
tured by a mobile microsurfacing machine that makes the mixture
and places it.

For the microsurfacing mixture to withstand heavy traffic, it is
designed to be brittle upon curing. The fact that normal micro-
surfacing is brittle makes it prone to reflective cracking almost imme-
diately. Some end users have been concerned about cracking and the
opportunity for water to infiltrate the underlying pavement. Histori-
cally, a performance grade (PG) 64-22 AC has been used in the
United States to make microsurfacing emulsion. Across the country
microsurfacing base AC has not been varied to reflect requirements
of different climates. It was the belief of the researchers that flexible
slurry–microsurfacing mixtures made with appropriate amounts and
softer grades of AC could be used as surface preparation mixtures for
either normal leveling or rut-filling courses. Mixtures made with
higher amounts of AC should flow well into surface irregularities and
assist in reducing the amount of reflective cracks. Mixtures made
with lower amounts of AC would withstand rutting.

The opportunity to test this hypothesis became available when the
Minnesota Road Research Project (MnROAD) staff volunteered
four low-volume road cells as test sites. Cells 24, 25, 29, and 30 are
all 500 ft (152 m) long with an additional 100-ft (30.5-m) transition
distance between each cell. They were all paved in 1993 with HMA
containing an asphalt binder meeting the requirement for PG 58-28.
Table 1 gives an explanation of the construction differences of
these four MnROAD cells. Crack sealing had been performed on
Cell 24 only.

EVALUATION PLAN

A plan was laid out for testing the performance of special micro-
surfacing mixtures made with softer AC and various residual AC
values. Normal microsurface mix designs use approximately 13.5%
emulsion. The plan consisted of the following steps:

1. Design AC levels were set for surface and surface preparation
courses constructed from PG 48-34 asphalt binder;

2. A leveling-type (scratch) surface preparation course was
constructed on Cells 24 and 25;

3. A rut-fill surface preparation course was constructed on Cells
29 and 30;

4. A microsurface wear course was constructed on Cells 24, 25,
29, and 30; and

5. Cells were evaluated for rutting, reflective cracking, and
smoothness.
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Microsurfacing mixtures are made of high-quality aggregate and asphalt
emulsion components. They are produced at the project site by a mobile
microsurfacing machine that mixes and places the product. Normal micro-
surface designs contain approximately 13.5% emulsion and include a per-
formance grade (PG) 64-22 asphalt cement (AC). This study investigates
the field performance of softer-AC flexible slurry surfacing mixtures used
for preparation and surface courses. A PG 48-34 AC was chosen for
flexible slurry–microsurfacing mixtures constructed on four test cells
at the Minnesota Road Research Project low-volume road facility near
Albertville, Minnesota, in September 2005. This AC was used to produce
mixtures for both surface preparation and wear courses. The mixtures
used a reduced emulsion percentage for rut filling and an increased emul-
sion percentage for normal leveling courses. A single surface course mix-
ture with the increased emulsion level was placed over the entire project.
Pre- and postconstruction evaluations of cracking, rutting, and smooth-
ness were performed. These evaluations were repeated at 6 months, fol-
lowing one winter of service. At 6 months an overall 71% of transverse
cracking had reflected through the microsurface. Reflected distress from
longitudinal cracks and patched areas was negligible. The rutting condi-
tion at 7 months was found to be similar to that at postconstruction, in
which an overall 20% decrease was attributed to microsurfacing. Smooth-
ness was favorably affected by microsurfacing construction. International
roughness index values were correlated to the amount of material placed
in the surface preparation course.

Microsurfacing is a product that was originally developed in Europe
to be used to fill ruts and as a surface treatment for hot-mix asphalt
(HMA) pavements (1). Microsurfacing is made up of high-quality
aggregate and asphalt emulsion components. Material requirements
include a 100% crushed igneous aggregate that meets a specific gra-
dation requirement. The normal asphalt cement (AC) used for mak-
ing microsurfacing emulsion starts as a PG 64-22, which is modified
with natural latex as it is emulsified. A mineral filler is used, which
in Minnesota normally is portland cement. The final components are
water and a control additive, which help manage the rate of curing as
the temperature changes. The microsurfacing mixture is manufac-
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MATERIAL AND EQUIPMENT

A local microsurfacing emulsion supplier provided a tanker load
of microsurfacing emulsion with PG 48-34 grade AC. The aggre-
gate used was made by Martin Marietta Aggregates, St. Cloud,
Minnesota. The aggregate met the International Slurry Surfacing
Association Type II gradation requirements (2, 3). This aggregate
has a proven track record in Minnesota when used in normal
microsurfacing designs.

