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1. INTRODUCTION

Concrete pavements are not a common road-construc-
tion solution in Poland. Until 1990s such pavements were
built at airports, parking sites, on roads in industrial areas
etc. They include in situ wet or prefabricated pavements.
A small number of such pavements were constructed in the
first half of the twentieth century (before World War II).
In the mid-1990s, Polish roads administration decided to
recycle such pre-war concrete pavement from a 12-kilo-
meter stretch of highway A18 and to use the old material
crushed in stationary crushing mills. The new concrete
pavement consisted of slabs connected with dowels and
anchors. Fig. 1 shows destressed slabs ready for transport
to stationary crushers.

Fig. 1. Broken pavement slabs in the A18 highway; photo
by the author

The aggregate from the crushed old slabs was added to
the lower layers of the pavement slabs (19 cm thick),
and new aggregate was added to the upper layer (7 cm
thick). The new pavement has been now in service for
approx. 30 years. Since that time, more than 2000 km
concrete pavement roads have been built in Poland, of
which approx. 1200 km are highways and freeways. Their
pavements are currently in good condition and do not re-
quire recycling. Experiences gained during the operation
of pre-war road and airport concrete pavements allowed
the development of methods for recycling old deteriorat-
ed concrete pavements. These recycling methods can be
classified into two groups [1] which will be defined in the
article as option 1 and option 2.

Option 1 — tests of material from the degraded pavement
layers crushed into appropriate aggregate size fractions
to be reused in the construction of different road layers,
e.g.: unbound aggregate base courses, improved subgrade
layer, filtration and freeze-resistant layers, cement- and

asphalt-bound base courses, upper embankment layers, re-
inforced embankment subgrades and road embankments.

Option 2 — tests of the layers and of the material from the
in situ crushing process of the degraded concrete pave-
ments performed with the impact and resonance methods,
as well as their compacting and shaping in order to re-
use them as base courses in flexible and rigid (concrete)
pavements.

This article will focus on option 2 and discuss the expe-
riences of using this method in Poland and abroad. It will
present criteria for evaluating the load-bearing capacity
of concrete pavements, which allow the pavement to be
assessed for its recyclability with the use of the in situ
breaking methods. These criteria will supplement the set
of criteria for pavement condition assessment as part of
the method employed in the Road Pavement Condition
Diagnostics (RPCD) system.

2. TYPICAL DEFECTS OF CONCRETE
PAVEMENTS AND THEIR ASSESSMENT

Typical defects of concrete pavements include:

 Single longitudinal/lateral cracks — extending in the di-
rection parallel or diagonal to the road axis (travel di-
rection); can be caused by thermal or shrinkage cracks
due to the setting of concrete.

 Single transverse cracks — extending transversely to the
road axis (travel direction); can be caused by factors
similar as in the case of longitudinal cracks.

» Fractured slab — the pavement slab is broken into four
or more fragments by intersecting fracture lines due
to fatigue loads or low load-bearing capacity of the
subgrade.

* Near-edge fractures — fractures approximately parallel
to the slab edge or at a maximum distance of 0.5 m
from the slab edge; can be caused among others by
dowel misalignment or fatigue cracks.

» Sealant faults — torn, pushed or pulled sealant, vegeta-
tion growth, hardened sealant, sealant detached from
the slab edges, displacement of the slabs.

» Corner damage — fracturing or fracturing and spalling
across the slab edges at a maximum distance of 1 m
from the corner; can be caused by lack of dowels or
lack of slab support.
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 Joint spalling — chipping and cracking at a distance up
to 0.1 m from the edge of the fracture.

» Surface defects (surface cracks, holes, scaling) — de-
fects to the structure of the upper part of the slab, such
as alligator cracks, small holes in the material, scaling
down to a maximum of 2 cm, bumps.

* Network of surface crazing — alkaline cracks.

Figs. 2-4 show examples of defects to concrete pavement.

Many countries have systematic methods for classifying
concrete pavement defects, assessing pavement condition
and applying recommended remedy techniques. The first
such system, widely implemented and still used in some
countries, was the PSI (Present Serviceability Index) —
AASHO, USA, 1950 0. It includes a 0 to 5 degradation
scale.

