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In order to improve the overall structural stability and thermal insulation capacity of existing buildings in severe cold areas, green
energy-saving ecological transformation methods of existing buildings in severe cold areas are proposed. �e concrete stress
analysis method of the joints in the frame is used to calculate the bearing capacity and prestress of the beam-column joints. Based
on the method of parameter analysis, the calculation model of shear capacity is established. �e embedded anchoring method is
adopted to realize the equal strength connection of beam-column joints. Increase the unbalanced moment between reinforcement
and steel plate, and improve the stability and reliability of beam-column joint �xation.�e overall structural optimization method
of joint shear performance is adopted to reduce the distance between lap reinforcement and steel plate, so as to realize the green
energy-saving ecological transformation design of existing urban buildings in severe cold areas. �e test results show that the
service stress and tensile resistance of the reconstructed existing building area are higher than 60, the tensile capacity is good, and
the slip of the lap reinforcement is e�ectively controlled. At the same time, this method improves the stability of beam-column
elements and the overall thermal insulation performance of existing buildings in cities in severe cold areas. �e next research will
focus on the transformation of other structures.

1. Introduction

In recent years, with China’s great emphasis on the eco-
logical environment, the concepts of low-carbon cities and
green energy-saving buildings have been gradually popu-
larized. With the constant improvement of China’s green
energy-saving construction, the growth of building energy
consumption has been e�ectively restrained. However, there
are still some problems, such as people’s ignorance of
building energy-saving ideas, imperfect building energy-
saving renovation methods and technologies, lack of energy-
saving ideas in building construction [1, 2], and inadequate
supervision and management of energy-saving renovation.

At present, for residential units, there are often some
problems, such as unreasonable layout of residential

buildings, ine�cient use of space, ventilation and lighting of
residential buildings failing to meet the requirements of
residents, wasting a lot of energy and so on. �erefore, the
application of low-carbon concept and low-carbon technical
measures in planning and architectural design to build
energy-saving green communities and energy-saving
buildings is not only of great signi�cance to China’s energy
conservation and utilization [3–6], but also signi�cantly
improves the living environment of residents. By optimizing
the �xed design of beam-column joints of existing buildings
in cities in severe cold areas, the overall stability and stress
reliability of the building structure are improved, and it is of
great signi�cance to study the green energy-saving ecological
transformation method of existing buildings in cities in
severe cold areas, which is of great concern to people.
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China’s research on the application of low-carbon en-
ergy-saving theory and space syntax in building energy-
saving renovation is still insufficient, and the current re-
search results in this area are also lacking, and have not
formed a complete system. *is study systematically sorts
out the application theory of low-carbon energy conserva-
tion and the practice method of spatial syntax by analyzing
the Reference, reports and excellent cases of the imple-
mentation and application of low-carbon energy conser-
vation concepts at home and abroad, perfecting and
enriching the energy conservation theory of existing resi-
dential areas and residential buildings, and supporting the
construction of low-carbon energy-saving communities in
China. In this study, the spatial syntax theory is applied to
the quantitative and visual analysis of existing residential
areas, which can more intuitively analyze the energy-saving
transformation of residential areas and buildings. *e
comprehensive application of space syntax and low-carbon
energy-saving theory will provide a new direction and path
for the renovation of low-carbon energy-saving residential
areas in the future. *e design of green energy-saving
ecological transformation of existing buildings in cold re-
gions is based on the optimization design of mechanical
parameters of beam-column joints of existing buildings in
cold regions, and the optimization of green energy-saving
ecological transformation of existing buildings in cold re-
gions is realized by combining numerical simulation and
mechanical analysis. At present, for the green and energy-
saving ecological transformation methods of existing
buildings in cities in severe cold areas, the anchor joint fixing
method, the foundation pit fixing method, and the tensile
steel bar strain stability fixing method are mainly adopted,
and the double steel plate concrete composite wall design
method is adopted to realize the stability control of beam-
column joints of existing buildings in cities in severe cold
areas.