Samples of the special microsurfacing emulsion were submitted
to the Minnesota Department of Transportation (MnDOT) Office of
Materials for testing. The following are some of the findings:

1. The softening point of the residual AC was 125°F. The speci-
fication requirement for a normal microsurfacing emulsion requires
a minimum of 135°F (3).

2. Penetration on the recovered residual AC was 163. The normal
requirement is 40 to 90 (3).

Construction was accomplished by using a microsurfacing machine
and supply truck. Surfacing accessories on the microsurfacing
machine included a 12-ft (3.6-m) rigid strike-off screed, 4-ft (1.2-m)
flexible rut box, and 12-ft (3.6-m) flexible paving box.

CONSTRUCTION

Construction began on Monday, September 19, 2005, on MnROAD’s
low-volume Cells 24, 25, 29, and 30 with the modified micro-
surfacing asphalt emulsion. Surface preparation mixtures were
placed on September 19 and wear course mixtures were placed on
September 20.

The surface preparation of Cells 24 and 25 included application of
a scratch (leveling) course. A scratch course is a thin application of
microsurfacing applied with a normal microsurfacing paving box
that is modified by replacing the first flexible screed with a steel
strike-off screed. The steel strike-off screed rides on the high points
of the HMA pavement, allowing only the microsurfacing mixture to
be placed in the low areas. Figure 1 and Table 2 show rut depths
before flexible microsurfacing construction. Figures 2 and 3 show
pounds of scratch course microsurfacing placed in each lane. It
should be noted that Figures 2 and 3 plot microsurface weight data
that were collected at the end of multiple-cell surfacing runs and that
data do not exist for individual 500-ft cells because of construction
staging. The emulsion content of this mixture was increased from the
norm of 13.5% to 16.5%. At these levels the residual AC contents are
8.6% and 10.6%, respectively.
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TABLE 1 MnROAD Cell Construction History

Cell 24 Cell 25 Cell 29 Cell 30

3.1 in. (79 mm) 5.2 in. (132 mm) 5.1 in. (130 mm) 5.1 in. (130 mm)
of HMA of HMA of HMA of HMA

4 in. (102 mm) Sand 10 in. (254 mm) of 12 in. (305 mm) of
of sandy gravel gravelly sand with gravelly sand with 
with 4.7% fines 7.3% fines 12.3%–13.2% fines

Sand Clay Clay
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FIGURE 1 Microsurfacing rut depth comparison (80K � 80-kip;
102K � 102-kip).

Before construction, Cells 29 and 30 were severely rutted and
therefore received a rut fill with a microsurfacing rut-fill box. A rut
box is normally 5 to 6 ft wide with a V-shaped adjustable screed.
The rut fill is done in one wheel rut per pass. The recommended
method is to fill each wheel rut and then allow normal traffic to drive
on the rut fill for at least 24 h to help consolidate the mixture. Fig-
ure 4 shows a rut-fill box during microsurfacing operations. After
consolidation the wear course is applied to the surface. Because of
lack of staffing availability, the traffic and consolidation step was
not fully done for this MnROAD project. Figures 2 and 3 show the
pounds of microsurfacing applied to the wear and nonwear courses
for these cells. Figure 1 shows average pretreatment rut depths. The
emulsion content of the rut-filling mixture was reduced to 12.5%. At
this level the residual AC content is 8%.

On September 20, 2005, the contractor placed the wear course on
the four cells. As stated earlier, the emulsion percentage was raised to
16.5% on the wear course. The wear course was applied in a contin-
uous manner through Cells 24 and 25 and also through Cells 29 and
30. The eastbound lane of Cells 29 and 30 received two passes of sur-
facing wear course to help restore the cross sections. The emulsion
content of the wear course mixture was increased to 16.5%. At this
level the residual AC content is 10.6%.