Fig. 3. Longitudinal and transverse cracks (fractured slab) and near-edge cracks [1]

Fig. 4. Surface defects, alkaline cracks [1]
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After 1960 various US states and other countries have in-
troduced indicators related to different types of damage,
e.g. Pavement Condition Index PCI, Pavement Condition
Rating PCR, Maintenance Control Index MCI, Pavement
Structural Condition PSC. These indexes use various
scales (1-5, 0-100, 1.0-9.0, 0.0-4.0) to quite precisely
identify the condition of the pavement [4-6]. They typi-
cally describe various types of surface cracks and defects.
Depending on the extent of damage, they recommend
different repair techniques, from surface and texture re-
pair methods to the replacement of entire concrete slabs
and lower layers. They are employed solely for the data
managed by road administration institutions and do not
address the possibility to rehabilitate concrete pavements
with the use of material recycled in situ. Another system
for assessing pavement condition and forecasting poten-
tial repair costs is the Pavement Management System
(PMS). Its main elements include: pavement degradation
models, repair costs, rehabilitation methods, industry re-
quirements, management policies, users, designers, road
network requirements, and a module supporting the deci-
sion-making process regarding pavement condition mon-
itoring and repairs 0.

In Poland, the Road Pavement Condition Diagnostics
(RPCD) system has been used since 2015 to identify and
assess the servicing parameters of asphalt and concrete
pavements 0. This document regulates the standards for
setting the measuring ranges, performing measurements
and processing the results of technical and operating con-
ditions within the national road network. It was developed
as a response to the dynamic technological progress in the
field of pavement condition diagnostics and to the need
for adjusting the existing diagnostic regulations to the
new conditions. In comparison do the previous diagnos-
tics system, RPCD has an increased number of technical
and operating pavement parameters, and is based on new
diagnostic technologies.

In RPCD, the pavement condition is assessed by calculat-
ing individual condition parameters based on the meas-
urement results. Each of the pavement characteristics is
assigned basic condition parameters and supplementary
parameters. The notion “pavement characteristics” refers
to the properties which change as the pavement remains
in use. The basic pavement characteristics include 0:

* load-bearing capacity (fatigue-life), understood as the
ability of the pavement to carry repeatable loads due to

vehicle traffic, valid only for flexible pavements (made
of mineral-asphalt mixes), not assessed for concrete
pavements,

» evenness (longitudinal and transverse) which defines
the degree to which the surface of the pavement is con-
sistent with the required parameters,

* skidding resistance, which describes the tractive adhe-
sion between the pavement and the tire,

 surface characteristics, which describe pavement de-
fects (longitudinal and transverse cracks, corner defects,
edge defects, as well as other properties important for
the management of road maintenance activities, visible
on its surface, including the macrotexture and surface
imperfections (small individual holes, spalls etc.),

» vertical displacement of slab edges.

Importantly, at present RPCD does not allow the assess-
ment of the condition of concrete structures by measur-
ing deflection (U, SCI), and only identifies cracks, edge
and corner defects, pavement evenness and macrotexture.
This is a significant problem particularly in the context of
qualifying concrete pavement for recycling.

3. PROPOSED CRITERIA FOR THE
ASSESSMENT OF THE RECYCLABILITY
OF CONCRETE PAVEMENTS

As mentioned in Section 2, the RPCD system does not
allow for the parameters of the pavement structure lay-
ers measured in tests based on the full displacement (de-
flection) basin which enables the identification of layer
modules. These modules provide information on struc-
tural changes in the layers. Moreover, the RPCD system
does not assess the engagement between the slabs in the
joints. Here the author proposes criteria for evaluating the
load-bearing capacity of old deteriorated concrete pave-
ments with respect to their potential in situ recyclability.
The criteria have been developed on the basis of concrete
pavement model parameters identified in tests performed
on pavements remaining in service. The criteria relate to
concrete slab modules £ and to load transfer efficiencies
in the joints LTE. For this purpose, the tests included con-
crete layer modules identified on pavements having var-
ious deterioration degrees and load transfer efficiencies
identified on slab joints. These parameters were identified
with a falling weight deflectometer (FWD). Fig. 5 shows
a schematic diagram of the deflection tests.
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Fig. 5. Schematic diagram of the tests performed with the FWD

The load was adjusted to the type of the tested structure.
The deflectometer was used to measure deflection with
the use of geophones.