Reference [7] proposed a three-dimensional virtual
technology for energy-saving space design of green build-
ings. Use the three-dimensional virtual model of green
building and Geographic Information System (GIS) tech-
nology to obtain the relevant information of green energy-
saving building. It is imported into DeST-c software to
simulate the heat balance of green buildings. Reference [8]
by analyzing the advantages of BIM Technology and ap-
plying it to green buildings, simulates and analyzes the
important evaluation parts of green buildings, such as in-
door lighting, outdoor acoustic environment simulation,
indoor acoustics and outdoor wind environment simulation,
and optimizes them in time, so as to achieve the purpose of
energy-saving and eco-friendly design of green buildings.
Reference [9] discusses the theoretical research trends of
Engineering Procurement Construction (EPC) mode, risk
sharing, incentive mechanism and energy efficiency labeling
system of energy-saving transformation of existing buildings
abroad from the perspective of market operation of energy-
saving transformation of existing buildings. *is paper
summarizes the practical characteristics of the operation of
the foreign existing building energy-saving reconstruction
market from four aspects: laws and regulations, information

transmission mechanism, incentive policies, and financing
environment. *is paper combs the theoretical research
results of the operation of China’s existing building energy-
saving reconstructionmarket from four aspects: government
supervision, behavior strategy, income distribution and fi-
nancing mode, and summarizes the practical work of the
operation of China’s existing building energy-saving re-
construction market. Based on the perspective of market
governance, starting with the analysis of the particularity of
the market governance of the green transformation of
existing buildings, this paper demonstrates the theoretical
value and practical urgency of the research on the optimi-
zation and operation of the market governance system of the
green transformation of existing buildings. However, the
overlapping intensity of this method in the green, energy-
saving, and ecological transformation of existing buildings
in cities in severe cold areas is not high. Reference [10] aimed
at the typical residential space plane type of existing resi-
dential areas in the north, taking Taishan community in
Dalian City, Liaoning Province as the research object, the
grass hopper platform was used to conduct quantitative
simulation analysis and Research on the impact of the target
residential building shape, surrounding building types,
building spacing and orientation parameters on the oper-
ating energy consumption and carbon reduction of existing
residential areas. By analyzing 240 simulation cases con-
structed by parameter transformation, the operating energy
consumption of typical residential types under the current
envelope conditions under the real layout of existing resi-
dential areas in the north is obtained. According to the 50%
energy-saving requirements in jgj26-2018 “design standard
for energy efficiency of residential buildings in severe cold
and cold regions,” a series of passive energy-saving trans-
formation means of external wall insulation and replace-
ment of doors and windows for buildings in existing
residential areas are simulated parametrically to quantita-
tively evaluate the energy-saving and carbon reduction ef-
fects after transformation. But this method costs a lot of
money.

*e vast majority of existing buildings belong to non-
energy-saving high-energy buildings. In the energy-saving
transformation of existing buildings, local practices basically
focus on large-scale public buildings and government office
buildings with high-energy consumption, as a breakthrough
in energy-saving transformation. *erefore, this paper
proposes a green and energy-saving ecological transfor-
mation method of existing buildings in cities in severe cold
regions based on the overall structural optimization of node
shear performance. Firstly, in assembling the integral shear
wall structure, the concrete stress analysis method of the
joints in the frame is adopted, the embedded anchorage
method is adopted, and the prestressed reinforcement de-
gree analysis and yield response analysis are combined to
realize the equal strength connection of the beam-column
joints of the existing urban buildings in severe cold areas.
*en, the static monotonic tensile test method is adopted to
increase the moment of force between steel bars and steel
plates, improve the stability and reliability of the beam-
column joints, and the overall structural optimization
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method of the shear performance of the joints is adopted to
reduce the distance between the overlapping steel bars and
steel plates. Finally, the experimental test shows the superior
performance of this method in improving the green energy-
saving ecological transformation ability of existing urban
buildings in severe cold areas.

2. Theory of Parameter Analysis Method

Parameter analysis method is widely used in various res-
ervoir parameters. *rough cluster analysis and discrimi-
nant analysis, the types of flow units in the study area are
reasonably divided, and the discriminant functions of var-
ious flow units are established to identify the unit types.
*ese parameters mainly include porosity, permeability,
median grain size, shale content, formation coefficient, net-
gross ratio, saturation, conductivity coefficient, storage co-
efficient, pore throat radius, pore throat ratio, and cross-well
flow capacity index.

2.1. IFCIMethod of Inter-Well Fluidity Index. Cans identifies
the flow unit by using the cross-well flow capacity index
Interwell Flow Capacity Index (IFCI). IFCI is defined as the
ratio of flow between two adjacent wells. *e denominator is
the flow rate of high permeability layer.*e results show that
if the two wells are located in the same flow unit, the ratio of
formation coefficient of the two wells has a good correlation
with its flow rate ratio. Otherwise, the correlation is poor.
*erefore, the distribution range and connectivity of flow
units can be judged.

