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In order to improve the damage feature extraction effect of prefabricated residential building components and improve the
structural stability of prefabricated residential components, this paper applies BIM technology to the structural feature analysis of
prefabricated residential components. Moreover, this paper adopts the simple superposition method and combines the first
strength theory of material mechanics to derive the formula for calculating the cracking torque of prefabricated residential
building components under compound torsion. In addition, based on the variable-angle space truss model, this paper uses a
simple superposition method to derive the calculation formula for the ultimate torque of composite torsion of fabricated
residential building components and applies it to the BIM fabricated residential model. Finally, this paper constructs an intelligent
BIM prefabricated residential building construction damage characteristic monitoring system. +rough experimental research, it
can be seen that the intelligent BIM prefabricated residential building construction damage feature monitoring system proposed
in this paper can monitor the damage characteristics of prefabricated residential building construction and can predict the
evolution of subsequent building features.

1. Introduction

Compared with low-rise buildings, high-rise buildings
change from mainly resisting vertical loads to simulta-
neously bearing vertical and horizontal loads. High-rise
buildings have more design requirements in terms of
strength, stiffness, and ductility. +is is because under the
action of horizontal load, if the high-rise building structure
has insufficient resistance to lateral deformation or low
lateral stiffness, it will cause excessive lateral deformation.
Under the combined action of vertical loads, additional
internal forces will be generated, which will cause cracks or
deformations in infill walls and building decoration, and
structural damage will occur in serious cases [1]. +erefore,
high-rise buildings must not only have sufficient strength
during the design, but also have reasonable stiffness to
ensure that the lateral deformation generated under the
horizontal load meets the requirements of the code. At the
same time, high-rise buildings must meet the requirements

of the seismic code for “small earthquakes are not bad,
moderate earthquakes can be repaired, and large earth-
quakes cannot fall.” +e conventional structure is a frame-
shear wall structure in terms of load-bearing system. +e
new structure is a box-type multitube structure, which is also
a frame-shear wall structure in terms of load-bearing system.
Frame-shear wall structure refers to adding an appropriate
amount of shear walls to the frame structure, and they work
together through the floor slab to meet the lateral re-
quirements of the building [2]. In the case of little impact on
the use function of the building, adding a proper amount of
shear walls to the frame can significantly improve the lateral
stiffness and bearing capacity of the structure. +erefore, the
structural system has the advantages of both the frame and
the shear wall structure and has strong applicability [3].

In this paper, BIM technology is applied to the damage
feature extraction of prefabricated residential building
construction. +is method can effectively improve the re-
liability and construction effect of residential buildings, can
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prevent and eliminate residential risk factors in time, and
can improve the safety of residential buildings.

2. Related Work

+e literature [4] used a three-dimensional laser scanner to
create a virtual 3D model of the Mevlana Museum of Konya
History in Turkey. Literature [5] proposed a reconstruction
method of historical building information model based on
3D laser scanning technology and digital pictures. In order
to maintain the integrity of historical buildings, literature [6]
proposed a method combining ground laser scanners and
red-hot exterior images to obtain the detection of the
protection status of historical buildings. Aiming at the in-
sufficiency of digital technology in prefabricated residential
buildings and the “secondary damage” caused by contact
measurement to buildings, the literature [7] proposed a
research idea of integrated internal and external three-di-
mensional modeling combining three-dimensional laser
scanning technology and modern measurement methods,
which provides high-precision data benchmarks for the
future development, protection, maintenance, restoration,
and reconstruction of cultural heritage of prefabricated
residential buildings. +e literature [8] applied three-di-
mensional laser scanning technology to complete three-
dimensional data collection of ancient buildings. Literature
[9] uses the massive point cloud data obtained by 3D laser
scanning as an example to study the detailed process of point
cloud data acquisition and processing in the 3D recon-
struction of prefabricated residential buildings.

