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Abstract. This study investigates the influence of climatic conditions on
the performance of the construction process and the characteristics of the
elements of the construction process: construction machines, workers, the
estimated cost of construction, and the reliability of construction deadlines.
As an integral indicator of weather and climatic conditions, the indicator of
"weather hardness"was chosen. The method of simulation modeling with
its ability to generate random numbers with the given parameters is chosen
as a mathematical model on a computer. The aim of the study is to identify
the regression and correlation relationships between the indicators of
weather hardness and the corresponding indicators of the elements of the
construction process: the Fund for working time of workers, the coefficient
of technical readiness of construction equipment, increasing the estimated
cost of construction, increasing labor costs for the re-installation of
construction equipment, identification of additional costs by types of
work,for all the stated dependencies, regression equations are obtained.The
results are presented in graphical form, and the results show that the
proposed simulation model of the impact of weather and climatic
conditions on the characteristics of the construction process allows to
optimize management decisions, and reduce construction risks, reduce the
estimated cost of construction.

1. Introduction

The territory of Russia is divided into seven climatic zones [2] in which economic activity
takes place and in which new infrastructure facilities in the industrial and social spheres are
being created. Taking into account the peculiarities of climate impact in the construction of
infrastructure facilities is implemented in the form of a "Set of rules. Construction
climatology (Building climatology)" Updated edition. SNIP (codes and regulations) 23-01-
99 [3]. The code of rules is made for the purpose of increase of level of safety of people in
buildings and constructions and safety of material values according to the Federal law,
dated December 30, 2009 N 384-FZ (Federal Law), "Technical regulations on safety of
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buildings and constructions", increase of level of harmonization of normative requirements
with the European and international normative documents, application of uniform methods
of determination of operational characteristics and methods of an assessment.

Currently, economic and mathematical methods are widely used to optimize the
management, organization, planning and forecasting of construction processes; linear
programming models, inventory management models, dynamic programming models, game
theory models, graphic models and network models, simulation models, and few others
[4,5,6,7]. In our work we will investigate the influence of weather and climatic conditions
on the characteristics of the construction process using the method of simulation. The
choice of the simulation method is largely due not only to the probabilistic characteristics
of weather and climatic conditions, but also to a set of probabilistic characteristics of the
elements of the construction process. Figure 1 shows the schedule of construction works
that are implemented during the year, i.e. in different weather and climatic conditions.

It is also necessary to recall the content of the concepts of reliability and safety in
construction:

1) organizational and technological reliability of construction means the ability of
technological, organizational, managerial and other decisions to ensure the implementation
of the main indicators of construction: the planned time, cost and standard quality of
construction of the object under the influence of disturbing factors inherent in the
construction as a complex dynamic system. [8-10]

2) the Safety of the construction object is a condition in which there is no unacceptable
risk [11-13] associated with causing harm to the life or health of citizens, property of
individuals or legal entities, state or municipal property, the environment, life or health of
animals and plants due to destruction, damage to the construction object, violation of safety
requirements during the construction of such object. [14-16]

The histogram of the rigidity of the weather (S) for Tyumen-
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Fig. 1. The histogram of the hardness of the weather and the construction schedule.
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2. Materials and Methods

Weather and climatic conditions in our work is considered and calculated as the concept of
"weather hardness". Weather hardness is a term that refers to the sensations of a person
under the simultaneous influence of frost and wind and is calculated according to the
following formula (1) and is applied taking into account its gradation (data are taken from
the climate directory):

S = (1-0.04T)(1+0.272V), Q)
where: S - weather hardness (points); T-air temperature (degrees); V-wind speed (m / sec);
Graduation S: (S < 1) - non - level, soft; S = (1-2) - little severe, S = (2-3) - moderately
severe; S = (3-4) - severe; S = (4-5) - very severe; S = (5-6) - severely severe; S = (more
than 6) - extremely severe.

Since in the climate reference data on temperature and wind speed are given as averages
with intervals of deviations, for the implementation of these values in the model uses a
random number sensor with a normal distribution law, which has the possible values of
temperature and wind during the days of each month. For each month, the weather hardness
index is calculated (see Fig.1).  Also included in the simulation model are regression
relationships between the indicators of weather hardness and the quality of construction
machines, indicators of the complexity of repair of construction equipment, increase in the
cost of repairs, injuries, accidents.

3. Results and Discussion

The interface of the simulation model allows you to immediately obtain the results of the
influence of weather and climatic conditions on the indicators of the construction process in
the form of graphs and tables.

Let us consider some dependencies of the influence of weather and climatic conditions
on the characteristics of workers and the characteristics of the working time Fund. As an
example, consider Figure 2, where the number of working days per month of construction
is calculated, where workers require special working conditions, i.e. additional 15 and 20
minute breaks for temperature rehabilitation due to the limit values of weather hardness and
the creation of appropriate rehabilitation procedure. The model also calculates the
probability [17-19] of absenteeism due to diseases associated with severe weather. Figure 3
shows the dependence of the possible values of injuries of construction workers due to the
severity of the weather. It should be noted that not taking into account these dependencies
as construction risks in the construction schedule can lead to failure of construction terms,
as well as to an increase in the cost of construction. These dependencies are security-
related.
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Fig. 2. Number of days where special working conditions are required for the workers due to the
extreme stiffness values of the weather.
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Fig. 3. Injuries to construction workers and severe weather.
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Fig. 4. The influence of the rigidity of the weather on availability of cars.

Consider some of the effects of weather and climatic conditions on the characteristics of
construction machines, which relate to reliability. Figure 4 shows an example of the
relationship between weather hardness indicators and the coefficient of technical readiness
of construction machines, which decreases as the value of the gesture-bone work. This
dependency allows you to determine the number of healthy machines that will be in the
active state. Figure 5 shows the dependence of increasing the complexity of machine repair
as the weather hardness increases.
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Fig. 5. The influence of the rigidity of the weather on the complexity of the repair machinery.
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Fig. 6. The influence of the rigidity of the weather on the cost of repairs of machinery.
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Fig. 7. The influence of the rigidity of the weather additional costs.
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Fig. 8. The influence of the rigidity of the weather for a possible accident.

Weather and climatic conditions affect the economic characteristics [21-24] of the
construction. Figure 6 shows the dependence of the increase in the cost of repairs,
depending on the indicators of weather hardness, i.e. these dependences lead us to an
increase in economic indicators of construction and a possible increase in construction time.

Figure 7 shows the dependence of the influence of weather hardness on the increase in
the estimated rates of additional costs by type of work, in our example, the development of
excavators in the soil dump.

The apotheosis of the lack of reliability of the construction process are accidents at
construction sites and their dependence on the severity of the weather (coef. Corr.=0.67)
(see Fig.8).

The model allows you to change the initial terms of construction stages by type of work
in the online mode and immediately receive the interface information we are interested in,
in graphical and tabular form.

4. Conclusions

Regression dependences (with a high level of correlation coefficient) between the weather
hardness and a certain set of characteristics of the elements of the construction process,
which must be taken into account when assessing construction risks, are obtained.

As can be seen from the graphs, weather and climatic conditions affect all elements of
the construction process: workers, construction machines, technology, logistics, materials
used, etc., i.e. affect the safety and reliability of construction.

Weather and climatic conditions increase construction risks, which are taken into
account increases the estimated cost of construction, both due to the introduction of
additional country reserves, and due to the possible increase in construction time.

The use of simulation models in construction allows the models to develop options for
decision - making, allows you to find optimal and rational solutions that contribute to the
delivery of construction projects on time, reduces construction risks, and improve the
reliability and safety of the construction process.
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