2.2. Repeat the Formation Test Repeat Formation Tester (RFT)
and Tracer Test Method. Identification of flow unit by re-
peated formation test and tracer test.*emain principle is to
identify the flow unit according to the measured pressure
change and tracer concentration change.

2.3. Production Pressure Difference Method. Prediction of
flow unit by production pressure difference. According to
the flow of fluid in oil–water two-phase obeying Darcy’s law,
the calculation formula of production pressure difference of
flow unit is established. *is method can avoid the con-
tradiction between resource waste caused by shut-in pres-
sure measurement and less pressure measurement data by
layers, and its accuracy depends on the accuracy of pa-
rameter selection and the reliability of flow unit division.

2.4. FIS Method of Inclusion Stratigraphy. Fluid Inclusion
Stratigraphy (FIS) is used to identify oil–water interface and
seepage barrier, and production logging and pressure data
are used to identify flow units. It is worth noting that when
the physical and chemical properties of fluid inclusions
between adjacent wells are different, it can indicate the
existence of barrier layer. However, when there is no dif-
ference in physical and chemical properties of fluid inclu-
sions between adjacent wells, it cannot be concluded that the
barrier layer does not exist.

3. QuantitativeAnalysis ofGreenEnergy-Saving
Transformation of Existing Urban
Buildings in Severe Cold Areas

3.1. Existing Buildings in Cities in Severe Cold Areas.
Based on the research and analysis of domestic and foreign
cases, it is concluded that domestic green low-carbon energy-
saving residential communities usually pay attention to the
application of low-carbon energy-saving concept from the
early planning and design stage. In the construction stage,
domestic residential areas also adopt construction methods
such as assembly to reduce energy consumption and waste of
resources in the construction stage. Many technologies and
methods are also used in the residential operation stage,
which play a substantial role in the energy conservation and
utilization of the whole residential area, but the public par-
ticipation is not high and the enthusiasm is not strong.
Compared with foreign low-carbon energy-saving commu-
nities, they have invested a lot of financial resources and
manpower in the active energy-saving and passive energy-
saving design of residential areas, and paid great attention to
public participation and the cultivation of residents’ low-
carbon energy-saving concept in the whole process, which is
very worthy of our reference [11–14]. Combined with the
stress parameter analysis method of beam-column joints of
existing buildings in cold regions, the connection model of
concrete foundation and double steel plate composite wall
joints of existing buildings in cold regions is established.
Firstly, among the three most basic syntactic models, such as
convex spatial model, visibility model, and linear element
model, the most appropriate spatial syntactic model is se-
lected according to different scales. In the scale range of
residential area, the linear factor model is selected for analysis.
In this study, the line segmentmodel of linear elements is used
for analysis, the axis map representing the street is drawn
according to the syntax theory, and the spatial network in-
dicators, such as traversal degree, integration degree, and
understandability are analyzed through operation. In the
spatial syntax Depthmap software, each line segment (each
spatial element) will have a series of spatial network indicator
data after calculation. According to the size of these data
values, Arrange with color gradient, visualize it in a more
intuitive way, compare and analyze it, and get the process
diagram of axis model verification, as shown in Figure 1.

Verify through the node count in the software. If the
value of node count is positive, it indicates that the drawing
is correct, and the color of the line segment is green. If the
value is negative, the model is wrong and the color of the line
segment is red.

Using reinforced concrete raft as foundation, combining
embedded anchoring and embedded anchoring methods,
the anchoring connection module of beam-column joints of
existing buildings in cities in severe cold areas is established.
According to three anchoring forms, double steel plate
concrete composite wall configuration method is adopted,
and bolts on both sides of beam-column joints of existing
buildings in cities in severe cold areas are used to achieve
anchoring. Considering raft foundation, embedded steel
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plates of beam-column joints of existing buildings in cities in
severe cold areas are perforated. *e cracks of reinforced lap
specimens are fixed by anchor bolts, and the ribbed steel bars
are lapped in concrete by embedded anchorage. *rough
strain detection andmechanical parameter analysis of tensile
steel bars and steel plates, the wall-reinforced concrete
foundation parameters of beam-column joints of existing
buildings in cities in severe cold areas are determined. Based
on the code for design of building thermal insulation (GB
50011-2010), the thermal insulation design of beam-column
units of existing buildings in cities in severe cold regions is
carried out. In AISC N690-12, the tensile reinforcement is
configured in combination with the technical standard re-
quirements of cylindrical head welding nails for arc stud
welding (GB/T 10433-2002).

