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Abstract 
In recent years, the application of Building Information Modeling (BIM) technology in the construction industry has 
significantly improved design efficiency and reduced energy consumption, and its application in other design fields has 
gradually received attention. However, in traditional solar collector designs, steel consumption and production costs are high, 
and effective optimization methods are still lacking. The research aims to apply BIM technology to save steel in the design 
of solar collectors, thereby reducing production costs and meeting the dual requirements of energy efficiency and cost-
effectiveness. Compared with traditional design methods, BIM technology can optimize the design process and reduce 
unnecessary material waste through precise modeling and analysis. To achieve this goal, this study conducted static analysis 
and steel minimization planning analysis by constructing a finite element model (FEM) of a solar collector. The specific 
method is to first use BIM technology to establish a 3D model of the collector, then conduct structural static analysis, and 
finally evaluate and optimize the steel usage through multiple linear regression algorithm. The experimental data comes 
from model analysis of actual collector structures and is validated using standard physical and engineering calculation 
methods. The results showed that in the optimized design *02 scheme, the steel consumption was significantly reduced, with 
a total steel consumption of 805.962kg and a steel cost of 3974.9 yuan, a decrease of 10.99% compared to the pre optimized 
4465.5 yuan. The maximum displacement and maximum stress of this scheme, although slightly higher than other schemes, 
are still far below the allowable values of the structure. It has the best comprehensive optimization effect while ensuring 
safety. These achievements indicate that the application of BIM technology can not only effectively reduce the steel 
consumption of solar collectors, but also lower production costs, and has strong practical application value. This provides 
useful reference and practical guidance for optimizing the design of other similar devices in promoting the design of 
renewable energy equipment. 
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1. Introduction

With the continuous advancement of technology, the 
importance of trough solar concentrators in the development 
of renewable energy is further highlighted [1]. However, 
research on trough solar concentrators mainly focuses on 
optimizing optical efficiency or thermal performance, often 
overlooking the potential for reducing material costs through 
structural design. Traditional design methods rely on iterative 
physical prototypes and manual calculations, which are time-
consuming, lack interdisciplinary collaboration, and cannot 
systematically combine structural analysis with cost 
optimization [2]. The application of BIM technology in the 
fields of architecture and infrastructure design has gradually 

matured, and its established design models can organically 
combine all project participants to achieve collaborative 
design [3]. Although BIM technology has been widely used 
in architectural design, it has not yet been widely applied in 
the design of solar concentrators for structural optimization 
and material savings. How to use BIM technology to optimize 
the design of trough solar concentrators, reduce production 
costs, and save materials is still an unsolved problem. 
Therefore, this study innovatively applies BIM technology to 
the optimization design of steel volume for solar concentrator 
manufacturing, in order to avoid or reduce the problems of 
low efficiency and poor collaboration that may be faced in 
traditional design processes. At the same time, the FEM of the 
concentrator was designed, combined with BIM technology 
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and static analysis, and the structural optimization evaluation 
indicators were reasonably calculated through multiple linear 
regression algorithm, achieving dual optimization of steel 
consumption and steel cost. This will help provide new ideas 
for optimizing the design of solar energy equipment and 
promote the development of China's solar power generation 
industry. 

2. Related works

In recent years, the optimization design of solar trough 
concentrators has been a research hotspot. Many scholars 
focus on improving optical efficiency and thermal 
performance. For example, Gong J et al. used an innovative 
design method of the secondary reflector, which was formed 
based on an adaptive approach to maximize the portion of 
solar radiation reflected by the primary reflector but not 
captured back to the absorber tube, compared with no 
optimized reflector, the former optical efficiency improved by 
5.2% [3]. Zhang et al. found disadvantages of parabolic 
trough solar concentrator systems in connecting receiver tube 
components and increasing the concentration ratio. To 
overcome these inherent drawbacks, an innovative concept of 
a linearly focused secondary trough concentrating system is 
proposed in this paper and the optical evaluation results show 
that this innovative solar concentrating system has a high 
application value as a solar experimental device [4]. This type 
of research focuses on improving optical and thermal 
efficiency, however, there is relatively little research on 
material savings and cost optimization. Some studies have 
focused on the design of trough concentrators from an 
economic perspective, such as, Widjaja et al. analyzed the 
possibility of combining a trough solar system with a concrete 
warehouse for process heating applications. The results found 
that this design scheme effectively reduces the industrial 
operation cost of pasteurization process heating [5]. Zhou et 
al. proposed a compact solar collector with integrated prisms 
and semi-parabolic trough mirrors for efficient solar energy 
collection in a limited space. It was found that this improved 
solar collector effectively improves the solar thermal 
efficiency of the facility, providing a more practical 
application and economically feasible scheme for faster and 
more convenient practical solar energy for buildings [6]. 
However, the application of BIM technology is still relatively 
limited in these optimized designs. 

