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Abstract

The present invention provides a pavement system comprising (i) a gap-graded concrete first
layer 1; (i1) a flexural-hardening fiber reinforced mortar second layer 2, wherein the gap-graded
concrete comprises cement, water and coarse aggregate with particles size from 4 to 45 mm,;
the flexural-hardening fiber reinforced mortar comprises cement; water, fine aggregate with a
maximum particle size of not greater than 8 mm; fiber reinforcement comprising of synthetic
and/or metal fibers 3 having diameter of 10 to 500 microns and length of 3 to 35 mm; wherein
the total thickness of the composite pavement is selected depending on the required maximum
service point load; wherein the ratio of the thickness of flexural-hardening fiber reinforced
mortar second layer 2 to the total thickness of the composite pavement is within the range of

1:5to 2:5.
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A jointless concrete composite pavement

Technical field
The invention relates generally to the construction of exterior pavements for roads,
bridges, parking areas or hardstands, and similar exterior pavements, which do not require

contraction joints.

Background art

Exterior concrete pavements, used for various application including parking lots,
hardstands, industrial site paving, highways, roads, airfields, runways, and taxiways, are made
from plain or reinforced concrete and include various types of joints for the control of cracking
and due to practical considerations of the design and construction process. The basic types of
joints utilized in such pavements consist of construction joints, isolation joints and contraction
joints, with the latter typically comprising the vast majority (length-wise) of joints utilized for
pavements.

Construction joints are utilized for convenience during construction as a means to cleanly
stop concrete casting e.g., after a particular period of time (e.g., day). Isolation joints are utilized
to separate the pavement from adjacent structures or elements, allowing for differential
movement between to neighboring elements without associated damage to either element.
Construction and isolation joints are typically achieved by means of casting the pavement
concrete against formwork or isolation material, pre-installed at appropriate locations per the
demands of the given project.

Contraction joints, also known as control joints, are cut into concrete pavement at a
consistent spacing, in an attempt to localize cracking of the concrete caused by thermal
contraction and drying shrinkage of the concrete. Contraction joints are formed by saw-cutting
the top surface or otherwise reducing the effective slab thickness of the concrete, to
intentionally create a plane of weakness in the concrete. The effectiveness of contraction joints
to control crack location depends on the joint spacing, the depth and time (after concrete

placement) of the saw cutting, ambient environmental conditions, details of the concrete mix
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design, evaporation protection and concrete curing methods employed, among other
considerations. Further, the joint plan (i.e., location, spacing, and depth of joints) shall be
carefully designed to avoid acute angles, T- or L-shaped areas, and other disadvantageous
details with regard to crack control.

Even with the great effort required for saw cutting contraction joints, which requires
heavy equipment that produces potentially harmful dust and significant noise, detrimental
cracking can often still occur outside of contraction joints. The use of contraction joints also
leads to specific deterioration processes that can occur at contraction joints including D-
cracking, curling, and washout of the subgrade material. These deterioration processes at the
contraction joint can further lead to secondary damage to the pavement and/or vehicles crossing
over the contraction joint. The joint may become uneven due to differential movements between
neighboring portions of the pavement, which can lead to impact as wheels cross the joint. This
impact may damage the pavement itself or lead to wear and tear on machines and equipment
making use of the pavement. Alteratively, the pavement at the joint may become improperly
supported due to washout of subgrade and/or curl of the slab itself, leading to flexural load
situations not considered in the design and beyond the capacity of the pavement.

Traditional design approaches for exterior concrete pavements rely on appropriate
detailing, including spacing and arrangement, of contraction joints to control shrinkage-induced
cracking of the pavement [1, 2, 3]. Even use of non-traditional material solutions for exterior
pavements, including pervious (or gap-graded) concrete or roller compacted concrete, still
typically requires inclusion of contraction joints to avoid random cracking [4, 5]. The solutions
disclosed in cited patent documents [8, 9, 10] also have number of drawbacks, solved in present
invention.

