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Abstract: This paper is a literature review focused on permeable pavements and especially the
permeable subbase material. Run-off water from the surface is traditionally let through a drainage
system, and the roads are kept dry. Due to climate changes, heavy precipitation and high-intensity
rainfalls are putting pressure on the infrastructure. Traditionally, water in subbase materials reduces
the resilient E-moduli and the lifespan of the pavement design. Studies show that increasing
saturation reduces the bearing capacity of a traditional subbase material. Unbound materials with
highly grained fines and high moisture content have higher tendency to show reduced resilient
E-moduli. One study was found where the E-moduli of five different coarse grained aggregates
used in permeable pavements were examined through a triaxial test. It was found that the E-moduli
varied from 110–371 MPa. Other studies examining the E-moduli of permeable subbases based on
moisture content were not found. However, this paper discusses different experiences regarding
the bearing capacity of traditional vs. permeable subbase materials. It also covers a discussion and
an analysis of missing research areas that needs to be investigated for further knowledge about the
usage of permeable pavements in areas with a risk of flooding.

Keywords: coarse grained aggregate; permeable subbase; permeable pavements; climate change;
heavy precipitation; water management; bearing capacity; E-moduli

1. Introduction

Climate change is a commonly discussed topic throughout the world. According
to the Intergovernmental Panel on Climate Change (IPCC) 2021 and the United Nations
World Goals (UN World Goals), the world climate will change rapidly in the next 20 years.
Due to an increase in greenhouse gas emissions that block the heat from escaping the
atmosphere, the Earth will, on average, become warmer in the future. According to the
IPCC’s newest report from 2021, the global surface temperature will continue to increase
1.5–2 degrees unless the CO2 concentration decreases [1]. These warmer conditions will
lead to evaporation and will cause an increase in the regularity and intensity of natural
disasters, e.g., heavy precipitation and reductions in sea ice and permafrost [2].

As the climatic changes depend on human behavior, climatic models have been
compiled with different behaviorial scenarios. It is not possible to escape the fact that some
changes will occur in the form of heavy precipitations and marine heatwaves even within
the scenario where expected emissions are low. As the IPCC writes in their report [2]:

“It is very likely that heavy precipitation events will intensify and become more frequent
in most regions with additional global warming. At the global scale, extreme daily
precipitation events are projected to intensify by about 7% for each 1 °C of global
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warming (high confidence). The proportion of intense tropical cyclones (categories 4–5)
and peak wind speeds of the most intense tropical cyclones are projected to increase at the
global scale with increasing global warming (high confidence” [2].

Many uncontrollable events have already happened globally. According to [2], areas
where observed changes in heavy precipitation depending on human contribution have
occurred are approximately half of the whole planet. In the worst case, if the future global
warming levels increase by 4 ◦C the intensity of heavy rainfall events will increase and will
result in approximately 30% wetter areas globally [2,3].

Events with heavy rainfall that cause flooding and uncontrollable situations where the
transportation infrastructure is weakened are a result of the climate changes [2]. Incidents
like this happened throughout the summer of 2021, for instance, in Germany, Denmark,
Belgium etc., and as human behavior continues to impact the climate changes globally,
more of these incidents are predicted. There are several thoughts and tests on how to handle
situations similar to these based on civil engineering theories and different experiences
globally. This opens up two interesting research cases:

• How should flooding be managed?
• How will the traditional way of doing pavement design change in the future?

As part of this, permeable pavements have been used for urban purposes since the
18th century and in recent years also to handle run-off water. Permeable pavements
are constructed with different surface materials per need, such as permeable pavers,
pervious concrete, porous drainage asphalt etc., but the main goal is to let the surface water
infiltrate from heavy rainfall events and heavy precipitation through the whole pavement
construction via permeable subbase materials—also called coarse grained aggregates. The
permeable subbase layer can either be used as a reservoir or as temporary storage [4–7].

