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Abstract

Objective: The seismic data monitoring is important for resource distribution, capacity planning, quality of service analysis,
error monitoring and isolation, and safety management. The seismic optimization of building civil engineering structures
is effectively improved. Several issues pertaining to seismic optimization monitoring of civil engineering structures have
come to light as a result of the ongoing advancements in science, technology, and the internet. Method: The study creates
a seismic optimization method for civil engineering structures, identifying hidden hazards and implementing safety
management and control based on internet-based characteristics. Regarding the problem that the existing high-rise building
installation projects mainly rely on manual work, the relevant technical research on the corresponding intelligent operation
equipment for the installation project is carried out, the kinematics analysis of the construction installation robot is
performed, and the search for security loopholes is realized under the seismic optimization design method of integrated
building civil engineering structures to quickly find the safety adaptability. Results: The optimal safety weights and
thresholds are obtained, and random initial thresholds and weights are used for seismic optimization of civil engineering
structures for safety monitoring. This paper studies the seismic resistance of the current buildings and explains the seismic
problems in civil engineering structures in detail while giving a feasible plan to eliminate potential safety hazards and
avoid harm caused by earthquakes.

Keywords: Civil Engineering Structure; Earthquake Resistance; Building Robot System Technology; Seismic Optimization.

1. Introduction

Building safety and resistance against seismic occurrences are increasingly dependent on seismic optimization design
in civil engineering constructions. The process of creating civil engineering structures that are resistant to seismic
pressures involves a thorough method known as seismic optimization development and application for constructing civil
engineered buildings incorporating building robot system technology [1]. It entails the use of modern components,
innovative structural designs, and the development of robot systems for real-time monitoring. By integrating these
developments, structures in seismically exposed places would perform greater overall, have a smaller impact following
seismic events, and have optimal structural stability [2]. The use of innovative engineering, construction, and upkeep
techniques and tools made possible by construction robot system technology further improves optimization. Buildings
that can endure seismic pressures while avoiding damage and guaranteeing occupant safety constitute the heart of the
seismic optimization design approach [3].

Multiple factors, including building supplies, structural arrangements, and dynamic response analysis, are taken into
consideration in a thorough and complete manner. The use of building robot systems technology, which provides
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creative solutions for effective construction and continuous structural evaluation, is essential to the process [4]. Because
of their sensors, controls, and sophisticated control systems, these robots can carry out responsibilities precisely and
accurately. Using contemporary components with higher seismic performance is one of the most important parts of
seismic optimization design [5]. To increase resilience despite sacrificing other technical criteria, these materials, such
as alloys of steel and powerful concrete, are carefully chosen and incorporated with the structures of construction.
Moreover, real-time performance and structural health monitoring are made possible by the incorporation of
construction robot systems [6]. Engineers can evaluate the efficacy of design ideas and make well-informed decisions
regarding potential modifications by using the data that these robots receive on structure behaviors during seismic
occurrences. Building robot systems does more than simply construction and monitoring; these also make maintenance
and upgrading easier [7]. These are trained in performing maintenance, strengthening, and inspection tasks, which
increases the longevity of buildings and lowers the possibility of seismic damage.

A paradigm change in the area of civil engineering can be seen in the collaborative efforts between seismic
optimization development and the construction of robot platform technologies [8]. Designing structures to satisfy legal
requirements and then regularly monitoring and improving them for resistance to developing seismic hazards, provides
a proactive strategy for seismic adaptability. The building robot platform technology and seismic optimization design
together represent a major development in civil engineering that might lead to safer and more durable structures in
seismically susceptible regions [9]. It represents a shift towards more intelligent, robust structures that can fit the needs
of contemporary architecture while withstanding the effects of the elements. The emergence of a new global age of
profitable, seismically resistant structures is anticipated as the method of construction [10]. The objective of the study
is to create and use sophisticated construction robot system technology in seismic optimization approaches for civil
engineering structure design. According to the development of resistance to earthquake construction methods, the
requires to improve building resiliency, security, and effectiveness against seismic disasters.

2. Literature Review

The performance of the optimization techniques and the suggested model are the main topics of the study, which
lacks structural modeling knowledge. The DE algorithm performed greater than its equivalent in the majority of the
scenarios, according to the results. The model's performance in prediction situations is demonstrated by the results
[11].The method involves estimating the variables of the building model using the optimization techniques Differential
Evolution (DE) and Particle Swarm Optimization (PSO).The seismic design optimization of structures is summarized in
the study, with an emphasis on typical issue types, optimization targets, and techniques of solving. Present deficiencies
and a few unresolved issues that merit more investigation in subsequent studies are examined together with an analysis
of recent and past advances [12]. There are several optimization issues that have been put forth for the processes of
analysis and the creation of structures that can withstand seismic excitations, which are at an evolving stage. The
importance of efficiency and sustainability in the Architecture, Engineering, and Construction (AEC) sector is first
discussed in the report, along with the history of the evaluation project. Subsequently, pertinent articles are obtained and
chosen, and these chosen pieces undergo a statistical examination [13].

