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COMPREHENSIVE ASSESSMENT OF THE
QUALITY CONDITION OF THE ROAD WITH
DRAINAGE SYSTEM

The object of research is the process of a comprehensive assessment of the qualitative state of a waterlogged
section of a road. Natural and climatic factors affect the state of the road due to changes in the conditions of
the water-thermal regime and the movement of vehicles. Water, sudden temperature fluctuations, the impact of
heavy transport play a key role in the life cycle of any transport structure, affecting its transport and operational
characteristics. The definition of a complex indicator of the qualitative state is based on a set of individual indi-
cators, it is comprehensively characterized taking into account the influence of the weightings of each parameter
and the structural element of the highway. This is taken into account in the multilevel qualimetric model, which
consists of two main groups of physical and functional wear. Indicators of physical wear and tear change over
time and are characterized by compliance with certain regulatory indicators and requirements. Functional — do
not change over time, but depend on the needs of consumers of transport services. The choice of the number of
model levels depends on the weight of the technical and functional characteristics of the road section. Infor-
mation about the site and its constituent properties increases with the number of levels. Their optimal number
determines the volume of measurements and calculations when obtaining a complex indicator of the quality
state. The research results made it possible to develop a comprehensive method for assessing the quality state
of a waterlogged section of a road where it is necessary to arrange a drainage system. The developed method
is based on an expert approach for determining physical and functional indicators, the number of which is
determined depending on the parameters of the road. The nomenclature of indicators of the qualitative state
of a waterlogged section of the road has been substantiated and a model with an optimal number of indicators
has been formed, comprehensively and in full, allows one to characterize all its structural elements in terms of
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physical and functional wear.
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1. Introduction

The road is a complex engineering linear-extended struc-
ture that must meet modern requirements for a high-quality
transport and operational state. The set of indicators that
characterize it makes it possible to determine a complex
indicator based on the influence of the weight of each
parameter and structural element on the state of the road.
This is taken into account in the multilevel qualimetric
model of the qualitative state, by determining and adjust-
ing its indicators, which make it possible to determine the
physical and functional wear of the road. Their purpose
largely determines the validity of the model.

The greatest influence on the state of the road is most
often water, which is already in the layers of the road
structure, enters through potholes and cracks in the asphalt
concrete pavement caused by various factors. Subject to
proper drainage from the road structure, which, as a rule,
is provided by shallow drainage systems (SDS), the qua-
lity condition of the road will meet the standard. The
development of a qualimetric model makes it possible to
take into account all constructive solutions to maintain
the appropriate quality state, is an extremely urgent issue.

Copyright © 2020, Bubela A.
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2. The ohject of research
and its technological audit

The object of research is the process of a comprehen-
sive assessment of the qualitative state of a waterlogged
section of a motor road.

As a toolkit for determining the proper qualitative state
of a road, a qualimetric model of a set of indicators that
fully characterize it is used. The choice of the number of
model levels depends on the importance of the technical
and functional characteristics of the road section. With an
increase in the number of levels, the information about the
site and its constituent properties increases. A multilevel
system model, taking into account the large volumes of
measurements and calculations, should have an optimal
number of levels. Too many levels complicate the assess-
ment process and do not always provide sufficient accuracy.

3. The aim and ohjectives of research

The aim of research is to develop an integrated method
for assessing the quality state of a waterlogged section
of a road.
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To achieve this aim, it is necessary to complete the
following objectives:

1. On the basis of the parameters characterizing the
physical and functional wear and tear of a road section with
a drainage system, determine the weighting coefficients of
the indicators of the qualitative state by the expert method.

2. To develop a qualimetric and mathematical model for
assessing the quality state of a waterlogged road section.

4. Research of existing solutions
of the prohlem

In works [1, 2], the assessment and determination of
indicators of the qualitative state of the road is carried
out using a generalized approach that does not take into
account the specifics of the operation of a waterlogged
area. As indicated in [3], a comprehensive assessment of
highways is a laborious process that requires the involve-
ment of specialists. Extensive field observations by experts
are carried out to characterize the pavement condition
index based on established physical parameters such as
cracking, deformation, sliding. In addition, improper drain-
age contributes to unstable road conditions identified by
experts during road surveys and which can lead to natural
disasters [4]. Therefore, there is a certain need to use
transport modeling for the development of design solutions,
by building models necessary to solve various problems
of the transport and operational state of the highway [5].
In works [6, 7], it is proposed to use qualimetry to determine
the level of a qualitative state. However, the difficulties of
using this method are the specific features and the rich-
ness of the parameters of highways. Fundamentally new
methodological approaches to determining the weights of
characteristics and parameters of objects of assessment are
given in [8, 9]. However, these methodological approaches
can be used in this study only partially and only for the
construction of a methodology for determining the weights
of the parameters of a road section.

