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Functional performance of existing concrete pavement is necessarily improved to maintain the low tire-pavement noise and the
long-term skid resistance. )us, exposed aggregate concrete overlay is introduced since these high functional performances are
expected. Its surface texture requires the removal of cement mortar to expose the aggregates. )is technique results a durable
surface texture and an effective surface drainage through the random shape of aggregates. In Korea, concrete overlay is allowed to
construct between 200 and 400 meters per day. )is concrete amount is insufficient to use batch plant. )erefore, mobile mixer is
employed to supply a consistent quality and on-time production. In addition, surface texture of this overlaymethod is significantly
related to the reduction of tire-pavement noise. Accordingly, outcome of surface texture should be validated in the real field
construction. )is study intended to verify the constructability of exposed aggregate concrete overlay using mobile mixer for
concrete production and deck finisher for concrete placement to acquire the surface texture and structural strengths. Surface
texture and concrete strengths from mock-up and laboratory tests were measured and compared with design criteria. )is
research indicated that the suggested equipment and construction procedure can efficiently maintain the required surface texture
of EACO for low tire-pavement noise and the adequate strengths for early traffic opening.

1. Introduction

Concrete overlay is an effective rehabilitation technique that
extends the remaining structural capacity and improves the
functionality [1]. Surface treatment—such as transverse
tining—has been applied to improve the skid resistance.
However, the drivers and nearby residents have complained
about the increase in tire-pavement noise [2]. Further, skid
resistance is typically reduced due to pavement aging, traffic
repetition, and environment change [3]. )erefore, exposed
aggregate concrete overlay (EACO) is introduced since it can
maintain the long-term skid resistance and low tire-pave-
ment noise [4]. Surface texture of this overlay requires the
exposure of aggregates with sequential process. Initially,
retardant agent is sprayed on the fresh concrete surface to
delay the hardening of cement mortar.)e 2- or 3-mm unset
mortar is afterward removed by steel brush or water jet
within 24 hours [5]. Additionally, this surface texture is

durable due to random shape of aggregates thus resulting the
long-term functional performance. Surface drainage is also
improved by the grooves between aggregates [3]. Also,
various research studies compared the performance of ex-
posed aggregate concrete pavement (EACP) with other
surface treatments. )ey confirmed that low tire-pavement
noise, adequate resistance, and high structural performance
can be achieved in EACO [6–8]. Most studies showed that
exposed aggregate concrete pavement effectively produces
lower noises than conventional concrete pavement about 3
to 7% [9]. Additionally, compared with asphalt pavement,
noise level can be decreased up to 2 to 3% in exposed ag-
gregate concrete pavement [10]. Surface texture of exposed
aggregate concrete overlay has significantly affected the
noise level and skid resistance. )is fact leads many research
studies to focus on the texture parameters, material selec-
tion, and construction process. Fundamental properties of
the exposed aggregate concrete pavements were investigated
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in the laboratory test [11]. )e study evaluated the aggregate
abrasion, retarder amount, construction method, and skid
resistance. Consequently, a guideline of mixture design was
suggested for the 13-mm exposed aggregate concrete
pavement. Moreover, an optimum mixture design of fine-
size exposed aggregate concrete overlay was suggested by the
optimum surface texture and structural strength [12]. Sur-
face texture was characterized by mean texture depth (MTD)
and exposed aggregate number (EAN). Various trial mix-
tures were performed with variation of coarse aggregates,
high early strength cement, and aggregate amount. Lastly,
the optimum mixture proportion was recommended.

Exposed aggregate concrete pavement is typically
manufactured in the batch plant and placed by slip forms.
However, for pavement rehabilitation purpose, concrete
overlay length can only be constructed within 200 to 400
meters per day to avoid the traffic delay thus requiring a
small amount of concrete that unnecessarily needs batch
plant. Additionally, mobile mixer and deck finisher have
typically been employed in concrete overlay project in South
Korea. Mobile mixer is an on-site mixing technique that
provides on-time material production for overlay con-
struction. Afterward, deck finisher ensures a proper over-
laying through rolling compaction. Surface texture of
exposed aggregate concrete overlay is highly related to the
tire-pavement noise. )us, an optimum surface texture
should be achieved in the field construction. Required
surface texture is simply obtained in the laboratory. How-
ever, this may not be true for on-site construction due to the
environmental condition and construction process. )is
requires a field verification to show the outcome of exposed
aggregate concrete overlay. )is study aimed to verify the
constructability of exposed aggregate concrete overlay using
mobile mixer and deck finisher to ensure the required
surface texture for low tire-pavement noise and structural
strength for early traffic opening.

