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Winter is colder in some parts of China. Simulating the cooling process of buildings in cold regions can optimize 

the plane distribution and shape design of buildings. This paper presents a simulation calculation method for 

temperature loss characteristics of assembled buildings in cold regions based on BIM technology, which provides 

guidance for building planning and design. According to the different wind environments which are too different 

between different buildings and the strong wind in the building area, the numerical discretization of the wind velocity 

field is carried out. The strain tensor and spin tensor of the wind velocity field of the building’s outdoor wind 

environment in the cold region are calculated, to correct the turbulence, and analyze the atmospheric stability of the 

urban boundary layer structure. Combining with the distribution of wind velocity field, the simulation of building 

wind invasion and temperature loss process in cold region is realized. The simulation results show that the method 

is accurate in simulating the temperature process of building’s wind intrusion in cold regions. 

wind velocity field; cold region; temperature loss characteristics; assembled building 

1 Introduction 
BIM technology is the main technology used in assembly building construction. It has the advantages of high 

visualization and strong simulation. Using this technology to simulate the process of building wind invasion and 
temperature loss in cold region, the corresponding countermeasures are put forward through the simulation results, 
which can improve the living conditions around the building. The simulation of the process of building wind 
invasion and temperature loss has an important impact on indoor and outdoor thermal environment, natural 
ventilation, building energy consumption and other aspects, and provides safety and comfort for building users. 
Healthy outdoor space is of great significance and has attracted extensive attention of relevant experts and scholars.

Yang Zhang and Shuo-Fang Liu published an article on the issue 107 in Ekoloji in 2019, entitled “Research 
on the Landscape Image of Urban Architecture Environment -A Case Study on Shenzhen”. This paper takes 
Shenzhen as an example to study the landscape image of urban architectural environment (Zhang and Liu 2019). 
Rapid economic development has brought prosperity to cities, but it has also brought some negative effects to cities, 
such as the lack of cultural characteristics in some cities. It is the negligence of architectural landscape culture that 
results in the lack of such cultural characteristics, which are usually presented from the inside to the outside of the 
city. Therefore, starting from the culture, combined with the emotional values of the public, this paper explores the 
sensory intentions of some new urban landmark buildings. Through literature analysis and questionnaires, eight 
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landmark cultural architecture landscapes are selected as research samples, and a case study of Shenzhen, a newly 
emerging city in China, is carried out. 

BIM technology is the main technology used in assembly building construction (Wu 2018). It has the 
advantages of high visualization and strong simulation. According to the characteristics of assembly building and 
BIM technology, taking a project as an example, the application methods of BIM technology in construction are 
discussed from aspects of deepening design, site layout, collision detection, joint construction and construction 
process simulation (Li et al. 2017). By studying the characteristics of BIM technology and assembly building 
construction, the characteristics, application scope and construction process of assembly building construction 
technology based on BIM technology are determined (Huang 2017). The relevant research results can provide 
reference for similar projects. 

In traditional methods, wind tunnel experiments and meteorological data analysis are often used to estimate 
wind turbulence by means of Fraunhofer circular aperture diffraction, and to simulate the process of building wind 
invasion and temperature in cold regions (Lin 2018). However, if the meteorological department can not provide 
detailed prior data, the simulation accuracy of wind field will be reduced, which can not effectively and construct 
the building’s outdoor wind environment. Relevant personnel have improved the simulation algorithm of building’s 
wind-induced temperature loss process. In view of the disadvantages of the above methods, a simulation calculation 
method based on BIM technology for the cooling characteristics of assembled buildings in cold regions is proposed, 
which provides guidance for rational architectural planning and design. The numerical discretization of wind 
velocity field is carried out to calculate the strain tensor and spin tensor of wind velocity field in the outdoor wind 
environment of buildings in cold regions, and to correct the turbulence (Liu and Chen 2017). According to the 
urban characteristics and temperature changes, the atmospheric stability of the boundary layer structure is analyzed, 
and the temperature loss process of buildings in cold regions is simulated by combining the distribution of wind 
velocity field. The simulation results show that the simulation of building’s wind-induced temperature loss process 
in cold regions by this method has higher accuracy, and is more consistent with the actual test results and user 
experience. 