Traditional design methods rely on physical prototypes 
and manual calculations, which suffer from inefficiencies and 
lack of interdisciplinary collaboration. The introduction of 
BIM technology has provided new solutions for 
interdisciplinary collaboration, but currently most research is 
still limited to optimizing single design parameters such as 
optical efficiency or thermal performance. Dugaria et al. 
found that the addition of nanoparticles to the base fluid can 
enhance its optical properties, especially its absorption 
properties. That is, nanofluids can be used in solar collectors 
to absorb solar radiation in their structures. Therefore, the 
authors investigated the application of aqueous suspensions 
as bulk absorbers in concentrated direct absorption solar 

collectors and selected single-walled carbon nano-horn 
suspensions as nanofluids. A model of a planar geometry 
solar receiver installed in a parabolic trough concentrator was 
developed and the results of the study showed that the 
simulated performance of the direct absorption receiver 
would be better than that of two surface absorption 
conventional receivers under the same operating conditions 
[7]. Gang proposed a novel concentrated PV/thermal system 
based on a parabolic trough concentrator and an indium tin 
oxide glycol nanofluid spectral filter. The results of 
thermodynamic analysis showed that the theoretical 
photovoltaic conversion efficiency and solar thermal 
efficiency of the system were 29. 1% and 17. 2%, 
respectively, which were higher than those of the compared 
conventional system [8]. Mihaa found that due to the inherent 
complexity of nanofluidic systems, including the interactions 
between the optical and thermophysical properties of each 
phase, the development and optimization of solar energy 
absorption and storage systems in nanofluid-based receivers 
requires advanced mathematical physical models for more 
efficient design and optimization. This study evaluates the 
impact of these key assumptions on predicting the thermal 
absorption and thermal energy storage capacity of such 
systems and developing accurate predictive models to aid the 
design and optimization of such systems [9]. These studies 
provide new optimization ideas for solar collectors, but most 
of them do not consider how BIM technology can optimize 
the structure and reduce material consumption in the design 
process. 

In summary, many studies have been conducted by 
professional scholars in the industry to improve the 
construction efficiency and solar energy utilization efficiency 
of solar equipment, but most of them failed to consider the 
use of BIM technology for collaborative design and only 
started to improve the design structure of the solar equipment 
itself, which plays an important role in improving the 
scientific nature of the design results and reducing design 
process errors. Therefore, this study attempts to apply BIM 
technology to the optimal design of trough solar 
concentrators.  

3. Optimized design of trough solar
concentrator combined with BIM
technology

3. 1 Co-design of trough solar concentrator
integrating BIM technology

Collaborative design can cope with the design conflicts 
brought about by different types of designers working in 
teams, designers can work together under a unified platform 
and communicate in a timely manner [10]. The emergence of 
BIM technology has brought great reform to the traditional 
design method based on CAD files [11]. Using BIM 
technology for design, the project can no longer be displayed 
only on a two-dimensional plane, which can better express the 
design intent, and different designers can participate in the 
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project design process at the same time to achieve efficient 
co-working [12]. With the use of BIM technology, projects 
can no longer only be displayed on a two-dimensional plane, 
which can better express the design intention, and different 
designers can participate in the design process at the same 
time to realize efficient collaboration [13]. Specifically, the 
difference between the traditional design process based on 

CAD 2D files and the collaborative design process based on 
BIM technology can be shown in Figure 1. Note that the 
dotted line in Figure 1 represents the steps with the same 
meaning in the two design processes, which are marked for 
comparison and observation. 