Oblique photography modeling is to use aerial camera to
shoot images of buildings from different angles and then use
data processing software for three-dimensional modeling
and finally output the model [10]. Oblique photography
modeling is a new type of surveying and mapping method
with a wide range of applications, and the final result is also
very real. Literature [11] uses oblique photography and ITS
technology to perform 3D modeling of the city, showing the
ability of oblique photography technology to be able to
model large-scale three-dimensional modeling. Literature
[12] uses oblique photography technology to perform 3D
modeling of the ancient city of Rome, and the output results
truly reflect the magnificence of the ancient city of Rome on
the computer. Oblique photography technology started late
in our country, but there are many research results in this
area. Literature [13] uses oblique photography technology to
establish a three-dimensional model and evaluates the
progress. Literature [14] uses oblique photography tech-
nology to perform three-dimensional reconstruction of
prefabricated residential buildings. Although oblique pho-
tography technology can carry out large-scale 3D recon-
struction of buildings, its modeling cost is high and the
amount of data is huge. However, prefabricated residential
buildings have many components. Aerial photography
cannot capture all of the complete prefabricated residential
buildings and will be affected by the obstruction of objects
around the building. +e original appearance of the pre-
fabricated residential buildings cannot be completely pre-
served. It also takes a lot of manpower to modify the built

model, so the oblique photography technique cannot be
applied to the technical method of batch modeling of Hakka
prefabricated residential buildings.

Manual geometric modeling is to use SketchUp, 3DMax,
unity3D, CAD, and other modeling software to perform 3D
modeling of prefabricated residential buildings based on the
drawings and data of prefabricated residential buildings. It
has not formed a mature modeling system for 3D modeling
of prefabricated residential buildings. And frameworks,
among them, manual geometric modeling, 3D laser scan-
ning modeling, and other modeling technology methods, are
all three-dimensional modeling for a single prefabricated
residential building, and the digital data of the prefabricated
residential building can be used for virtual simulation and
digital media display. In [15], the oblique photography
technology has highmodeling cost and large amount of data.
+erefore, there is no technical means for prefabricated
residential buildings that can be used universally and can be
used for batch three-dimensional modeling. In order to solve
the problem of rapid 3D modeling of mass prefabricated
residential buildings, 3D modeling technology based on
CGA grammar rules has gradually become the current re-
search focus. Literature [16] uses the CityEngine platform to
design the CGA rules for the three-dimensional modeling of
Fujian Tulou and establishes a three-dimensional model of
prefabricated residential buildings. Literature [17] analyzes
the characteristics of prefabricated residential buildings and
conducts three-dimensional modeling of its roof and its
CGA Grammar optimization research. Literature [18] uses
CityEngine to study the 3D modeling method of Lanzhou
furnished residential buildings. Literature [19] uses Cit-
yEngine to model 3D prefabricated residential buildings,
which provides a scientific and reasonable basis for the
protection of the core old city landscape pattern. Literature
[20] uses CityEngine’s CGA rule modeling technology to
achieve the establishment of a three-dimensional model of
prefabricated residential buildings.

3. Research on the Damage Characteristics of
Residential Building Construction

In this paper, the force mechanism, failure characteristics,
stiffness, energy dissipation, ductility and torsion bearing
capacity calculation formulas of reinforced concrete mem-
bers under pure torsion, compression torsion, bending
torsion, and shear torsion are studied in depth.

3.1. Space Truss Model. After the component cracks, the
concrete cracks along a 45-degree angle with the longitu-
dinal axis and forms a spiral diagonal strut. Moreover, it
works in conjunction with longitudinal ribs and stirrups to
form a space truss that relies on the shear flow on the pipe
wall to resist torque. +e schematic diagram of the model is
shown in Figure 1. +e basic assumptions of the space truss
model are shown in Table 1.