This paper is a systematic review. The aim of this study is to obtain more knowledge
about existing research based on permeable pavements and their subbase materials in
comparison to traditional subbase materials. The contribution of this literature review is
divided into six sections. Section 2 is the methodology of the systematic review. Section 3
presents how to use permeable pavements and their design factors. Further discussion of
the bearing capacity in impermeable pavement design, water in roads and a comparison
to permeable pavements is shown in Section 4. A study of stiffness and infiltration rates
in different experiences around the world in permeable subbase materials is discussed in
Section 5. Experiences with pavement design in Denmark are discussed in Section 6. Lastly,
a perspective and an analysis for further work are represented in Section 7.

2. Research Methodology

A systematic literature review has been carried out to obtain further knowledge
about permeable subbase materials in comparison to traditional subbase materials. The
methodology of the review is shown in the PRISMA flow diagram below, in Figure 1.

As shown in Figure 1, five databases were used for this literature review. These
databases are listed below:

• American Society of Civil Engineering (ASCE)
• Elsevier
• Materials Science and Engineering
• SCOPUS
• Springer Link
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Figure 1. PRISMA flow diagram for the systematic review in this literature review.

After that, three keywords were used to find relevant literature. The keywords are
listed below:

(a) “Permeable pavements” AND unbound base materials
(b) “Permeable pavements” AND asphalt
(c) Unbound granular subbase materials

A final screening of the schematic overview of the journal selection together with the
keywords for this literature review is shown below in Table 1.

Table 1. Final selected journals together with the search keywords: a, b and c.

Selected Journals (a) (b) (c)

Journal of Mechanical and Civil Engineering 0 1 0
Transportation Research Board 0 2 0
Journal of Environmental Engineering 0 0 1
Journal of Transportation Engineering 1 2 0
Journal of materials in Civil Engineering 0 0 1
Water management 0 0 1
International Journal of Pavement Engineering 0 1 1
Road Materials and Pavement Design 0 2 0
Construction and Building Materials 1 0 0
Springer, book 1 0 0
Sustainability 0 0 1
Others (theses, dissertations, other journals, etc.) 5 11 12

Total 8 19 18
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This screening made it possible to identify themes that could be directly used in the
paper. Thereafter, the selected research papers were grouped under the following themes:

1. Permeable pavements—design factors and applications
2. Bearing capacity in impermeable pavement design
3. Permeable subbase materials
4. How to design permeable pavements

The numbers of research papers divided into the themes are shown in the diagram
below (Figure 2).

Figure 2. Distribution of useful literature found for this review.

The found literature was evaluated and interpreted according to the themes mentioned
above. The final evaluation is discussed as future research needs in this paper.

3. Permeable Pavements—Design Factors and Applications

Traditionally, a road pavement is considered as the main part to carry the transport
infrastructure without any difficulties and with high accessibility for the specific traffic load.
Water is separately handled through drainage systems connected to the road design. The
top layer is traditionally a sealed top layer and water is not allowed to enter the subbase
materials due to decreased lifespan [8–12].

As a consequence of climate change, urban run-off needs to be sustainably managed to
protect (1) from flooding and (2) urban water hydrology. In the 1970s, permeable pavements
became an area of interest, especially for countries such as the United States and in many
European countries due to increasing rainfall events [13]. This meant a change in thinking,
as the existing traditional pavements were built densely and with a low void percentage in
the upper layers [4].

Permeable pavements are load bearing pavement structures, which are designed to
use the pavement structure as a watersystem. As shown in Figure 3, there are different
ways of designing a permeable pavement and it should be noticed that the overall function
is the same: water infiltrates via the surface of the pavement [10,14–17].

The actual design and use of materials depend on the load, area and the subgrade soil
quality. Depending on the subgrade and the traffic load, either geotextiles or geogrids can
be used below the permeable subbase to stabilize the permeable pavement structure. One
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or more geogrids can be used between the permeable subbase for further stabilization. The
subgrade is essential before deciding the function of the permeable pavement [18]. The
systems can be constructed as described below and shown in Figure 3 [15,16,19,20]:

1. Full infiltration—the water penetrates through the porous surface and further down
to the subgrade, which should consist of mainly sand (or subgrade with very high
permeability similar to sand) so the water can pass through the subgrade and further
to the groundwater [10,21].