2 IDEA DESCRIPTION 
Simulation of buildings’ wind environment analysis and wind-induced temperature loss process in cold 

regions: 
In order to design the outdoor wind environment of buildings in cold regions, firstly, the distribution result 

model of outdoor wind velocity field of buildings in cold regions is established. The outdoor wind velocity field of 
buildings in cold regions is mainly distributed in the form of velocity gradient (Zhao and Huang 2019). According 
to the difference distribution of building height and wind velocity, the relationship between the change of outdoor 
wind velocity and building height in cold regions is established as shown in Figure 1. 
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Figure 1 The relationship between wind velocity change and building height in cold region 
Figure 1 shows that the relationship between wind velocity and building height is simulated by using the 

rotating system model. According to the simulation results, the vertical structure coordinate system of wind velocity 
field outside buildings in cold regions is obtained. 
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Where,  1s t  represents the roughness variable of wind surface, mna  represents the curvature component 

of wind turbulence. Because the vertical structure of wind field in different cold regions is different, wind velocity 
in different cold regions fluctuates with sunrise and sunset (Liu and Zhang 2018). According to the diurnal variation 
of wind, the scale normalization of wind speed in different alpine regions is carried out, and the boundary layer 
flow field model of outdoor wind environment in cold regions is established. 
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Where,  1X t  is the curvature characteristic coefficient of wind and ground friction, T  is constant, and 

based on formula (2), the relationship function between wind velocity and human body discomfort at reference 
height of buildings in cold regions is obtained. 
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According to the above analysis, the wind environment flow field of building outdoor in cold region is drawn 
as shown in Figure 2. 
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Figure 2 Flow field of outdoor wind environment of buildings in cold region 
On the basis of the optimal wind environment model, the problem of building’s wind-induced temperature 

loss in cold regions is solved in three aspects: avoiding unfavorable wind direction, controlling the position and 
width of the opening and setting up the wind barrier. The specific strategies are as follows: (1) In the aspect of 
building layout, the inclined layout mode is adopted to make the building orientation and wind direction form a 
certain angle to avoid the dominant wind direction in winter; (2) In the construction of the building, the inclined 
layout mode is adopted to avoid the dominant wind direction in winter. In the aspect of building group opening, it 
is composed of enclosed or semi-enclosed groups, reasonably setting out, entering position and scale, and the 
turning point of the building is designed on the windward side to control the air flow inside the building; (3) When 
the wind field outside the building is unevenly distributed in the cold region, the physical plant barrier should be 
set up, which is lower than the harsh wind environment, so as to obtain the optimal layout mode of the building in 
the cold region. 

3 RESULTS 
In order to verify the advantages of the optimization strategy proposed in this paper in improving wind intrusion 

temperature in cold regions, simulation experiments are carried out to verify the effectiveness of the strategy. 
3.1 Simulation of Building Distribution Field in Cold region 

Taking the outdoor wind environment of buildings in cold regions as an example, the simulation analysis is 
carried out. Through outdoor wind field simulation, non-Newtonian rheology is simulated in Castro and Robins 

boundary layer wind tunnels. The turbulence parameters are 1 1.50C   , 2 1.89C   , 0.11C  , k 1.1   and 

1.2   respectively. The building area is 339 m ×80 m× 315 m, the length of the flow around the building is 23, 
38 and 50 m, the size of the windward side is 76 m and the width is 60 m, respectively. The simulation results of 
the building distribution are shown in Figure 3. 

Figure 3 Simulation results of building distribution field in cold region 
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3.2 Distribution of Vertical Wind Velocity and Wind Pressure over Buildings in Cold Regions under 
Optimal Strategy 

In the process of solving the problem of building’s wind-induced temperature loss in cold region, the corner 
wind at the left corner of the building group gradually weakens, but the direction of air flow at the left corner has 
not changed and continues to flow along the original direction. Therefore, the high-velocity air flow generated 
between the building groups will be greatly weakened. When the air flow stabilizes, the wind velocity will 
obviously decrease, which effectively improves the wind environment inside the building in cold region.  
3.3 Solution of Wind-induced Temperature Loss in Cold Regions under Optimal Strategy 

Figure 4 Outdoor Wind Environment of Buildings in Cold regions under Optimal Strategy 
Analysis of Figure 4 shows that when using the proposed method to optimize the wind environment design of 

buildings in cold regions, inclined layout mode is adopted in the layout of building planning; in the opening of 
building groups, it is composed of enclosed or semi-enclosed groups; and in the uneven distribution of wind field 
outside buildings, solid plant barriers are set up. The results show that the wind environment under the optimized 
strategy is improve than that under the traditional strategy, which reduces the maximum wind velocity within the 
building cluster, weakens the eddy current effect of the wind, and improves the comfort of the wind, while meeting 
the winter wind protection, taking into account the summer ventilation. 

4 CONCLUSION 
In this paper, a BIM-based simulation method for wind-induced temperature loss process of assembled 

buildings in cold regions is proposed, which provides guidance for building planning and design. In the aspect of 
building planning and layout, inclined layout mode is adopted; in the aspect of building group opening, it is 
composed of enclosed or semi-enclosed groups; in the place of uneven distribution of wind field outside the 
building, solid plant barrier is set up. The results show that the wind environment under the optimized strategy is 
improve than that under the traditional strategy, which reduces the maximum wind velocity within the building 
cluster, weakens the eddy current effect of the wind, and improves the comfort of the wind, while meeting the 
winter wind protection, taking into account the summer ventilation. 
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