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1. Introduction

Bridge deck pavements play an important role in provid-
ing comfortable and safe riding quality to the public by 
maintaining smoothness and surface friction of the bridge 
deck and protecting the structure against moisture dam-
age through the drainage system (Kamaitis 2006). In Ko-
rea, premature failure and significant damage to the bridge 
deck due to infiltrated water has been considerably re-
duced by adopting waterproofing layers in the pavement 
system since the early 1980s.  However, problems still re-
main, because water that has penetrated into the pavement 
does not drain out quickly, but remains in the structure for 
a long time because of insufficient and inefficient drainage 
system that has been used so far.  Consequently, structural 
integrity of the pavement has often been degraded due to 
segregation and strength loss of materials, which has se-
quentially resulted in frequent occurrences of potholes. 

The potholes are significant problems, since they are typi-
cally repeated even after repairs. An experience indicated 
that the bridge deck’s deterioration can be prevented with 
appropriate paving methods to protect the water related 
damage on the bridge deck and its service life can be raised 
up to more than 15 years (Knight et al. 2004). Therefore, 
there is a pressing need to develop better bridge deck pav-
ing systems that can quickly drain water and mitigate pot-
holes, so that one can save on maintenance–repair costs, 
while improving the performance life of the bridge deck 
pavement.

Currently, bridge deck pavements in Korea employ 
drain channels buried under asphaltic layers to drain wa-
ter infiltrated into the pavement system. The use of drain 
channels under the asphaltic layers was not quite satisfac-
tory as demonstrated in Fig. 1, which presents the number 
of maintenances performed on each long-span bridge in 
Seoul during the year 2003 (Lee et al. 2005). Fig. 1 indi-
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cates that the potholes are the most frequent form of dis-
tress, which clearly infers that the currently used draining 
method for bridge deck pavements in Korea is somewhat 
inappropriate for mitigating moisture damage.

The current draining method uses a drain channel in-
stalled at the edge of the pavement, as illustrated in Fig. 2a. 
This might be problematic, because infiltrated water lo-
cated around the center of the pavement, where it is more 
likely subjected to heavy traffic loads, will not be effectively 
transported and drained through the drain channel but 
will most probably stay in the pavement system, which will 
result in premature potholes and cracks due to significant 
moisture damage. To overcome the aforementioned prob-
lems observed from the current draining system, this study 
proposes the use of porous asphalt mixture to form a drain-
ing layer, as shown in Fig. 2b. The draining layer of porous 
asphalt mixture is placed between a waterproofing layer and 
a top wearing course so that the water that penetrates into 
the pavement structure can be quickly drained out without 
causing any significant impact on the bridge deck.

The bridge deck paving technique using the draining 
layer of porous mixtures was first developed in Denmark 
(Vibeke 2000) approx 30 years ago, and has been widely 

used because it is generally better-performing and more 
efficient than other methods. Typically, double-layer wa-
terproofing sheets are placed on the bridge deck, and the 
porous mixtures with less than 8 mm max aggregate size 
are then compacted on top of the waterproofing sheets up 
to approx 2 cm thick. Finally, the upper and lower asphaltic 
layers (i.e. wearing course and protecting course, respec-
tively), with 4 cm thick each, are compacted and placed 
on the draining layer to produce a total 10 cm thick bridge 
deck pavement structure.

However, the aforementioned Danish bridge deck 
paving technique needs to be modified to a certain extent 
for implementing it into bridges in Korea, since most of 
the bridge deck pavements in Korea have to be construct-
ed with less than total 8 cm thickness, and the max size 
of aggregate for the porous asphalt mixture should be 
10 mm due to limitations of aggregates available in Korea. 
Moreover, it may not be appropriate to use the same type 
of waterproofing material such as the waterproofing sheets 
for Korean bridge deck pavements, because bridge deck 
surfaces are not often smooth enough to apply the water-
proofing sheets directly. The effects of interface condition 
between layers on the life of pavements are well known 
(Ziari, Khabiri 2007). Uneven bridge deck surfaces are pri-
marily due to the significant progress of cement concrete 
deterioration. Although the uneven surface can be leveled 
with fast curing cement mortar, it takes long time until the 
cement mortar is completely cured. Sometimes, that is not 
practical where traffic volume is very heavy. It is therefore 
required to develop a new bridge deck pavement drainage 
system that is the most suitable for Korean bridges and is 
also sufficiently durable for long-term performance. 