2. Partial infiltration—a combi solution, where the subbase in the pavement structure is
used as a reservoir (with overflow) and seepage through subgrade [10,21].

3. No infiltration—the subbase material is used as a reservoir. The subgrade consists of a
high percentage of clay and/or silt fractions. The natural soil is therefore impermeable
and no infiltration will occur. The subbase material is then used as a reservoir. If
the subgrade is permeable and water is not allowed to infiltrate through due to
regulations, a waterproof membrane can be placed upon the subgrade before laying
out the subbase. The pavement structure is connected to a drainage system [10,21].

Figure 3. Full infiltration, partial infiltration and no infiltration system. The surface layer can be
changed according to the purpose.

As mentioned earlier, the type of top layer varies depending on the desired purpose
of the pavement, as shown in Figure 3. As described in different studies [10,15,22], the
use of permeable pavements is suitable for local drainage in parking lots, driveways or
residential streets/areas. The used applications are summarized in Table 2 below:

Table 2. Different types of permeable pavements.

Porous asphalt/concrete Driveways, residential streets/areas,
low traffic areas, sidewalks

Interlocking concrete paving Parking lots, industrial storage areas,
loading zones, parking pads

Grid systems Fire ways, parking pads in low traffic areas

4. Bearing Capacity in Impermeable Pavement Design

The lifespan and structural performance of a pavement construction is based on its
bearing capacity and its corresponding E-moduli. The bearing capacity in a pavement con-
struction depends on the mechanical behavior of each material in the construction [8,23].

Every material in a pavement construction will be affected by a stress regime, as
shown in Figure 4, once moving wheel loads pass over the surface of the road [8,21,24]. The
stress axes will rotate due to stress patterns in every layer of the pavement construction,
and this is shown in Figure 5.
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Figure 4. Stress regime in a soil element due to a single moving wheel load. Adapted with permission
from [25]. 2021 Fredrick Lekarp.

Every component in a pavement structure incurs vertical, horizontal and shear stresses.
In unbound materials, the vertical and the horizontal stresses are positive, and the shear
stresses are reversed. This stress regime leads to a deformation of the material, which can
be a result of three mechanisms [21,24,26,27]:

• Dilatation—change in shape and compressibility.
• Distortion—sliding and rolling particles.
• Attrition—leading to breakage of the particles as the particles undergo stresses that

exceed the strength.

Due to the moving wheel load, the deformation of the material can then be described
as a resilient and permanent deformation, as the material is not able to fully recover. This
is shown in Figure 5.

Figure 5. Stress regime in a soil element due to a single moving wheel load. Adapted with permission
from [25]. 2021 Fredrick Lekarp.

These deformation characteristics will be highly affected by the presence of water and
the three mechanisms might, due to the presence of water, occur sooner than expected.
However, the material might also be more sensitive to permanent deformation and show a
resilient response with increasing moisture content [28].

4.1. Water in Roads and Resilient Response

In general, adding water to a soil specimen could affect the resilient response in two
ways depending on the soil type and the amount of water. Partly saturated soils and gravels
will have an increase in strength and stiffness, but a further increase in water content will
have a negative impact and cause a reduction in strength and stiffness compared to that
observed in the beginning stage [25,29–31].

As discussed earlier, and shown in Figure 5, the deformation of an unbound material
is caused by a moving wheel. The deformation characteristics will even be highly affected
by the presence of water and high moisture content [32–34].
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The author of [35] describes the resilient modulus as a function of the saturation ratio
for well graded materials (as traditional subbase materials). The unbound materials were
fully dry and saturated. The unbound material showed the highest resilient modulus at
a saturation level of 34%. Increasing the saturation ratio reduced the resilient modulus
accordingly. A comparison to different subbase materials, such as a variation in coarse
grained materials, is of interest as this might give an overall view.