2. Research Methodology

Constructability of exposed aggregate concrete overlay was
validated by comparing the outcome of field tests with
laboratory results and design criteria. Surface texture and
structural strengths are the design requirement for the
validation. Surface texture defines the functional perfor-
mance while structural strengths express the ability to
withstand the early traffic opening of concrete overlay. Mean
texture depth (MTD) and exposed aggregate number (EAN)
characterize the surface texture of exposed aggregate con-
crete overlay. Kim et al. suggested the optimum EAN and
MTD for low tire-pavement noise in exposed aggregate
concrete overlay [12]. )us, these criteria are adopted in the
present study to verify the surface texture. In addition, early
structural strengths are evaluated for the requirement of
early traffic opening. )e mock-up test was performed by
replicating the construction procedure of concrete overlay in
the real rehabilitation project. Additional equipment and
process of aggregate exposure were also included.

Furthermore, laboratory tests were conducted to reflect the
achievement of experimental level to the field results.

3. Mixture Design and Design Criteria

3.1. Mixture Proportion of Concrete Overlay. Material com-
position of exposed aggregate concrete overlay (EACO) is
comprised of high early strength cement, sand, coarse ag-
gregate, and water as shown in Table 1. High early strength
cement was used to achieve the bearing capacity for the early
opening of traffic. Large amount of cement was suggested to
avoid the aggregate detachment from cement mortar during
the process of aggregate exposure. Further, the 10-mm coarse
aggregates were applied to maintain the low tire-pavement
noise. Aggregate gradations for laboratory and mock-up test
program are slightly different as shown in Figure 1. However,
they satisfied the suggested upper and lower limits for con-
crete overlay [13]. Sand and coarse aggregate ratios (s/a) for
both test programs were 30 and 27%, respectively.

3.2. Structural Criteria for Exposed Aggregate Concrete
Overlay. Structural performance of existing concrete
pavement can be extended by concrete overlay to withstand
the future load. Furthermore, traffic close may disturb the
traffic flow, and this is a concern in Korea. )erefore, KEC
recommended the compressive and flexural strengths of
21MPa and 3.15MPa, respectively, for the requirement of
early traffic opening [13]. In addition, quality of fresh
concrete was evaluated by slump and air void. Slump was
suggested within 15± 2 cm to maintain the workability of
concrete overlay while required air void is between 5 and 7%.

3.3. Surface Texture Criteria for Exposed Aggregate Concrete
Overlay. Exposed aggregate concrete overlay has been in-
troduced in rehabilitation project to reduce the tire-pave-
ment noise. Surface texture of this overlay method is
significantly related the noise reduction. )us, the optimum
surface texture was suggested for low tire-pavement noise in
exposed aggregate concrete overlay [12]. )is surface con-
dition is comprised of mean texture depth (MTD) and
exposed aggregate number (EAN). Recommended MTD is
within the 1.2± 0.5mm while minimum EAN of 40 ag-
gregate per 25 cm2 should be obtained. )ese criteria are
adopted in the present study to evaluate the surface texture
from field construction.

4. Mock-Up Test Setup

4.1. Field Testing Facility. )e mock-up test of exposed
aggregate concrete overlay was constructed in Gangneung-
Wonju National University (GWNU) of South Korea as
illustrated in Figure 2. )e construction started and finished
on 4th October 2019. Concrete slab was 30 meters in total
length and 4meters in width. 10-cm slab was placed on the
milled asphalt concrete pavement. Saw-cutting of joint was
applied with the equal spacing of 6m.
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Table 1: Mixture proportions of exposed aggregate concrete overlay in mock-up and laboratory test.