The most important factors for the new bridge deck 
pavement drainage system would be to ensure the per-
formance of a new type of waterproofing materials ap-
plied, and to develop appropriate construction techniques 
for the thin drainage layer with less than 10 mm max ag-
gregate size. Toward these objectives, this study developed 
a porous asphalt mixture with the max aggregate size of 
10 mm, and various physical and mechanical laboratory 

 
Fig. 1. Primary types of distress observed from bridge deck 
pavements in Seoul

  
Fig. 2. Draining systems in bridge deck pavements: a – traditional system; b – new system proposed in this study
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tests were performed to confirm performance characteris-
tics of the porous asphalt mixture. For the new type of wa-
terproofing layer, methyl methacrylate (MMA) – type ma-
terial was introduced, and a series of mechanical tests were 
performed to judge the applicability of the MMA material 
for waterproofing. In addition, the MMA material was also 
evaluated as a potential repairing mortar that can possi-
bly replace traditionally used fast-curing cement concrete 
mortar to fix old and deteriorated bridge deck surfaces.  
Various laboratory tests were performed, and the test data 
from the MMA mortar were compared to the test results 
from the traditional cement concrete mortar.  Finally, to 
evaluate the field performance of the new drainage system 
proposed in this study, a field study has been conducted 
on a real bridge.  

2. Development of the porous asphalt 

2.1. Determination of mixture gradation
To determine allowable upper- and lower-gradation lim-
its for the porous asphalt mixtures designed with the max 
aggregate size of 10 mm, several Marshall specimens de-
signed with different trial gradations were fabricated, and 
air voids of each specimen were monitored. Fig. 3 presents 
a finally determined gradation band composed of the up-
per-gradation to meet 17–18% air voids and the lower-gra-
dation targeting 20–21% void content. The lower-grada-
tion was determined by simply shifting a gradation curve 
that has been typically used in Korea to produce porous 
asphalt mixtures with 13 mm max aggregate size.

2.2. Determination of optimum level of compaction
Porous asphalt mixtures designed with the max aggregate 
size of 13 mm has been typically compacted by applying 
50 Marshall blows, but this level of compaction may need 
to be modified for the mixture with 10 mm max aggregate 
size, since the smaller aggregates at the same level of com-
paction will be more likely crushed than the larger aggre-

gates during the compaction process, and the crushed ag-
gregates fill voids in the mixture, which is not desired. To 
determine the optimum level of compaction for the mix-
ture with 10 mm aggregates, an experimental attempt was 
made, and test results are shown in Fig. 4.

Fig. 4 presents a variation of air voids in Marshall 
specimens as the number of compaction blows increased 
(i.e. 20–80 blows) at the same asphalt content of 5%.  Spec-
imens demonstrated a somewhat rapid reduction of air 
voids at the early stage (up to 30 blows), but the rate of air 
voids reduction then decreased with 40–50 blows, which 
implies that additional compaction may not contribute to 
air voids reduction at a similar level as at the initial stage, 
once a certain level of density in the mix has been reached. 
It can also be noted from Fig. 4 that the second accelerated 
reduction in air voids after 60 blows was from the crushing 
of aggregates, rather than by pure densification due to ag-
gregate reorientation. Based on test data and visual obser-
vations, 50-blow was determined as an appropriate level of 
compaction to accomplish the mixture design. 