3.2. Constitutive Relationship of Beam-Column Joint Mate-
rials of Existing Buildings in Severe ColdAreas. *rough field
investigation, case comparison and spatial syntax model
analysis, this paper analyzes the constitutive relationship of
beam-column joints of existing buildings in severe cold
regions.

In order to comprehensively consider the green energy-
saving design level of buildings in residential areas and the
maintenance degree of green environment in residential
areas, the building materials of residential buildings and the
property management of residential areas are also analyzed.
In the assembled integral shear wall structure of existing
buildings in cities in severe cold areas, the concrete stress
analysis method of the joints in the frame is adopted, and the
spatial structure, planning layout and traffic flow lines of two
existing residential areas are analyzed at the macro level. For
the overall layout and traffic, through the axis model of two
existing residential areas, it is analyzed according to two
indicators: selectivity and integration. According to the axis
model established by the urban road network, the roads
represented by each axis have corresponding index values.
*e values are arranged according to the size, and the color is
attached for visual analysis. In the model, the red, yellow and
blue axes represent high, medium, and low index values in
turn. Among them, the main syntactic index of axis:
Choice〉 indicates the potential of axis to attract crossing
traffic. Integration represents the traffic accessibility of the

axis. In assembling the integral shear wall structure, the
concrete stress analysis method of the joints in the frame is
adopted to calculate the bearing capacity and prestress of the
beam-column joints of the existing buildings in cities in
severe cold areas, and the constitutive model of the materials
of the beam-column joints of the existing buildings in cities
in severe cold areas is constructed [15–17]. *e embedded
anchorage method is adopted, combined with the analysis of
prestressing tendons and yield response, to realize the equal
strength connection of the beam-column joints of the
existing buildings in cities in severe cold areas. *e bending
stress model is as follows:

ft �
ΔVt

Vt1
�

Vt1 − Vu1

Vt1
. (1)

In the above formula, Vt1 represents the internal force of
tensile reinforcement configuration of existing buildings in
cold regions relative to the node performance, Vu1 repre-
sents the standard anchorage length of reinforcement, and
ΔVt represents the distance between lap reinforcement and
steel plate of existing buildings in cold regions. *e static
loading test method is adopted to analyze the correction
factor of lap reinforcement diameter as follows [18]:

di � dei + dpti, (2)

where in dei is the hysteretic coefficient of the cross-section
and steel plate of the existing building specimen in the cold
area city, and dpti represents the buckling relation of large
local deformation. *e template parameters on both sides of
the existing building concrete pouring in the cold area city,
and the stress parameters of the anchoring reinforcement
are:

b20(t; λ) �
1
2
(1 − λt)(1 − t)

3
,

b21(t; λ) �
1
2
1 +(λ + 3)t − 3(λ + 1)t

2
+ 4λt

3
− 2λt

4
 ,

b22(t; λ) �
1
2
(1 − λ + λt)t

3
,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

(a) (b)

Figure 1: Axis model verification process diagram. (a) Residential area 1. (b) Residential area 2.
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where in λ is the index of compression and tensile damage
of existing buildings in cities in severe cold areas, and t is
the volume stirrup ratio of energy-saving ecological ren-
ovation of existing buildings in cities in severe cold areas.
Considering the size and loading capacity of the loading
device, it is found that the index coefficient of tensile
damage of beam-column joints of existing buildings in
cities in severe cold areas satisfies u: I × IRd⟶ IR, and
the elastic modulus of concrete of existing buildings in
cities in severe cold areas is:

k
g
z(t, τ) � kz(t, τ) � z t +

τ
2

 z
∗

t −
τ
2

 , (4)

where in s≥ 0, 1/p � 1/p1 + 1/p2 � 1/p3 + 1/p4. *e index
coefficients of compressive and tensile damage of existing
building concrete in cities in severe cold areas are analyzed.
When ∃x0 ∈ R2, the tensile damage index of concrete in steel
tube:

i � max
j

P Y | λj 

P Y | λj >P Y | λT( 

⎧⎨

⎩

⎫⎬

⎭, (5)

where in P(Y|λj) is the biaxial compressive yield strength of
existing urban buildings in severe cold areas, P(Y|λj) is the
uniaxial tensile stress of existing urban buildings in severe
cold areas, and P(Y|λT) is the initial elastic modulus. If a> 1,
the constitutive relation model of beam-column joints of
existing urban buildings in severe cold areas is established,
and the constitutive relation analysis of beam-column joints
of existing urban buildings in severe cold areas is realized
under uniaxial stress.