Get modeling data

Build BIM structure model

Carry out mechanical analysis

Load analysis results into the model

Output construction related drawings

（a）Design process based on BIM
technology

Sketch conception

Structure standard layer of drawing objects

Build model and add load

Carry out mechanical analysis

Output construction related drawings

（b）Design process based on traditional two-
dimensional technology

Figure 1 Comparison of the design process based on BIM technology and CAD 2D files 

Traditional CAD software can also create 3D models. 
However, there are significant differences between traditional 
CAD and BIM 3D modeling in terms of design functionality, 
parametric modeling, and automatic change synchronization 
[14]. As shown in Table 1, the BIM 3D model can realize the 
function of automatic statistics of construction materials to 
provide a reference for subsequent construction, and also 
facilitate the collision check of the model, and there is an 
obvious logical relationship between the model and the plan 

construction drawings generated by it [15]. Currently, most 
domestic units still use the traditional method to design solar 
concentrators, but this method cannot plan the functions of the 
concentrator from a holistic perspective, nor can it integrate 
the needs of various professions, thus making the finished 
products produced cannot well meet the different needs of 
use. BIM technology is applicable to assist in the optimal 
design of this trough solar concentrator.  

Table 1 The difference between traditional technology and BIM technology 3D modeling comparison 

Comparison Items Traditional space building 
modeling 

BIM technology spatial 
building modeling Explanation 

Design function Space display map 
Space display drawings, 

design, management, 
mechanical analysis, etc. 

Both also support virtual 
reality technology 

applications 

Model Parametric Design Not supported Support Exact parameters need to 
be given 

Automatic modification Not supported Support 
A small number of core 
parameters need to be 

given 
Collaborative Office 

Efficiency Relatively lower Relatively higher Co-working for different 
professionals 

Relationship to floor 
plans Weak correlations 

Logical correspondence, 
can automatically be 

modified together 
/ 

In the process of using BIM technology to carry out 
collaborative design, to promote the project in an orderly 
manner, the design of each profession should conform to an 

overall workflow, and the design of the trough solar 
concentrator also needs to follow this process, as shown in 
Figure 2.  
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The designer builds the basic 
model

Structural model design by 
structural engineer

Refine model details by other 
designers

The corresponding structure 
model is created by the water 

and electricity engineer

Is the 
model collision detection 

qualified?

Generate construction 
drawings or shop drawings

Collect modeling parameters 
and requirements

N

Y

Figure 2 General workflow of collaborative design based on BIM technology 

According to the analysis of Figure 2, BIM technology can 
be applied to the following steps in the design of slot-type 
solar concentrator, determining the design objectives of the 
concentrator, establishing a collaborative work platform, 
assisting in carrying out collision inspection, statistics and 
calling material information, and producing design drawings, 
and the application of these aspects is explained in detail 
below. In terms of establishing a collaborative work platform, 
considering the need for solar radiation analysis of 
concentrators and simulation of real working conditions, 
Ecotect Analysis software was selected as the BIM modeling 
tool. Combining Revit Architecture features to render the 
concentrator model with high realism, simulating the state 
under sunlight, and assisting in expressing design intent. 
Considering the efficiency of the concentrator to receive solar 
radiation, it is better to place the concentrator model in the 
form of a north-south direction. In terms of collision check 
fees, the model built with Tekla Structures can significantly 
reduce the design changes caused by collisions, and even if 
there are design changes, only minimal modifications are 
required, and the parts associated with them will be 
automatically changed and adjusted. Tekla Structures also 
provides a detailed description of the material usage of the 
concentrator, which is stored in the public platform and can 
be easily called up by the manufacturer, and helps reduce 
unnecessary development costs. development costs. In terms 
of drawing, using a BIM model to carry out the drawing work 
can simplify the model visualization and coordination in the 
design stage, and help the owner to generate material 
statistics, collision detection reports, etc. In addition, the 
model structure detail drawings constructed by using BIM 
technology can be integrated with traditional design 
drawings, thus reducing the difficulty of reading, and 
understanding for people with poor professional 
backgrounds.  