The chosen articles are next examined with respect to the optimization goals and the temporal and geographical
patterns they exhibit. The gathered was evaluated and discussed, covering the four main phases in the structural
optimization process: structural analysis and simulation, formulation of optimization issues, optimization
methodologies, and computational software and design platforms. The suggested process works well for determining
the greatest designs under a particular set of restrictions. It is discovered that the Risk Category criteria work well for
optimizing both variables and overall cost. The variety of performance objectives imposed on structures subjected to
seismic ground motion is continually expanding because of the growing concern for resilience among engineers and
other stakeholders. This emphasizes the necessity for multi-objective optimization in design [14]. The article presents
an examination and contrast of optimization algorithms for dynamic topology, with a focus on frequency domain
approaches.

A technique for optimizing dynamic topology termed sum of modal compliances (SMC) is described, which is based
on approaches from seismic engineering research. Several eigenmodes are considered in order to minimize the building
vibration for seismic excitement, it is represented by a response spectrum [15]. The method modifies seismic dynamic
load variables between a sequence of topology optimization problems that are independent of the design, hence
controlling design-dependent loads from inertial effects. The paper presents an optimization strategy for producing
moment-resisting frames (MRFs) using nonlinear fluid viscous dampers (FVDs) in seismic design. The qualities of the
building components and damping devices are optimized simultaneously while the most effective layout of structures is
investigated, with no predetermined criteria. Finally, utilizing an effective gradient-based optimization strategy, the
issue is restated in an infinitely differentiable form [16]. Taking into account ensembles of ground movements, responses
to variables of interest are estimated using a probabilistic method. The optimization criteria technique is adjusted
generating finite element models of the structures, adding fictional strain energy, and employing a basic penalty
methodology to take into account both material volume and displacement limitations at the same time. We examine the
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impact of shear wall-frame interactions for both connected and single shear walls. The definitions offer a useful method
for identifying the crucial components of these constructions since gravity and seismic stresses affect the shear walls
[17]. The findings offer fresh perspectives on where openings should be placed in structural and architectural
engineering. The optimal outcomes of the suggested approach are confirmed using eight accelerograms of earthquakes
that have been recorded, and the system is applied to real building structures. The differential evolution method (DEM)
[18] based optimization is feasible, as evidenced by comparisons with the current methods. Assessing the seismic
efficiency, the findings demonstrate a distinct pattern of increasing displacements with increasing importance values as
a consequence, managed tuned mass dampers (TMD) exhibit an enhanced seismic performance.

3. Technology for Controlling Construction Robot

The main component of the building installation engineering system is the robot system, and its primary duties
include grabbing, moving, positioning, and installing the glass curtains materials. For the sake of craftsmanship, each
link in this six-degree-of-freedom robot is powered by an RV reducer and servo motor [19-20]. Figure 1 shows the flow
of methodology.

Construction and

[ ——
Consiiticontatot installation robot

Earthquake resistance
of building civil
engineering

l

Seismic optimization
of building

l

Displacement of the
vertex of the structure

Shear force between Elsf lacementanale

b structural
structural layers layers

Result Analysis

Figure 1. Flowchart of the methodology

The mechanical architecture of the robot is shown in Figure 2.

Figure 2. Architectural sketch of the robot used for building and installation
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The robot terminal's schematic diagram is displayed in Figure 3.

Vol. 5, No. 4, December, 2024

Figure 3. Schematic diagram of robot terminal and sensor installation

to fulfill the high-rise structures' glass curtains construction standards, on the original system for installing robots,
the construction robot system is used in high-altitude operations. The architecture of the platform is shown in Figure 4.
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Figure 4. Gondola-type aerial work platform

According to the D-H rule, a coordinate system is established for the construction robot, as shown in Figure 5.

Figure 5. Joint coordinate diagram

Table 1. displays the joint variables and connecting rod characteristics.

