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In Japan’s cold, snowy regions, porous asphalt (PA) has been 
installed to provide safe driving conditions.

1. Introduction

 Under winter conditions...
- It mitigates black ice formation.

 Under rainfall conditions...
- It improves visibility.
- It mitigates hydroplaning.

Porous Asphalt

Dense Graded Asphalt Dense Graded Asphalt

Porous Asphalt

However, PA has durability 
problems.
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1. Introduction
The large cities in the cold, snowy 
regions of Japan are snowier than the 
large cities in other snowy regions of 
the world.

This means that the pavements in such 
regions of Japan are exposed to 
particularly severe environmental 
conditions.

 Abrasion from tire chains and steel 
snowplow blades

City
(Country)

Pop. 
(millions)

Snowfall 
(m)

Sapporo (JPN) 1.9 5.97

Shenyang (CHN) 7.2 0.49

Montréal (CAN) 1.0 2.15

Vienna (AUT) 1.6 1.72

Munich (DEU) 1.2 1.00

Saint Petersburg (RUS) 4.7 2.97

 Repeated freeze-thaw of snowmelt in the 
snowmelt season

 Low temperatures 

 The development of a new asphalt mixture 
that has high durability and the ability to 
maintain safe driving conditions 

High-performance Stone Mastic Asphalt (HP-SMA)
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1. Introduction
To satisfy the quality standards of HP-SMA, it is necessary to 
sufficiently examine the materials, mix design, and construction 
techniques. The type of rolling compaction has a particularly great 
influence on the quality of the final product.

However...
The relationship between the quality of the final product, 
including the road surface texture and the degree of compaction, 
and the rolling compaction method has not been sufficiently 
clarified. Clarification of this relationship has been an important 
issue in the development of an appropriate construction technique 
for HP-SMA.

1) Experimental construction at the Tomakomai Winter Test Track
2) Experimental construction at a section of national highway

The relationship between the quality of HP-SMA (road surface 
texture and degree of compaction) and the rolling compaction 
method was clarified.



2. The functionalities of HP-SMA 
and its construction technique
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 Functionalities for traveling safety

① Improving visibility by reducing water spray when the road surface is wet

② Improving visibility during the dark hours by reducing glare from the road surface reflexion 
of the lights of the oncoming vehicle when the road surface is wet

③ Securing sufficient skid resistance on black ice or other ice films

→ HP-SMA is about as effective as drainage pavement (PA) and is more effective than dense-
graded asphalt pavement (DGA).

 Durability

→ HP-SMA is more durable than PA.

(1) The functionalities of HP-SMA

[Surface] 
Rough texture achieved by 
aggregate interlocking

[Middle - bottom] 
Dense, stable, durable
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 In constructing the best HP-SMA, quality control is the most important thing.

 The paving procedure should be continuous and an accurate control of the compaction 
temperature is essential.

 For HP-SMA, sufficient compaction at high temperature is necessary, because the optimal 
temperature for rolling compaction is higher for HP-SMA in which modified asphalt is used 
than for DGA.

 In cold, snowy regions, the tendency for the temperature of the paving material to 
decrease quickly during construction should be considered in deciding the appropriate 
rolling temperature management, the combination of rolling compaction machines, and the 
number of machine passes.
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(2) Construction technique



3. Relationship between rolling compaction 
technique and product quality.
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3.1 Outline of the experiment
3.2 Relationship between road surface texture and 
degree of compaction



3. Relationship between rolling 
compaction technique and product 
quality.
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The Tomakomai Winter Test Track and the experimental construction in progress

 To clarify the relationship between the surface texture and the degree of 
compaction, we experimentally constructed pavement sections at the Tomakomai 
Winter Test Track by using multiple rolling compaction techniques.



3.1 Outline of the experiment
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Mix proportion
Grain distribution 

(mm)

Asphalt Filler (%)
Screening 

(%)
Coarse sand 

(%)
Crusher run 

#7 (%) 
Crusher run #6 

(%)
Cellulose 

fiber Total
― 0-0.15 0-2.5 0-2.5 2.5-5 5-13 ―

HP-SMA
Modified II-type 

5.9
10.4 6.1 6.1 8.5 63.0

0.3 (added 
to the total)

100.3

Mix proportion of the HP-SMA used in the experimental construction

Rolling compaction conditions

Conditions
Breakdown roller compaction

(target temperature: 150℃ - 170℃)

Secondary roller compaction 

(target temperature: 120℃ - 140℃)

Finishing roller compaction 

(target temperature: 60℃ - 80℃)

A
Without roller compaction

(spreading only)
－ －

B 3 passes with a macadam roller － －

C 11 passes with a macadam roller － －

D 7 passes with a macadam roller 7 passes with a tandem roller 3 passes with a tire roller

E
Horizontal vibration roller

1 pass without vibration

Horizontal vibration roller

6 passes with vibration
3 passes with a tire roller



3.1 Outline of the experiment
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Machines used for roller compaction

 The pavement thickness (surface layer) was 40mm.

