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Abstract. The discussion of our study will be centred on a large-scale investigation 

concerning the geopolitics of the resources for the future of urbanization. This study is based on 

a study made by the author and currently under publication in China with the title of Eco-District 

Construction Strategy Research: Planning and Management of Green Areas in China, 

Constructive Proposals for Green Life in the Future. The presentation intends to summarize 

some of the key aspects of the book, especially pointing out the fundamental element of the Eco-

District strategy for the future of urbanization. The author will present some important study 

cases in Europe and in China. Examples are Aarhus in Denmark, the Växjö city in Sweden, and 

important realization in China such as Sino-Singapore Tianjin Eco-City and Xiong’An in Hebei 

Province. The study will explain the theory beside the Eco-District, the best practice cases, the 

technologies that permit their realization and, finally, the necessary culture and management 

based on social participation.  

The presentation will touch also a peculiar subject that the author called Multi-Scale 

Approach, and the theory and practice of Multi-Layer planning and Smart-Node, a fundamental 

strategy in the logic of the Eco-District for sustainable life.  

The presentation will briefly add some analysis about the issue of the resilience of the city 

during the lock-down caused by the Covid-19, especially in the Chinese context. This is a 

fundamental issue that have to be put into consideration for the future of sustainable life after the 

recent tragic events that touch all the population in the world.  

Key words: Eco-District, Eco-life, Sustainability, Smart nodes, Multi-Scale Approach, 

Circular economy 

 

 O4  

Modeling the source and mechanism of radon entry into the building 

N.V. Bakaeva1, A.V. Kalaydo2 

1Moscow State University of Civil engineering (National Research University), 129337, Moscow, Russia 

natbak@ mail.ru 
2Lugansk State Pedagogical University, 91003, Lugansk, Lugansk People Republic 

kalaydo18@ mail.ru 

Natural and artificial ionizing radiation acts continuously on a human throughout a life. 

Currently, almost completely individual annual effective radiation dose is formed by natural 

radiation sources, such as radon and its progeny, cosmic radiation, external terrigenous radiation, 

radionuclides in food and atmospheric air. 

Radon and its progeny exposure is the greatest threat to public health from all natural 

radiation sources, because it provides more than half the annual individual dose. The specificity 

of radon exposure is that its negative effect is manifested in buildings only; in outdoor air the 

radon concentration is negligible. 

Currently, radon exposure is recognized as a national threat to the collective health of the 

population in most countries of the world. In order to limit it, the maximum referent radon levels 

in indoor air are set by law. But their provision is possible only if the basic laws of the radon 

situation formation process in the building are understood. 

To implement an unfavorable radon situation in a building, a radon source in the 

immediate vicinity must be present. Also needed are ways to radon transport into the building 

and the driving forces that can carry out this transport. Radon can exhalated from the walling 

materials and entry into a room with water and outdoor air, but soil under the building is the only 

significant source of radon in indoor air. Effectively restricting the radon entry from the soil 

ensures the radon safety of the building automatically. 
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The radon formation in the soil comes from maternal radium, while the rate of this 

formation G, Bq·m-3·s-1 

,   (1) 

where СRa is the specific radium activity in the soil, Bq·kg-1; ρs is the soil density, kg·m-3; 

kem is the soil radon emanation coefficient; λ is the decay constant of radon, s-1; ε is the porosity. 

Part of the resulting radon goes into the atmosphere, therefore, in the upper layers the 

radon concentration is lower. But from a certain depth radon does not have time to reach the 

surface; therefore, on it the radon concentration reaches its maximum value. Thus, the soil under 

the building can be considered a volume radon source with a constant power G. Radon formed in 

the soil is transferred to the underground building walling through two independent fluxes: 

1. Diffusive, which is caused by the depth gradient of radon concentration A  

,    (2) 

where D is the diffusion coefficient of radon, m2·s-1. 

2. Convective, which flowing under the action of a pressure gradient at the base slab 

external borders 

,   (3) 

where k is the soil permeability, m2; μ is the dynamic viscosity of air, Pа·s. 

Each of the mechanisms may be dominant depending on the transport medium, since the 

soils permeability coefficient k can be in the range from    10-10 to 10-15 m2. On the contrary, the 

variation range of the diffusion coefficient D is limited to one order and the diffusion flux varies 

to a lesser extent. 

Through these same mechanisms soil gas with radon is transferred through the horizontal 

underground building walling. At this stage the dominant transport mechanism is determined by 

the basement permeability. Completely sealed building base (k = 0) eliminates the convective 

transport and diffusion remains the only mechanism for radon entry into the room. 

Thus, it is possible to assess the radon accumulation in the lower floor premises of the 

designed constructions on the basis of the diffusion-convective model of radon transport 

.  (4) 

Equation (4) can be solved by numerical methods, most often it can be reduced to a 

simpler form due to simplifying assumptions. The initial data for the calculation (СRa, and kem) 

can be determined by gamma-spectrometric analysis of soil from the construction site, values of 

quantities k, D and ε for different soils and materials are contained in the reference literature.  
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