Qualimetry principles have been applied by many re-
searchers in various fields to interpret qualitative para-
meters. For the mathematical formalization of information
about the level of the qualitative state of road infrastruc-
ture objects is emphasized in [10]. However, most of the
analyzed mathematical models in the above studies do not
allow determining the influence of the parameters and
characteristics of a road section on its level of qualita-
tive state. The issues of taking into account the actual
level of the quality state and the reliability of informa-
tion about physical and functional wear and tear remain
unresolved. This makes it promising for the development
of a mathematical model for assessing the quality state
of a waterlogged road section.

5. Methods of research

The presented method is based on the methods deve-
loped by the authors [1, 2, 11].

In the qualimetric model for assessing the qualitative
state of a road section, the indicators are divided into two
main groups: physical wear and tear and functional indica-
tors. Physical wear and tear change over time and it can
be characterized by a numerical value or certain standard
indicators governing compliance or non-compliance with the
requirements for the proper functioning of a road section.

Functional indicators do not change over time, but their
compliance depends on the consumers of transport ser-
vices [12].

As a result of the division of complex and medium
properties into simple ones, the number of levels increases.
The model is considered complete, complete when the last
p-th level is represented by simple, indivisible properties.
This approach makes it possible to form various variants
of state indicators.

The properties of each level have a mutual influence
on each other, and the generalized properties of one level
affect the generalized properties of another. A complex
property at the lowest zero level is characterized by a set
of properties located at higher levels and is a separate
complex indicator (Fig. 1).

LEVEL
0 ! 1

Physical deterioration

Road condition Kt

Functional indicators

Fig. 1. Zero and first levels of the qualimetric model of a road section

So, there is a certain quantitative relationship between
the complex indicator of the state of the road section and
the i-th property of the p-th level.

At any level (Fig. 2), each property is characterized
not only by a differential indicator, but also by a weight
coefficient, reflecting the value of the significance of a dif-
ferential indicator in a complex indicator. Mathematically,
the process of constructing a qualimetric model of the
state of a road section can be represented by the formula:

K, = f(Ki;,Kiy,..K;), ()
where K, — the state level, in the form of a coefficient
K, €[0;1,0], {K, €Q}; K; — the value of the j-th indica-
tor at the i-th level of the model; i — the level of the
model, {l eP};j — the number of indicators within the i-th
level of the model, {jeL}; Q, P, L — the set of rational
numbers.

The level of the qualitative state of the road section
is a value dependent on the aggregate of indicators of the
highest subgroup, taking into account their significance,
according to the qualimetric model [13-16]:

!
’
KL :2K5~m,]-,

=

2)

where mj — the weight coefficient of complex (complex)
properties that characterize the state of the road section
at the first (highest) level of the model; / — the number
of groups of indicators, {{e N}.

Accordingly, at the low level of the model:

v
K, :prj‘mpw
j=1

where P,; — single differential indicator of the state of the
motor road at the level p of the model; m,; — coefficient
of weighting of simple properties characterizing the state
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of the road at the low level of the model (p); I’ — the
number of indicators (properties) of the considered road
element at the level p of the model, {peN}.

Each level of properties of a highway can be quanti-
tatively determined by a single (differentiated) indicator
of the state:

P. v rP, =P7’Z

Py’

=— 0 4
4 Plf), 4 ( )
where Pg — value of the j-th absolute indicator of the
state at the low level of the model (p); P} — value of
the j-th base (reference) indicator of the state at the low
level of the model (p).

At the same time, a single indicator is a dimension-
less value that determines the level of the road condition
in the form of a coefficient or as a percentage. However,
the process of obtaining the K,; indicator in the model is
complicated by the fact that it is necessary to clearly define
the significance of each indicator in the hierarchical system.