Fig. 6 shows a model of concrete pavement structure used
in the identification of concrete pavement modules.

h3
E, v, h,
E,v, h,

Fig. 6. Model of concrete pavement structure

The layer having the thickness 4, is the concrete slab,
the A, layer — base course, and the & layer — subgrade.
Fig. 7 shows a schematic diagram of the deflection meas-
urement process in the concrete slab.

The principle behind module identification is to minimize
the objective function described with the following eq. (1):

F

A=k (1)
ij
j=1

k

where: .
FZZ(Wj_uj)za (2)
-
w, - theoretical deflection calculated from the model,
u, - measured deflections,
k  — number of deflections measured at one point, form-

ing the deflection basin.

D, b, D, D, D, D, D, D,

Fig. 7. Schematic diagram of the deflection measurement
in the slab

For identification purposes, the calculations were per-
formed with the use of the CZUG software 0. The identi-
fication process results in module values £, for individual
layers. The layer thicknesses are selected on the basis of
in-depth identification (drill holes). The Poisson ratio v,
has no significant influence on the obtained module value.

On the pavement, additional identification was performed
for load transfer conditions within the joints. These con-
ditions are described by the so-called load transfer effi-
ciency LTE. Fig. 8 shows a schematic diagram of LTE
measurement.

Fig. 8. Schematic diagram of LTE measurement
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LTE is calculated from relationship (3):
LTE=D,/D,, 3)
where:
D, — deflection under geophone 2, load-free slab,
D, — deflection under geophone 1, loaded slab.

Fig. 9 is a graph showing examples of dowelled concrete
slab modules in the A4 highway. The slabs did not show
structural damage. The modules for the dowelled pave-
ment are above 35,000 MPa. The tests were performed
annually over a period of two years after the highway was
open to traffic. The RPCD system classified the pavement
as category A.

Fig. 10 shows the results of module tests on the pavement
comprising cracked slabs on the A18 highway. The RPCD
system classified the pavement as category D. The mod-
ules did not exceed 14,000 MPa.

Fig. 11 shows the LTF test results for the pavement on the
A4 highway. The results are presented for a two-year peri-
od. The tests were performed two years after the pavement
was constructed. The observed LTE is not lower than 0.8.
The RPCD system classified the pavement as category A.

Fig. 12 shows LTE values identified on the A18 highway.
The pavement is not dowelled. The observed LTFE coeffi-
cient varies from 0.2 to 0.5.

The test results indicate that the slab modules have vary-
ing values. The values are significantly lower for cracked
slabs. Analogically, the LTE coefficient for slabs without
dowels in the joints is below 0.5, and for slabs with dow-
els it is approximately 0.8.

Subsequent numerical calculations allowed the defining
of conditions for the reinforcing and recycling the con-
crete pavement depending on the slab engagement ex-
pressed as LTE.
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Fig. 9. Identification of layer modules for dowelled concrete pavement in highway A4;
(E, — concrete pavement module, first curve from the top)
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model and for the slab size of 4.0 x 5.0 m. In the assumed
conditions, the existing and the new slab were allowed
to slide against each other on a layer of asphalt concrete
having a module of 10,000 MPa and a thickness of 6 cm.
The assumed load had a field of 28 x 31 cm and a force
of 57.5 kN. It was located above the joint in the concrete
slab and in the sliding layer. An additional allowance was
made for the influence of a positive temperature differ-
ence of 12°C. The analysis included the concentrated load
state in the new concrete slab under the existing joint.

Distance [km]

Fig. 12. LTE test results for the pavement on the A18 highway

isting undowelled concrete pavement with a module of
20,000 MPa, a thickness of 20 cm, and a varying (40%-95%)

LTE coefficient. As regards the reinforcement, the new
concrete slab layer with a module of 35,000 MPa was al-

lowed for with three slab thicknesses: 20, 25, 30 cm.
The calculations were performed with the finite element

method. The concrete pavement model was developed in
a three-dimension xyz coordinate system (Fig. 13). The

The calculations included the reinforcement of the ex-
calculations were performed for an assumed linear elastic
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Fig. 14. Tensile stresses SZ for different slab thicknesses depending on the LTE coefficient

Fig. 14 shows the calculated tensile stresses SZ for dif-
ferent slab thicknesses depending on the LTF coefficient.