It is noted that continuously reinforced concrete pavements are installed with either
limited or no contraction joints. However, such pavements are known to suffer from significant
cracking with cracks typically spaced at intervals of approximately 3 to 10 feet. The cracks in
these cases, even when well-controlled with regard to crack width, can lead to corrosion of the

continuous reinforcement particularly when exposed to de-icing chemicals during service.
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Concrete overlays on existing pavements (either concrete, asphalt, or combinations
thereof), also known as whitetopping when applied to asphalt pavement, is a known technique
to extend the life of existing, deteriorated pavements. The overlays may either be bonded or
unbonded to the existing pavement and in both cases, contraction joints are required to control
cracking of the overlay [6]. The same concerns with joints described above also apply to joints
in overlays; therefore, eliminating the need for contraction joints in overlays would similarly
simplify the construction process and improve the long term structural and durability
performance of overlays.

Avoiding the need for contraction joints and limiting cracking of exterior pavements
would be a significant simplification in the construction process. Eliminating the contraction
joints, while also limiting or avoiding cracking of the pavement would provide a drastic
improvement in the structural and durability performance of exterior pavements and to reduced

wear and tear on equipment and vehicles traversing the pavement.

Summary of the Invention

The invention is an exterior pavement solution that allows for limitless dimension without
contraction joints. It was discovered that a unique combination of two distinct concrete layers
allows for the elimination of joints in exterior pavements as detrimental cracks and large joint
openings were not observed in trial slabs. The first (according to one embodiment - bottom-
most) layer comprises concrete mixture that does not contain sand, also referred to as gap-
graded concrete, pervious concrete, or drainage concrete, for example, following the definition,
as provided in ACI 522-10 “Report on Pervious concrete”’[4]. The second layer (a top layer)
comprises a flexural-hardening fibre reinforced mortar. The combination of these two materials
is found to result in exterior pavement that did not detrimentally crack or experience large
opening of joints between neighbouring slabs cast years prior to placement of the invented slab,
even without the use of contraction joints.

The first (bottom) layer concrete by itself has been applied for use in gardens, tennis
courts, and for pavements and is known to have a limited shrinkage characteristic upon drying.

However, such concrete, when used as a drainage concrete, is known for its low bearing
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capacity limited to light foot traffic and to suffer from clogging due to accumulation of detritus
and debris over time. Further, gap-graded concrete has limited structural capacity in flexure and
tension as the material is not suitable for inclusion of traditional reinforcement.

Flexural-hardening fibre reinforced mortar alone is generally financially non-viable for
use in pavements due to the high contents of costly constituent materials, including cementitious
materials and fibers. The combination of the bottom layer and the top layer according to the
invention also reduces the total thickness of the pavement.

The combination of these materials provides a novel exterior pavement thatis surprisingly
volumetrically stable and with a high flexural strain capacity on its top surface. This permits
the pavement material to be used for new pavements or as an overlay on existing pavements
without the need for contraction joints in exterior applications. With the invention, there is no
technical limit to the maximum baysize, and construction joints can be spaced as far as needed
and as is feasible with practical considerations (e.g., termination of casting for a particular
period of time). By eliminating joints, a further characteristic of the invention is that
maintenance demands, and the associated direct and indirect (i.e., down-time) costs, for the
pavement and equipment making use of the pavement are reduced.

The conducted full-scale experiments have shown surprising synergetic effect of the
proposed pavement, characterized in (i) prevention of water ingress into the pavement from the
top, (i1) allowing for expansion of water (in the bottom layer) during freezing without
development of stress at the interface, (iii) ensuring partial infiltration of the second layer
concrete into the first layer gap-graded concrete, thereby prevention of delamination by
separation of the layers.

Two basic embodiments are comprised herein, including use of the invention for use in
new exterior pavement construction and use of the invention as a repair solution for resurfacing
existing exterior pavements. The invention may also be suitable for interior applications,

including warehouse and other industrial floors.
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Brief description of drawings

Figure 1 — Schematic representation of one embodiment of the concrete composite
pavement with 1 indicating the gap-graded concrete first layer (the bottom layer) and 2
indicating the flexural-hardening fibre reinforced mortar second layer (the top layer).

