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Background

Achieving durability in hot mix asphalt (HMA) pavements is very important. Factors that affect
HMA durability include air voids, permeability, PG binder grade, and asphalt binder content.
This last item, binder content, can be characterized as either voids in mineral aggregate (VMA)
or asphalt film thickness (AFT). An inadequate amount of film thickness can lead to stripping or
raveling in the field. Results from NCAT and WesTrack indicate that too much film thickness
can lead to rutting. Research is currently underway around the country (see NCHRP Project 9-
25: Requirements for Voids in Mineral Aggregate for Superpave Mixtures) to further investigate
film thickness and its effects on HMA durability and resistance to permanent deformation and
fatigue cracking.

So what exactly is asphalt film thickness? Simply put, film thickness is the amount of asphalt
coating each aggregate particle in the mix. It is calculated by dividing the effective AC volume
(Vbe) by the aggregate surface area (SA). However, this concept is not easily understood, since it
is highly unlikely that all the particles in a mix have the same film thickness of asphalt coating.
Fine aggregate particles would have a much thicker coating than coarse aggregate particles. In
this sense, it would be more appropriate to call film thickness an index property that is
representative of an “average film thickness” throughout the mix.

Calculating asphalt film thickness is rather straightforward:

AFT (microns) = 4870 * oo

100 = P, * SA
where Py, = effective asphalt content (% of total mixture weight)
Ps = percent aggregate in the mixture (as a decimal)
SA = calculated aggregate surface area in ft/Ib
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where % passing #4 sieve
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In practice film thickness generally falls between 4 and 12 microns. While still up for debate,
the acceptable minimum AFT is often taken as 8.0 or 8.5 microns.

Even though the calculation for film thickness is easily obtained through standard mixture data,
several shortcomings are apparent. The calculation assumes that all aggregate particles are
uniformly coated, which is not true in practice. It converts a 3-dimensional surface area to a 2-
dimentional surface area for the calculation. The surface area constants a-g are for combined %
passing rather than % retained on each sieve. The calculation does not account for aggregate
specific gravity (Ggp) or different types of mineral fillers. Recently there has been a lot of work
through Minnesota, lowa, NCHRP 9-25, and other areas to improve upon the calculation
procedure for film thickness. Despite all of these problems, the current film thickness “index”
can give us a good indication of the amount of binder coating the aggregate particles in a mix.

MnROAD Film Thickness Study

The 10-year HMA sections at MNROAD (Cells 14-23) were constructed in 1993. Field samples
were taken during construction to obtain regular QC/QA data. This data was easily used to
calculate the asphalt film thickness. One problem with the field data was that the QC data for
aggregate gradation used different sieves than are needed for AFT calculations. Therefore, this
data was interpolated to arrive at the required gradations. The aggregate surface area calculation
was estimated from these values, and in turn the AFT calculation was only approximate. Table 1
lists the statistics on asphalt film thickness for each of the mainline cells. A graphical
representation is shown in Figure 1.

Table 1 Asphalt Film Thickness Statistics for MNROAD 10-Year Mainline Cells

14 15 16 17 18 19 20 21 22 23

Mean 817 | 817 | 764 | 818 | 894 | 914 | 9.14 | 858 | 8.05 | 8.75
Median 828 | 821 | 7.70 | 8.07 | 887 | 920 | 930 | 859 | 8.00 | 8.64
Standard Deviation| 0.58 | 0.64 | 0.32 | 052 | 055 | 058 | 059 | 0.36 | 0.32 | 0.65
Minimum 6.76 | 686 | 703 | 7.26 | 799 | 793 | 819 | 762 | 761 | 7.49
Maximum 9.17 | 931 | 814 | 898 | 10.23 | 10.19 | 10.07 | 9.28 | 8.79 | 10.00

Count 20 20 16 16 16 16 16 16 16 20

Binder Type 120/150] AC-20 | AC-20 | AC-20| AC-20 | AC-20 |120/150[120/150/120/150{120/150,

Design Method M-75 | M-75 | G-100 | M-75 | M-50 | M-35 | M-35 | M-50 | M-75 | M-50
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Figure 1 Asphalt Film Thickness by MnROAD Cell

Field Performance

The film thickness data was then examined in terms of pavement performance at MNnROAD.

The field performance data was obtained in 2002. Microsurfacing was placed on several of the

cells at different times after 2002, which has altered their field performance. The following
section contains several plots of field performance vs. asphalt film thickness (a summary is
shown in Table 2). While the correlations are not perfect, general trends can be observed.