3. 2 Construction of structural optimization
model of trough solar concentrator

There is a correlation between the structure of the trough solar 
concentrator and the amount of steel used, and its 
manufacturing cost often accounts for more than half of the 
overall system cost. Therefore, it is of practical significance 
to optimize the structure of the concentrator and reduce the 
manufacturing cost under normal operating conditions. In this 
study, the dimensions of the pull fin and the main triangular 
truss are simplified as continuous parameters, and the initial 
tension of the latch is considered a qualitative parameter. 
Different test points are used to represent different 
experimental schemes, and then MIDAS software is used for 
static analysis to ensure that the optimized concentrator 
designed meets the mechanical requirements. In order to 
simplify the calculation process and amount in the design 
process, some parameters and structural data are predicted by 
algorithms, so it is necessary to select a more accurate 
regression algorithm to perform this step. Finally, the BIM 
model established by Tekla Structures is used to count the 
quantity, size, model, quality, and other properties of steel 
required for the structure, so as to verify the feasibility of 
reducing the cost of the condenser structure. The following is 
the design of the regression calculation process in the study. 
This study implemented regression analysis of a multiple 
linear regression model using MATLAB R2018a software. 
Multiple linear regression has fast calculation speed and is 
suitable for real-time optimization loops embedded in BIM 
platforms. The general expression of the multiple linear 
regression model is shown in formula (1),  

1 2 2 1...t t k ktY X X uβ β β= + + + + (1) 
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Where kβ represents the regression coefficient, represents 

the jtX t  th response value of the j  th independent variable
jX
 in the model. tu represents the random variable, and tY

is the predicted value of the t  regression in the dependent
variable Y . The coefficients of multiple linear regression 
directly reflect the degree of influence of each design variable 
on the objective, making it easier for engineers to understand 
and guide design adjustments. In this study, 

2R  is the 
coefficient of determination of the modified degrees of 
freedom, was selected as an indicator to evaluate the fit of the 
multiple linear regression model, and the method of 
calculation of the indicator is more common and will not be 
repeated here. In addition, the F-statistic was selected in this 
study as an indicator to verify the significance of the 
regression equation, i.e. , to evaluate the level of closeness of 

the relationship between the dependent variable and the 
respective variable.  

After completing the regression model selection and using 
the step design, then design the FEM of the trough solar 
concentrator, which is a solar thermal power generation 
device that can collect solar energy on the collector tube for 
subsequent devices to convert solar energy into electricity 
[16]. Trough solar concentrators are generally installed in 
areas with abundant solar energy and little shading, but the 
wind load in these areas is also greater. Excessive wind load 
will cause the mirror surface of the concentrator to deform 
beyond the design value, thus reducing the efficiency of the 
device to collect solar energy [17-18]. The common 
condenser structure is shown in Figure 3. The left figure in 
Figure 3 shows the internal truss structure of the top facility 
of the condenser, and the right figure shows the elevation of 
the whole condenser. 

Other members of the 
main triangular truss

Top member of main 
triangular truss

Inhaul cable
To pull wings

Support the bars 
on both sides

Support middle 
member

Figure 3 Sketch of common concentrator structure 

It can be seen from Figure 3 that when the mirror surface 
of the concentrator and the ground are at an angle of 90 
degrees, the body coefficient of the concentrator achieves the 
maximum value, which is the most unfavorable working 

condition, and the subsequent optimization is based on this 
working condition. The angle of the concentrator mirror under 
this working condition can be expressed in the sketch shown 
in Figure 4.  