Different studies indicate that coarse grained subbase materials are less affected by
water content and thereby also show less deformation and the E-moduli are less reduced.
Unbound materials with a higher content of fine-grained soils, have a higher tendency to
show reduced E-moduli and lose bearing capacity faster than normal [21,24,36].

In fact, a significant reduction in E-moduli was noticed when repeating the load
triaxial tests with well graded subbase materials with a higher amount of fines content,
while the reduction was less in coarse grained aggregates. The ability to recover fully and
regain the E-moduli happened soon after drainage [25,32,33,37].

Another study carried out in Denmark, measuring the correlation between the bearing
capacity and moisture using a road testing machine (RTM), specifically a falling weight
deflectometer (FWD), indicated a significant reduction in E-moduli with increasing mois-
ture content. Then, the deflection and E-moduli were tested on a testfield consisting of
60 mm asphalt, a 140 mm granular layer (0/32 mm) and a 420 mm subbase sand layer on
top of a 1 m subgrade sandy till. The results indicated an increase in pore pressure in all
unbound layers. When all the unbound layers were drained after a period of one month,
approximately 60% of the surface moduli were reduced. Even after drainage, the used
materials are not able to recover fully, hence the surface moduli are reduced compared
to the surface moduli measured once compacted. The fines content in the used materi-
als makes it difficult to recover fully and re-obtain the surface moduli from the original
state [21,24,38]. Measuring the surface moduli with a FWD is a practical and applicable
method. However, it would have been interesting to observe and illustrate the affect of
surface moduli in each layer and in comparison to moisture content for each state. A cycle
of surface moduli measurements in each stage of moisture content will give a better insight
into the material properties.

These different studies stipulate different correlations between pore pressure, moisture
and E-moduli in unbound materials used for the subbase. The studies show that increased
moisture in unbound materials with a high content of fines leads to increased pore pressure
and decreased E-moduli. When a wheel load passes over the surface of the pavement, the
pore pressure will be pressed downwards and, by continuous loading, this could lead to
permanent deformation [25,30,39].

4.2. Seasonal Variations

The top surface of a traditional pavement should be considered as impermeable. The
unbound layers, such as subbases that consist of sand and gravel, are permeable layers
through which water can easily flow. Depending on the density of the subbase material,
the permeability might vary. As the subbase layer has a structural function to distribute the
vehicle wheel load to the subgrade soil, water is not supposed to be let into the pavement.
The subbase layer should therefore be kept intact and dry so it can carry the load the
pavement is designed for. If water enters the pavement design and the subbase, the bearing
capacity of the road construction will vary during the seasonal variations in a year, as
shown in Figure 6.

When the unbound materials are exposed to freezing temperatures, water will enter
the subbase materials and ice crystals will start forming. If the subbase materials are more
sensitive to water, the ice crystals will grow until ice lenses are formed [21]. As can be seen
in Figure 6, the highest reduction in E-moduli is observed during the beginning of spring
thaw season. The water will expand and cause a major reduction in bearing capacity during
the thawing period. The stiffness may not be immediately recovered, depending on the fine
content in the soil [24,28,40]. Similar situations can be found in [41]. Moisture and deflections
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in the subgrade are compared through the four seasonal variations. A correlation between
moisture content and deflections has been described. When moisture content is increasing,
the deflections become deeper. When moisture content is fully removed from the subgrade
material, the deflection and the bearing capacity are eventually regained [28,42].

Figure 6. Seasonal variation and effect on granular base, subbases and fine grained subgrades.
Inspiration from [28].

5. Permeable Subbase Materials

As shown in Section 4, increased moisture content in unbound materials will lead to
a negative impact in unbound materials. This is especially seen with unbound materials
with more fines content.

Permeable subbase materials are initially built to be used as a reservoir and for water
infiltration to happen every time a rain event occurs. Instead of a traditional subbase
material which is well graded and shows a high strength and bearing capacity when
compacted, the permeable subbase material is an alteration of aggregate materials [28].