2.3. Determination of optimum asphalt content

Based on a well established Open Graded Friction Course 
(OGFC) Mix Design Guide (Watson et al. 2004), an opti-
mum asphalt content was determined in this study by per-
forming two tests: the Cantabro test and the draindown 
test (AASHTO T305:2001. Determination of Draindown 
Characteristics in Uncompacted Asphalt Mixtures), with a 
variation of trial asphalt contents from 3 to 7%.  As dem-
onstrated in Fig. 5, a min of 3.6% and a max of 5.7% of 
asphalt can be obtained from specification requirements: 
max allowable Cantabro loss is 20% and draindown is 
0.3%, respectively. Within the range of asphalt content al-
lowable, 5.2% was finally determined as the optimum as-
phalt content because it is at 20% air voids.

 
Fig. 3. Upper- and lower-gradation limits for porous asphalt 
mixtures with 10 mm max aggregate size pavements in Seoul

 
Fig. 4. Variation of air voids as the number of compaction  
blows increases
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2.4. Laboratory tests
In order to evaluate the physical and mechanical character-
istics of the newly designed porous asphalt mixture, three 
laboratory tests, namely, permeability test, wheel-tracking 
test (KS F2374:2000. Testing Method for Wheel Tracking of 
Bituminous Paving Mixtures) and the AASHTO T283:1999. 
Resistance of Compacted Bituminous Mixture to Moisture-
Induced Damage, were carried out.

Permeability Test 
To determine the hydraulic conductivity of the po-

rous asphalt concrete, falling head tests were performed. 
Testing specimens were first fabricated Ø 150 mm and 
100 mm in length using a superpave gyratory compactor. 
The specimens were then cored Ø 100 mm and used in the 
test. The test was conducted for 3 specimens and the re-
sults were averaged.

Wheel-Tracking Test
The wheel-tracking test measures rut depth and the 

number of passes of tire loads at high temperatures to eval-
uate the permanent deformation characteristics of mix-
tures. Test results are presented by a curve relating defor-
mation with loading time (or loading cycles), and the rate 
of rut depth (i.e. rut depth per min) monitored during 15 
min of testing (from 45 to 60 min during the test) is then 
recorded as an indicator to estimate dynamic stability of 
the mixture.

AASHTO T283 Test
Moisture-related damage is one of the most wide-

spread and most severe forms of pavement distress along 
with fatigue cracking and permanent deformation. To 
perform the AASHTO T283 test, 2 subsets (3 specimens 
for each subset) – the 1st subset in dry condition and the 
2nd subset subjected to moisture conditioning followed by 
one freeze-thaw cycle – were prepared and tested under 
indirect tension mode to obtain the tensile strength ratio 
(TSR), which is simply defined as a ratio of an averaged 
tensile strength value from the dry subset to the condi-
tioned subset.  Specification typically requires min 70% 
of TSR.

2.5. Laboratory tests results
Table 1 summarizes the laboratory test results. As can be 
seen in Table 1, all test results met specification require-
ments (Watson et al. 2004).  Average dynamic stability was 
3 342 cycles/mm, which was greater than the required val-
ue of 3 000 cycle/mm, and moisture damage resistance of 
the mixture represented by the TSR was also satisfactory. 
It can be inferred that the new porous asphalt mixture with 
the 10 mm max size of aggregates has been designed suc-
cessfully.

Table 1. Laboratory test results from porous asphalt mixtures 
and corresponding requirements in specification

Properties Specification Test 
results

Air void, %
Dynamic stability,  cycle/mm
Cantabro loss, %
Draindown, %
Permeability coefficient, cm/s
Moisture damage, TSR, %

18 min
3 000 min

20 max
0.3 max
0.02 min
80 min

20
3 442
3.15

0.208
0.04
80.3

3. MMA mortar and waterproofing

3.1. Characteristics of MMA and its composition
MMA is a reactive resin that is produced through a po-
lymerization of acrylic and methacrylic acid ester. MMA 
resin is a very fast curing (typically less than one hour) 
material. Its fatigue performance and bonding strength to 
bridge deck are outperforming. Thus, it has long been used 
as a waterproofing material in Europe because of its excel-
lent performance. However it has not been widely used in 
other regions including Korea because of its relative high 
cost compared to other types of waterproofing materials.