X

Z

Y

α

β

Figure 4 Sketch of concentrator lens angle under the most unfavorable working conditions 
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The FEM of the slotted concentrator was then designed 
according to the state of Figure 4. The concentrator device 
selected for this study consists of six rows and six columns 
layout of mirror plate, pulling fins, pulling cables, main 
triangular truss, and bottom support, in which the pulling 
locks use 6. 2 mm diameter, 1270 MPa strength steel strand, 
and the constituent materials of bracket and mirror are Q235 
steel and common soda lime glass, respectively, whose elastic 
modulus, Poisson's ratio, and density are 206E/GPa vs. 
73E/GPa, 0. 3 vs. 0. 3 vs. 0. 2, 7860Kg-m-3 , 2550Kg-m-3 
[19-21]. Compared with the superstructure, the concrete base 
stiffness model of the slot type concentrator is larger, and it is 
treated as a fully solidified form in the FEM [22]. Then set the 
tension fin and mirror plate, bottom support and main triangle 
truss are rigid connection, and the plate end restraint release 
treatment. Then analyze the load on the FEM. Considering 
that the stiffness of the concentrator structure is large, the 
main frequency of wind load is very similar to the self-
oscillation frequency it brings, so the wind load on the 
enclosure structure in the Code for Structural Loads of 
Buildings (GB50009-2012) is used to calculate the wind load 
here, and the formula is shown in equation (2) [23-24].  

1 0k gz s zw u wβ µ=
(2) 

In equation (2) kw  represents the wind load on the

concentrator, gzβ
is the gust coefficient at the height of z

position, 1sµ  is the local wind pressure coefficient of the 
mirror plate that will be 10 m height as the reference point, 

and zu represents the variation parameter of the wind

pressure height[25]. 0w The basic wind pressure at the
facility location is taken as the maximum wind speed more 
commonly encountered at the spotting mirror facility, i.e., 0. 
12 KPa for a wind speed of 6. Also, since the spotting mirror 
in the study is assumed to be placed in the B interior landscape 
with a maximum height of less than 10 m, the values of the 
above parameters can be obtained by checking the table at

1.7gzβ =
 and 1.0zu = . However, because the structure of

the spotting scope is more complicated, 1sµ  needs to be 
obtained through wind tunnel experiments [26]. In the wind 
tunnel experiment, the same position of the front and back of 
the spotting scope is chosen as the arrangement of 
measurement points, and the net wind pressure coefficient 

PiC  of each measurement point is calculated using equation
(3).  

( )
2

2 ( ) ( )f b
i i

Pi
H

P t P t
C

Vρ
−

=
(3) 

Where i  represents the measurement point number, 
( )f

iP t  and ( )b
iP t  represent the corresponding wind

pressure on the upper and lower surfaces of the double-sided 

measurement points, ρ  is the test air density, and HV
represents the wind speed at the reference point. In order to 
analyze the wind pressure on the mirror surface more 

intuitively, the mirror surface is partitioned by the principle 
that the average wind pressure coefficients among all 
measurement points in the same partition do not have 
alternating positive and negative variations, and the average 

wind pressure coefficient of each partition ,Pj meanC
is 

calculated according to equation (4). 

,
,

Pi mean i
Pj mean

i

C A
C

A
= ∑

∑ (4) 

Where j  is the number of the partition, ,Pi meanC  is the
average wind pressure coefficient of the measurement point 

within the i j  partition, iA  is the area belonging to the

measurement point i  within the j  partition, and iA∑  is
the sum of the area belonging to the measurement point i  
within the partition. For Class B landforms, if the equipment 
is located at a height lower than 12 m, the body coefficient of 
each partition will be consistent with its corresponding 
regional average wind pressure coefficient, but considering 
that the height of the mirror plate is less than 10 m, there exists 
equation (5).  

1 ,( )s Pj meanj Cµ =
(5) 

Then construct the optimization model of the steel 
consumption of the concentrator, which is essentially an 
optimization problem with the objective function of 
minimizing the steel consumption also i.e. 