The permeable subbase layer is supposed to handle both the hydrological aspect and
the bearing load from vehicles. To increase the bearing capacity of the subbase, geotextiles
can be laid between two layers to enhance water treatment. However, the use of geotextile
could lead to a loss in hydraulic conductivity in the subbase material as the material will
lose friction between layers. Instead, geonets can be used to enhance the bearing capacity
of the subbase layer [21,28,43,44].

The bearing capacity-corresponding E-moduli and the hydraulic conductivity depend
on the porous structure and the compaction structure of the layer [45–48]. Traditionally,
a subbase layer used in a traditional pavement follows the rules of the Fuller curve [49]
to obtain the optimum bearing capacity for the given subbase layer. According to EN
13285, the hydraulic conductivity of a permeable subbase should be k > 5.0 × 10−4 m/s
for permeable subbase layers. When constructing a permeable layer, the theory of the
Fuller curve is not applicable. Porosity is required in a permeable subbase, as water needs
to infiltrate as fast as possible through the pavement system. If the subbase layer is well
graded and consists of a higher content of fines, the infiltration rate will be lowered and it
cannot be categorized as permeable [28,50,51].

5.1. Stiffness of Permeable Subbase Materials

Only one study was found on the bearing load of a unbound coarse grained granular
material used as a base layer in a permeable pavement [52]. The deformation and resilient
E-moduli were tested with a repeated triaxial loading. Moreover, it was found that the
E-moduli ranged from 110 to 371 MPa with a porosity of approximately 33% to 40%. It was
found that the stress level, porosity and moisture level had an impact on the deformation
of the material. In this study, it was concluded that the bearing capacity of this specific type
of unbound coarse grained granular material also met the requirements as a base material
under wet conditions. The gradation curves used for this study are shown in Figure 7
below [52].
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Figure 7. Five different gradation curves for triaxial testing of permeable subbase materials in
China [52].

5.2. Hydraulic Conductivity

In Figures 8 and 9 below, different coarse graded aggregates from the USA, Spain and
Denmark are shown together with the permeability coefficient for all the materials. These
studies discuss the permeability of the coarse graded aggregate subbase material, and do
not discuss the E-moduli of the material [28,53,54].

The hydraulic permeability coefficient is found by constant head laboratory work and
shown in Table 3.

Figure 8. Different experiences with permeable subbase materials [28,53,55,56].
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Figure 9. Spanish permeable subbase requirements in comparison to traditional subbase material
used in DK—similar to Fuller curve [28,55].

Table 3. Hydraulic permeability coefficient, K, for some of the gradation curves from Figure 8.

Permeability, k [m/s]

AASHTO 0.0201

Louisiana 0.0016

MOD 1 0.026

MOD 2 0.038

FHWA 0.058

Figure 9 shows the limit curves for a traditional Danish subbase material in comparison
to a Spanish permeable subbase material. As shown, the traditional subbase material
includes a variation and a greater amount of fines with a maximum of 9% passing sieve size
0.063 mm. The Spanish limit values used for permeable subbase material are also shown
in Figure 9. It is shown that the Spanish gradation curve is very horizontal in the small
sieve size range, and in the category open graded. None of the gradation curves shown in
Figure 8 fulfill the requirements for a Spanish permeable subbase. However, it should be
noted that all the curves are horizontal in the small sieve size range. The gradation curve
FHWA consists of a higher amount of bigger aggregates, hence the highest permeability
rate is at 0.058 m/s, whereas MOD1 is less horizontal compared to the others, and therefore
consists of a lower permeability rate at 0.0201 m/s.

The Danish gradation curve for permeable subbase materials consists of a larger
amount of particles <2 mm, as in Figure 8. The aggregates from the USA consist of
aggregates no smaller than 2 mm. Compared to Figure 9, the Spanish limit curves for
permeable subbase materials are more similar to the ones used in Denmark, whereas the
ones from the USA are more coarse grained.
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Further research on bearing capacity when subbase materials are opposed to water
and frost is not documented for these materials [51].