 The measurement items were mean profile depth (MPD), measured by using a circular track 
meter (CTM), and the degree of compaction, measured by sampling cores at the same location 
as where MPD was measured.

Machine

Macadam roller
Horizontal vibration (tandem) roller

Tire roller

Machine 

weight
9,300kg 6,800kg 12,925kg

Other －
Centrifugal force: 105kN

Vibratory frequency: 51.6Hz
－
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 The quality of the pavement constructed under Condition D roughly satisfies the standard 
values of the Hokkaido Regional Development Bureau. This rolling compaction technique is 
considered to be appropriate, because it produces both an appropriate surface texture and a 
sufficient degree of compaction.

 The technique under Condition E, in which a horizontal vibration roller was used, had the highest 
degree of compaction. Therefore, securing high durability can be expected.

Relationship between the road surface 
texture and the degree of compaction

3.2 Relationship between the road surface 
texture and the degree of compaction

 A high correlation is observed 
between the MPD and the degree of 
compaction: Their relationship is an 
inverse correlation.

 It is important to satisfy the 
standards for MPD and the degree of 
compaction by appropriately 
performing rolling compaction.

Degree of compaction: 96% or higher

MPD: 0.9mm or higher
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4. Experimental construction on a 
national highway

4.1 Outline of the experimental construction
4.2 Quality comparison of HP-SMA constructed by using two 
different rolling compaction techniques
4.3 Planar variations in quality
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4. Experimental construction on a
national highway

Installation: August to October 2014

 On each of these sections, the density and degree of compaction were measured 
and durability assessment tests were done on cores collected from the completed 
pavements.

 Based on the measurements and tests, appropriate rolling compaction techniques 
were examined, quality variations in actual construction were clarified, and points 
to bear mind for securing pavement quality were clarified.
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4.1 Outline of the experimental construction

 For Section A, rolling compaction was done by using a horizontal vibration roller. 
Three measurement points were set at each 100m of the constructed 300m 
pavement (i.e., 9 measurement points in total).

 Rolling compaction using a macadam roller was done for Sections B and C. 
Initially, measurement locations were set at each 100m along the construction 
section; however, to clarify the variation in planar quality, the numbers of 
measurement locations and items were increased.

Section Spreading Breakdown rolling compaction Secondary rollingcompaction Finishing rolling compaction

A

145℃

-

165℃

Horizontal vibration roller

Rolling compaction: 2 passes 

(without vibration)

Target temperature: 140℃ - 160℃

Horizontal vibration roller

Rolling compaction: 7 passes

(with vibration)

Target temperature: 120℃ - 130℃

Tire roller

Rolling compaction: 3 passes 

Target temperature: 70℃ - 90℃

B

160℃

-

180℃

Macadam roller

Rolling compaction: 6 passes

Target temperature: 155℃ - 175℃

Tandem roller

Rolling compaction: 6 passes

Target temperature: 120℃ - 140℃

Tire roller

Rolling compaction: 4 passes

Target temperature: 70℃ - 90℃

C

160℃

-

180℃

Macadam roller

Rolling compaction: 6 passes

Target temperature: 155℃ - 175℃

Tandem roller

Rolling compaction: 6 passes

Target temperature: 120℃ - 140℃

Tire roller

Rolling compaction: 4 passes

Target temperature: 70℃ - 90℃
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4.1 Outline of the experimental construction

 The low-temperature Cantabro test has been used 
for PA in Japan to assess the degree of aggregate 
scattering from impact under low-temperature 
conditions.

 Los Angeles abrasion testing machine revolutions: 
300

 Test temperature: -20 ℃

Measurement items Measurement techniques

Road surface texture
(MPD)

Circular Texture Meter (CTM) 
Multi Road Profiler (MRP)
(only for Sections B and C)

Degree of compaction Measured by using the cores sampled 
from the completed pavement

Non-destructively 
measured density

(only for Sections B and C)

The pavement quality indicator (PQI) was 
used.

Low-temperature Cantabro 
test

Cores taken from the completed 
pavement were used.
Assessment of aggregate scattering 
resistance

MRP

PQI

Before

After



Mix proportion of HP-SMA used in the experimental construction

Effect of variables
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4.2 Quality comparison for HP-SMA constructed by using 
two different rolling compaction techniques

 The HP-SMA on Section A, which was constructed by using a horizontal vibration roller, and 
the HP-SMA on Section B, which was constructed by using a macadam roller, were compared 
in terms of quality.