The weight of properties at any level or in a group of
a given level is subject to the dependence:

zn: m; = k= const,

i=1

()

where & — constant value equal to one for fractional values
m; and equal to 100 when presented m; as a percentage.

In each group ¥ mj =1 at each level ¥ m; =1, in addition
m; <mj. According to the results of calculations, each rela-
tionship of the model is characterized by four indicators —
the number, the name of the indicator of the qualitative
state, the group weighting factor mj and the level factor.

The values of the weighting factors can be determined
by the following methods: cost, expert, statistical and com-
bined [12]. The use of the first two provides for the
determination of the relationship between the single in-
dicators with the involvement of experts. But the main
disadvantage of this group of methods is the subjective
approach. The essence of the cost method lies in a sim-
plified approach to determining the indicators of weight,
that is, according to a consolidated estimate of the cost
of building a section of a highway in accordance with
modern prices. But it should be noted that the cost is
a non-constant value that depends on many factors, there-
fore, with insignificant fluctuations in it, the reliability
of the obtained weight values can significantly decrease.

The cost method is based on the assumption that qual-
ity is proportional to cost, and weight is identical to cost:

my=f(C;)=>m=— -,

(6)

where mj; — the weighting coefficient of the j-th property
at the i-th level; C; — the estimated cost of the j-th charac-
teristic (motor road, component or structural element of
a road section); Z?C/ — the total estimated cost of the
road section, component or element; I” — the number of
indicators (properties) of the considered road section, com-
ponent or element at the i-th level of the model.

The expert method for determining the weighting fac-
tors is based on the analysis of the opinions of specialists
who assess the quality of the elements of the object of

assessment. In relation to the average assessment of experts
to the total sum of average assessments, group weighting
factors are determined for each property of the object.
The weight coefficient of the i-th property of this group
is determined by the formula:

o L (M

where Nj — the i-th property in points, assessed by the
j-th expert; & — the number of properties in the group;
n — the number of experts.

For each group, the condition is satisfied, described by
formula (5). After a similar determination of the weight-
ing factors of the indicator for each group, the weighting
factors of each property are calculated for the level.

The determination of the weight coefficients of some
characteristics of the road can be carried out in two ways:
determine the arithmetic mean or use mathematical weighting.
The best way to subjectively weigh the end results is to
determine the weighting factors using the formula:

q
my=ym;-z;,
=

)

where m; — the weighting coefficient of simple properties
characterizing the state, determined by the j-th method;
j — the number of applied method {jeN}; ¢ — the num-
ber of applied methods; Z; — specific coefficient of the
j-th method.

In the absence of data on some indicators, the weight-
ing factors of the remaining calculated indicators are in-
creased as follows:

q
S
My, =m; + ’;Lq , €

where m;, — new value of the weighting coefficient; g —
the number of missing factors with weighting factors.

Natural and climatic factors affect the state of the road
due to changes in the conditions of the water-thermal
regime and the movement of vehicles. The greatest de-
structive effect on all structures, structures and elements
of the road is exerted by water, sudden temperature fluc-
tuations, and the impact of heavy transport.

Water plays a key role in the life cycle of any transport
structure, affecting its transport and operational charac-
teristics. It is known that the absence of excess moisture
in road structures and subgrade soils means its proper
functioning. Excessive moisture content reduces the bear-
ing capacity, promotes the development of deformation
of the pavement, which leads to accelerated destruction
and a reduction in the service life of the road. In such
cases, more frequent repairs are required on sections of the
road with drainage problems. When determining the type
of repair work, the costs of installing the coating must
be compared with the costs of maintaining the drainage
system in proper condition.

In order to ensure the high-quality condition of the
road section with operating costs minimized, it is neces-
sary to design the structural layers so that they can be
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quickly drained in a short period of time. For the work-
ing area of the road structure, this function is performed
by SDSs, which are arranged from various materials in
terms of physical and chemical properties that affect the
intensity of drainage.

The existing methods for determining the weights of
the parameters of shallow drainage systems in the road
structure are of a scattered nature and, first of all, are
aimed at ensuring sufficient culverts.

6. Research results

The initial data for determining the main indicators of
the group of physical wear and tear, in accordance with the
constituent structural elements of the road, are building
codes [17]. The second group (functional wear) includes
such indicators that are usually laid down at the design
stage of a road section [2]. The main indicators of physi-
cal and functional wear, affecting the quality condition of
the road section are the indicators of the 2nd level of the
model. Each of these indicators is characterized by simpler
(differential) indicators — levels 3 and 4 (Fig. 2, 3).