+e force mechanism of this model is clear, and the
formula is simple and easy to calculate. However, at the same
time, it also has the following problems. (1) +e model
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ignores the torsion resistance of the concrete. After the
component is cracked, the steel bar and the concrete at the
edge of the crack still interact, which can limit the devel-
opment of the crack, so the calculation of the torsion bearing
capacity of the component is conservative. (2) +e model
does not consider that the strength ratio of stirrups and
longitudinal reinforcements will affect the torsion bearing
capacity of components. Moreover, it assumes that the
amounts of longitudinal reinforcement and stirrup are equal
and ignores the influence of redundant longitudinal rein-
forcement and stirrup on the torsional bearing capacity of
the member, which directly causes the increase in the
amount of reinforcement and increases the production cost.
(3) For reinforced concrete members with a higher rein-
forcement ratio, because the members cannot all reach yield,
a higher estimate of the torsion bearing capacity of the steel
bars makes the calculation structure unsafe.

3.2. *eoretical Model of Oblique Bending Failure. An obli-
que bending failure model is proposed on the basis of the
combined bending, shear, and torsion test. +e schematic
diagram is shown in Figure 2. +e model considers that the
failure of the component occurs at the space section created
by the spiral crack. With the change of cross-sectional shape,
torsion ratio, and reinforcement ratio, the position of the
compression zone of the failure surface will also change,
which can be on the bottom, top, or side of the cross section.
+e model believes that the torsion member forms a space-
deflection failure section through a compression surface and
three tension surfaces. +e oblique bending failure model
uses the internal and external moments of the neutral axis of
the failure surface to use the balance of the internal and
external moments to derive the calculation formula of the
ultimate torsion bearing capacity.

After idealizing the failure section, another calculation
model is proposed. It is considered that the failure section is
at a 45-degree angle to the beam axis and a 90-degree angle
to the wide face of the beam. +e failure surface does not
intersect the short-leg stirrups, and the impact of the short-
leg on the torsional bearing capacity is not considered. +e
conclusions drawn according to these assumptions are
consistent with the fact that the short-leg stirrup stress is
relatively small in the experiment. In addition, this model
also considers the pinning effect of concrete and longitudinal
reinforcement in the compression zone and the shearing
effect of concrete.

3.3. Variable-Angle Space Truss Model. In the space truss
model, the inclination angle θ of the concrete oblique strut is
a constant, while the variable-angle space truss model
considers the inclination θ of the concrete oblique strut to be
a variable, and the size of θ is determined by the relative
magnitude of the yield stress of the stirrup and the longi-
tudinal reinforcement. In the design process, we determine
the size of θ according to the most economic ratio of the
amount of stirrup and longitudinal reinforcement. +e
schematic diagram of the variable-angle space truss model is
shown in Figure 3. +e variable-angle space truss model also
has four basic assumptions, as shown in Table 2.

3.4. Baroclinic Field Calculation Model. Based on the space
truss model, the geometric deformation conditions and
static equilibrium conditions of the members are considered
at the same time, and this theory is applied to prestressed
concrete structures. +is model assumes that, after the
component cracks, the concrete no longer resists the pulling
force, and the torsion is completely resisted by the diagonal
struts. +e inclination angle of the reinforced concrete

Concrete pressure rod

Stirrup

Longitudinal steel bar

Figure 1: Space truss model.

Table 1: Basic assumptions of the space truss model.

Basic assumption
type Basic assumption content

Basic assumption 1 +e longitudinal bars and stirrups and the concrete diagonal struts are hinged at the nodes to form a space truss
structure

Basic assumption 2 It is only considered that the concrete diagonal compression rod bears the axial pressure, and the shear capacity is
ignored

Basic assumption 3 Longitudinal bars and stirrups only bear tensile force and do not consider the bolting effect of steel bars
Basic assumption 4 It ignores the torsion resistance of the concrete in the core area
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oblique beam can be determined by the coordinated con-
ditions of the torsion of the reinforced concrete member. At
the same time, it also took the concrete protective layer
withdrawal work as the starting point to reduce the area of
the concrete core area, adjust the position of the shear flow,
and adjust the space truss model’s defect that the torsion
bearing capacity is too high.