Table 1. Connecting rod parameters and joint variable values

Joint i al) @i/ mm d;/mm 0,/(°)
1 0 0 d;=1400 6, (Variable)
2 0 a,=1000 dy(variable) 0
3 0 a;=1000 0 65 (Variable)
4 -90 0 d,=1000 6, (Variable)
5 -90 as=125 0 05 (Variable)
6 0 0 ds=210 0, (Variable)
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Based on the theoretical common sense of the D-H rule, the transformation matrix A, between each coordinate system
is calculated:

cosf; —sinf; 0 0
sinf, cosf; 0 0
Ay = Rot(z 0)Trans(0.0,dy) = |78 07ty )
0 0 0 1
1 0 0 a,
_ 101 0 O
A, = Trans(0,0,d;)Trans(a,, 0,0) = 0 0 1 d, X
0 0 0 1
cosf; —sinb; 0 aszcosb;
4, = Rot(z 0,)Trans(as, 0,0) = | SN0 cosb3 0 assind, 3)
0 o 1 0
0 o o 1
cosb, 0 sinf, O
) o _ |sin6, 0 —cos6, O
A4 = Rot(z,6,)Trans(0,0,d,)Rot(x,90°) = X
0 1 0 d,
o 0 0 1
cos@s 0 —sinfs ascos 0
As = Rot(z, 05)Trans(as, 0,0)Rot (x, —90°) = 517(1)95 _01 co;@s as S(l)n 05 (5)
0o 0 0 1
cosfy —sinf, 0 O
A, = Rot(z,60)Trans(0,0,dy) = sinfy, cosf; 0 O (6)
0 0 1 ds
0 0 0 1

Calculate the position matrix of the construction manipulator terminal by multiplying the above 6 transformation
matrices:

Ny Oy Ay Py

o7 — " % %% Pyl_wm 5 & 3
T =A,A,A;AAA, = =In o a 7
6 142434040546 n, o, a, P, [ p] (7
0 0 0 1
Where:

1 1

Mx = 5 C134Cs6 + 513456 + 5 C5-6C134 (8)
1 1

Ny = 55134Cs6 + C13456 + 5 C5-65134 9)

N, = Cg¢Ss (10)
1 1

Ox = 5C5-6C134 — 5 C134C56 — 513456 (11)
1 1

0y =7 C5-65134 + 13456 — 7 5134Cs6 (12)

0, = —S5Sg (13)

Ay = —C134S5 (14)

ay = —S5134S5 (15)

a, = Cs (16)
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Px = A3C13 + A€, + A5€134C5 — d6C134S5 17)
Py = A3C13 + a251 + 5C134C5 — d6S134Ss (18)
Pz = dl + dz + d4 + dGCS + dsSs (19)

where s; indicates sin 8;,c; indicates cos 6;; s;;indicates sin(0; + 6;), c;jindicates cos(6; + 6;), s;_; indicates
sin(0; — 6;), c;—; indicates cos(8; — 6;); s;jxindicates sin(6; + 6; + 6)), c;j. indicates cos(6; + 6; + 6,).

3.1. Inverse Solution of Kinematics of Construction and Installation Robot

Inverse kinematics analysis is relatively common in life and is the basis for the trajectory control and route planning
of robots [21]. When starting the motion control of the robot, the variables of each joint of the robot should be calculated
according to the target orientation and shape of the terminal, which is the inverse kinematics solution. Because the
kinematics equation is a nonlinear equation system, it is very difficult to set up a robot inverse solution calculation
method that can be used. Therefore, the methods for calculating the inverse solution of robot kinematics can be roughly
divided into numerical methods, geometric methods, and algebraic methods [22].

By comparison, the inverse calculation of robot kinematics using Paul inverse transformation is the simplest method,
and its calculation steps are as follows:

o Set up the kinematics equation of the robot T = AAAAAA;

e Using the (4,)left-handed multiplication kinematic equation, calculate (4,) T = 4,A34,A<Azand solve the
joint variable 1;

o Using the inverse matrix left-handed multiplication kinematics equation of the robot, the variables of each joint
are calculated by the addition, multiplication, and trigonometric substitution of the matrix many times.

The expected location for the initial installation of the robot is:

Ny Ox Ay Py

op _ [y Oy Gy Dy
6 T - nz OZ az pz (20)
0O 0 O 1

Computing the inverse of each transformation matrix yields:

[ Cl Sl 0 0 1 0 0 _a2 C3 S3 0 _a3 C4 54, 0 0
_ - 0 0 _ 0 1 0 0 _ —S; ¢c3 O 0 _ 0 0 1 —d
Al=|"51 a JAst = ATl = 3 C3 A7l = 4|
! 0 0 1 —df"* 0 0 1 —d,|'"3 0 0 1 0 * sa —c, 0 0
L 0 0 0 1 0 0 O 1 0 0 0 1 0 0 0 1
[ CS 55 0 —a5 C6 56 0 0
-1 __ 0 0 _1 O -1 _ _56 C6 0 0
As° = —ss ¢ 0 0 A =10 0 1 —dg|’
| 0 0 0 1 0 0 O 1

Because joints 2 3 and 4 are parallel to each other, the following is calculated by the (4;)~!left-handed multiplication
kinematics equation and(44)~*(4s)™? right-multiplication kinematics equation:

(A1)_1T60(A6)_1(A5)_1 = AyAzAL = Ay, (21)
So, calculate:

g s 0 0 Ny Ox Ay Dy1[ce Se¢ O 0 s Ss 0 —ag

-5, ¢ 0 0 |[ny o, a, py||-s¢ ¢ 0 O o 0 -1 O -4 22)
0 0 1 —d||nz 0, a; P[0 0 1 —dgf|-ss ¢ 0 0 24

0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1

The formula's third columns and row's components are equal, to get:o,cq + 1,5, = 0

Calculated in one step:6, = — arctanZ—z
zZ

In the formula, the components of the primary column and the last row are equal to calculate:p, — d, — a,dg —
as(n,ce —0,5¢) =d; +dy
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Calculated in one step:d, = p, —d; — a,dg — as(n,cq — 0,5¢) — dy

Based on the(4,) ! left-handed multiplication kinematics equation and the (4,) 1 (4s) 1 (4,) ~*right-multiplication
kinematics equation, get:

c; S3 0 0 ]y 0x Ay Pxyfcs Ss¢ 0 O cs S5 0 —as]fcs s4 O O
-s; ¢ 0 0 [|ny o, a, pyf|[—ss ¢ 0O O 0 0 -1 0 ][0 0 1 —d4f_ A (23)
0 0 1 —dyf|nz 0 a; P/l 0 0 1 —dgf|-ss cs 0 0 |[sy —c, 0 0 23
0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1
The components of the formula's second column and third row are identical to calculate:
cy(a,ss — cs(nyc — 0,56)) — 54(0,¢6 +1,56) =0 (24)
Calculated in one step:
a,Ss — cs5(nyce — 0,5
94 = arctan z°5 5( z-6 z 6) (25)
0,Ce + N,S¢
Based on the (44)~1(45)1(4,)tright multiplication kinematic equation, obtain:
Ny 0y Ay DPx1[ce s¢ 0 O cs Ss 0 —as]fea ss 0 O
n, 0, a, Py||—-s¢ ¢ 0 0 0 0 -1 0 (|0 0 1 —dy]_ A (26)
n, 0, a, P/l 0 0 1 —dg|l|-ss ¢s 0 0 ||s, —c, 0 O 13
0 0 0 1410 o0 0 1 0 0 O 11lo 0o o0 1
In the formula, the elements in the first row and the fourth column are equal to calculate:
c13 = —cala,ss — cs(nyce — 0,56)] — s4(0,¢6 +1,56) (27)
Combining the above two formulas, the following can be calculated:
a3C13 +ax¢ = Py — axdg — as(NyCe — 0xS) — dalaycs + s5(neCg — 0x56)] (28)
Combining the above two formulas, the following can be calculated:
0, + 035 = arccos[cya,Ss — C4C5(NyCo — 05Sg) + 54(04Ce + NyS6)] (29)
Dx — axdé - as(nxCG - OxSG) - d4[axC5 + Ss(nxcé - Oxcé)] — a3C13
6, = arccos (30)

a;

This building assembly robot does not exceed eight sets of solutions. Some of the solutions are inconsistent with the
actual situation due to the limitation of the joint activity area. Except for the partial solution, the remaining solutions are
to choose the best solution according to the shortest travel rule. The movement of each joint must be minimized. Because
this robot is a serial robot, it is suitable to use the weighted method to handle it, which meets the requirement of "moving
small joints more frequently than large joints".

3.2. Analysis of the Main Factors of Earthquake Resistance in Building Civil Engineering
3.2.1. Traditional Seismic Method

First of all, the traditional seismic concept is summed up from long-term construction experience, and there is no
precise measurement and objectivity. It is obtained subjectively and partly objectively. In addition, even if the results of
analysis and calculation are carried out at an objective level, such results are qualitative rather than quantitative. The
design of seismic buildings conceptually imposes overload, which imposes certain constraints on the work of designers
of building balances.

3.2.2. Fundamentals of Structural Design

In order to increase the service life of the seismic optimization of building civil engineering structures as much as
possible, and reduce the packet loss and time delay in the transmission process of seismic optimization data information
of building civil engineering structures, it is necessary to carry out topology and optimization of the structure for seismic
optimization of building civil engineering structures. Based on the real-time monitoring platform for seismic
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optimization of building civil engineering structures, a real-time monitoring method for seismic optimization of building
civil engineering structures is proposed, monitoring is performed according to the threshold value of the seismic
optimization nodes of building civil engineering structures, and all monitoring links for seismic optimization of building
civil engineering structures need to be balanced. Next is the design of the longitudinal structure, so that the distribution
is even. Avoid the disturbance of the building by the influence of external force. Feasibility measures are added to the
building design, focusing on the foundation design of the building. The load-bearing capacity of the ground floor is
poor, which will cause each component to be weak and deviate from the center of gravity [23].