The physical deterioration of the road section is characte-
rized by 8 indicators (K1-K8), where the third of them, in turn,
is also subdivided into groups from 3 to 5 indicators (level 3,
Fig. 2). If the drainage layer works according to the absorp-
tion principle, then SDSs are not satisfied, their significance
is equal to 0 and, accordingly, the value of other indicators
is listed according to (9). If the drainage layer works on
the principle of drainage, then either transverse SDS, or
longitudinal SDS, or complex SDS are suitable. In turn,
functional wear is characterized by 4 indicators (K9-K12),
where the second of them is divided into groups according
to 6 indicators (level 3, Fig. 3).

The values of indicators of the 2nd level of physical wear
K1-K8 in Fig. 2 are determined using the value method.

In addition, there are indicators that can’t be estimated
using the cost method, therefore the weighting factors in
Fig. 2, 3 are determined on the basis of a combination of
two methods of expert and cost [1, 2]. The initial data for
their determination are the results of field studies, estimate
documentation, departmental regulatory framework, as well
as data obtained by questioning experts in the road industry
(Table 1) and can be changed depending on hydrological
and soil-geological conditions.

According to the approaches of the expert method,
which are considered in detail when constructing the
qualimetric model in [1, 2], the indicators of physical
wear of the 3rd and 4th levels re determined (Fig. 2).
And also all indicators of functional wear of the 2nd and
3rd levels (Fig. 3).

Upon detailed examination, the indicator «drainage
system» in the group of physical wear and tear is divided
into 4 simple indicators that have their effect on the
quality of the road. In turn, such a structural element as
a transverse SDS is characterized by 5 indicators. Thus,
the priority of the factors that determine the technical
and technological indicators of the SDS and the corre-
sponding weight factors is determined at level 4 (Fig. 2).

As for the functional indicators of the qualitative state,
their influence on the complex indicator is 26 %. But there
is a definite connection between physical and functional
wear and tear. That is, if to consider the efficiency of the
drainage system, then the functional indicator of the quali-
tative state depends on 4 indicators of the 3rd level of the
model, namely, the longitudinal and transverse slopes of the
road section, the slope of the drainage trench and drain-
age of surface runoff located in different groups (Fig. 3).

Substantiation of the weighting coefficients of the quali-
tative state indicators of the structural elements of the
highway on the basis of expert assessments is presented
in Table 1.

[ LEVEL |
[ 0 [ 1 ] 2 [ 3 [ 4 |
Condition of the fortified part of
Earth bed K1 the shoulder 0201 | P1 00362
Compaction ratio 0224 | P2 0.0403
0.18 Humidity 0.187 | P3 0.0337
Soil permeability 0.193 | P4 0.0347
Slopes 0.195 | P5 0.0351
Ditches. trays 0335 | P6 0.057 Silting the drainage trench 0206 | P8 | 0.0113
Drainage system K2 Deep drainage 0342 [ P7 | 0.0581 Intensity of drainage of the drainage trench 0273 | P9 | 0.0150
0.17 Shallow drains || Resistance to deformation of the drainage
0323 0.0549 structure from the impact of heavy vehicles 0263 | P10 | 0.0144
during operation
Filler filtration coefficient 0.129 | P11 | 0.0071
Filler porosity coefficient 0.129 | P12 | 0.0071
Equality 0.187 | P13 | 0.0355
Road pavement K3 Coating integrity 0211 | P14 | 0.0401
0.19 Rougl_mess (coefficient of 0233 | P15 | 00443
adhesion)
Strength (safety factor) P16 | 0.0475
Average filtration coefficient of 0119 | P17 | 0.0226
base layers
Physical Transport facilities K4 0.09 P18 0.09
deterioration 0.09
Road engineering
0.74 devices K5 P19 004
0.04
Road service facilities K6 P20 0.01
0.01
Objects of road service K7 P21 0.01
0.01
Means of road traffic
Road condition organization K8 P2 005
Kt | 0.05
Fig. 2. Indicators of physical wear and tear of road sections with excessive moisture
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LEVEL
0 1 2 3
Road condition Traffic intensity K9 0.05 P23 0.05
Kt 0.05