3.5. Coordinated Pressure Field Calculation Model. +e
“softened space truss model” believes that the development
direction of cracks is perpendicular to the direction of the
main tensile stress of the concrete, and there is no shear
stress in the section where the crack occurs. +e direction of
the main compressive stress of the concrete directly de-
termines the direction of the concrete diagonal compression
bar. +e model ignores the influence of shear stress at the
crack section on the torsional bearing capacity of the

member and only considers the contribution of the steel
frame to the torsional bearing capacity of the member.

Because the strain of the steel bar before cracking of the
reinforced concrete member is small, the influence of the
steel bar can be ignored when calculating the cracking torque
of the reinforced concrete member under pure torsion.

Under the action of torque, torsional shear stress τi will
be generated in the section of plain concrete member, and
the calculation formula of τi is shown as follows:

τi �
T

Wt

. (1)

In the formula, Wt is the torsional plastic resistance
moment of the section.

+e torque generated by the component before it cracks is
very small. Approximately analyze the stress distribution of the
plain concretemember’s section according to the elastic theory.
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Figure 2: Calculation model of oblique bending theory.
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Figure 3: Variable-angle space truss model.

Table 2: Basic assumptions of the variable-angle space truss model.

Basic assumption
type Basic assumption content

Basic assumption 1 +e oblique concrete rod formed by the spiral crack only bears pressure, and the inclination angle is θ

Basic assumption 2 +e stirrups are regarded as the web members of the space truss, and the longitudinal ribs are regarded as the chords
of the space truss, which only bear pressure

Basic assumption 3 It ignores the torsion effect of the concrete in the core area
Basic assumption 4 Under the action of torque, a constant shear flow is formed along the side wall of the box section
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When torque acts on a rectangular section, themaximum shear
stress will be generated at the midpoint of the long side of the
rectangular section, and a principal tensile stress equal to the
torsional shear stress will be generated in the direction at 45° to
the longitudinal axis of the section. When the main tensile
stress reaches the concrete tensile strength, the surface concrete
cracks, and the development direction of the cracks forms an
angle of 45° with the longitudinal axis. Using the elastic theory,
the formula for the cracking torque of concrete under pure
torsion is obtained:

T � αftbh
2
. (2)

In the formula, α is related to the ratio of long side b and
short side h of the section, which can be obtained by looking
up the table,ft is the tensile strength of concrete, and b and h
are the long side and the short side of the component section.

When calculating the cracking torque of concrete
members according to plastic theory, it is assumed that
concrete is an ideal plastic material. As the torque in-
creases, the cross section of the component begins to enter
the plastic state from part to the full plastic state. At this
time, the concrete stress on the cross section of the
component all reaches the tensile strength of the concrete,
and the cross section of the component is cracked. At this
time, the plastic torsion resistance moment Wt of the cross
section of the member can be obtained according to the
sand pile analogy method. +e sand pile analogy method is
shown in Figure 4.

V �
1
12
τtb

2
(3h − b),

τi � T � 2V

�
1
6
b
2
(3h − b).

(3)

+e formula for calculating the cracking torque of the
component is

Tσ � ftWt

� ft

1
6
b
2
(3h − b).

(4)

Concrete is an elastoplastic material between plastic and
elastic materials. For reinforced concrete members under
pure torsion, at the initial stage of torque, the stress dis-
tribution of the cross section can be approximated by elastic
theory analysis. However, the stress distribution of the cross
section gradually enters the elastoplastic stage as the torque
increases. If calculated completely according to the plastic
theory, the cracking torque of the component will be
overestimated. If calculated completely according to the
elastic theory, the cracking torque of the component will be
underestimated, especially as the strength of the concrete
increases, the brittleness of the concrete increases. In order
to facilitate the calculation, we use the ideal plastic theory to
approximate the cracking torque of reinforced concrete
members, but the tensile strength of concrete should be

appropriately reduced. When calculating the cracking tor-
que of reinforced concrete members under pure torsion,
China’s “Code for Design of Concrete Structures”
(GB50010-2010) stipulates that a reduction factor should be
multiplied on the basis of plasticity theory. +e calculation
formula is as follows:

Tσ � ctftWt. (5)

In the formula, ct is the reduction factor, which is 0.8 for
high-strength concrete and 0.7 for low-strength concrete.