CONSTRUCTION OBSERVATIONS

The average air temperature was 65°F during this construction
period. During construction the contractor controlled the breaking
of the emulsion mixture by adjusting the amount of water and
microsurfacing additive.
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TABLE 2 MnROAD Distress Data for 80-Kip and 102-Kip Lanes

Cell 24 Cell 25 Cell 29 Cell 30 Total

Transverse cracking

Crack count May 2005, 80K 32 9 35 16 92
May 2005, 102K 25 9 43 15 92
March 2006, 80K 29 10 18 19 76
March 2006, 102K 18 9 16 12 55
% increase −17.5 5.6 −56.4 0 −28.8

Linear feet (meters) May 2005, 80K 323 (98) 104 (32) 194 (59) 154 (47) 775 (236)
May 2005, 102K 250 (76) 102 (31) 274 (84) 142 (43) 768 (234)
March 2006, 80K 338 (103) 107 (33) 136 (41) 155 (47) 736 (224)
March 2006, 102K 216 (66) 100 (30) 110 (34) 133 (41) 559 (170)
% increase −3.3 0.5 −47.4 −2.7 −16.1

Longitudinal cracking

Nonwheelpath, linear feet (meters) May 2005, 80K 0 0 147 (45) 0 147 (45)
May 2005, 102K 3 (1) 0 410 (125) 0 413 (126)
March 2006, 80K 0 0 0 7 (2) 7 (2)
March 2006, 102K 0 0 17 (5) 0 17 (5)
% increase −100 NA −96.9 NA −95.7

Wheelpath, linear feet (meters) May 2005, 80K 8 (2) 0 151 (46) 6 (2) 165 (50)
May 2005, 102K 0 0 90 (27) 0 90 (27)
March 2006, 80K 0 0 5 (2) 3 (1) 8 (2)
March 2006, 102K 0 0 0 5 (2) 5 (2)
% increase −100 NA −97.9 33.3 −94.9

Surface patch

Patch, linear feet (meters) May 2005, 80K 0 0 36 (11) 374 (114) 410 (125)
May 2005, 102K 0 0 480 (146) 121 (37) 601 (183)
March 2006, 80K 0 0 0 0 0
March 2006, 102K 0 0 0 0 0
% increase NA NA −100 −100 −100

Rutting

Rut depth, inches (millimeters) August 2005, 80K 0.33 (8) 0.42 (11) 0.64 (16) 0.42 (11) 1.81 (46)
August 2005, 102K 0.24 (6) 0.23 (6) 0.6 (15) 0.32 (8) 1.4 (36)
August 2005, mean 0.28 (7) 0.32 (8) 0.62 (16) 0.37 (9) 1.6 (41)
September 2005, 80K 0.28 (7) 0.3 (8) 0.33 (8) 0.32 (8) 1.23 (31)
September 2005, 102K 0.26 (7) 0.3 (8) 0.4 (10) 0.34 (9) 1.31 (33)
September 2005, mean 0.27 (7) 0.3 (8) 0.37 (9) 0.33 (8) 1.27 (32)
% increase, 80K −15.2 −26.8 −48.4 −23.8 −31.7
% increase, 102K 8.3 30.4 −33.3 6.3 −6.5
% increase, mean −3.6 −6.3 −40.3 −10.8 −20.1
April 2006, 80K 0.28 (7) 0.31 (8) 0.34 (9) 0.32 (8) 1.25 (32)
April 2006, 102K 0.30 (8) 0.33 (8) 0.43 (11) 0.32 (8) 1.38 (35)
April 2006, mean 0.29 (7) 0.32 (8) 0.39 (10) 0.32 (8) 1.32 (34)

NOTE: 80K = 80-kip lane; 102K = 102-kip lane.
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FIGURE 2 Pounds of microsurfacing placed on Cells 24 and 25. FIGURE 3 Pounds of microsurfacing placed on Cells 29 and 30.
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EVALUATION RESULTS

The MnROAD low-volume road is a two-lane, closed-loop facility
with each lane assigned a separate traffic and loading configuration.
Loading is scheduled so that an 18-wheel truck-semitrailer applies an
80-kip (356-kN) load to the inside lane 4 days per week and a 102-kip
(454-kN) load to the outside lane 1 day per week. Approximately
80 truck passes are applied per scheduled loading day. Cells are
approximately 500 ft (152 m) long with a 100-ft (30-m) transition
between cells.

MnROAD staff performed distress condition surveys before and
after microsurfacing construction in May, August, and September
2005. Although MnROAD distress surveys evaluate the entire test
cell for cracking and patching, rutting is evaluated at 50-ft intervals.
In August and October 2005 and March 2006, the MnDOT Pavement
Management Office performed smoothness and ride evaluations with
a Pathways pavement condition van. Distress and pavement manage-
ment data show that before construction the condition of Cells 24 and
25 was superior to that of Cells 29 and 30 (Tables 2 and 3).