1 2 3 4( , , , )Min G m m m m  , 1 2 3 4, , ,m m m m  are the parameters
involved in the optimization process, which represent the 
cross-sectional outer diameter of rod No. 1, the cross-
sectional outer diameter of rod No. 2, the cross-sectional limb 
width of rod No. 3, and the initial stress of the lasso, 
respectively. The three parameters 1m , 2m  and 3m
directly affect the structural rigidity, steel consumption, and 
mechanical properties of the concentrator. By adjusting the 
dimensions of the rods, the balance between material 
consumption and structural safety can be optimized. 4m  is a 
key factor in controlling structural deformation, and its 
presence and magnitude significantly affect the dynamic 
stability of the concentrator. The constraints of the 
optimization model need to consider the range of values of 
each parameter, the maximum stresses to which the structure 
is subjected, with and without the initial stresses of the ties, 
from which the constraints of the optimization model can be 
obtained, as shown in equation (6).  

max

max lim

1

2

3

4
*

1 2 3 4

215

50 60
39 54
36 46
0 1

, , ,

MPa
W W

mm m mm
mm m mm
mm m mm
m

m m m m N

σ <


<
 < <
 < <
 < <
 < <


∈ (6) 
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Where maxW  , limW  represent the maximum displacement 
produced by the mirror structure of the concentrator and the 
maximum displacement that can be withstood, respectively. 
After FEM calculations, it is known that the maximum 
displacement of the concentrator mirror selected is 16. 
244mm when both the horizontal and vertical angles are 0°, 

so this value is set as limW . 1 2 3, ,m m m The limits of the
product are set with reference to the data of similar products 
in the market.  

4. Analysis of optimized design results of
slot-type solar concentrator

4. 1 Simulation analysis experimental scheme
and parameter design

In this simulation analysis experiment, the poles 1, 2 and 3 of 
the concentrator are steel round tubes with thickness of 4mm, 

2. 5mm and angles with thickness of 3mm respectively, while
the cross section of pole 4 is made of rectangular steel tube
with size 60 30 2× ×  and pole 5 is made of rectangular steel 
tube with cross section size 30 20 1.5× × . In addition, 
considering the structure and size of the common slot type 
concentrator in the market, the opening size, column height 
and length of the concentrator of the research object are set to 
6m, 3. 2m and 6. 1m respectively, and the shape of the curved 
surface of the concentrator conforms to the parabolic equation

2 8000x y= .
Considering that the uniform design table used in this study 

was designed according to the number of levels of 6, so the 
corresponding number of levels of the initial tension of the 
lasso was also fixed to 6 here, and the states with and without 
the initial tension appeared three times in the experiment 
respectively, so the parameter level table could be collated as 
shown in Table 2. 

Table 2 Table of parameter levels of the FEM of the concentrator 

Experimental 
protocol number 

Parameters 1m  
(mm) 

Parameters 2m  
(mm) 

Parameters 3m  
(mm) 

Parameters 4m  
(KN) 

#01 49. 0 38. 0 35. 0 ≠0 
#02 51. 0 41. 0 37. 0 ≠0 
#03 53. 0 44. 0 39. 0 ≠0 
#04 55. 0 47. 0 41. 0 0 
#05 57. 0 50. 0 43. 0 0 
#06 59. 0 53. 0 45. 0 0 

In this study, ( )4
18 6U

from the uniform design table was 
chosen to carry out the experiments, and the maximum stress 

value of steel maxσ  , the amount of steel used G  , and the

maximum displacement of the mirror maxW  were used as
indicators to evaluate the safety of the concentrator device. 
Map the horizontal values of the parameters in Table 2 to the 

specific parameters according to the sequence numbers ( 1N -

4N ) of the uniform design table ( )4
18 6U

, and obtain Table 3. 

In Table 3, the horizontal values of each parameter appeared 
uniformly in 18 experiments, and the combination between 
parameters satisfied the spatial filling characteristics to avoid 
correlation interference. For example, in Experiment number 

1, 1N =3 corresponds to 1m =53mm ( 1m  of the #03 in Table

2), and 4N =6 corresponds to 4m =0 ( 4m  of the #06 in
Table 2). This method involves 18 experiments covering a 
combination of multiple parameters and levels, balancing 
efficiency and scientificity. 

