIN,
EN, CEN/TS, IS, GOST, and SATS. For characterizing the high-tem-
perature performance of modified asphalt binders, many transporta-
tion agencies use AASHTO (American Association of Highway and
Transportation Officials) standards and grading systems for conduct-
ing the tests.

HOW VISCOSITY MEASUREMENTS CAN BE
MADE AND RELIABLY PUT TO USE

In-line/online viscometers measure directly the viscosity of
material in a tank or pipe while it is in use, providing real-time data.
They are a suitable alternative to time-consuming lab procedures
and tedious measurements management, even with experienced
operators. The actual cost-of-operation may be significantly less
than with benchtop viscometers.

The vibrational viscometer is a popular in-line viscosity measure-
ment instrument that does not involve moving parts. The principal
advantage of these instruments is the measurement of continuous
viscosity at operating temperatures. Although sensitive to changes
in viscosity, this type of instrument is insensitive to changes in binder
flow rate and vibration. It is designed to operate in harsh environ-
ments of an asphalt plant. It can effectively monitor and control the
modified asphalt binders process to ensure that the asphalt output is
always consistent even with raw material variability.

The real opportunity is to look beyond the basic requirements
and use viscosity data in a timely manner to ensure consistent
asphalt quality throughout the life cycle. Using such binder will
ensure reliable performance when placing asphalt on the ground.
In-line viscosity measurement allows for conformance with required
standards like AASHTO M332 MSCR grading system and AASHTO
T-350 MSCR test procedure, which are widely adopted by transpor-
tation agencies.

ASPHALT 4.0: STAYING AHEAD OF PROBLEMS
BY USING DATA AND DIGITALIZATION

Customer specifications vary with region, since roads are subject
to radically different environments. The raw material for making
asphalt is basically the leftover items in the crude oil barrel after high
value products have been extracted or refined. That material can be

Figure 2: Rheonics SRD
(In-line density meter and viscosity meter)




very non-homogenous, and can vary radically in makeup from barrel
to barrel depending on the source of the crude.

Temperature and humidity variations, mixing equipment condi-

tion, formulations, line-integration, machine interactions, and time

of mixing are some of the many parameters which can alter the
produced asphalt-mix quality across batches. Technologies required
to assist repeatable operations despite so many influencing factors
now exist. Once the manufacturer invests in process monitoring
equipment, the current industrial control systems are well developed
to be able to use the viscosity data from the processes to standard-
ize operations and quality.

The key value drivers of the asphalt industry embracing real-time

in-line viscosity monitoring equipment are the following:

« Real-time monitoring to achieve consistent quality of
delivery. Any deviation can be quickly caught and corrected
without wasting a full load or worse, creating future issues
with road or roof. Traceable quality assurance gives higher
producer confidence and reduces liability arising from quality
complaints.

« Automated corrective actions for ensuring production
efficiency and consistency. Closed control loops through
sensor-based, in-line quality inspection reduces waste and
increases yield through early process deviation detection, root

cause analysis, and automatic correction for asphalt producers.

« Circular innovation: More agility in dealing with new asphalt-
mix variants in production, compliance, and provenance.
Fine unique asphalt grades are produced by refineries, each
with a different viscosity that must meet a target specification.
With in-line viscosity measurements, these producers get
insights about of how the new formulations/compositions will
behave and how they might need to adjust current blending
systems and control parameters.

. Big data provides robust evidence to base decisions for
greater efficiency. The data provided by the process moni-
toring equipment enables them to tweak various process
parameters and optimize the production process. Interconnec-
tion and information transparency enables decentralization of
decisions within and outside the production facilities.

« Higher quality standards and adapting to customer requests.
The technology, data, and information that can help transform
manufacturing operations can also make processes and
systems more responsive to the end-user needs.

« Complete track and trace of production process. Real-time
monitoring of asphalt production data enables track and trace
of every step in the process chain, ensuring full compliance
with both regulatory and agency requirements.

ACCURATE AND RESPONSIVE IN-LINE VISCOSITY
MEASUREMENT AND CONTROL

Automated in-line viscosity measurement enables continuous
monitoring of bitumen in production, transit, and at the point of
application. It enables control of the viscosity to assure uniform
quality across all stages. In-line viscosity management with the
Rheonics SRV can help alleviate some of the most common paving
issues due to inconsistent asphalt supply—cracks (longitudinal,

Figure 3: Showing the sensor electronics (SME-TRD transmitter)
connected to the SRV installed in a pipeline transporting mixed asphalt

Figure 4: SME-TRD transmitter displaying real-time viscosity readings

from SRV deployed at an asphalt terminal
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transverse, alligator, slippage, edge), bleeding, tearing, waviness,
potholes, depressions, rutting, upheaval, raveling, and shoving.
Effective control of the viscosity of the asphalt leads to a significant
improvement of the paving process by improving quality and
reducing reworks.
Consistent product quality and control of blending can be
accomplished by using the data from the sensor and integrating
it in the production/blending control system. Data exported to the
production control can be utilized to maintain the product within the
defined specifications.
Value proposition for refineries:
- Better control over quality, and hence reduction in production
variabilities
« Significant cost savings are achieved by bringing down the
amount of diluent needed to achieve targeted specifications
- Improvements in reliability of operations and reduction
in tankage requirements, associated energy, capital, and
maintenance costs
- The measuring process creates zero emissions and can be
done fully in-line without need for off-line measurements
« Increased throughput with less investment in inventory and
capital equipment

Since the beginning of asphalt technology, viscosity has been
used to classify bitumen and predict asphalt properties. The
measuring methods, however, have not kept up with the times. They
are slow, laborious, and solvent dependent. Modern viscometers
excel from a practical and environmental perspective, as well as
from a cost perspective. Due to the complexity of asphalt melts and
asphalt emulsions as fluids, typical lab instruments are expensive
and cumbersome. There is a need for better, simpler instrumentation
in the industry.

In addition to meeting the need for high temperature viscosity
measurement and real-time data collection, the in-line viscometer
system’s self-cleaning design enables the asphalt manufacturer
to maintain the systems more efficiently, without constant main-
tenance and recalibration. Road pavement industries highlight
huge CO, savings, which can be potentially achieved with top built
quality of roads. R&B

Dash is part of the Application Engineering and Markets Development team
at Rheonics. Goodbread is Chief Technology Officer of Rheonics. Kumar is
CEO of Rheonics. Sa leads the Application Engineering & Technical Sales

team at Rheonics.
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