3.3. Seismic Optimization Design of Building Civil Engineering Structures

Connecting the boundaries to the different layers to form the final geological model, the input signal to the monitoring
system can be expressed as:
M
x(t) = Z U, sin(n2rfyt + n2nAft + 6,) + Uy (31)

n=1
Consider only the fundamental component, and set 6(t) = 2rAft + 61, then

do(t)

o = 2mdf (32)

Using the value of conductivity is transformed using the discrete differential equation, and measured for a duration
of thetime stepis T, = 1/f,.

2nAf
fo

A0 = 2nAfAt = 21AfT, = (33)

A0
f=fotaf = fo+ 222 )

The procedure for measuring frequency. The elementary wave's optimal frequency is f, = 100Hz. The actual
frequency of the power grid generally changes slowly around f0, so it is enough to calculate the phase deviation
correctly. The actual frequency f can be determined.

According to the technical principle of the construction robot system, the real and imaginary parts can be obtained

as.
2= 2
T
an =y E x(k) cos (nk W) (35)
k=0
2= 2
) T
b, = ¥ x(k) sin (nk W) (36)

k

1l
=}

In the formula: Nis the quantity of interval sampling sites; x (k) is sample data.

Related systems with multiple subgroups working together for evolution can be used to solve a number of problems
related to the seismic optimization of buildings. The different subgroups can work together relatively independently,
collaborating and interacting with each other using individual data to find the most appropriate solution to the problem.
The improvement of the robotic system during the construction process is carried out in two different ways, side by side.
On the one hand, a relatively external archive will be created to store the best solutions to the problems associated with
construction robots. On the other hand, the diversity of the combinations will be improved to introduce the related
strategy selected by the elite and to continuously update the external file with individual concave and convex problems.
With the effective increase of the number of optimal problem solutions proposed for external files, the capacity of their
storage increases, leading to inefficiencies in the system algorithm. an upper limit is specified for the specific external
storage file for optimization problems related to the existence of multiple items in different groups. This is by far the
best solution to the inefficiency problem. When the number of optimal solutions for the external storage files is full, the
effective efficiency of the relevant algorithm is improved by using an overload distance policy to remove some optimal
solutions that have exceeded the upper limit.

The maximum number hop of jumps of seismic learning factor sk is set. count_max (s, v) yxj is associated with the
building civil engineering structure seismic optimization monitoring routing itself, and Tag(k) = 0.

d(sk, vo)
— X

<0. 32
a | =05 (32)
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The best design for seismic-specific features throughout the building space is to take advantage of the seismic
performance of the relevant structural features and to minimize the cost of construction, but there is a conflict between
the seismic capacity of the relevant structural features and the lower cost of construction. The optimal solution to the
problem is obtained by using a number of different subgroups for certain effective optimization methods and by using
information data for shared calculations.

It is set to evolve between several groups, the goal of each specific optimization is to find the specific direction of
interest within this grouping for the best solution to the problem, which is not only for the global optimal solution but is
also influenced by some extent by the effective speed of individual pickups and the specific location of the pickups in
other groups. A specific external file is set up to be shared, and the valid data related to the best solution to the problem
obtained during the fast search is repeated among the construction machines in multiple groups and can be input from
several different subgroups with a certain coordination and after optimization of the structure schematic, as shown in
Figure 6.

Population 1 Population2 | | ... Population M

Multi-objective

L 4

External file

Figure 6. Structural diagram of collaborative optimization of multi-sub-robots

According to the structural diagram in Figure 1, the specific choice of values for automatic adaptation is determined
by the M-s objective function. Multiple self-combining groups are used to optimize multiple specific objectives together.
Each team combination selects the relevant intelligent robot for its own use in the building structure. These selected best
intelligent robots exchange data and information in order to achieve the closest algorithm to the best solution to the
problem.

In order to efficiently implement the exchange of data and information between different groups of people, external
storage files are placed in the control process of the building intelligent robot system. This file can be set up to speed up
the algorithm to a certain extent so that the data information moves quickly to the forefront of the best solution to the
problem.

Through effective data calculation to obtain a series of automatically correlated functions ACF and polarization to
carry out the autocorrelation function TACF, the specific order of the relevant model and the value of the parameter f3
can be determined through the operation of these two functions, and the following monitoring equation specific
operation formula can be obtained.

l

Go=1,G, = Z(¢,;Gi_k —6;) (k> 1) (38)

q
¢i9t(z—i)—2¢ie(t+1—i),zSq

p
= ; = (39)
2.