6. How to Design Permeable Pavements

A field test study in Sweden indicated that a permeable pavement with a top layer of
porous asphalt and a unbound base of macadam was more resistant to freezing compared
to a traditional impermeable pavement. The tests indicated that the reason behind it was
the higher water content in the soil, which increased the latent heat in the ground. It was
also found that the thawing process was slower than in traditional pavements [24,57].

In Denmark, pavements are designed based on frost protection and frost penetration
depths [58,59]. According to the Danish pavement design program, MMOPP, a frost
penetration model is as shown below:

Frostpenetration = 45 mm ∗ (x)0.5 +
k
2

x = lowest frost degree in a 24 h period.
k = total pavement thickness.

The pavement design can be calculated either mechanistically or by simulation. Both
methods need a factor for the bearing capacity of the specific materials. Looking at the
simulation model, a model determining the bearing capacity and E-moduli variations for
each seasonal variation is used. These values are shown in Table 4, and the used values
are from the Swedish road regulations. The climatic weather data are from Skåne, Sweden.
The E-moduli for each layer are then adjusted as shown in Table 4. It should be noted that
no correction has been made regarding the E-moduli for water storage in the presence of
water from rainfall events [24,58,59].

The table below indicates how many days a specific temperature per year can be
expected. This is a summation of the deterioration which is expected throughout the
pavement’s lifespan. The E-moduli of all the materials in the pavement construction are
unchanged during the summer. During winter, the E-moduli increase up to 10–20 times for
the subbase and subgrade layer, respectively. During spring thaw, a reduction in E-moduli
of up to 60% is expected [24,58,59].

As can be seen, water is not taken into account when designing a traditional pavement.
As discussed in this literature review, in Section 4, a reduction in the bearing capacity also
occurs when water enters fine grained materials.

Table 4. Seasonal variation in the bearing capacity in a road construction from MMOPP 2017,
pavement design [59].

Period Days Temperature [◦C] E1 E2 E3 Em

Winter 49 −2 4 4.2 10 20

Winter thaw 10 1 3.7 0.3 10 20

Spring thaw 15 1 3.7 0.7 0.7 0.6

Late spring 46 4 3.1 1.0 0.8 0.8

Summer 143 20 1.0 1.0 1.0 1.0

Heat wave 10 50 0.3 1.0 1.0 1.0

Autumn 92 7 2.6 1.0 1.0 1.0

A sensitivity analysis was carried out for a pavement’s life cycle based on seasonal
variations in E-moduli in MMOPP [60]. The analysis was based on different estimated traffic
loadings and two different variations in the subgrade E-moduli at, respectively, 20 MPa
and 40 MPa. It was concluded in the study that a reduction of 60% of the pavement’s
lifespan was seen when the E-moduli of a well graded subbase material were halved. The
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used well graded subbase material followed the gradation curves for Danish requirements
of traditional subbase material as shown in Figure 9 [24].

7. Conclusions

Due to heavy precipitation, transport infrastructure is in a vulnerable place. Road
constructions are facing more water due to heavy rainfall events and road constructions
are expected to be able to handle run-off water and traffic loads. This systematic literature
review focused on permeable pavements, and especially a comparison of traditional
subbase materials and permeable subbase materials.

Compared to traditional subbase materials, it was found that well graded materials
with a high content of fines are more likely to be sensitive to increasing moisture content in
the material. It was found that if the moisture content increases to more than the optimum
water content, a loss in bearing capacity will occur. It was also found that an increase
in moisture content and therefore drainage will lead to a permanent deformation of the
subbase material, and hence a great loss in bearing capacity was found in different studies,
e.g., a field test in Denmark where 60% of the surface moduli were reduced.

Studies on coarser grained aggregates showed less of an effect by increasing water
content.

Only one study was found that focused on the E-moduli of a permeable subbase
material [52]. Here, E-moduli of 110–371 MPa were found by triaxial testing.