4. Optimization of Green Energy-Saving
Ecological Transformation of Existing
Buildings in Cities in Severe Cold Areas

4.1. Analysis of Overall Structural Parameters of Shear Per-
formance of Joints. On the basis of the above-mentioned
constitutive relation model of beam-column joints of
existing buildings in cities in severe cold areas, the over-
lapping force transmission analysis of beam-column joints
of existing buildings in cities in severe cold areas is carried
out by adopting the arrangement of overlapping steel bars,
and the stress parameter analysis model of beam-column
joints of existing buildings in cities in severe cold areas is
established by analyzing the bearing capacity, stiffness, and
other parameter information of beam-column joints of
existing buildings in cities in severe cold areas. Steel plates
are welded at the bottom of steel plates, Calculate the stress
parameters of the anchorage zone between column and
foundation, build the calculation model of shear bearing
capacity, adopt the embedded anchorage method, and
combine the analysis of prestressing tendons and yield re-
sponse to obtain the longitudinal strength of the beam-
column joints of existing urban buildings in severe cold
areas, and establish the finite element model of the beam
joints [19]. *e compressive stress of existing urban building
concrete in severe cold areas is as follows:

φ(a, t, s, b) � 

(p/2)−1

x�(p/2)

φx(a, t, b)v
− wxβ

, x � −
P

2
, · · · ,

P

2
− 1, (6)

where in P is the applied prestress, φx is the anchor pa-
rameter of the existing buildings in the cold region, v is the
prestress, b is the structural fitting parameter, a is the yield
response of ecological design, and t is the constitutive model
parameter.

*e calculation model of shear capacity includes the
main influencing factors, such as beam geometric size, shear
span ratio, stirrup ratio, axial prestress, concrete strength,
load form, and so on. During the construction, 987 beams
without web reinforcement were selected, including 531
beams with web reinforcement, 136 beams without web
reinforcement, and 42 beams with web reinforcement under
uniform load. Other prestress, bearing capacity, concrete
strength, load, and other parameters are set in the test.

*erefore, combined with the finite element analysis of
composite frame joints, the relationship between com-
pressive stress and compressive strain is shown in Figure 2.

According to the relationship between compressive
stress and compressive strain of green energy-saving eco-
logical renovation of existing buildings in cities in severe
cold areas shown in Figure 2, the finite element simulation
method is adopted to test the lap joint force transmission
between steel plates and steel bars. *e solution domain is
considered to be composed of many small interconnected
subdomains called finite elements, and a suitable approxi-
mate solution is assumed for each element, so that the
compressive stress satisfying conditions of green energy-
saving ecological renovation of existing urban buildings in
severe cold areas can be deduced and solved, and then the
stress situation of tensile steel bars can be obtained. In the
finite element analysis model of composite frame joints, the
relationship between compressive stress and strain of roots is
distributed, and the anchorage method of existing buildings
in cities in severe cold areas is adopted to weld both ends of
tensile steel bars on steel plates.*e stress of tensile steel bars
in different positions on green energy-saving ecological
renovation of existing buildings in cities in severe cold areas
is analyzed, and the results are as follows:

x
(k+1)
i �

1
aii

bi − 
i−1

j�1
aijx

(k+1)
j − 

n

j�i+1
aijx

(k)
j

⎛⎝ ⎞⎠,

aij ≠ 0, i � 1, 2, · · ·, n,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(7)

where in aii is the stress–strain joint distribution charac-
teristic of green energy-saving ecological transformation of
existing buildings in cold regions, bi is the deviation value of
green energy-saving flow potential of existing buildings in
cold regions, x

(k)
j is the expansion angle of concrete, and

x
(k+1)
j is the strain corresponding to uniaxial compression of

green energy-saving ecological transformation of existing
buildings in cold regions. According to the analysis of the
overall structural parameters of shear performance of beam-
column joints of existing buildings in cold regions, the
standard anchorage length of steel bars is calculated by the
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method, and the influence of anchorage length on the
performance of beam-column joints of existing buildings in
cold regions is analyzed.