The curing time of MMA resin is controlled by curing 
compound. Typically 1% or 2% of benzoyl peroxide is add-
ed to control the curing time of MMA resin. For the wa-
terproofing, a liquid type of MMA resin is applied 2 mm 
thick on top of the bridge deck, or MMA resin mixed with 
CaCO3 and glass bid finer than 0.03 mm is applied 5 mm 
thick on the bridge deck. The latter is better if the uneven-
ness of the bridge deck surface is severe and is the one used 
in this study.

MMA resin can also be used as a repairing materi-
al for the deteriorated concrete bridge deck since its me-
chanical characteristics are better than typical cement 
concretes. In Germany, MMA resin mortar has been used 
for repair work (Silikal 2000).  Although the cost of MMA 
resin mortar is more expensive than conventional cement 
concretes, when the rehabilitation time is limited, MMA 
resin mortar can be a good option for the repair work due 
to its fast curing characteristics. In this study, 2 different 
types of MMA resins were used for waterproofing and for 
repairing, respectively as follows:

 
Fig. 5. Determination of max and min allowable asphalt content 
for the porous asphalt mixtures
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MMA waterproofing: MMA resin (1.00 kg) + cur-
ing compound (0.02 kg) + filler (5.00 kg);
MMA mortar: MMA resin (1.00 kg) + curing com-
pound (0.02 kg) + filler (5.00 kg) + fine aggregate 
(6.00 kg).

3.2. Laboratory tests
MMA Mortar for Repairing
MMA mortar for repairing old bridge deck surfaces 

needs appropriate strength, durability, and bonding char-
acteristics with existing cement concrete surfaces. In ad-
dition, the coefficient of thermal expansion of the mortar 
almost 7 times larger than that of cement concrete so that 
the mortar should be flexible enough.  In an attempt to 
estimate these required physical-mechanical characteris-
tics, several laboratory tests were performed: uniaxial ten-
sile tests to estimate bonding characteristics between the 
MMA mortar and the existing cement concrete surface, 
uniaxial compressive tests to obtain elastic modulus and 
strength of the mortar, and tests to monitor the coefficient 
of thermal expansion of the MMA mortar.  

For the uniaxial tensile testing, each cement concrete 
cylinder fabricated (100 mm tall and Ø 100 mm) was sub-
jected to treatment with a primer after removing laitance 
on top of the cylinder specimen. MMA mortar was then 
added to the cement concrete specimen to produce a 
150 mm long cylinder. A gluing jig and a uniaxial testing 
apparatus were developed to provide precise alignment of 
a cylindrical specimen with respect to the loading axis and 
to minimize eccentric stress concentration during tests. 
All tests were conducted using a servo-hydraulic closed-
loop testing machine at 20 oC. Each specimen was glued 
to the end plates that were connected to the loading frame 
through a load cell. A detailed description of specimen 
fabrication and testing procedure can be found elsewhere 
(Park 2005).

Similar to the uniaxial tensile testing, uniaxial com-
pressive tests of MMA mortar were also performed with 
cylinder specimens of 100 mm height and Ø 150 mm. 
Each specimen was cured for a day before testing.  Test re-
sults are summarized in Table 2. Properties of fast-curing 
cement mortar are also presented in Table 2 for compari-
sons. The fast-curing cement mortar has been traditionally 
used to fix old and deteriorated bridge deck surfaces.