We select a stress element at the middle edge of the
column for research and obtain the principal tensile stress of
the stress element according to the Moiré strength theory.
When the principal tensile stress reaches the tensile strength
of the concrete, it is considered that the concrete is cracked,
namely:

σ σ(N, M), τ(T, V){ } � ft. (6)

(1) +e normal stress on the stress element is

σ(N, M) � σN + σM. (7)

For the convenience of calculation, we assume that the
deformations of reinforced concrete and section steel are
coordinated. At the same time, considering the role of
longitudinal reinforcement, the axial pressure of the rein-
forced concrete part can be expressed as

30

bτt
2

τt

Figure 4: Schematic diagram of sand pile analogy method.
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N1 �
fcA + fyAs

fcA + fyAs + faAa

� α1N.

(8)

+e compressive stress generated by the shaft pressure is

σN �
N1

A
. (9)

For H-shaped steel, before the concrete cracks, the strain
of the steel flange is small. For simple calculation, all the
bending moment is borne by the reinforced concrete and
then the compressive stress generated by the bending mo-
ment is as follows:

σM �
M

W
. (10)

In the formula, A is the cross-sectional area of the
member, A� bh; W is the section flexural modulus of the
component, and rectangular section is W � bh2/6.

(2) +e shear stress on the stress element is

τ(T, V) � τT + τV. (11)

According to the shear stiffness, the shear force borne by
the concrete part and the section steel part is distributed, and
the shear force borne by the concrete part is

V1 �
τcbh

τcbh + τatwbw

V

� α2V.

(12)

+e shear stress generated by the shear force is

τV �
V1S

bI0
. (13)

In the formula, τc and τa are the shear strength of concrete
and section steel; tw and bw are the thickness and width of
section steel web; S is the static moment of cross section; and I0
is the moment of inertia of the cross section on the neutral axis.

It is the same as the steel-concrete component under
pure torsion; regardless of the influence of the steel on the
cracking torque, the torque is all borne by the concrete part.
+en, the shear stress generated by the torque is

τT �
Tcr

Wt

. (14)

According to the formula of Mohr’s strength theory,
under the action of compressive stress σ and shear stress t,
the main tensile stress is

σt �
σM − σN

2
+

��������������

σM − σN

2
􏼒 􏼓

2
+ τ2

􏽳

. (15)

If σt � ft, then

ft �
σM − σN

2
+

��������������

σM − σN

2
􏼒 􏼓

2
+ τ2

􏽳

. (16)

+rough sorting, we can get

Tcr � ftWt

�������������

1 +
α1N
ftA

−
M

ftW

􏽳

−
αV

ftbI0

⎛⎝ ⎞⎠. (17)

c is the influence coefficient considering the axial
pressure, bending moment, and shear force on the cracking
torque of steel reinforced concrete members under com-
bined torsion; then,

c �

�������������

1 +
α1N
ftA

−
M

ftW

􏽳

−
αV

ftbI0

Tcr � cftWt.

(18)

With the decrease of the torsion-bending ratio, the
failure mode of steel reinforced concrete members gradually
changes from torsion failure to bending failure. When the
first crack appears at the neutral axis of the shear super-
imposed surface, the influence of the bending moment on
the cracking torque of the component can be ignored. When
the first crack appears on the curved tensile surface, it is
necessary to consider the influence of bending moment,
shear force, and axial pressure on the cracking torque of the
component at the same time.