4.2. Stress Optimization of Beam-Column Joints of Existing
Buildings in Severe Cold Areas. By adopting the static
monotonic tensile test method, themoment of force between
steel bars and steel plates is increased, and the lap joint
model of beam-column joints of existing buildings in cities
in severe cold areas is constructed [20].*e index of lap joint
position change is expressed as follows:

Is �
μjAj

 W′
F, (8)

where Is is the vertical and horizontal spacing, μj is the
distribution of compressive stress–strain relationship, Aj is
stress–strain under uniaxial compression, W′ is the pa-
rameter value of uniaxial tension descending section, F is the
biaxial compressive yield strength.

When F is 0.1, the biaxial compressive yield strength
obtained satisfies:

Is �
λnfvk nAc + Aw( 

ω Af

, (9)

where λn is the uniaxial tensile strength of beam-column
joints of existing buildings in cities in severe cold areas
[21, 22], fvk is the standard value of the parameter value of
uniaxial tension descending section, ω is the deviation value
of flow potential; Ac, Aw are the cross-section parameters
and distribution area of concrete restrained by stirrups, and
 Af is the stiffness recovery coefficient. N is the initial
elastic modulus of steel [23, 24].

According to the supporting sequence of the bolt body,
the concrete supporting column project is adopted to realize
the analysis of the stress structure parameters of the beam-
column joints of existing buildings in cities in severe cold
areas. In the steel-inserted anchorage joints, the bearing

capacity of the specimens is analyzed, and the specific op-
eration process is shown in Figure 3.

To sum up, to realize the equal strength connection of
beam-column joints of existing buildings in cities in severe
cold areas, the static monotonic tensile test method [25, 26]
is adopted to realize the green energy-saving ecological
transformation of existing buildings in cities in severe cold
areas. *e node optimization model is shown in Figure 4.

5. Test

In the experimental test of green energy-saving ecological
transformation of existing buildings in cities in severe cold
areas, the strength grade of steel bars is set to HRB400, and
the ultimate strength detection model of beam-column
joints of existing buildings in cities in severe cold areas is
established by using I-beam, steel tube, and internal rein-
forcement design method. *e yield prestress degree is
234.1MPa and 232.0MPa. See Table 1 for the distribution of
performance evaluation index system of beam-column
joints of existing buildings in severe cold areas.

According to the parameter evaluation index system in
Table 1, pin holes with a length of 150mm, a width of
200mm and a depth of 150mm are opened in the brick wall

compressive strain

compressive stress

Figure 2: Relationship between compressive stress and com-
pressive strain.

Start

Determining stress parameters of beam-
column joints in buildings

Establish parameter analysis matrix

Simulated welding procedure

Get the length of stress zone

Determine the structural concentrated stress 
parameters

Y

N

End

Is there residual stress?

Figure 3: Stress structure parameter analysis process.
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at the top of the horizontal post-pouring belt, with a spacing
of 675mm. *e holes are equipped with 4q8 longitudinal
reinforcement and 8@100 stirrups, which are poured to-
gether with the post-pouring belt, thus connecting the
precast reinforced concrete slab with the plain brick wall.
Two I-beams are embedded in the bottom of the precast
reinforced concrete slab, which are used for positioning the
precast wallboard and connected with the substructure. At
the top of the precast reinforced concrete slab, a steel bar
planting hole is drilled, which is located in the middle of the
slab, and an 8-bar is implanted in the hole, with the im-
plantation depth of 80mmo. *e stress analysis of energy-
saving ecological transformation is carried out in the green
plastic damage model of existing buildings in cities in severe
cold areas is shown in Figure 5.

In Figure 5, the stress conditions of the proposed
method, reference [9] method and reference [10] method are
compared respectively.

According to the stress analysis in Figure 5, the tensile
resistance and yield stress of the proposed method are be-
tween 0.45∼1.3 kN and 5∼90 kN respectively. *e tensile
resistance and yield stress of reference [9] method and
reference [10] method are between 0.57∼1.23 kN and
12∼78 kN, 0.5∼1.19 kN and 21∼72 kN, respectively. From the
above data, it can be seen that the tensile resistance and yield
stress expansibility of the proposed method are better. *at
is, the proposed method can effectively improve the bearing
capacity of the reconstructed buildings by establishing the
connection model between the concrete foundation of the
beam-column joints and the double steel plate composite
wall joints of the existing buildings in the severe cold areas,

as well as the embedded anchoring and embedded anchoring
methods.