MMA Waterproofing Layer
As demonstrated in a later section “Field Study of 

the New Drainage System”, MMA materials were also ap-
plied to the waterproofing layer that connects the MMA 
mortar placed on top of the cement concrete bridge deck 
surfaces and the draining layer composed of the porous 

−

−

asphalt mixture. To estimate the mechanical performance, 
in particular the bending characteristics and resistance to 
cracking, of the MMA waterproofing layer, 3 point bend-
ing beam tests at low temperatures (–10, 0, 10 oC) were 
conducted, and test data from MMA specimens were com-
pared to the test results from Guss asphalt mixtures that 
have often been used for waterproofing of bridge deck 
pavements in Korea. Specimen dimensions were 300 mm 
long, 50 mm wide, and 10 mm thickness for the both mix-
tures. Although the 10 mm thickness is not representing 
the actual thickness, this test was performed for a com-
parison purpose.

Test results from two replicates of each case were 
averaged and are illustrated in Fig. 6. As shown in Fig. 6, 
flexural strength decreased, while failure strain increased 
when specimens were tested at higher temperatures.  The 
MMA mixtures generally experienced higher values in 

Table 2. Mechanical testing results of MMA mortar

Properties PCC pavement Fast-curing cement mortar MMA mortar
Tensile adhesion, MPa

Compressive strength, MPa
Elastic modulus, GPa

Thermal expansion coefficient, /oC

1.0 max
20–30
22–30

1.2 × 10-5

1.0 max
20–30
25–35

1–3 × 10-5

3.4
10
6

7 × 10-5

 

Fig. 6. Test results comparing MMA waterproofing materials 
with Guss asphalt mixtures: a – flexural strength at different test 
temperatures; b – failure strain at different test temperatures
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both flexural strength and failure strain than the Guss 
asphalt mixtures, which implies that the MMA materi-
als perform better than Guss asphalt mixtures because of 
higher toughness and better resistance to low-temperature 
cracking.

In addition to the bending beam tests, uniaxial tensile 
tests were also performed to estimate the bond strength 
of the MMA waterproofing layer with the porous asphalt 
mixture drainage layer. In the laboratory, the MMA water-
proofing layer was simulated by partial curing followed by 
placement of the MMA materials up to 4 mm thick into a 
Ø 100 mm Marshall testing mold. Before the MMA layer 
in the mold was completely cured, chipping aggregates, 
approx Ø 5 mm, were evenly spread on top of the MMA 
layer, and a tack-coating emulsifier was then applied to the 
chipping aggregates. The drainage layer was then simulat-
ed with 50 mm thick porous asphalt mixtures added into 
the mold and compacted with the Marshall compactor.

Uniaxial tensile tests were performed with at least 
two replicates at 2 temperatures: –20 and 20oC. The 1st 
trial yielded average tensile strength values of 0.98 MPa 
(at –20oC) and 0.45 MPa (at 20oC), which did not satisfy 
the specification requirements: 1.20 MPa and 0.60 MPa 
at –20oC and at 20oC, respectively. This problem was over-
come by replacing the general tack-coating emulsifier with 
a polymer-modified emulsifier to increase material bond-
ing. The use of the polymer-modified emulsifier improved 
bond strengths (1.23 MPa and 0.64 MPa at –20oC and at 
20oC, respectively) that satisfied specification.  

4. Field study of the new drainage system

4.1. Overview of the new drainage system implemented 
in the field
In an attempt to implement the new drainage system pro-
posed in this paper into field construction and to estimate 
its performance characteristics and economic efficiency in 
the field, a trial construction was conducted on a bridge 
(90 m long and 11.2 m wide) in October 2006.  The bridge 
is located around Dukyoo interchange in an express high-
way connecting Daejeon and Jinju, as illustrated in Fig. 7. 
The new drainage system was applied to the bridge deck 
toward the Daejeon direction, while the opposite direction 
to Jinju was constructed by a traditional bridge deck pav-
ing method.

The specific objectives of this field study are:
to determine optimum level of compaction of the 
draining layer through in-field analysis;
to investigate efficiency of the newly designed 
draining layer to drain water;
to determine locations for installation of drain 
channels and drip pipes;
to estimate in-field applicability of MMA materials 
for repairing and waterproofing.