Table 3 List of test protocols 

Experiment 
number 

Parameters

1m  (mm) 
Parameters

2m  (mm) 
Parameters

3m  (mm) 
Parameters

4m  (KN) 1N 2N 3N 4N

1 53 41 39 0 3 2 3 6 
2 51 38 45 ≠0 2 1 6 3 
3 55 50 45 ≠0 4 5 6 1 
4 53 53 35 ≠0 3 6 1 2 
5 53 47 43 0 3 4 5 4 
6 55 38 41 0 4 1 4 5 
7 51 44 41 ≠0 2 3 4 1 
8 57 53 39 0 5 6 3 4 
9 49 47 39 ≠0 1 4 3 2 

10 59 41 43 ≠0 6 2 5 2 
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11 55 44 37 ≠0 4 3 2 3 
12 59 50 41 ≠0 6 5 4 3 
13 57 44 45 0 5 3 6 6 
14 49 41 35 0 1 2 1 4 
15 57 38 37 ≠0 5 1 2 1 
16 49 53 43 0 1 6 5 5 
17 59 47 35 0 6 4 1 5 
18 47 50 37 0 2 5 2 6 

4. 2 Analysis of simulation experiment results

Use 0-1 variable to quantitatively describe the qualitative 
variables in the experiment, and use correlation coefficient 
and determination coefficient to describe the fitting degree of 
the regression equation, and carry out the F difference 
significance test. The significance level is set as 0. 05. After 
the static analysis based on the FEM is completed, Figure 5 is 
obtained. Note that to compare the reliability of the multiple 
linear regression model selected in this study, XGBoost 
algorithm commonly used in regression analysis is selected 
for the same regression operation. Based on the analysis in 
Figure 5, the maximum displacement and predicted average 
absolute error (MAE) of XGBoost algorithm for steel usage 
are 4.59% ± 0.81% and 4.68% ± 0.98%, respectively. For 
maximum displacement prediction, the MAE of the multiple 
linear regression model is 1.36% ± 0.21%, while the steel 
consumption error is 1.75% ± 0.18%, indicating its strong 
predictability. The correlation coefficients are higher than 0. 
90, and the P value of F test is less than 0. 05. It can be seen 

that the regression effect of the multiple linear regression 
model selected in this study is slightly different from that of 
the XGBoost regression model, and the error between the 
model and the test value is also small. The fitting effect is 
good, but the former has greater advantages in computing 
speed and interpretability. It can be seen that the use of multi-
dimensional linear model to describe the four experimental 
parameters, the maximum displacement of the condenser 
mirror and the total amount of structural steel in this study is 
more reasonable, and it can be seen from Table 3 that there is 
a negative linear correlation and a positive linear correlation 
between the former and the latter respectively. That is to say, 
with the increase of test parameters, the maximum 
displacement of the condenser mirror will decrease as a 
whole, and whether there is an initial cable tension in the 
structure has a significant impact on this index. At this time, 
the total amount of structural steel will also increase, but the 
total amount of structural steel is almost not affected by the 
initial cable tension, but more likely to be affected by the main 
beam truss and fins.  
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Figure 5 Fit of model regression values to experimental values 

After completing the calculation of the optimized model 
for the structural steel consumption, the statistical results are 
obtained in Figure 6 and Figure 7, which are used to show the 
mechanical evaluation indexes maximum displacement and 
maximum stress, as well as the economic indexes steel 
consumption and steel cost for the optimal scheme set, 
respectively. Note that the corresponding parameter values of 
each scheme in the horizontal axis in Figure 6 are shown in 

Table 4. The parameter names in the table have the same 
meanings as those in Table 2 and Table 3.  
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Table 4 Correspondence table of parameter values for the optimal scheme set 

Optimal scheme 
number 

Parameters 1m  
(mm) 

Parameters 2m  
(mm) 

Parameters 3m  
(mm) 

Parameters 4m  
(KN) 

*01 51 37 35 1 
*02 49 38 35 1 
*03 50 39 35 1 
*04 54 37 35 1 
*05 49 38 34 1 
*06 52 38 34 1 
*07 48 39 34 1 