Figure 2 — photographs, showing placement and compaction of the gap-graded first
layer of the composite pavement.

Figure 3 - a graph and photograph, showing test results of SIA 162/6 panel having 90
mm total thickness with gap-graded concrete primarily in tension.

Figure 4 — a graph and photograph, showing test results of SIA 162/6 panel having 90
mm total thickness with gap-graded concrete primarily in compression.

Figure 5- a photograph showing testing rig for full-scale load testing of the proposed
pavement.

Figure 6 - a graph, showing results of full-scale load testing of two midspan areas for
the proposed pavement with total thickness of 10 cm.

Figure 7 — a graph, showing results of full-scale load testing of free edge area for the
proposed pavement with total thickness of 10 cm.

Figure 8 — photograph, showing compaction of the gap-graded first layer by means of a

vibrating plate soil compactor.

Disclosure of the Invention

The objective of this invention is to provide a composite concrete pavement for exterior
paved areas that does not require contraction joints for cracking control and to address length
changes in the concrete from thermal contraction and drying shrinkage. Another objective of
the invention is to provide for lean and simple installation of pavement, being of the
significantly reduced thickness and still withstanding the increased load.

The proposed concrete composite pavement, comprises: (i) a gap-graded concrete first

layer 1 (the bottom layer) and (ii) a flexural-hardening fiber reinforced mortar second layer 2
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(the top layer). The gap-graded concrete comprises cement, water and coarse aggregate with
particles size from 4 to 45 mm, preferably, from 8 to 16 mm. The flexural-hardening fiber
reinforced mortar comprises cement, expansive concrete additive, water, fine aggregate with a
maximum particle size of not greater than 8 mm, fiber reinforcement comprising of synthetic
and/or metal fibers having diameter of 10 to 500 microns and length of 3 to 35 mm. The total
thickness of the composite pavement is selected depending on the required maximum service
point load, using the following formula H=(F/100)*>x100 mm, where H is the total thickness
of the composite pavement and F is the required maximum service point load. For instance, if
the estimated maximum load resistance is F=100 kN, the total thickness H of the composite
pavement should be 100 mm. The ratio of the thickness of the flexural-hardening fiber
reinforced mortar second layer to the total thickness of the composite pavement is within the
range of 1:5 to 2:5.

According to another embodiment the gap-graded concrete first layer 1 and/or the
flexural-hardening fiber reinforced mortar second layer 2 further comprises admixtures. Said
admixtures can be air-entraining admixture, hydration-controlling admixture, internal curing
admixture, water-reducing admixture, viscosity-modifying admixture and polymers.

According to the preferred embodiment, the gap-graded concrete first layer 1 (the bottom
layer) comprises the following amount of ingredients in 1 m* of the gap-graded concrete:
cement 200 - 415 kg; coarse aggregate 1190 - 1080 kg, and water, wherein the amount of water
is selected to have the following range of water to cement ratio: 0.27 — 0.38. The flexural-
hardening fiber reinforced mortar second layer 2 (the top layer) preferably comprises the
following amount of ingredients in 1 m? of the flexural-hardening fiber reinforced mortar:
cement 500 — 1200 kg; expansive concrete additive: 1 to 30% by mass of cement and sufficient
to achieve the positive net length change at infinite time; fine aggregate 650 — 1200 kg; synthetic
fibers 1.5 — 27 kg and/or metal fibers 15 — 150 kg; and water, wherein the amount of water is
selected to have the following range of water to cement ratio: 0.20 — 0.40. The expansive
concrete additive can be calcium sulfo-aluminate, calcium aluminate, tricalcium aluminate,

calcium oxide, or magnesium oxide, or a combination thereof.
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According to yet another embodiment from 5 to 90% of the cement used in the gap-graded
concrete first layer 1 and/or the flexural-hardening fiber reinforced mortar second layer 2 is
replaced by supplementary cementitious materials. In this case the water to binder (i.e. cement
plus supplementary cementitious materials) ratio set forth above should be kept. The
supplementary cementitious material can be ground granulated blast furnace slag, fly ash,
microsilica, calcined clay, pozzolana of a natural origin, burnt shale, limestone or a combination
of the above.