It was observed that 20 cm thick slabs resting on a pave-
ment having a 45% LTE coefficient are prone to reflection
cracking due to significant stress values which exceed
the tensile strength. Regardless of the slab thickness, low
stress values at LTE approx. 95% provide a sufficient mar-
gin of tensile strength (half of the value). By calculating
stress values depending on the slab thickness relative to
LTE and by allowing for the fatigue criteria for concrete
pavements, it was possible to find the fatigue life of the
pavement (Fig. 15).

The analyzed relationship between fatigue life and LTE
allows a conclusion that the required fatigue life can
be ensured for the KR7 traffic category (>38 million of
115 kN axle loads) at LTE = 75% and with a 30 cm thick
reinforcement. Reinforcements 25 and 20 cm in thickness
allow the 38 million of 115 kN axle load criterion to be
met at LTEs 82% and 86%, respectively. However, in the
case of LTE = 65% and with a 30 cm thick reinforcement,
the achievable fatigue life is 16 million, which corre-
sponds to category KRS5. In order to ensure an identical
life with 25 cm thick reinforcement, the existing pave-
ment would need to have LTE = 75%, and with 20 cm
reinforcement — LTE = 80%.
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Fig. 15. Fatigue life of reinforced pavement for different slab thicknesses depending on LTE

The above results demonstrate that depending on the re-
quired service-life for roads of higher technical categories
it is necessary to recycle the existing concrete pavement if
the LTE is below 65%. In such conditions, the achievable
life will be on the level of at least category KRS.

The existing pavements with L7Es above 85% may re-
quire reinforcement of minimum thickness depending on
the module, so as to ensure the highest durability, on the
level of Polish traffic intensity category KR7.

The analyses and tests performed on the roads discussed
above as well as on other concrete roads and pavements,
have allowed the following criteria which aid the as-
sessment and qualification of the pavement for in situ
recycling.

Owing to the above analyses, concrete pavement modules
and LTE have been assigned limit values which may serve
as an indicator for deciding between reinforcing or recy-
cling such concrete pavements. Importantly, L7E is here
viewed as the decisive parameter. Based on the identified
modules E and coefficients LTE, the criteria for concrete
pavement reinforcement or recycling are thus as follows:

a) if LTE is greater than or equal to 0.8 (80%) and if the
concrete slab modules are greater than or equal to
30,000 MPa, corresponding to the RPCD class A/B, the
concrete pavement can remain in service;

b) if LTE is greater than or equal to 0.8 (80%) and if the
concrete slab modules are below 30,000 MPa, corre-
sponding to the RPCD class C/D, reinforcement is pos-
sible depending on the slab condition;

c)if LTE is within the range 0.65 <LTE <0.8 and if
the concrete slab modules are above 10,000 MPa,

corresponding to the RPCD class A/B/C, limited fa-
tigue-life reinforcement is possible due to reflection
cracks within the joints;

d) if LTE is below 0.65 and if the concrete slab modules
are below 30,000 MPa, corresponding to the RPCD
class C/D, the slabs should be recycled;

e) if LTE is below 0.65 and if the concrete slab modules
are above 30,000 MPa, corresponding to the RPCD
class B/C, the slabs should be recycled.

The proposed criteria can be included in the RPCD system
as an aid in the decision-making process regarding the in situ
recycling of concrete pavements. The current version of
the RPCD system does not include such information.

4. METHODS FOR IN SITU RECYCLING
OF CONCRETE PAVEMENTS

4.1. IN SITURECYCLING TECHNOLOGY

The previous section focused on the recyclability crite-
ria based on selected pavement parameters, i.e. on lay-
er modules and on LTE in joints. This section describes
the technology for the in situ recycling of concrete
pavements. The idea behind in sifu recycling is to break
(destress) concrete pavement in order to eliminate reflec-
tion cracks after the reinforcement procedure. It is also
required to ensure an adequate load-bearing capacity of
such a crushed layer. Nowadays, there are practically two
methods employed worldwide for the in situ recycling of
concrete pavements. Both were developed in the USA in
the early 1990s [9].