{/H ¢ R U—D),1>q
i=1

-1
Var(e,(D) = Z Giok,vli=1 (40)
i=0
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Where;
T (@)
o = {gf{;{qu <q “2)
=[S )

a2 can be replaced by sample variance 62: here e; is the discrepancy between the alert value that was using the 1-step
alarm equation and the actual observation value.

t t
(i —e)?\ _ €;
~2 — —
0£—<l =) ),e— ; (44)

i=1 i=1

Denote Pt as the monitoring value at time t obtained according to the construction robot system technology, let

€= /1\[(1 + @+ -+ <p§)a§, A > 1, function as a stable, and it is probable that the interval [P(t) — &, P(t) + €] lacks

the actual worth at that momentt is glz at most.

3.4. The Relationship between the Shear Force at the Bottom and the Displacement of the Vertex of the Structure

Aiming at the problem of low accuracy of seismic optimization monitoring of current building civil engineering
structures, this paper proposes a seismic optimization method for building civil engineering structures based on the
construction robot system technology by using the weights and thresholds of the algorithm in this paper. The
construction robot system technology is used to analyze the seismic optimization requirements of building civil
engineering structures to construct a binary combinatorial optimization model based on the constraints related to the
seismic optimization nodes and links of the civil engineering structure of the bottom building, which can effectively
realize the basic mapping of the seismic optimization resources of the civil engineering structure of the bottom building,
and can also reduce the cost and time spent on seismic optimization of the underlying building civil engineering
structure, thereby improving the success rate, revenue and resource utilization rate of virtualized mapping of the seismic
optimization of building civil engineering structure. Figure 7 justifies the improved horizontal force distribution method
shown in this paper. Moreover, the more irregular the longitudinal arrangement of the structures, the greater the deviation
from the uniform distribution and the inverse triangular distribution.

4000 Uniform distribution

3500 F Il Side triangle distribution
E B I Optimal distribution
< 3000
+ 2500
s
<= 2000 |
§ 1500 |
Cg 1000 |

500 |7 .

0 1 1 ] 1
0 100 200 300 350
Top displacement (mm)

Figure 7. Displacement-bottom shear curve of structure vertex

3.5. Distribution and Deviation of Displacement Angle between Structural Layers
Distribution of displacement angle between layers of structure:

The extraction of the structure is the interlayer displacement angle of three levels of load distribution forms (uniform
distribution, inverted triangular distribution, and optimal distribution). It can be seen from Figure 8 that the comparison
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between the interlayer displacement angle and time distribution obtained with the optimized lateral force distribution is
similar, and the displacement angle changes more uniformly with height.

10
B Uniform distribution
Inverted triangle distribution
m Optimal distribution
SF B Time interval distribution
3
o O
g
=
=}
o
S af
S5
2 o
0 J_I 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Displacement angle between layers

Figure 8. Dispersion of the displacement angle between the structural layers
The deviation E; of the inter-story displacement angle of the i-th layer of the structure is defined as:

_ dpi B aTL'

=P (44)
dey

i

Among them, the average value d; of the displacement angle between the ith layers of the d,; structure is obtained
from the distance analysis between the shear force and the dynamic force between the ith layers of the structure.

It can be seen from Figure 9 that there are three horizontal and lateral distribution forms of uniform distribution,
optimal distribution, and inverted triangular distribution in the structural layer, and the difference between the
displacement angles between the layers can be found. It can be calculated that the displacement angle difference of the
lower layer can reach 36% in the case of uniform distribution. The resulting inverted triangular distribution of the graph
obtained is also relatively scattered about 22%. The distribution can be changed so that the minimum deviation is about
10%. In addition, since the deviation of the change distribution is relatively small, it can be concluded that the lateral
force of the seismic analysis by improving the structural energy has a significant effect.

10
9 F
—
o
=
8F E
=
=1
=
b B
™
6 ® Uniform distribution
Inverted triangle distribution
5k m Optimal distribution
4k
3F
2F
1 F
1 1 1 1
Y
-40 -20 0 20 40
Interlayer displacement angle deviation

Figure 9. Displacement angle deviation between layers of structure
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3.6. Distribution and Deviation of Shear Force Between Structural Layers
(1) Distribution of shear force between structural layers:

According to the test results in Figure 10, the distribution of shear force between layers of the structure can be
represented by three horizontal load distributions. The obtained homogeneous distribution is quite different from that
obtained from the inverse triangular distribution. By improving the distribution and time, the analytical results obtained
are relatively similar, and in the meantime, the dynamic characteristics of the structure can be tested to a certain extent.
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Figure 10. Distribution of shear force between structural layers
(2) Deviation of shear force between structural layers:

The deviation E;of the interlayer shear force at the i™" layer of the structure is defined as:

Vir
In the expression, V,,;and V ;are used to represent the inter-story shear force and examination of dynamical time history
correlating with the structure's i™ layer in turn, and the average value of the inter-story shear force corresponding to the
i-th layer can be obtained.