Data from the September 2005 rutting survey show that overall
average rut depths decreased by 20.1% following microsurfacing con-
struction on Cells 24, 25, 29, and 30 (Table 2). Smoothness and ride
evaluations (Table 3) showed that immediately after construction the
overall international roughness index (IRI) decreased by 49.5%, down
from 2.05 m/km to 1.04 m/km.

On October 26, 2005, the project research team observed that the
transverse cracks in the underlying pavement had not yet reflected
through. A transition area between Cells 28 and 29 that showed
structural failure before the microsurfacing was observed to show
no signs of failure and appeared to be holding up to MnROAD’s
low-volume traffic loading patterns.

On March 8, 2006, the project team conducted a survey for crack
development. It was found that transverse reflective cracking had
occurred. Table 2 shows that 71.2% of the transverse cracks were
reflected through at this time, with the microsurfacing effectively
reducing the linear feet of transverse cracking by 16.1%. However,
measurement showed that the linear feet of longitudinal cracking
was reduced by 94.9% in the wheelpaths and by 95.7% in nonwheel-
path areas. All cracks were observed to be at the low-severity dis-
tress level. In addition, areas having patches or marked structural

FIGURE 4 Rut-fill box, view looking forward and down.

FIGURE 5 Microsurfacing yielding water during early traffic.

FIGURE 6 Placing microsurfacing only where needed.

The rut-fill mixture contained 12.5% emulsion. During placement
the contractor added both control additives and water to the mixture.
Early during traffic consolidation it was observed that a large amount
of water was displaced from the rut-fill mixture. Figure 5 shows the
microsurfacing mixture yielding water. This observation points to the
extra amount of water the contractor had to add in order to control
the break during placement.

The scratch and surface course mixtures contained 16.5% emul-
sion. This mixture appeared more user friendly during application.
The contractor was able make the mix without adding any control
additives and with only the free water found in the stockpile of aggre-
gate. Figure 6 shows an example of how the microsurfacing mixture
was able to flow from high spots and provide coverage where it was
most needed.

It was observed that microsurfacing made with higher residual AC
had a longer working time than normal microsurfacing mixtures did.
The mixture in this project required approximately a 10-min cure
time before traffic could drive on the microsurfacing.



problems continued to show no signs of failure. The reviewer noted
that sealed cracks often tended to reflect through the microsurface
as a single- or double-hairline crack.

On March 10, 2006, the project was evaluated for smoothness and
ride. IRI results are shown in Figure 7 and Table 3. It was found that
overall IRI had increased an average of 7.6% from 1.04 to 1.12 m/km
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relative to October 26. Pearson correlation coefficients were cal-
culated to compare the difference in IRI values with the quantity
of microsurfacing material placed in the wear and nonwear courses
and are shown in the table below.

IRI Improvement

October 2005 March 2006 
Microsurface Application (Age, 1 Month) (Age, 6 Months)

Nonwear course (lb/yd2) 0.929 0.947
Wear course (lb/yd2) 0.444 0.472
Total application (lb/yd2) 0.863 0.889

On March 18, 2006, the project was spot-checked for rut develop-
ment. Spot-check locations were selected on the basis of the post-
construction rutting survey. The intention was to spot-check relatively
deep or shallow rut measurements, which were defined by using mean
and standard deviation values (x–Cell Rutting ± sCell Rutting). Spot-check loca-
tions were limited to one wheelpath per load configuration lane. Fig-
ure 8 shows that spot-checking did not identify additional rutting that
warranted evaluation with MnROAD staff and equipment. On April
25, 2006, rut measurement performed with the MnROAD automated
laser profile system device showed that average rut depth remained
17% improved over the preconstruction values.

In the future MnROAD staff will provide routine cracking and
rutting data for these sections. Project staff will continue to monitor
cracking and provide spot checks of rut development.

CONCLUSION

This project was organized primarily with the intent to evaluate the
field performance of a soft-AC microsurfacing design. A PG 48-34
AC was used in place of the PG 64-22 that is normally used for
microsurfacing designs. In addition, the microsurface slurry was
applied at a variable emulsion percentage in order to enhance either
the crack-filling or the rut-filling capability of the mixture.

The construction phase demonstrated the viability of producing
and placing microsurfacing slurry mixtures at 12.5% and 16.5%
emulsion levels. Mixture consolidation did not appear problematic
when very low-volume traffic was involved.