Radius of curves in plan
Parameters of elements

0.158 P24 0.0095

of the plan. longitudinal | Radius of curves in longitudinal profile

0.168 P25 0.0101

d t file of
a?he I??S\ileirgslf\xl/);;) Il(el(()) Longitudinal slope of a road section

0.168 P26 0.0101

0.06 Drainage slope

0.18 P27 0.0108

Cross slope of a road section

0.155 P28 0.0093

Visibility

0.171 P29 0.0103

Indicators of the road

Functional section for road safety
indicators K11 0.08 P30 0.08
0.26 0.08

Pollution due to emissions

0.23 P31 0.0161

i X Noise pollution
Environmental impact

0.2 P32 0.014

assessment (hygiene

Lightin
indicators) K12 gating

0.08 P33 0.0056

0.07 Aesthetics

0.161 P34 0.0113

Landscaping

0.164 P35 0.0115

Surface runoff diversion

0.165 P36 0.0116

Fig. 3. Functional indicators of the state of the road, taking into account t

heir weight

Table 1

Determination of the weighting factors of the indicators of the qualitative state of the structural elements of the highway using the expert method

Expert estimates Average Sum of Group pro- Im:?il:atlur Leveled pro-
No. . average | perty weight- weighting perty weight- Structural element
1 2 3 4 S rating estimates ing factor factor ing factor

1({2 |3 |4|5 |6 7 8 9 10 11 12

1|59 |62 |63|57 |64 61 0.201 0.0362 condition of the fortified part of the shoulder
2 | 65|69 |71 |67 |68 68 0.224 0.0403 compaction ratio

3 | 60|57 |56 |53 |58 57 304 0.187 0.18 0.0337 humidity

4 | 56|62 |58)|54 |65 59 0.193 0.0347 soil permeability

5 |61 |60|57 |58 |38 59 0.185 0.0351 slopes

6 |97 |95|94 |98 |96 96 0.335 0.0570 ditches, ditches. trays

7 197 |99|98 |97 |98 98 287 0.342 0.17 0.0581 deep drainage

93 | 90 | 86 | 84 | 92 93 0.323 0.0548 shallow drains

8 |76 |74 |72 |73]75 74 0.206 0.0113 silting the drainage trench

9 197 1(99|88 |97 |98 98 0.273 0.0150 intensity of drainage of the drainage trench
0] o5 a8 o0 [oe[os] w0 | we | oass | oo | ooue | e o ormaon e e
11| 43| 48 | 45 | 46 | 48 46 0.129 0.0071 filtration coefficient of filler

12 | 48 | 47 | 42 | 49 | 44 46 0.129 0.0071 filler porosity coefficient

13 | 60 | B3 | 57 | 59 | B1 60 0.187 0.0355 equality

14 | 62 | 69|71 |68 |70 68 0.211 0.0401 coating integrity

15|75 |78 73|74 |75 75 321 0.233 0.19 0.0443 roughness (coefficient of adhesion)

16 (79 |83|78|81]|79 80 0.25 0.0475 strength (safety factor)

17 | 42 | 38 | 34 | 37 | 39 38 0.118 0.0226 average filtration coefficient of base layers
18 |n/d | n/d | n/d | n/d | n/d 26 26 1 0.09 0.0900 transport facilities

19 |n/d | n/d | n/d | 0/d | n/d 30 30 1 0.04 0.0400 road engineering devices

20 [n/d | n/d | n/d | n/d | n/d 32 32 1 0.01 0.0100 road service facilities
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Continuation of Tahle 1

1123|415 B 7 8 9 10 11 12

21 |n/d|nd|o/d|nd|o/d| 31 31 1 0.01 0.0100 road service facilities

22 |n/d | n/d | n/d | n/d | n/d 24 24 1 0.05 0.0500 traffic management equipment

23| 27 | 26 | 28 | 24 | 25 26 26 1 0.05 0.0500 traffic intensity

24 118 |17 | 15| 14 | 1B 16 0.158 0.0095 radius of curves in plan
25|17 | 16 | 17 | 18 | 17 17 0.168 0.0101 radius of curves in longitudinal profile
26 |19 | 15| 16 | 17 | 18 17 0.168 0.0101 longitudinal slope of a road section
27 |20 | 16 | 18 | 19 | 17 18 1ot 0.18 0.08 0.0108 drainage slope