Test type Max. size of coarse aggregate (mm) W/C (%) S/a (%) W (kg/m3) C (kg/m3) S (kg/m3) G (kg/m3)
Mock-up test 10 45 27 189 440 430 1185
Laboratory test 10 45 30 189 420 495 1129
Note. W: water amount; C: cement amount; S: sand amount; G: gravel amount; a: sum of sand and gravel amounts.
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Figure 1: Aggregate gradations for laboratory and mock-up test.
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Figure 2: Mock-up test section: (a) plan view of exposed aggregate concrete overlay construction; (b) completion of exposed aggregate
concrete overlay construction.
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4.2. Field Testing Program

4.2.1. Construction Process. Constructability of exposed
aggregate concrete overlay was verified through mock-up
testing program. Equipment and construction process
replicated the actual rehabilitation project in Korea. Addi-
tional device and process of aggregate exposure were in-
cluded in this study. Construction of the mock-up test is
summarized in Figure 3. Initially, existing asphalt pavement
was milled to achieve a uniform surface level. Exposed
aggregate concrete overlay was then mixed and supplied by
mobile mixer that was capable of supplying the concrete
volume up to 7m3. Workability of fresh concrete was
controlled by slump and air void. Concrete mixtures were
then carefully placed and compacted by deck finisher on the
prepared substrate. Subsequently, the retardant agent was
sprayed on the fresh concrete surface to delay the mortar
hardening. Aggregates were exposed within 24 to 26 hours
by the mobile steel brush. Further, concrete slab was cured
by the white-pigment curing compound after completing the
aggregate exposure. After 24 hours, the transverse joints
were saw cut at the interval of 6 meters.

Mobile mixer conducts the continuity of material
blending with the exact mixture amount every time as shown
in Figure 4. Additionally, within seventy seconds of mixing,
mobile mixer can produce similar workability to the labo-
ratory test. Each mixing can be stopped and started again
thus allowing the balance between production and con-
struction crews. With this on-site mixing process, material
quality can be consistently obtained since fresh concrete can
be supplied without being late to the job site.

4.2.2. Measurement of Surface Texture and Strengths in the
Field. Surface texture of exposed aggregate concrete overlay
was characterized by mean texture depth (MTD) and ex-
posed aggregate number (EAN). )ey were measured to
evaluate the outcome of surface texture produced by real
field construction. )ese two parameters were recorded
from the two wheel paths and the center of each slab. As
shown in Figure 5(a), MTD was measured by the sand patch
test that follows the ASTM-E965 “Standard Test Method for
Measuring Pavement Macrotexture Depth Using a Volu-
metric Technique” [14]. EAN can be estimated by counting
the peak aggregates in a specified area of 5× 5 cm as indi-
cated in Figure 5(b). Additionally, structural capacity of
concrete overlay was evaluated by the compressive and
flexural strength. Strength measurement adopted the same
procedure of the laboratory test, and it was detailed in the
next section.

5. Laboratory Test Setup

5.1. Specimen Preparation

5.1.1. Specimens for Surface Texture. Functional perfor-
mance of exposed aggregate concrete overlay is significantly
related to the surface texture. Optimum surface texture must
be obtained to secure the low tire-pavement noise. )is
optimum condition can be evaluated by mean texture depth

(MTD) and exposed aggregate number (EAN). )ese pa-
rameters were measured from the concrete specimens that
were prepared in the laboratory. Prismatic specimen of
30× 30×10 cm was selected. Texture of exposed aggregate
concrete was achieved through sequential process. Initially,
fresh concrete was placed and vibrated in the wooden mold.
Afterward, the coagulation retardant was applied on the
surface to delay the hardening of cement mortar. All
specimens were then cured for 24 to 26 hours. Lastly, the
unset cement mortar is removed by steel brush to expose the
aggregates as shown in Figure 6. )e steel brush device was
equipped with the 50mm length brushing blades and run at
71.2 rounds per minute (rpm).