They are the high-impact drop hammer method and the
resonant method, both described in detail below (Fig. 16).
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Fig. 16. Concrete pavement destressing (breaking) methods 0 [9]

The experiences gathered on the two methods in the USA
are described in 0 and in 0. The numerical and analytical
models of defects occurring in concrete subjected to dy-
namic loads are shown in 0.

The description below presents two in sifu recycling
methods:

* multi-head breaker (MHB), shown in Fig. 17, and
* resonant pavement breaker (RPB), shown in Fig. 18.

American experiences indicate that both rehabilitation
methods are highly effective and obviously generate sig-
nificant savings in comparison to a scenario with com-
plete replacement of cement concrete overlay.

4.2. MULTI-HEAD BREAKER (MHB)

The multi-head breaker (MHB) method (Fig. 17) consists
in the mechanical crushing of the pavement with the use of
typically 12 to 16 hammers 500-900 kg in weight, which
impact the pavement from a set height of 0.3-1.5 m. This
method allows stress to be relieved from a strip 0.8-3.5 m
in width, depending on the number of hammers. With the
use of MHB, it is possible to crush 1.6 running kilome-
ter of pavement per day (or 3.5 running kilometers if the
pavement is crushed into large blocks).

This method proves particularly useful in crushing con-
crete pavements 18-40 cm in thickness. One machine has
an efficiency that is sufficient to unstress and crush up to
10,000 m? per shift. Concrete is broken/crushed with the

use of steel hammers which are lifted upwards and al-
lowed to fall freely from a height adjusted to a maximum
of 1.5 m. The hammers are 20 cm in thickness and are ar-
ranged in two diagonally shifted rows. The hammer from
the first row is in a pair with the hammer from the second
row. Each pair is lifted to an individually adjusted height.
Depending on the lift height, the frequency varies in the
range of 30-35 impacts per minute. The crushing energy
is controlled by adjusting the vehicle speed, the hammer
height and the hammer mass.

Fig. 17. Multi-head breaker 0 [13]

The MHB method allows two rubblization technologies:
full and modified 0. They differ in the size of the final
lumps of crushed concrete. In the first case, concrete is
crushed in a uniform manner across the entire width of the
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roadway into grains/lumps no larger than 310 mm. At the
same time, at least 75% of the grains is no larger than 0:

e 230 mm in the lower half of the slab,
e 75 mm in the upper half of the slab,
¢ 50 mm on the surface of the slab.

The size of the crushed lumps translates into the rigidity of
the obtained layer: the greater the size, the higher the effec-
tivemodulus ofrigidity, butalso the higher therisk of reflec-
tion cracks. Larger pieces of the crushed slabs, 30-45 cm
in size, are advantageous in the case of inadequate
load-bearing capacity of the subgrade. In such case, mod-
ified rubblization is preferred, as it requires less energy to
crush concrete and obtain a load-bearing base course for
new asphalt layers. Rubblization technologies 0 are con-
sidered an adequate solution when the concrete pavement
has reached its service life, i.e. when vertical displace-
ments are observed between the slabs.

4.3. THE RESONANT PAVEMENT
BREAKER (RPB) METHOD

The resonant pavement breaker (RPB) method, shown in
Fig. 18, originated in 1980s as a preparatory means for the
removal of cement concrete. It was first used to destress
concrete pavement prior to preparing a reinforcement
overlay in New York in 1986 [1]. It consists in crushing
the pavement with the use of a resonant beam which vi-
brates at a frequency of 44 Hz and is finished with a foot
which has a width of 23 cm and a mass of 900 km. The
low vibration amplitude (12.5-25 mm, typically 20 mm)
prevents the degradation of lower pavement and subgrade
structure layers or the damage of underground infrastruc-
ture. At the same time, the grain size of the crushed con-
crete is more uniform in RPB than in MHB. The pass
speed of 6-8 km/h and the limited width of the weighing
foot allow 5000 m? of pavement to be broken into frac-
tions <50 mm during one work day.