According to yet another embodiment 5 - 50% of the cement used in the gap-graded
concrete first layer 1 and/or the flexural-hardening fiber reinforced mortar second layer 2 is
replaced by mineral fillers. The mineral fillers can be produced out of sedimentary, igneous or
metamorphic rock types.

According to yet another embodiment, 1 - 50 % of the cement used in the gap-graded
concrete first layer 1 and/or the flexural-hardening fiber reinforced mortar second layer 2 is
replaced by supplementary cementitious materials and 5 - 45% of the cement used in the gap-
graded concrete first layer 1 and/or the flexural-hardening fiber reinforced mortar second layer
2 is replaced by mineral fillers.

The ultimate flexural capacity of the flexural-hardening fibre reinforced mortar shall be
adjusted to suit the structural loads for a specific project by adjusting the content and type of
fibre used. Adjustment of the fiber type and content also allows for control of the depth of
infiltration of the flexural-hardening fibre reinforced mortar into the gap-graded concrete. This
characteristic of the invention permits adjustment of the bond strength (i.e., bond between the
first and second layer of the composite pavement), which is another novel characteristic of the
invention.

According to another embodiment the gap-graded concrete first layer 1 may further
comprise fibres 3, in particular, synthetic polymer fibres 3.

According to yet another embodiment, the flexural-hardening fiber reinforced mortar
second layer 2 further comprises deformed bar reinforcement.

According to the preferred embodiment the pavement is joint free. However, laying of

the proposed pavement using contraction joints is also possible. Nevertheless, contraction joints
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are not technically needed and also not economically feasible, due to increased construction
and maintenance costs.

The first layer shall be placed, leveled and compacted prior to installation of the second
layer. Placement of the first layer may be achieved by dump/tipper truck or other appropriate
means familiar to one skilled in the art. Leveling, to the appropriate elevation or profile, may
be achieved by use of laser-controlled grading equipment, highway grader, or other means to
achieve a well-controlled level and profile of the gap-graded concrete. Compaction of the gap-
graded concrete may be achieved by means of compaction equipment including various types
of road rollers including pneumatic-tire rollers, single or dual drum rollers, etc., vibratory plate
compactors, by multiple passes of a tired- or tracked vehicle, or other suitable means familiar
to one skilled in the art. The first layer may be installed directly against the sub-base material
(e.g., compacted subgrade, existing pavement, blinding concrete, etc.) or, if necessary due to
project-specific requirements to water- or gas-tightness, against membrane materials. The sub-
base shall be with an optimum compaction according to standards known to one skilled in the
art and with a K-value of Westergaard bearing capacity.

The second layer may be installed successively during the same day or on a future day.
Delay to installation of the second layer shall only be limited to a duration such that the first
layer of gap-graded concrete is not permitted to become clogged with debris.

Subsequent to compaction of the first layer, the second layer shall be placed, leveled and
consolidated. No bonding agents are to be used. Placement may be achieved by typical means
of concrete placement including pumping, direct discharge from a ready mix truck, or other
common means familiar to one skilled in the art. Leveling and consolidation may be achieved
using a concrete laser screed, through the use of standard probe vibrators and concrete hand
tools familiar to one skilled in the art, or by means of modifying the concrete mix design to
achieve a self-leveling, self-consolidating characteristic of the flexural-hardening fibre
reinforced mortar.