According to observations, the first crack in this test gen-
erally appears in the middle of the shear superimposed surface.
At this time, the bending deformation of the steel reinforced
concretemember is very small, and the crack is generally located
at the neutral axis, and the bending moment can be approxi-
mately regarded as zero. Taking into account that concrete is an
elastoplastic material and its softening properties at failure, it is
multiplied by the torque reduction coefficient K on the right
side of (19) to obtain the formula:

Tcr � KcftWt

� KftWt

�������������

1 +
α1N
ftA

−
M

ftW

􏽳

−
α2V

ftbI0

⎛⎝ ⎞⎠.

(19)

Under pure torsion, the external reinforced concrete bears
most of the torque. Because the external concrete restricts the
deformation of the internal steel, the calculation of the torsional
bearing capacity of the internal steel is more complicated. In the
actual engineering design, the relationship between the effective
wall thickness of the torsion member and the thickness of the
steel reinforced concrete protective layer should be considered
first. When the thickness of the steel reinforced concrete
protective layer is large, the effect of the internal steel can be
ignored, and only the torsion bearing capacity of the reinforced
concrete members can be calculated. +e empirical formula of
the ultimate torque obtained from the test of reinforced con-
crete members in China is

TRC � 0.35ftWt + 1.2
�
ξ

􏽰 AsvfyvAcor

s
. (20)

In the formula, ft is the concrete tensile strength; Wt is
the torsional plastic resistance of the section; ξ is the re-
inforcement strength ratio considering the influence of
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section steel, 0.6≤ ξ ≤1.7; fyv
′Asv is the design value of the

tensile strength of the torsion stirrup and the cross-sectional
area of the torsion stirrup; Acor is the area of the core area of
concrete components; and s is the stirrup spacing.

When the thickness of the protective layer of steel section
concrete is small, the ultimate torque of section steel-con-
crete members can be obtained by superimposing the re-
spective torques borne by section steel and concrete, and the
concrete part can be obtained from the above formula. +e
full plastic torque of H-shaped steel can still be divided into
two parts: warping torsion and free torsion. In this case, the

simple superposition method can be used for calculation; the
formula is as follows:

TSRC � TBC + Ta � TRC + Tu + Tw (21)

In the formula, TRC is the torque borne by a reinforced
concrete part; Tu is the free torsion torque of section steel;
and Tw is the warping torque of the section steel.

Substituting the full plastic free torsion torqueTu and the
full plastic warping torsion torque Tw into the formula, we
get

TSRC � 0.35ftWt + 1.2
�
ξ

􏽰 AsvfyvAcor

s
+

fy
�
3

√ bt
2 1 −

t

3b
􏼒 􏼓 + h0

t
2
w

2
+

t
2
w

6
􏼢 􏼣 +

2Mfph0

L
. (22)

When the member is in the limit state, the warping
torsion torque is generally 22–033 of the free torsion torque,
and the free torsion torque increase coefficient α of the

section steel is introduced, and then (23) is obtained on the
basis of (22):

TSRC � 0.35ftWt + 1.2
�
ξ

􏽰 AsvfyvAcor

s
+ α

fy
�
3

√ bt
2 1 −

t

3b
􏼒 􏼓 + h0

t
2
w

2
+

t
2
w

6
􏼢 􏼣. (23)

Based on the spatial variable-angle analysis framemodel,
the strength-related equations of reinforced concrete
members under bidirectional compression, bending, shear
and torsion are obtained:

T
2
1

T
2
0

+
V

2
x

v
2
0X

+
V

2
Y

v
2
0Y

+
Mx

M0x

+
My

M0y

−
N1

N0
� 1. (24)

+is experiment is the analysis of the unidirectional
compression, bending, shear, and torsion force of steel
reinforced concrete members. +e equation is simplified as

T
2
1

T
2
0

+
V

2
1

V
2
0

+
M1

M0
−

N1

N0
� 1. (25)

In the formula,

T0 � 2Acor

������������
fyAstl

ucor
·
Asvfyv

s

􏽳

,

V0 �
A

t2 + t4

���������������

2 ·
fyAstl

bcor
·
Asvfyv

s

􏽳

,

N0 �
Astlfy

βN

,

M0 �
3Astlfyb′

8
.