In the RPB method, pavement is crushed using a single
hammer with a high impact frequency of 44 Hz. The am-
plitude of the hammer may be up to 20 mm, and the crush-
ing depth reaches 60 cm. The weight of the hammer is
4,080 kg, and the crushing surface is 20.3 cm. The work-
ing speed of the machine is within the range of 6-13 km/h,
and the noise level is below 90 dB. The surface of the
crushed pavement is even and optionally requires two or
three passes of a roller. Due to the high hammer frequency
and low amplitude, cement-bound base is not damaged

during the rubblization process, and the vibration does not
affect the installations and buildings located near the road.
Therefore, RPB is particularly advantageous in the case
of rubblizing concrete street pavements.

Fig. 18. Resonant pavement breaker; photo by the author

Fig. 19 shows pavement broken with a resonant pavement
breaker.

%,

Fig. 19. Broken pavement; photo by the author

The two above-presented methods allow in situ breaking of
degraded pavements and their usage as base courses in the
construction of new pavements. The methods can be em-
ployed in the case when the subgrade under the recycled slabs
is freeze-resistant and load-bearing. In the other case, the lay-
ers recycled in situ can be used as subgrade reinforcement.

5. SUMMARY AND CONCLUSIONS

This article proposes assessment criteria for concrete
pavement recyclability. Based on the considerations car-
ried out, the following conclusions were drawn:
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. The current Polish RPCD system does not allow as-

sessment of concrete pavements in terms of reinforce-
ment needs or recycling potential.

. New assessment criteria are proposed, based on eval-

uating concrete slab modulus £ and joint load-transfer
efficiency LTE.

. These criteria were tested on concrete pavements used

in the Polish national road network and can be incorpo-
rated into the RPCD system.

. Defined value ranges for £ and LTE support classifi-

cation of pavements for continued service, reinforce-
ment, or recycling.

. Deteriorated concrete pavements can be recycled using

two methods:

* Option 1 — to disassemble the pavement, crush the
material in stationary crushers, and use the materi-
al in different layers of the pavement structure. The

REFERENCES

(1]

(2]

Szydlo 4. 1in.: Raportkoncowy z prac w ramach grantu RID I, Wyko-
rzystanie materialow pochodzacych z recyklingu” —zad. 6. ,,Recykling
nawierzchni betonowych”. Raport serii SPR nr 22/2018, Wydziat
Budownictwa Ladowego i Wodnego, Wroctaw, 2018 (in Polish)

Diagnostyka stanu nawierzchni i wybranych elementéw korpusu
drogi. Wytyczne stosowania. Generalna Dyrekcja Drog Krajowych
i Autostrad, Warszawa, 2019 (in Polish)

Carey W.N., Irick PE.: The pavement serviceability-performance
concept. Highway Research Board, Washington, D.C., USA, High-
way Research Bulletin, 250, 1960, 40-58, https://onlinepubs.trb.
org/Onlinepubs/hrbbulletin/250/250-003.pdf (available: 01.10.25)

Schattler K., Rietgraf A., Wolters A., Zimmerman K.: Implementing
pavement management systems for local agencies — state-of-the-art/
state-of-the-practice. Illinois Center for Transportation, Report No.
FHWA-ICT-11-094, 2011, DOI: 10.13140/RG.2.2.31043.30246

Rafiah R.: Advanced pavement management system implemen-
tation for the Nigerian Federal Road Network. Proceedings of
the 7th International Conference on Managing Pavement Assets
“Preserving What We Have, Investing in the Future, and Finding
the Balance”, Calgary Alberta, Canada, 2008, https:/trid.trb.org/
view/1214544 (available: 01.10.25)

Wu Z., Groeger J.L., Simpson A.L., Hicks R.G.: Performance
evaluation of various rehabilitation and preservation treatments.
US Department of Transportation, Federal Highway Adminis-
tration, Report No. FHWA-HIF-10-020, Washington, DC, 2010,
https://rosap.ntl.bts.gov/view/dot/41461 (available: 01.10.25)

material can be used as aggregate not improved with
binding agents, or as aggregate improved with hy-
draulic, asphalt or other binders;

* Option 2 — in this case recycling can be performed
in situ, and the broken material can be compacted
and shaped, and then used as a base course or a sub-
grade reinforcement layer. Option 2 is more econom-
ical and significantly reduces the construction time.