5.1.2. Specimens for Compressive and Flexural Strength Tests.
Early structural performance of exposed aggregate concrete
overlay was evaluated to confirm the structural capacity
against early traffic opening. )is performance was esti-
mated by compressive and flexural strengths of concrete
overlay. Field and laboratory testing programs adopted the
same procedure of specimen fabrication. Cylindrical spec-
imens of Ø10× 20 cm were constructed for compressive
strength measurement following the KS-F-2405“Method of
test for compressive strength of concrete.” Prismatic samples
of 40×10×10 cm were selected from the flexural strength
test. )is process was based on KS-F-2325 “Testing method
for flexural strength of soil-cement using simple beam with
third point loading.” Afterward, all specimens were properly
cured in the temperature chamber.

5.2. Testing Measurement of Surface Texture and Strengths in
Laboratory

5.2.1. Measurement of Surface Texture. Optimum surface
texture of exposed aggregate concrete overlay was charac-
terized bymean texture depth (MTD) and exposed aggregate
number (EAN). MTD and EAN were measured after
completing the aggregate exposure. Exposed aggregate
number (EAN) is the amount of peak aggregates that were
visible to the surface after removing the unset mortar. EAN
is manually counted in the specified area of 5× 5 cm on the
specimen surface as shown in Figure 7(a). In addition, mean
texture depth (MTD) is the average depth of macrotexture in
the pavement surface.)is parameter can be computed from
the volumetric technique of ASTM-E965 “Standard Test
Method for Measuring Pavement Macrotexture Depth Using
a Volumetric Technique.” )is method applied the sand
patch on the specimen surface. Afterward, MTD is deter-
mined through the known volume and the measured di-
ameters of sand covering the surface as shown in Figure 7(b).

5.2.2. Measurement of Structural Strengths. Structural per-
formance of concrete overlay is evaluated by compressive
and flexural strengths as shown in Figure 8. Concrete
specimens were fabricated and stored in the curing chamber.
)e 3- and 7-day strengths were measured to confirm the
structural capacity against early opening of traffic.
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Additionally, the testing procedure followed the KS-F-2405
“Method of test for compressive strength of concrete” and KS-
F-2325 “Testing method for flexural strength of soil-cement
using simple beam with third point loading.” Average
strength was computed from three specimens.

6. Results and Discussion

6.1. Exposed Aggregate Number (EAN). Exposed aggregate
number (EAN) is one of the surface texture parameters that
characterize the reduction of tire-pavement noise. EANMock-up
is the value that was measured from the real field construction.
EANLaboratory was recorded from the surface texture of con-
crete specimens, and it defined the reflection of experiment
level on field performance. EAN derived from laboratory and

(a) (b)

(c) (d)

(e) (f )

Figure 3: Mock-up construction process of exposed aggregate concrete overlay: (a) substrate preparation; (b) mobile mixer; (c) deck
finisher; (d) spraying retardant; (e) exposing aggregate; (f ) joint saw-cutting.

Water Bin

Aggregate Bin

Cement Bin

Figure 4: Mobile mixer for concrete overlay project.
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Sand Patching

(a) (b)

Figure 5: Measurement of surface texture parameters in the field: (a) mean texture depth measurement in the field; (b) exposed aggregate
number measurement in the field.

Figure 6: Aggregate exposure by steel brush in the laboratory.

(a) (b)

Figure 7: Measurement of (a) exposed aggregate number and (b) mean texture depth.
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mock-up tests textures is collected as shown in Table 2. )e
parameters were measured after exposing aggregates within 24
to 26 hours. In the laboratory, thirty-six EANLaboratory were
collected from the concrete samples. Additionally, EANMock-up
was extracted from forty-five locations in the field test.