(26)

According to Figure 3, we take

t1 � t3 �
b

5
,

t2 � t4 �
h

5
.

(27)

+en,

βN � A

A

� 1 −
b − t1 − t3( 􏼁 h − t2 − t4( 􏼁

bh

� 0.64

V0 �

���������������
125bfyAstlfyvAsv

8

􏽳

,

N0 �
fyAstl

0.64
,

M0 � 0.3bfyAstl.

(28)

T1, V1, M1, and N1 are, respectively, the torque, shear
force, bending moment, and axial pressure of the reinforced
concrete part under the action of compression, bending,
shear, and torsion, which are distributed according to the
following formula.
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3.5.1. Torque Distribution. According to (23), referring to
formulas (20) and (21), the torsion bearing capacity of steel-
concrete members under pure torsion is superimposed
according to the torque borne by the reinforced concrete
part and the torque borne by the steel part:

T1 �
TRC

TRC + Ta

� α1T.

(29)

In the formula, α1 is the percentage of torque borne by
the reinforced concrete part.

3.5.2. Shear Force Distribution.

V1 �
τcbh

τcbh + τatwbw

V

� α2V.

(30)

In the formula, τc and τa are the shear strength of
concrete and section steel; tw and bw are the thickness and
width of the profiled steel web; α2 is the percentage of shear
force borne by the reinforced concrete part.

3.5.3. Bending Moment Distribution.

M1 �
fyAsh′

fyAsh′ + faAafh″
� α3M.

(31)

In the formula, h’ is the distance from the point of action of
tensile longitudinal bars to the point of action of compressed
longitudinal bars; h’ is the center distance of the steel flange;As is
the area of the longitudinal ribs on the bending and tensile side;
AAf is the area of a single steel flange; and αs is the percentage of
bending moment borne by the reinforced concrete part.

3.5.4. Axial Force Distribution.

N1 �
fcAc + fyAstl

fsAc + fyAstl + faAa

� α4N.

(32)

α is the percentage of axial pressure borne by the
reinforced concrete part.

Substituting (29), (30), (31), and (32) into (25), the
strength-related equations of H-shaped steel-concrete
members are obtained.

+e ultimate bearing capacity T of steel reinforced
concrete members under composite torsion is

α1T
T0

􏼠 􏼡

2

+
α2V
V0

􏼠 􏼡

2

+
α3M
M0

+
α4N
N0

� 1. (33)

Substituting (19) for the ultimate torque of reinforced
concrete members under pure torsion into (34), we get

Tu �
T0

α1

���������������������

1 −
α2V
V0

􏼠 􏼡

2

−
α3M
M0

+
α4N
N0

􏽶
􏽴

. (34)

Industry
goals

Industrial
level

Product
level

Technical
level

Wisdom Green Continuousness

Supply
chain

Knowledge
chain Value chain

Design
platform

Supply
platform

Installment
platform

Operation and
maintenance

platform

BIM
Cloud

computing
Internet of

things
PIP B/S

Figure 5: Roadmap of the R&D technology of the integrated management platform.
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4. Construction Damage Feature Extraction of
Prefabricated Residential Buildings
Based on BIM

+e development of an integrated management platform for
prefabricated building components based on cloud BIM-
CICS integrates technologies such as cloud BIM, Internet of
+ings, networks, and databases. Based on the design idea of
the integrated management platform, this paper is oriented
to the business points of prefabricated component man-
agement of prefabricated buildings and determines the R&D
technical route of the platform, as shown in Figure 5.

Based on the cloud BIM technology and the charac-
teristics of China’s prefabricated component management
and the goals of the platform, this paper determines the

prefabricated component integrated management platform
architecture of the prefabricated building based on cloud
BIM-CICS, as shown in Figure 6. +e platform realizes the
integrated management of industry chain information, al-
lows production information to “flow,” realizes effective
sharing of information in various links such as component
design, supply, installation, operation, and maintenance,
and improves project management efficiency.