ACKNOWLEDGEMENT

The article has been written as part of the research
grant “Use of Recycled Materials. Recycling of Con-
crete Pavements” under the program RID I — Devel-
opment of Road Innovations (RID I DZP/RID-I-06/1/
NCBR/2016(01RD/0002/16). The project carried out as
part of the joint undertaking RID, financed by the Nation-
al Center for Research and Development and the General
Directorate for National Roads and Highways in Poland.

[71  Elhadidy A.A., Elbeltagi E.E., Ammar M.A.: Optimum anal-
ysis of pavement maintenance using multi-objective genet-
ic algorithms. HBRC Journal, 11, 1, 2015, 107-113, DOI:
10.1016/j.hbrej.2014.02.008

[8] Szydlo A.. Statyczna identyfikacja parametréow modeli na-
wierzchni lotniskowych. Prace Naukowe Instytutu Inzynie-
rii Ladowej Politechniki Wroctawskiej, 45, Wroctaw 1995
(in Polish)

[9] RMI Resonant Machines, http://www.resonantmachines.com
(available: 01.10.25)

[10] Rehabilitation of concrete pavements utilizing rubblization and
crack and seat methods. lowa Highway Research Board (IHRB Pro-
ject TR-473) and the lowa Department of Transportation (CTRE
Project 02-106), 2005, https://www.intrans.iastate.edu/wp-con-
tent/uploads/2018/03/rubblization-1.pdf (available: 01.10.25)

[11] Rubblization of portland cement concrete pavements. Transpor-
tation research circular E-C087. Transportation Research Board,
Washington DC, 2006, https://www.trb.org/publications/circu-
lars/ec087.pdf (available: 01.10.25)

[12] Park S.W., Xia Q., Zhou M.: Dynamic behavior of concrete at
high strain rates and pressures: II. numerical simulation. Inter-
national Journal of Impact Engineering, 25, 9, 2001, 887-910,
DOI: 10.1016/S0734-743X(01)00021-5

[13] Rubblizing, craking & breaking concrete. Antigo, https://www.
antigoconstruction.com/ (available: 01.10.25)



Roads and Bridges - Drogi i Mosty 24 (2025) 523 - 535 535

[14] Zapasnik W.: Remont nawierzchni z betonu cementowego me- [16] Walbeck T., Horan R.: Rubblizing to rehabilitate existing pave-
toda kruszenia udarowego (rubblizing). Drogownictwo, 61, 9, ments. Asphalt Magazine, 34,2,2019, 7-11, https://www.asphalt-
2006, 292-301 (in Polish) magazine.com/rubblizing-to-rehabilitate/ (available: 01.10.25)

[15] Rubblizing. RMI Resonant Machines, https://resonantmachines.
com/rubblizing/ (available: 01.10.25)

Recykling nawierzchni betonowych - kryteria oceny nosnosci

Streszczenie: W artykule przedstawiono zarys rozwoju nawierzchni betonowych w kraju oraz doswiadczenia
zdobyte w zakresie recyklingu tych nawierzchni, ktére zostaty wybudowane w latach trzydziestych ubiegtego
wieku. Zaprezentowano typowe uszkodzenia nawierzchni betonowych oraz scharakteryzowano metode oceny
powyzszych uszkodzen z wykorzystaniem systemu Diagnostyki Stanu Nawierzchni funkcjonujacego w General-
nej Dyrekcji Drég Krajowych i Autostrad. Stwierdzono, ze brak jest w tym systemie kryteriow oceny nawierzchni
betonowych pod katem przydatnoscido technologii recyklingu. Wykorzystujgc badania wykonane naistniejgcych
nawierzchniach betonowych oraz analizy numeryczne rozktadu naprezen w obrebie szczelin nawierzchni zapro-
ponowano kryteria oceny nawierzchni pod katem przydatnosci do wdrozenia technologii recyklingu. Tymi kryte-
riami sg moduty ptyt nawierzchni oraz wspétczynniki wspotpracy ptyt na szczelinach. Zaprezentowano metody
recyklingu nawierzchni betonowych in situ i wykorzystanie recyklowanego materiatu jako podbudowy nowych
nawierzchni betonowych badz podatnych.

Stowa kluczowe: diagnostyka stanu nawierzchni, kryteria oceny nosnosci, nawierzchnie betonowe, recykling.