It can be concluded that only a few studies were found that focused on the bearing
capacity and E-moduli of permeable subbase materials. This is a research gap that needs to
be explored more.

8. Future Research Needs

Permeable pavements are a another way of using the road design directly to handle
flooding and heavy precipitation. Although permeable pavements are a simple water
system, there are still a large number of unresearched areas. The ones found in this
literature review are shown below:

• How the coarse grained aggregate/permeable subbase material reacts in cold regions.
• The bearing capacity of the coarse grained aggregate when constructed in the field and:

– in dry conditions;
– in saturated conditions;
– when the saturation level is higher than what is needed for the compaction;
– in frost and cold weather.

There is a need for further research to investigate the bearing capacity of the coarse
grained aggregate. Based on traditional subbase materials and earlier research on them,
there is an understanding that the most important part of letting water penetrate through
the subbase material is not to increase the pore pressure in the road construction. As
pointed out in [51], studies regarding the bearing capacity and E-moduli of unbound
permeable subbase materials are too few.

Discussion of Future Research

In the following, an analysis of future research needs is discussed.
The current pavement calculation method is based on frost protection for traditional

pavements. Permeable pavements are a water management method so calculating the
lifespan when using the pavement for water storage is very interesting.

As described earlier, MMOPP is a Danish pavement design program. The program
does not focus on the specific materials’ bearing capacity when affected by water and
when the subbase is used for water storage, but is focused on frost protection. In a future
perspective, it is of interest to pay extra attention to:

• Weather analysis of how many coherent days are under 0 degrees in the past <20 years.
• Weather analysis of rain intensity and precipitation amounts in the past <20 years.
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The use of permeable pavements is a water management method. As well as handling
the hydraulic aspect, they also have to maintain structural and long-term performance.

The lifespan of a permeable pavement should be calculated depending on heavy
precipitation and water storage in relation to the resilient E-moduli. Therefore, research
consisting of analyzing surface temperature to show a confirmation of how many coherent
days below 0 ◦C through all 365 days per year there have been in the past 10–20 years and
research looking at the precipitation amounts will help to optimize the calculation method
for permeable pavements.

The bearing capacity of the coarse grained aggregate used as a permeable subbase
should also be determined.

It was discussed that a study in China [52] showed E-moduli of 110–371 MPa by testing a
permeable subbase material with triaxial testing. It would be interesting if the triaxial tests
carried out on permeable subbases [52] were compared to a field test where the bearing
capacity and E-moduli are measured after the road construction is compacted in the field.

The bearing capacity can only be obtained as predicted in the laboratory work if the
degree of compaction fulfills the requirements written in the specific tender document
for the specific project. However, a lot of experience with such materials indicates the
difficulties in compacting the material in the field during site operations. The subbase
material with a coarse graded aggregate mixture forms a bow wave ahead of the construc-
tion plant. As discussed earlier, there is a need to determine the bearing capacity of the
material in every stage, especially how the resilient the E-modulus behaves when exposed
to water and different water levels. This determination will lead to an understanding of
the material properties of such a permeable subbase and also help in standardizing the
product in the market.

The literature and experience indicate that testing the surface moduli of specific
materials can easily be verified by using a falling weight deflectometer (FWD). When
measuring the water level in the road construction and the surface moduli measured for
each water level, the E-moduli can be expressed according to variations in water levels [61].
This is similar work to the study [62] that focuses on the pore pressure of materials in a
permeable pavement in a field test that is under traffic loading.

Frost prevention and how the subbase material acts when exposed to water and frost
are also not documented. However, experiences about the surface and clogging in the pores
of the surface material during maintenance in both cold and temperate weather situations
are documented and described [63,64].

The question is whether the road network can maintain its function if both a rising sea
level and an increase in precipitation are expected. If the road network is not adapted to
the coming climate and heavy rainfall events, the probability of the water volume resulting
in floods is high. This will lead to economical consequences. Therefore, further research
into this is of importance.
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