Constructability of exposed aggregate concrete overlay is
investigated through the comparison of the measured EAN
from the laboratory and from the mock-up test with the
designed EAN as described in Figure 9. Normality tests of both
data are initially applied to investigate the data distribution as
shown in Figure 9(a). Collected EANLaboratory and EANMock-up
provided a p value of 0.167 and 0.125, respectively, and they
were higher than the significant level of 0.05. )us, the data
were significantly normal distribution, and the mean value of
EANLaboratory and EANMock-up was 44. A statistical comparison
was also conducted by t-test approach. )e statistical test
indicated that EANLaboratory and EANMock-up were statistically
equal. )is confirmed that construction technique, environ-
ment, and curing method have no influences on EAN. Also,
this verified that the targeted EAN in the field can be achieved
bymobile mixer andmobile steel brush, and EANLaboratory can
sufficiently show the constructability of EACO in the real field
construction.

6.2. Mean Texture Depth (MTD). Mean texture depth
(MTD) is measured and collected from the laboratory
and mock-up test as shown in Table 3. )e sand patch test
was conducted to compute the MTD on the surface of
exposed aggregate concrete. MTD was recorded based on
the diameter of the sand patch. In the laboratory, six
locations of diameter were measured on each sample. For
mock-up tests, MTD was derived from twelve locations
for each slab.

Mean texture depths (MTDs) measured from the lab-
oratory and mock-up test are compared in Figure 10. Ini-
tially, the normality test was performed on both data. Data of
MTDLaboratory and MTDMock-up provided the significant
level of 0.154 and 0.2 that was higher than 0.05. )is con-
firmed that both data were statistically normal distribution.
Additionally, average MTDLaboratory and MTDMock-up were
1.19 and 1.08mm, respectively. )rough t-test comparison
of both data, MTDLaboratory was not statistically equal to
MTDMock-up. )e difference between both may be caused by
the environment condition, curing condition, and con-
struction method. Also, MTDMock-up was slightly lower than
that in the laboratory. Despite, both tests can produce MTD
that met the surface texture criteria.

6.3. Compressive Strength. Early compressive strengths
measured from mock-up and laboratory test are shown in
Figure 11. All compressive strengths in mock-up and lab-
oratory test satisfied the structural requirement for early
traffic opening of concrete overlay. Mean compressive
strengths were compared between the laboratory and mock-
up test samples by the t-test method. 3-day and 7-day
compressive strengths of laboratory samples were statisti-
cally equal to those of the mock-up test. )is indicated the
ability of mobile mixer and deck finisher to produce exposed
aggregate concrete overlay to meet the design criteria.

6.4. Flexural Strength. 3-day and 7-day flexural strengths of
exposed aggregate concrete overlay that were constructed
in mock-up and laboratory tests are recorded as illustrated
in Figure 12. All flexural strengths derived from both tests
were acceptable with the requirement of early traffic
opening. 3-day strength of the laboratory test was slightly

(a) (b)

Figure 8: Measurement of (a) compressive and (b) flexural strength.
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Figure 9: Comparison of exposed aggregate number from laboratory and mock-up test: (a) comparsion of data distribution for EAN in the
laboratory and mock-up test; (b) statistical comparison of exposed aggregate number.

Table 2: Collected exposed aggregate number from laboratory and mock-up tests.

Sample EAN (laboratory) EAN (mock-up test)

1
39 42 42 41 42 41
40 45 37 39 45 44
41 40 41 40 36 46

2
41 47 46 40 47 39
44 49 44 41 45 37
44 40 37 49 37 44

3
46 45 47 47 41 45
47 50 46 47 50 46
48 48 45 44 46 48

4
43 43 41 43 60 48
46 46 48 50 57 51
38 40 40 45 39 38

5
— — — 37 50 44
— — — 46 37 42
— — — 48 41 46
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Figure 10: Comparison of mean texture depth from the laboratory and mock-up test: (a) collected mean texture depth from the laboratory
and mock-up test; (b) statistical comparison of mean texture depth from the laboratory and mock-up test.

Table 3: Collected mean texture depth from the laboratory and mock-up test.