Table 2 MnROAD Field Performance

Transverse Transverse | Top-Down Film

Cracking Cupping Cracking Thickness Binder Design

Cell IRl (m/km) | Rutting (in) (linear ft) (in) (linear ft) (microns) Type Method
14 2.16 0.28 926 0.46 126 8.17 120/150 M-75
15 2.26 0.24 1442 0.70 341 8.17 AC-20 M-75
16 2.75 0.18 1335 0.57 21 7.64 AC-20 G-100
17 2.48 0.20 1024 0.32 530 8.18 AC-20 M-75
18 2.76 0.22 660 0.37 968 8.94 AC-20 M-50
19 3.02 0.32 1169 0.50 893 9.14 AC-20 M-35
20 1.13 0.57 292 0.21 17 9.14 120/150 M-35
21 1.02 0.40 462 0.11 6 8.58 120/150 M-50
22 1.60 0.22 419 0.34 43 8.05 120/150 M-75
23 1.61 0.53 369 0.23 35 8.75 120/150 M-50




A first attempt to correlate field performance with film thickness was inconclusive. However,
separating each plot by binder type yielded much clearer results. Five of the sections contain
120/150 (PG 58-28) binder, and five sections contain AC-20 (PG 64-22) binder. Any discussion
of field results from MnROAD needs to distinguish between the binder types. The cells also
contain four different types of mixture design: Marshall 35, 50, and 75 blow and Gyratory with
100 design gyrations. The differences in performance are not quite as clear when separating
cells by mix design.

Figure 2 shows the International Roughness Index (IR1) vs. film thickness. IRI describes the ride
quality of a pavement as perceived by its drivers — the higher the IRI, the rougher the ride. For
the AC-20 binder, the IRI increases with increasing film thickness, and the opposite is true for
120/150 binder. The ride is much rougher on the AC-20 sections than on the 120/150 sections.
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Figure 2 IRI vs. Film Thickness

Figure 3 shows rutting vs. field thickness. As expected, as the film thickness increases the
average rut depth increases. The softer binder (120/150) increases more dramatically, and it also
has larger rut depths than the AC-20 binder.

Figure 4 indicates that as film thickness increases the amount of transverse cracking decreases.
A higher binder content (higher film thickness) in the mix makes it more durable and resistant to
thermal cracking. The stiffer binder (AC-20) exhibits much more cracking than the softer binder
(120/150), but the general trends are the same for both. When the cells with AC-20 binder crack,
they tend to shatter. This also causes a deterioration in ride, which is seen as an increase in IRI.
The cells with 120/150 binder have more typical crack patterns.
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Figure 4 Transverse Cracking vs. Film Thickness




Cupping along transverse cracks (Figure 5) shows a similar trend as thermal cracking vs. film
thickness. As the asphalt film thickness increases, the amount of cupping along the cracks
decreases. The AC-20 binder shows more cupping than the 120/150 binder. The increased
cupping also translates into a deterioration in ride.
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Figure 5 Transverse Crack Cupping vs. Film Thickness

Figure 6 shows interesting behavior with respect to top-down cracking. With the exception of
Cell 16, the AC-20 sections had much greater levels of top-down cracking than the 120/150
sections. Again it is assumed that the stiffer binder leads to increased cracking. For the AC-20
sections, an increase in film thickness led to a significant increase in top-down cracking. The
120/150 sections showed the opposite trend — an increase in film thickness led to a decrease in
top-down cracking. This is the expected behavior.
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Figure 6 Top-Down Cracking vs. Film Thickness
Summary and Future Direction

Despite the questions about its application, average film thickness data shows very promising
results when compared to field performance data. While film thickness is not the only parameter
that determines pavement performance, it makes a significant contribution. The test cells at
MnROAD will continue to be monitored on a regular basis.

Further work will continue in this study. The original film thickness calculations were
approximations based on interpolated aggregate gradations. Currently, loose mix from the
original construction will be evaluated in order to obtain film thickness data. The binder will be
extracted from the mix, and gradations will be run on the appropriate sieves. The calculated
AFT data will be compared to the data presented in this report to see how well it agrees. Based
on research performed around the nation, updates to the asphalt film thickness calculation may
be made. Updates to the report will follow as needed.

For more information please contact Tim Clyne (tim.clyne@state.mn.us or 651-366-5473).
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