281 15|16 | 16 | 18 | 15 16 0.155 0.0093 cross slope of a road section
29|21 |17 (19 | 20 | 18 17 0.171 0.0103 visibility

30| 30 | 29 | 33 | 32 | 31 31 31 1 0.08 0.0800 indicators of the road section for road safety
31(125(29 |26 | 28 | 27 27 0.23 0.0161 pollution due to emissions
32|25 |24 | 26 | 20 | 25 24 0.2 0.0140 noise pollution

33| 8 (9 [10]11] 7 9 118 0.08 007 0.0056 lighting

3412117 (19| 20 | 18 19 0.161 0.0113 aesthetics

35|20 (19 (19|17 | 20 19 0.164 0.0115 landscaping

36|21 |20 | 19 | 20 | 20 20 0.165 0.0116 wastewater disposal

Note: n/d — not determined by the expert method

The group weighting coefficient of the property is
determined by the formula (7). The weighting factor of
the indicator was determined by the cost method. The
level weighting factor of a property is the product of the
group weighting factor of a property and the weighting
factor of an indicator.

Taking into account such a number of qualitative signs
of the state of the road, a mathematical model of the quali-
tative state of a section of the road has been developed,
which makes it possible to bring all properties to a single
indicator of the model, that is, to transform all simple
properties on a single scale:

K, =0.0362-P,+0.0403- P, +0.0337- P, +
+0.0347-P,+0.351- P, +0.0570- P +

+0.0581- P, +0.0113- A +0.0150- P, +
+0.0144-P,+0.0071-(P; + P,)+0.0355- P +
+0.0401- P, +0.0443- P5+0.0475- P +
+0.0226-P;+0.09- P +0.04- Py +0.01- Py +
+0.01-P,;+0.05- P, +0.05- P,s +0.0095- P, +
+0.0101-P5+0.0101- P, +0.0108- P; +0.0093- Pys +
+0.0103- Py +0.08- Py +0.0161- P, +0.014- Py, +
+0.0056- Pz +0.0113- Py, +0.0115- P;5 +0.0116- Pys. (10)

The advantage of this model is that it makes it pos-
sible to determine a complex indicator that takes into
account the influence of each differential indicator both
on a certain level of the model and on certain groups and
types of indicators. The peculiarity of this mathematical
model is that it takes into account physical and func-
tional wear not only as a calculated value according to
the standards, but also as a result of determining the state
of the waterlogged section of the road using the basic
provisions of qualimetry.

7. SWOT analysis of research results

Strengths. In comparison with analogs, the developed
method is based on an expert approach to determine the
weights of physical and functional indicators, the number
of which depends on the characteristics of the road section.
This method makes it possible to evaluate indicators that
cannot be analyzed by another method and, accordingly,
to obtain a generalized assessment of the qualitative state
of the road section.

Weaknesses. The expert method is based on the pro-
fessional level of experts and on the subjective decision
of each of them.

Opportunities. It can be used for any transport structure,
taking into account the state of its structural elements.

Threats. 1t requires constant adjustment of the coef-
ficients of weighting of the indicators of the qualitative
state, taking into account the degree of physical wear
and tear of the transport structure and the parameter of
functional wear, which depends on many external factors.

1. The proposed model takes into account the specific
features and characteristics of indicators of the qualitative
state of the road, and is also based on an integrated approach
to a rational combination of methods for determining and
substantiating their weightings. The determination of the
weighting factors for each indicator and elements of the road,
taking into account the drainage system, is carried out by
the method of arithmetic mean or mathematical weighting.

2. A qualimetric model has been developed on the ba-
sis of a multilevel hierarchical system of indicators of the
qualitative state of a road section with excessive moisture,
which is characterized by 12 indicators of the 2nd level.
Of these, 5 have components of the 3rd level (25 indi-
cators), and also, taking into account the peculiarities of
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the operation of the road section in the zone of excessive
moisture, are specified by the indicators of the 4th level.
A mathematical model of the qualitative state has been
obtained, which takes into account the design and con-
struction parameters of the road section, including shallow
drainages. The model makes it possible to characterize in
a generalized way a complex indicator of the qualitative
state of a road section, which is the initial parameter for
determining the costs of its operational maintenance.
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