(44)

Figure 11 shows that under three horizontal load distributions, the distribution of shear force deviation between
different layers can be calculated, and the deviation value of interlayer shear force can be calculated under the average
distribution, and the maximum value that can be reached is about 38%. The inverse triangular distribution has a relatively
small deviation of about 35%. According to the test results, the distribution optimization effect of seismic shear force is
obviously improved.

10
9 |
gk
7 -
6F 5 ® Uniform distribution
*g Inverted triangle distribution
5F = m Optimal distribution
=
=]
i
(75
3k
2 =
1 F
1 1 I_| ] 1
U
-0.6 -0.4 -0.2 0 0.2 0.4
Interlayer displacement angle deviation

Figure 11. Shear force deviation between structural layers
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4. Analysis of Experiment and Data

In order to effectively verify the degree of feasibility for the design at the practical operation level, a series of relevant
experimental tests and effective analyses were conducted for the specific stability, excellent performance aspects,
optimization cost perspective, and seismic performance aspects of the design method. The results of the tests are shown
in Figurel2, after nearly 20 iterations of optimization using the group optimization program created for the calculated
examples. The structural content of Table 2 shows the design diagram and the optimization outcomes for the building's
seismic performance following optimization. In G-PSO is used as a technically relevant representation of the
construction robot system, C is used as a component group representing the presence of component J in the original
design, K represents the optimal cost ($) obtained after the calculation, G is used as a specific representation of the
relevant standard deviation ($), D is used as a representative value of the average number of runs (times), and P
represents the effective number of analyses (times) of Purever. This involves assessing the results of using intelligent
robots to optimize building architecture. The test findings evaluate how well this technology works to improve structural
efficiency, possibly by evaluating variables such as cost reductions, increased durability, or faster construction to robotic
interventions throughout the building process.

It can be seen that, in comparison with the ACO algorithm in the literature, the continuous improvement of the
building structure intelligent robotics system technology has led to a series of effective improvements in the prediction
of earthquakes and also to an effective reduction in the construction cost of buildings. By using the system technology
related to intelligent robots for building structures, it was necessary to reach an optimal value after the third test, i.e.,
57.9% of the predicted building design cost in the original design plan. The standard deviation results given by the
calculations in Table 2 also show to some extent that the stability of the improved system technology related to intelligent
robotics for building structures is relatively able to reach the ideal state.
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Figure 12. Test results for certain optimization of the building structure intelligent robotics system technology

Table 2. Results after optimization of system technologies related to intelligent robots for building structures

W K/yuan Glyuan D/times P /times
C 45210
G-PSO 26210 741 135 854
NSGA-II 28654 789 70 4500
ACO 30254 1524 145 6452

The table displays comparative information on the performance metrics of optimization algorithms: The issue cases
are K and G, and the execution times are shown by D and P. The algorithms C, G-PSO, NSGA-II, and ACO are
represented by the corresponding rows. For example, NSGA-I1 demonstrated faster execution times (D) than ACO, even
though ACO had marginally greater fitness values (G). This data suggests trade-offs between the efficacy (fitness) and
efficiency (time) of algorithms, which are important factors to take into account when selecting an optimization strategy
based on certain requirements like speed or quality of the solution.
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For the building structure intelligent robot-related system technology, the ACO algorithm proposed in the literature
[5] and the NSGA-II algorithm mentioned in the literature [6], these three different algorithms were compared in terms
of the specific number of runs and the effective number of analyses for Pushover, and the specific comparative results
obtained are shown in Figure 13. The smart robotics system technology for building structure optimization operation
procedures makes use of sophisticated algorithms and sensors to improve productivity and performance during
construction projects. This technology uses robotic capabilities to design evaluation, material handling, and assembly,
which simplifies workflows, lowers mistakes, and enhances productivity.
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Figure 13. Optimization operation process

the comparison of the three optimization processes shows that the average number of runs of the technical algorithm
of the intelligent robot-related system of the building structure after the improvement is 8, while the average number of
runs obtained after the calculation of the algorithm of the ACO proposed by Chea et al. [5] is 28, and the NSGA-II
algorithm applied by Leyva et al. [6] has the highest average number of runs, reaching 45. In terms of the number of
effective analyses performed by Pushowver, the number of analyses performed by the algorithm designed to perform
the scheduling associated with virtual augmented reality cluster centers in this paper is also the lowest, and this result
largely represents the relatively low computational effort required for the scheduling algorithm associated with virtual
augmented reality cluster centers. It also validates the advantageous feature of superior speed that we have been
pursuing.