The bridge selected for this field study started its serv-
ice in 2001, and it now requires complete repairs due to 
significant cracking and potholes that have occurred dur-
ing the last 5 years. Prior to the trial construction, in-field 
cores were first taken to investigate the severity of deterio-

−

−

−

−

ration of cement concrete decks. From the analysis of cores, 
it was found that severe deterioration of cement concrete 
decks after 5 years of service was mainly due to the use of 
waterproofing materials that allowed penetration of water 
when the bridge deck pavement was initially constructed. 
The field trial bridge is located in a heavy snow area. Use 
of calcium chloride to melt snow in the winter season may 
accelerate the deterioration of the bridge deck. Therefore, 
it was planned to use the MMA material to repair all de-
teriorated cement concrete decks after the deteriorated re-
gions were completely removed.  Fig. 8 illustrates a section 
view and a plan view of the bridge deck pavement with 
the new drainage system implemented.  Fig. 8 also presents 
how the drain channel and the drip pipe were installed in 
the system.

 
Fig. 7. Layouts of the in-field trial construction

 
Fig. 8. Section view and plan view of bridge deck pavements 
with the new drainage system installed
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As shown in Fig. 8, MMA mortar repairs deteriorat-
ed cement concrete decks, and 4 mm thick MMA water-
proofing materials were placed on top of the MMA mortar. 
Top surfaces of the MMA waterproofing layer were then 
treated with chipping aggregates followed by polymer-
modified emulsifiers for tack-coating. Then, 30 mm thick 
porous asphalt mixtures were placed to act as the drain-
ing layer. Finally, dense-graded asphalt mixtures were 
compacted to produce the 50 mm thick wearing (surface) 
course. In order to accelerate draining of water that had 
penetrated into pavement layers, plastic drain channels of 
Ø 15 mm and drip pipes of Ø 10 mm were also installed 
within the draining layer.

Fig. 8 also demonstrates that the drain channel with 
the of Ø 15 mm was installed along the boundary between 
the concrete structure and the pavement. As noted, this 
study used the plastic drain channel to drain water in-
stead of using a 25 mm thick, 150 mm wide waterproof-
ing epoxy concrete drain which has been typically used for 
bridge deck drainage systems in Denmark (Vibeke 2000). 
The plastic drain channel was not installed at joints inten-
tionally, even if the joints were susceptible to water infiltra-
tion and corresponding moisture damage. This is because 
the joints are likely weak zones against traffic loads, and 
the severity of joint damage will be greater due to incom-
plete bonding of the plastic drain channel buried under 
joints with surrounding pavement materials.

In addition to the use of drain channel, drip pipes 
Ø 10 mm were also installed at every 10 m interval to im-
prove draining efficiency, which simply followed the meth-
odology presented in Denmark guidelines (Vibeke 2000). 
Epoxy glue was used to fill gaps between drip pipes and 
draining holes.

4.2. Performance evaluation of the new drainage 
system implemented in the field
Performance evaluation of the new drainage system was 
conducted in two stages: during and after construction. 1st, 
as shown in Fig. 9a, in-field permeability of the new drain-
age system was investigated by directly pouring water on 
the draining layer when the surface temperature of the po-
rous asphalt mixtures was 60 °C after lay down and com-

paction of the mixture.  Fig. 9b demonstrates that water 
infiltrated into the pavement is drained through the drain 
channel installed at the edge of the bridge deck.

2nd, on-site performance investigation was conducted 
twice: after 3 months (i.e. January 2007) and 20 months 
(i.e. June 2008) of public service. Fig. 10a shows pictures 
taken after 3 days of snowfall in January 2007. As shown 
in Fig. 10a, pavement surfaces were completely dry, while 
water in the pavement was still drained through the drain 
channel. Fig. 10b shows field conditions after 4 days of 
rainfall in June 2008. An intensive investigation of all 
draining pipes in the bridge was performed, and it was ob-
served that infiltrated water was primarily drained to pipes 
located at the lowest level.  Based on these observations, it 
can be inferred that the new drainage system developed 
in this study works quite well to drain water that has pen-
etrated into the bridge deck pavement layers.