According to yet another embodiment, the pavement further comprises one or more layers
of existing pavement or flooring below the gap-graded concrete first layer (as a repair solution

for resurfacing existing pavements).
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When utilized as a repair on a deteriorated pavement, the invention provides additional
benefits. A common issue for overlay repairs is delamination of the overlay from the
subgrade/original pavement. In the invention, bond between the top layer and bottom layer is
enhanced by partial infiltration of the porous concrete by the flexural-hardening fiber reinforced

mortar.

Examples of implementation of the invention

Example 1

The invention is used in this example in a jointfree 90 mm total design thickness (60 mm
thick gap-graded first layer, i.e. a bottom layer, and 30 mm thick flexural-hardening fibre
reinforced mortar second layer 2, i.e. a top layer) with a 50 kN wheel load traffic and 50 kN/m?
uniformly distributed loading and with a sub-base having a Westergaard K-value of 0.1 N/mm?3.

Concrete for the gap-graded first layer 1 (the bottom layer) concrete consisted of 290
kg/m® of a CEM I cement, 87 kg/m® water, water-reducing additive with a dosage rate of 1.74
kg/m® and 1622 kg/m> of a granite coarse aggregate with a particle size distribution of 5-16
mm. This layer was installed by means of a placement from a dump truck, spreading of the
concrete using a laser screed-equipped machine equipment, and compaction by means of a
highway roller as shown in Fig. 2. The mix design for the second layer (the top layer) consisted
of 800 kg/m* of a CEM I cement, 45kg/m® of CSA (calcium sulfo-aluminate) expansive
concrete additive, 240 kg/m® water, water-reducing additive with a dosage rate of 12.8 kg/m?,
1172 kg/m?® of a 0-4 mm fine aggregate, and 9.0 kg/m? of a polypropylene fiber with length of
35 mm and diameter of 0.5 mm. This mix was placed by pump over the gap graded concrete
(the bottom layer) immediately after its compaction, leveled with hand tools and broom finished
upon initial set.

The test area of the pavement cast in the exterior space of an industrial warehouse was
subjected to full scale testing as described below.

Plates of the pavement, extracted from the trial slab, were evaluated per the SIA 162/6
test method in both orientations (i.e., with the gap-graded concrete primarily in tension and with

the gap-graded concrete primarily in compression). Results found that the panels with a total
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thickness of 90 mm and a span of 760 mm achieved an ultimate point loading of 22.9 kN with
the gap-graded concrete primarily in tension and a 31.3 kN ultimate point load with the gap-
graded concrete primarily in compression. Further, for both orientations the load transferred,
even after cracking, did not drop below 7.0 kN for vertical deflections up to 30 mm. Results
from the SIA 162/6 testing are shown in Figure 3 and Figure 4.

Full-scale load testing of the trial slab was also completed by applying point 1oad through
a 0.2 x 0.2 m? loading plate. The load was applied at the centre and on a free edge of the slab.
For testing, load was applied to the load plate using a hydraulic jack reacting against a steel and
concrete frame (shown in Fig. 5), while vertical displacements were measured. Two tests were
completed in a mid-span location of the slab, while one test was completed at the free edge of
the slab. The same reaction frame was also used to evaluate the modulus of subgrade reaction,
which was determined to be 0.1 N/mm?>. At the midspan, cracks were first observed with point
loads of 225-250 kN, which were considered to be equivalent to the ultimate point load. For the
free edges, cracking was first observed with a point load of 130 kN and the ultimate load level
was recorded as 160 kN.

The corners and free edges of the trial slab did not show any signs of curling and structural
cracks were not observed with time when the loading intensity did not exceed >100 kN to
confirm the significant slab shrinkage reduction to almost zero.

In case of higher loading intensities the thickness shall be increased like usually as the
inverse of the square of thickness thus, a 100 kN back-to-back point load (100 kN+100 kN=200
kN of maximum point load) shall need a total thickness of 100/50 = 2 = (Hx/100)>.

Thus 2 x 1002 = Hx2 hence Hx = 141 mm consisting in 40 mm top and 101 mm bottom.