Sample MTD (laboratory) MTD (mock-up)

1
1.48 1.41 1.10 1.10 1.10 1.17
1.37 1.44 1.10 1.10 1.10 1.10
1.41 1.52 1.24 1.10 1.10 0.98

2
1.15 1.11 0.98 1.10 0.98 1.10
1.26 1.2 1.10 1.10 1.10 1.10
1.11 1.23 1.10 1.10 1.10 1.10

3
0.96 1.07 0.98 0.98 0.98 1.10
1.05 1.16 0.88 0.98 0.98 0.98
1.18 1.24 1.10 1.10 1.10 1.10

4
1.02 0.96 1.10 0.98 0.88 0.98
1.07 0.96 1.04 1.10 0.98 0.98
1.1 1.13 0.98 1.10 1.10 0.98

5
— — 1.24 1.42 1.24 1.24
— — 1.24 1.10 1.24 0.98
— — 1.24 1.17 1.17 1.04
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smaller than that of the mock-up test about 0.6MPa.
Moreover, both tests generated a slight difference of 7-day
flexural strength. According to t-test statistical comparison,
flexural strengths of laboratory and mock-up samples were
equal. )erefore, strength target of exposed aggregate
concrete overlay can be achieved by the utilization of
mobile mixer and deck finisher. Also, laboratory strength
can be an adequate indicator to verify this structural
performance in the field.

7. Recommended Construction Guideline of
Exposed Aggregate Concrete Overlay

In situ surface textures and structural performances of ex-
posed aggregate concrete overlay were validated through
mock-up test construction. EAN, MTD, and structural
strengths of the mock-up test met the concrete overlay
criteria. )us, this study recommended the construction

guideline and criteria as shown in Figure 13. Quality of fresh
concrete is controlled by slump and air void tests to secure
the constructability. Slump and air void of concrete can be
adjusted by adding the superplasticizer and air entraining
admixtures during eachmixing. After achieving the required
slump and air void, concrete can be placed and finished by
deck finisher. Subsequently, the retardant agent is sprayed
on the fresh concrete surface to delay the setting process.
Within 24 to 26 hours, mobile steel brush removes the unset
surface mortar and exposes the aggregates to meet the
surface texture criteria. Lastly, curing compound is applied
on the exposed aggregate concrete slab. EAN andMTDmust
meet the recommended value to obtain the low-noise surface
texture. Required strengths should be also achieved to secure
the early traffic opening.

8. Conclusions

Exposed aggregate concrete pavements are typically pro-
vided by batch plants for the new pavement construction.
However, for pavement rehabilitation purpose, concrete
product is manufactured by different methodology. )is
study applied the mock-up tests to verify the constructability
of low-noise exposed aggregate concrete overlay produced
by mobile mixer and deck finisher. Surface texture pa-
rameters, such as exposed aggregate number (EAN) and
mean texture depth (MTD), and concrete structural strength
were also evaluated with the design criteria and compared
with those measured from the laboratory test. With this
investigation, a construction guideline of exposed aggregate
concrete overlay was suggested and significant findings were
as follows:

(i) Mobile mixer and deck finisher showed its effec-
tiveness to produce a target exposed aggregate
concrete material that ensures the required surface
texture for low tire-pavement noise and structural
strength at early age for overlay construction.

(ii) Exposed aggregate number (EAN) from the labo-
ratory and from the mock-up test was statistically
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equal with the mean values of 44 which satisfied the
EAN criterion for low tire-pavement noise in ex-
posed aggregate concrete overlay. )is confirmed
that EAN was not significantly influenced by con-
struction methods or environment conditions.

(iii) Average mean texture depth (MTD) from labora-
tory and mock-up test samples was 1.19 and
1.08mm, respectively. Even thoughMTD from both
tests met the required value, both samples were
statistically different. MTD from the mock-up test
was smaller than that from the laboratory due to the
environmental condition, curing condition, and
exposure device.

(iv) Even though concrete production and construction
procedure was different in the laboratory andmock-
up test, structural strengths from both situations
were statistically equal and they also met the
structural criteria for early traffic opening.

)is research enabled an applicable methodology of field
construction for exposed aggregate concrete overlay to
maintain a surface texture for low tire-pavement noise and
early structural strength. However, the effect of construction
procedure on different concretemixtures and on the long-term
performances of concrete overlay shall be farther investigated
in order to establish an adaptable and cost-effective method-
ology of pavement rehabilitation.
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