*e steel bars are planted on the brick wall at the post-
cast strip. *e depth of the holes for planting steel bars is
200mm, and the spacing is 300mm. An 8-screw with an
implanted depth of 150mm is arranged in the hole, which is
anchored by pouring steel bar glue, and 180mm is thrown
out of the hole. Eight long-length steel bars are placed in the
post-cast strip, and the long-length steel bars are tied to-
gether with the bolts implanted in the wall. At the same time,
the hooks of the embedded steel bars at the bottom of the
precast reinforced concrete slab hook the long-length steel
bars. *is test is loaded in the vertical and horizontal di-
rections, and a jack is used to apply a constant vertical force
of 30 t to the steel beam. *e load is transmitted to the
concrete loading beam at the top of the test body through the
loading steel beam, and then to the specimen to ensure that
the axial force is evenly transmitted to the specimen. Load
horizontally with electrohydraulic servo actuator and adopt
displacement control, and get the comparison of force
characteristics of existing buildings in cities in severe cold
areas after green energy-saving ecological transformation, as
shown in Figure 6.

According to the analysis of Figure 6, in the 10 exper-
iments of the proposed method, after applying a constant
vertical force of 30t, the yield stress and tensile resistance
always remained above 60, and fluctuated between 60 and
72, with small fluctuations. *erefore, the mechanical reli-
ability of beam-column joint fixation of green building by
this method is better. *e main reason is that the embedded
anchoring method is used in this paper to optimize the shear
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Figure 4: Distribution optimization of green energy-saving ecological transformation of existing buildings in cities in severe cold areas.
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Figure 5: Stress analysis of energy-saving ecological transformation. (a) Stretching resistance. (b)Yield stress.
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Figure 6: Comparison of stress characteristics of existing urban buildings after green energy-saving ecological transformation in severe cold
areas.

Table 1: Performance evaluation index system of beam-column joints of existing buildings in cities in severe cold areas.

Limit strain index layer (weight of comprehensive thermal insulation capacity) Level 3 indicators (weight of level 2 indicators)

Ultimate strain capacity (042)

Bearing capacity of steel structure (0.345)
Bearing capacity at the limit point (0.4121)

Linear arrangement (0.321
Building regularity (0.126)

Integral shell structure (0.348)

Building materials (0.26)
Concrete (0.35)

Constitutive model of prestressed reinforcement (0.123)
Monotonic loading (0.343)

Proportional stress capacity requirement (0.32) Peak load (0.55)
Reverse reload depth (0.234)
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performance of existing buildings, combined with pre-
stressed reinforcement analysis and yield response analysis.

*e yield response of beam-column joints of green
buildings is tested. *e comparison of cloud pictures of
green energy-saving ecological transformation of existing
buildings in cities in severe cold areas is shown in Figure 7.

In Figure 7, the more red areas, the higher the heat
dissipation capacity of the reconstructed building. *at is,
the more blue areas, the better the thermal insulation per-
formance of the reconstructed building.

It can be seen from Figure 7 that after the green and
energy-saving ecological transformation of existing build-
ings in cities in severe cold areas by this method, the blue
areas have increased significantly. *erefore, this method
not only improves the stability of beam-column elements of
existing buildings in cities in severe cold areas, but also
improves the thermal insulation performance of buildings.

6. Conclusions

*is paper puts forward the green energy-saving and eco-
logical transformationmethods of existing buildings in cities
in severe cold areas.*e connection model between concrete
foundation and double steel plate composite wall of beam-
column joints of existing buildings in cities in severe cold
areas is established, which improves the bearing capacity of
buildings. Combined with embedded anchoring and em-
bedded anchoring methods, the mechanical reliability of
beam-column joint fixation is optimized. *e embedded
anchoring method improves the stability and thermal
insulation performance of the building.

Since the weather environment in most cities in China is
hot in summer and cold in winter, this study is only aimed at
the reconstruction of existing buildings in cities in cold
regions. *erefore, the next research will start from the
energy-saving transformation of the building envelope,
energy-saving transformation of existing buildings in hot
summer and cold winter areas.
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