According to the invention, the slab can be significantly thinner than a traditional one.
The full-scale test slab teaches that a 90 mm slab according to the invention shows a single
collapse load of 225-250 kN on a K = 0.1 N/mm? reaction coefficient. The maximum wheel
load intensity can be derived by dividing by a global safety factor of 1.5 (material factor) x 1.5
(loading factor) x 1.4 (dynamic factor), thus 225 kN/3.15 = 71 kN.
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When comparing to provisions from TR 34 [7] for an A 252 wiremesh reinforced slab of
the same 90 mm thickness subjected to a single point load, only a 29 kN wheel load is
permissible.

The needed thickness of a slab of the invention to resist a 71 kN wheel load is thus
significantly thinner than the required thickness of a traditional slab with bottom mesh, which
should be of thickness H = (71/29)% x 90 mm = 141 mm.

A slab of the invention is also applicable for use in internal spaces of e.g., warehouses,

plants, etc.

Example 2

The invention was used in a second example casting in a ready-mix concrete yard with
load from heavy trucks and excavators. In this example, the slab type had a 100 mm total design
thickness (65 mm thick gap-graded first layer, i.e. the bottom layer, and 35 mm thick flexural -

hardening fibre reinforced mortar second layer, i.e. the top layer).

Concrete for the gap-graded first (i.e. the bottom) layer 1 concrete consisted of 290 kg/m?
of a CEM II/A-T cement, 87 kg/m® water, water-reducing additive with a dosage rate of 1.74
kg/m® and 1500 kg/m> of a dolomite coarse aggregate with a particle size distribution of 8-16
mm. This layer was installed by means of a placement from a dump truck, spreading of the
concrete using a steer loader and handtools, and compaction by means of a vibrating plate soil

compactor as shown in Fig. 8.

The mix design for the second (i.e. the top) layer 2 consisted of 800 kg/m? of a CEM II/A-
T cement, 45kg/m*® of CSA (calcium sulfo-aluminate) expansive concrete additive, 288 kg/m?
water, water-reducing additive with a dosage rate of 16 kg/m* 715 kg/m® of a 0-4 mm fine
aggregate, 264 kg/m® of a dolomite filler material, and 9.0 kg/m?® of a polypropylene fiber with
length of 19 mm. This mix was placed on the first layer concrete after the first layer had

achieved final setting.

The test slab was cast directly adjacent and in contact with an existing concrete slab

without construction or isolation joints. After several months of service, including one winter
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and abrasion/scaping of steel buckets on the concrete surface from excavators picking up
aggregate from stockpiles, the slab remains in good condition with no signs of wear and limited
and well-controlled cracks, even adjacent to wide cracks in the neighboring slab of traditional

concrete.

Example 3

This example comprises a design example of an external slab as the invention with 5000
m? area. The slab is designed as a continuous slab without any internal joints on a k = 0.08
N/mm? reaction coefficient. The only joints are the day joints, due to limitation of the daily
capacity of a particular group of workers (e.g. about 5000 m? area) and which are not connected
with limitations or requirements of the technology. This design is suitable for ramps or aprons
with 44 metric ton lorries, with up to 62 kN wheel loads, and 10 tons axle. Using the design
approach and ratio of the components described in Example 1, a thickness of 100 mm (30 mm
thick flexural-hardening fibre reinforced mortar second layer 2 and 70 mm thick gap-graded
first layer 1) provides sufficient capacity. In case a reaction coefficient of k = 0.03 N/mm? is
used in the design, the thickness increases up to 140 mm (40 mm thick flexural-hardening fibre
reinforced mortar second layer and 100 mm thick gap-graded first layer). The required thickness

of slabs from of the invention are significantly thinner than any traditional design.