Combined with the demand for extraction of damage
characteristics of prefabricated residential buildings, this
paper constructs an intelligent BIM prefabricated residential
building construction damage feature monitoring system as
shown in Figure 7.

After the above intelligent system is constructed, the
damage feature monitoring effect of the system in this paper

Design
information

module

Supply
information

module

Construction
information

module

Operation and
maintenance
information

module

Cloud BIM

Resource
layer Core layer Shared layer

Domain
layer

(Understanding of
standardized information

exchange)

(Define the information
exchange content)

Information
application

layer

Integrated management platform for prefabricated building and
prefabricated components based on cloud BIM-CICS

Development
unit Design unit Supply unit

Construction
unit

Supervision
unit Other units

Information
base layer

Information practice

 Information processing

Information integration

Standardized
design

Factory
production

Global
logistics

Prefabricated
construction

Integrated
decoration

Intelligent
operation and
maintenance

Green
recycling

IFDIDM
The IFC provides an information exchange format

PC Cellphone Portable computer

Platform system user interface

Http protocol

User authentication
application

 Data flow

Figure 6: Architecture diagram of integrated management platform for prefabricated components.
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Figure 7: Intelligent BIM prefabricated residential building construction damage feature monitoring system.

Table 3: +e monitoring effect of residential building damage feature of intelligent BIM prefabricated residential building construction
damage feature monitoring system.

No. Feature monitoring No. Feature monitoring No. Feature monitoring
1 86.7 20 78.3 39 87.7
2 75.3 21 86.4 40 75.7
3 79.5 22 88.7 41 80.8
4 78.4 23 76.4 42 84.5
5 89.2 24 77.2 43 82.7
6 93.9 25 81.7 44 75.0
7 89.2 26 74.7 45 90.5
8 87.9 27 80.6 46 76.9
9 86.9 28 81.1 47 87.1
10 91.3 29 74.1 48 82.8
11 86.9 30 75.6 49 78.4
12 78.1 31 90.5 50 78.8
13 84.1 32 76.8 51 86.6
14 90.0 33 83.8 52 81.9
15 88.7 34 91.8 53 83.6
16 75.6 35 81.0 54 85.7
17 76.2 36 89.9 55 93.8
18 91.6 37 92.6 56 79.7
19 78.2 38 74.9
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and the component feature prediction effect of the system in
this paper are evaluated by simulation tests, and the results
are shown in Tables 3 and 4.

From the above research, it can be seen that the intel-
ligent BIM prefabricated residential building construction
damage feature monitoring system proposed in this paper
can monitor the damage characteristics of the prefabricated
residential building construction and can predict the evo-
lution of subsequent building features.

5. Conclusion

With the rapid development of the residential building
industry, the structure and calculation theory of residential
building structures are constantly improving and perfecting.
In particular, the strength of steel has been greatly improved,
which has further promoted the development of structural
members in the direction of thin walls. In high-rise resi-
dential buildings, the lateral force resistance system trans-
mits the horizontal load (wind, earthquake, and so on) that
the house bears to the foundation. +e high-rise residential
building as a whole is regarded as a cantilever beam under
the action of vertical and horizontal forces. As the height of
the residential building increases, the vertical force at the
bottom of the structure increases linearly, and the bending
moment and lateral displacement of the bottom floor in-
crease in an exponential curve. +erefore, as the height
increases, the horizontal load will gradually become the
dominant factor in the structural design, and the selection
and composition of the lateral force-resistant structural
system have become the primary consideration and deci-
sion-making focus of the structural design of high-rise
residential buildings. In most cases, it is unified with the
vertical load transfer system. In this paper, BIM technology
is applied to the failure feature extraction of prefabricated
residential building construction. +is method can

effectively improve the reliability and construction effect of
residential buildings, can prevent and eliminate residential
risk factors in time, and can improve the safety of residential
buildings.
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