The structure given in Figure 14 shows to some extent the system technology related to intelligent robotics for
building structures, the ACO algorithm proposed by Chea et al. [5], and the NSGA-II algorithm mentioned in the
application by Leyva et al. [6], in the curve used to carry out the solution repetition, in order to compare and thus obtain
an optimal and effective optimization result. The building structure intelligent automation system technological
cost optimization curve shows how to strike a compromise between the initial expenditure of funds and the long-term
savings realized from effective robotic systems. It indicates that overall cost savings result from a gradual drop in upfront
expenses as efficiency, maintenance, and operational efficiency rise.
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Figure 14. Cost optimization curve
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As shown in the relevant results provided in Figure 13, the system technology used for intelligent robotics related to
building structures updates individual files located in external storage files by using a certain elite selection strategy,
which also reduces the optimization cost from $29,800 to $2,520 before performing 30 operations, a reduction of 15.7%,
which can be used to some extent as a representation of the optimal solution. This can also show to a certain extent that
the technology of intelligent robotic systems for building structures can effectively save the seismic capacity of the
building site, thus effectively saving the design costs of optimized buildings and playing a very positive role in achieving
efficiency and reducing optimization costs.

The results in Table 3 also show the specific seismic performance status of the building structure after certain
optimization of the system technology for building structure intelligence robotics.

Table 3. Comparison of seismic performance correlation of different algorithms for the results after performing optimization

Top layer displacement/cm  Interlayer displacement angle/%

Algorithm
AC BK AC BK
Performance requirements 4.85 6.25 125 6.00
Improved PSO algorithm 3.58 4.24 0.65 3.58
Improved ACO algorithm 4.25 7.25 0.89 4.25
NSGA - Il algorithm 4.35 7.85 0.88 5.27

The displacement data and interlayer displacement angles for several algorithms, such as AC, BK, Enhanced PSO,
Improved ACO, and NSGA-II, are shown in this table. The performance standards include that the displacement for AC
and BK should be 4.85 cm and 6.25 cm, respectively, with interlayer movement angles of 6.00% for BK and 125% for
AC. An angle of 0.65% and an excursion of 3.58 cm are obtained by the Improved PSO method. The 4.25 cm and 7.25
cm displacements and 0.89% and 4.25% angles, respectively, are displayed using the Improved ACO algorithm. The
NSGA-II algorithm displays 4.35 cm and 7.85 cm displacements together with 0.88% and 5.27% angles. The
comparative results of seismic performance that can be expressed by different performance algorithms in Table 3 show
that the data of top layer displacement values and interlayer displacement angles of the improved building structural
intelligence-related calculation method for each different performance mode requirement are within the maximum range
and are lower than the results of the two algorithms, the ACO algorithm published in the literature and the NSGA-II
algorithm mentioned as applied in the literature. This indicates that the system not only reduces the design cost of the
building but also is able to have very good seismic performance. Moreover, due to the gradual exposure of the problems
related to the seismic optimization of building structures, the technology of intelligent robotic-related systems for
building structures was introduced into the effective seismic optimization of building structures, and a series of relatively
modular management of seismic optimization of building structures was carried out by using subgrids for distribution.
In emergency situations where both short-term high-frequency anomalies and low-frequency precursor anomalies are
present, since the anomalous factors of short-term presence of high-frequency anomalies are more obvious in most cases,
effective pre-processing or filtering related to the data is required to effectively detect possible anomalous low-frequency
precursors.

5. Conclusion

The real-time monitoring platform for seismic optimization of building civil engineering structures is adopted to
optimize the seismic structure of building civil engineering structures, which can effectively enhance the real-time
monitoring ability of data. Architectural civil engineering, robotics, and structural analysis are used with seismic
optimization design to improve seismic resistance. By using construction robot system technology, the creative method
maximizes structural performance and seismic safety. It transforms building techniques and ensures that structures
effectively endure seismic emphasis. For the constructed seismic model, starting from the data related to the surface
model, accurate parameter values can be obtained. In the process of seismic dynamic monitoring, the acquired geological
data is usually composed of contour lines. By comparing the structure of the model constructed on the surface, taking
advantage of its complex characteristics, a small amount of drilling data information and geological section data
information are used to build a geological model, and the data information that the surface model can provide can be
fully utilized. The building robot system technology adopts the introduction of a good learning scheme to increase the
diversity of robots. This method can be used to optimize the external file storage robot and share the optimal solution
information between individuals, which improves the search speed and optimal solution. The successful calculation in
practice proves the validity and feasibility of using the cluster center calculation of the building robot system in the
seismic design of the building space structure. Building robot systems integration is the key to the future success of
seismic optimization in civil engineering. It is possible to create robust buildings that can endure seismic disasters while
reducing their negative effects on the environment and achieving the most of their resources according to this
convergence of building design, construction effectiveness, and safety procedures.
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