Some further examples of implementation of the invention are summarized in the tables
1 and 2.
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Claims

1. A jointless concrete composite pavement, comprising:

(1) a gap-graded concrete first layer;

(i1) a flexural-hardening fiber reinforced mortar second layer provided thereon,
wherein the gap-graded concrete comprises cement, water and coarse aggregate with particles
size from 4 to 45 mm; wherein said gap graded concrete does not contain sand,
the flexural-hardening fiber reinforced mortar comprises cement, expansive concrete additive,
water, fine aggregate with a maximum particle size of not greater than 8 mm; fiber
reinforcement comprising of synthetic and/or metal fibers having diameter of 10 to 500 microns
and length of 3 to 35 mm; wherein the total thickness of the composite pavement is selected
depending on the required maximum service point load, using the following formula
H=(F/100)*>x100 mm, where H is the total thickness of the composite pavement and F is
maximum service point load; wherein the ratio of the thickness of flexural-hardening fiber
reinforced mortar second layer to the total thickness of the composite pavement is within the

range of 1:5 to 2:5.

2. The pavement according to claim 1, wherein the gap-graded concrete first layer
and/or the flexural-hardening fiber reinforced mortar second layer further comprises admixtures
selected from the group consisting of air-entraining admixture, hydration controlling admixture,
internal curing admixture, water-reducing admixture and viscosity-modifying admixture and

polymers.

3. The pavement according to claim 1 or claim 2, wherein the gap-graded concrete
first layer comprises the following amount of ingredients in 1 m® of the gap-graded concrete:
cement 200 - 415 kg; coarse aggregate 1190 - 1800 kg, wherein the amount of water is selected

to have the following range of water to cement ratio: 0.27 - 0.38.
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4. The pavement according to claim 1 or claim 2, wherein the flexural-hardening
fiber reinforced mortar second layer comprises the following amount of ingredients in 1 m* of
the flexural-hardening fiber reinforced mortar: cement 500 - 1200 kg; expansive concrete
additive: 1 to 30% by mass of cement; fine aggregate 650 - 1200 kg; synthetic fibers 1.5 - 27
kg and/or metal fibers 15 - 150 kg; wherein the amount of water is selected to have the following

range of water to cement ratio: 0.20 - 0.40.

5. The pavement according to any one of claims 1 to 4, wherein 5 - 90% of the
cement used in the gap-graded concrete first layer and/or the flexural-hardening fiber reinforced

mortar second layer is replaced by supplementary cementitious materials.

6. The pavement according to claim S5, wherein the supplementary cementitious
material is selected from the group consisting of ground granulated blast furnace slag, fly ash,

microsilica, calcined clay, pozzolana of a natural origin, burnt shale and limestone.

7. The pavement according to any one of claims 1 to 4, wherein 5 - 50% of the
cement used in the gap-graded concrete first layer and/or the flexural-hardening fiber reinforced
mortar second layer is replaced by mineral fillers, which are produced out of sedimentary

igneous and/or metamorphic rock types.

8. The pavement according to any one of claims 1 to 4, wherein 1 - 50 % of the
cement used in the gap-graded concrete first layer and/or the flexural-hardening fiber reinforced
mortar second layer is replaced by supplementary cementitious materials and 5 - 45% of the
cement used in the gap-graded concrete first layer and/or the flexural-hardening fiber reinforced
mortar second layer is replaced by mineral fillers, which are produced out of sedimentary,

igneous or metamorphic rock types.
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9. The pavement according to any one of claims 1 to 8, wherein the expansive
concrete additive is selected from the group consisting of calcium sulfo-aluminate, calcium

aluminate, tricalcium aluminate, calcium oxide and magnesium oxide.

10. The pavement according to any one of claims 1 to 9, wherein the flexural-

hardening fiber reinforced mortar second layer further comprises deformed bar reinforcement.

11. The pavement according to any one of claims 1 to 10, wherein the gap-graded

concrete first layer further comprises synthetic polymer fibres.
12. The pavement according to any one of claims 1 to 11, wherein the pavement
further comprises one or more layers of existing pavement or flooring below the gap-graded

concrete first layer.

13. The pavement according to claim 1, wherein the coarse aggregate has particles

size from 8 to 16 mm.
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