Following a 6-month service period that included a northern-climate
winter, the project was evaluated for reflective cracking, smoothness,
and rutting. At that time the following findings were made:

1. Approximately 71% of transverse cracks and 5% of longitu-
dinal cracks had reflected through the microsurface.
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FIGURE 7 IRI for cells microsurfaced on September 19, 2005.

TABLE 3 MnROAD IRI Data

Average IRIa, 
Cell Lane m/km (in./mi)b IRI Increase (%)

August 15, 2005

24 80K 1.24 (78.6) NA

24 102K 1.24 (78.6) NA

25 80K 1.68 (106.4) NA

25 102K 1.53 (96.9) NA

29 80K 2.32 (147.0) NA

29 102K 2.87 (181.8) NA

30 80K 3.25 (205.9) NA

30 102K 2.29 (145.1) NA

October 26, 2005

24 80K 0.97 (61.5) −22

24 102K 0.81 (51.3) −35

25 80K 1.19 (75.4) −29

25 102K 0.91 (57.7) −41

29 80K 1.15 (72.9) −50

29 102K 1.13 (71.6) −61

30 80K 1.33 (84.3) −59

30 102K 0.8 (50.7) −65

March 10, 2006

24 80K 0.99 (62.7) 2

24 102K 0.92 (58.3) 14

25 80K 1.35 (85.5) 13

25 102K 1.18 (74.8) 30

29 80K 1.19 (75.4) 3

29 102K 1.12 (71.0) −1

30 80K 1.37 (86.8) 3

30 102K 0.84 (53.2) 5

aQuarter car IRI.
b1 m/km = 63.36 in./mi.



–Transverse cracks in lanes constructed with scratch and wear
course mixtures had reflected through the microsurface to 88% of
preconstruction numbers.

–Transverse cracks in lanes constructed with rut-fill and wear
course mixtures had reflected through the microsurface to 60% of
preconstruction numbers.

–Patched locations were not reflecting through the microsurface.
2. Pavement IRI measurements showed little change from the

postconstruction condition. The 6-month IRI was found to have
decreased

–By 22% for lanes constructed with scratch and wear course
mixtures, and

–By 58% for lanes constructed with rut-fill and wear course
mixtures.
3. A manual spot check of rutting was performed after 6 months

of service. Automated measurements were performed after 7 months
of service. These measurements did not indicate that significant post-
construction rutting had occurred. Rutting performance will be rou-
tinely monitored in subsequent surveys. Rut conditions as measured
after construction showed the following results:

–A 4% to 6% decrease for lanes constructed with scratch and
wear course mixtures,

–A 11% to 40% decrease for lanes constructed with rut-fill
and wear course mixtures,

–A 7% decrease for 102-kip load-configuration lanes, and
–A 32% decrease for 80-kip load-configuration lanes.

Early results from this research show that the soft AC microsurface
design has a moderate effect in decreasing transverse reflected cracks.
Limited data from one 500-ft test section (Cell 29) have shown that
soft AC microsurfacing may be effective in decreasing longitudinal
reflective cracking. The research team should continue to monitor
reflective cracking and evaluate the effectiveness of microsurfacing
over sealed cracks.
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Data from Cells 29 and 30 also suggest that the soft AC micro-
surfacing is effective at reducing rutting. In this case the preexisting
rut depth in Cell 29 was nearly twice that of Cell 30. Postconstruc-
tion rut measurements found depths to be similar in Cells 29 and
30. At 6 months the microsurfacing and rut fill in Cells 29 and 30
was successfully inhibiting rut development at levels approxi-
mately equal to that in Cells 24 and 25, where filling ruts was not
a concern.

At 6 months the performance of Cell 29 was better than that of Cell
30, especially in the 102-kip lane. This finding may be due to the
amount of microsurfacing placed in the wear course. Cells 29 and 30
received approximately the same amount of rut-fill material in the
80-kip and 102-kip lanes, but the 80-kip lane wear course received
approximately 12 lbf/yd2 less material than the 102-kip lane.

In future flexible slurry–microsurfacing research projects the
effect of consolidation traffic on postconstruction rut depths should
be evaluated. Additional development and evaluation should also be
performed for flexible microsurface mixture designs as alternatives
to HMA-type leveling courses as a preoverlay treatment.
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FIGURE 8 Microsurfacing rutting: manual spot check versus automated survey.
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