 Sections A and B were abutting work sections.

 It was verified that comparing the pavement qualities of these sections was appropriate, 
because all areas of these sections were constructed under observance of the target mixture 
temperature.

Item 

(grain size: mm)
Section

Asphalt

(Modified II-type)

Filler

(0 - 0.15)

Fine sand

(0 - 2.5)

Coarse sand

(0 - 5)

Crusher run #7

(2.5 – 5)

Crusher run #6

(5 – 13)

Cellulose 

fiber
Total

Mix proportion
A 5.8% 10.8% 8.4% 4.2% 8.7% 62.1% 0.3% 100.3%

B 5.8% 11.3% 4.7% 4.7% 10.6% 62.9% 0.3% 100.3%

Section Weather

Air temp. (℃)
Avg. wind speed 

(m/s)

Temp. of the mixture (℃)
Duration of construction

(min)High Low 
At the start 

of spreading

At the end of 

rolling compaction

Temp. 

difference

A Fine 22.7 19.9 2.9 159 74 -85 34

B Fine 18.9 16.5 3.5 155 76 -79 31
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 The MPD for Section A, where a horizontal 
vibration roller was used, is about 0.2mm less 
than that for Section B.

 The degree of compaction for Section A is 
greater than that for Section B, and the low-
temperature Cantabro loss for Section A is 
less than that for Section B.

 The use of a horizontal vibration roller 
produces pavement with excellent durability.

4.2 Quality comparison for HP-SMA constructed by using 
two different rolling compaction techniques

MPD Degree of compaction

Cantabro loss
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4.3 Planar variations in quality

 To secure the appropriate quality 
of HP-SMA, sufficient construction 
work management is necessary.

 To investigate the quality of the 
constructed HP-SMA in detail, the 
planar variation in the quality of 
HP-SMA pavement was surveyed 
by measuring the road surface 
texture, density, and the low-
temperature Cantabro loss.

Pavement edge                       Pavement edge 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  1.0m 1.0m 1.5m 

8 traverse lines @ 0.5m = 3.5m 

10
m

 

51
 tr

av
er

se
 li

ne
s @

 2
m

 =
 1

00
m

 

5 
tra

ve
rs

e 
lin

es
 @

 2
0m

 =
 8

0m
 

MRP measurement line  PQI measurement point 
CTM and PQI measurement point  
Coring point, CTM and PQI measurement point 

10
m

 

Outline of the survey done at Sections B and C 
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4.3 Planar variations in quality

Density

 The density along the edge of the pavement is lower than elsewhere on the 
pavement.

 The pavement edges tend to have greater variation in quality than the other parts 
of the pavement have. The edges have the potential to be locations where the 
pavement begins to lose its durability.
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4.3 Planar variations in quality

Low temp. Cantabro test

 The low-temperature Cantabro loss 
was about 3% greater for the 
pavement edge than for other 
locations on the pavement.

 Therefore, the aggregate scattering 
resistance of the edge is estimated 
to be lower than those elsewhere 
on the pavement.

 The reason for the above results is 
thought to be that the temperature 
of the mixture decreases faster at 

the edge.

 For HP-SMA, which needs to be roller-compacted at higher temperatures than those for 
ordinary types of asphalt mixture, the quality is thought to be influenced more greatly by the 
decrease in temperature than is the case for ordinary types of asphalt mixture.

 To produce pavement of uniform quality, sufficient control techniques are necessary, such as 
heating using a heater during spreading of the mixture at the edge or at cold joints and 
starting the rolling compaction immediately after the finisher has passed.



5. CONCLUSIONS
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5. CONCLUSIONS
 If HP-SMA is constructed such as to achieve the greatest possible road 

surface roughness, it is possible that the degree of compaction will be low and 
the durability of the pavement will be low. Therefore, sufficient care should be 
taken to achieve rolling compaction of appropriate quality.

 The use of a horizontal vibration roller was found to produce pavement that 
excelled in durability and resistance to aggregate scattering. 

 The pavement edges tend to vary in quality, and this variation in pavement 
quality at the edges is problematic with respect to durability. Therefore, 
sufficient control measures are necessary in constructing HP-SMA pavement, 
because HP-SMA requires rolling compaction at temperatures higher than 
those for ordinary types of asphalt mixture.
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The Manual for the Construction of High-performance SMA (Draft) has been 
published, and dissemination of HP-SMA has been promoted.

Some areas for improvement remain toward establishing an appropriate 
construction method. We will continue our investigation to secure consistent 
quality.



Thank you for your attention.

Civil Engineering Research Institute for Cold Region
Tel: 011-841-1747 Fax: 011-841-9747

http://www.ceri.go.jp
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