As mentioned earlier, the traditional bridge deck pav-
ing method was also applied to the same bridge for com-
parisons with the new drainage system. For the traditional 
method, fast-curing cement mortar was used to repair de-
teriorated cement concrete decks, and waterproofing was 
accomplished by using asphaltic waterproofing materials 
(i.e. Guss asphalt mixtures).  On top of the waterproofing 
layer, dense-graded asphaltic mixtures were then com-
pacted with 2 layers of 4 cm thickness each.  As presented 
in Fig. 10c, various types of damage were observed from 
areas constructed by the traditional method after 6 months 
of public service. The most frequently observed forms of 
damage were localized failure in circular- or oval-shaped 
upheaval, efflorescence, and cracks. Even if it is not con-
clusive, one can expect that the premature degradation 
and failure resulting from the traditional method might 
be due to some swelling of pavement layers where rapid 
generation of hydration heat and vapor occurred, because 
the hot mix asphalt waterproofing materials were usually 
placed before the cement mortar was completely cured.  
Furthermore, it can be inferred that infiltrated water in the 
pavement system accelerated the damage process. A more 
accurate investigation to explain damage mechanisms of 
the traditional bridge deck paving method is necessary 
and currently under study by the authors.

a       b

  
Fig. 9. Investigation of in-field permeability of the porous asphalt mixtures:  
a – spraying water on the draining layer; b – drainage of infiltrated water through the drain channel
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The field study clearly demonstrated that the bridge 
deck pavement system constructed by the traditional 
method was subjected to significant distresses, while the 
new drainage system performed very well without caus-
ing any significant moisture-related damage.  Therefore, 
one can expect better-performing and longer-lasting pave-
ments with the new drainage system based on its superior 
characteristics in repairing old bridge deck surfaces and 
draining water that penetrates into the pavement layers.

5. Conclusions
A new drainage system to quickly drain water that pen-
etrates into pavement layers and consequently mitigate 
potholes, which is one of the primary distresses in bridge 
deck pavements, was developed in this study. Some of the 
important findings from this study can be summarized as 
follows.

The porous asphalt mixture design with the maxi-
mum aggregate size of 10 mm was developed, and vari-

a

b

c

  
Fig. 10. Investigation of in-field water draining:  
a – after 3 months (January 2007) with the new drainage system;  
b – after 20 months (June 2008) with the new drainage system;  
c – after 20 months (June 2008) with the traditional bridge deck paving system
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ous physical and mechanical laboratory tests confirmed 
that the porous asphalt mixture satisfied all the specifica-
tion requirements to form a thin drainage layer within the 
bridge deck pavement structure.  

In order to overcome limitations observed from tra-
ditional waterproofing materials such as waterproofing 
sheets, MMA type waterproofing materials were employed 
in this study, and it was found that the MMA could be a 
good option for the repairing and waterproofing of  de-
teriorated bridge decks. Furthermore, a series of labora-
tory tests including low-temperature bending and bond 
strength tests demonstrated that the MMA material satis-
fies the required mechanical properties.

A field study has been conducted to evaluate field 
performance of the new drainage system. The new drain-
age system was implemented to a real bridge. It has been 
found that the drainage system works quite well to drain 
the water that penetrates into pavement layers.

Based on field performance evaluation for 20 months 
after construction, it can be concluded that the traditional 
bridge deck paving method generally caused significant 
distresses, while the new drainage system performed very 
well due to better draining.  One can expect more durable, 
long-lasting bridge deck pavements with the new drainage 
system than with the traditional paving method.

Since the 20 months of performance period is too 
short to completely evaluate the new bridge deck pave-
ment system suggested in this paper, a continuous moni-
toring of the field test site is needed and additional field 
studies should be performed. 
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