Observing Figure 6, it can be seen that the maximum 
displacement indicator of the mirror of the concentrator is 

sensitive to the parameter 2m  , which is the outer diameter
of the cross-section of the No. 2 rod, and when the value of 
this parameter is low, the value of the maximum displacement 
indicator is higher, and vice versa, the value decreases. For 
example, the maximum displacement of the mirror surface of 
the concentrator is 11. 954mm and 11. 983mm when the 

maximum value of the parameter 2m  is 39mm in *03 and
*07, respectively. But the maximum displacement of the

mirror surface is not sensitive to the parameter 1m . As for the

maximum stress, the maximum stress of each scheme in the 
steel optimal scheme set is around 12. 000 MPa, and scheme 
*03 corresponds to the smallest maximum stress index of 11.
954 MPa. Overall, the maximum mirror displacement and
maximum stress of each optimal scheme are significantly
lower than the allowable maximum displacement and strength 
limit of the structure, and scheme *03 is the most excellent,
with the smallest maximum mirror displacement of each
scheme The maximum structural stress of 182. 462 MPa is
only slightly higher than that of 182. 453 MPa for scheme
*07.
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Figure 6 Statistics of mechanical indexes calculated by the optimized model for the amount of steel used in the 
concentrator 

The results of the total structural steel consumption and 
steel cost indexes for each optimal scheme set are shown in 
Figure 7, which shows that the differences between the steel 
consumption and steel cost of each scheme in the optimal 
scheme set are small. Due to the primary objective of 
optimization being to minimize the amount of steel used, and 
the secondary objective being to control stress/displacement 
within safe thresholds, the steel consumption of the *02 
scheme is the lowest among all schemes, only 805.962kg, and 
the steel cost is also the lowest, only 3974.9 yuan. Its 

maximum displacement and maximum stress are 12.136mm 
and 190.534MPa, respectively, which are far below the 
corresponding allowable values of the structure and will not 
cause safety issues. The *02 scheme has the best 
comprehensive optimization effect in this study. By rational 
layout and reducing material thickness, the structural strength 
is maintained while reducing steel consumption. Sayyad 
compared the differences between BIM software and 
traditional methods in enterprise unit engineering quantity 
calculation and cost estimation, and the results showed that 
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the total cost estimated by BIM was 1.12% higher than that of 
traditional methods [27]. This study not only achieves the 
lowest steel consumption, but also ensures that stress and 
displacement are strictly below the safety threshold, breaking 

through the limitations of traditional research that only 
focuses on a single cost indicator and achieving a balance 
between lightweight and safety objectives.
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Figure 7 Material index statistics of the results of the optimized model calculation of the amount of steel used in 
the concentrator 

5. Conclusion 

BIM technology is an advanced design concept in the civil 
engineering industry. This study uses BIM technology to 
optimize the design of trough solar collectors in order to 
reduce steel consumption during their manufacturing process. 
At the same time, combined with its FEM to achieve static 
analysis of equipment structure, a multiple linear regression 
model is used to verify the amount of consumables. The 
results showed that the average maximum mirror 
displacement error and average steel consumption error 
obtained from the experiment were 4.68% and 1.66% 
respectively, which are slightly different from the regression 
prediction value of XGBoost algorithm. The correlation 
coefficient is greater than 0. 90, and the P value of the F test 
is less than 0.05. It shows that it is appropriate to use the 
multiple linear regression algorithm to calculate the 
optimization evaluation index of the FEM. Comparing 
different schemes, from the perspective of mechanical 
indicators, scheme *03 is the best. The maximum 
displacement of the mirror surface is 11.954mm, which is the 
minimum for each scheme. The maximum structural stress of 
182. 462MPa is only slightly higher than that of Scheme *07,
which is 182.453MPa. From the perspective of material
indicators, the steel consumption of the *02 scheme is
relatively low. Among them, the *02 scheme has the lowest
values in terms of total structural steel consumption and steel
cost, which are 805. 962kg and 3974.9￥ respectively. The
latter is 10. 99% lower than the former condenser steel cost of
4465. 5￥ . The maximum displacement and stress of the
mirror surface of all alternatives are far lower than the

corresponding allowable values of the structure, so in this 
study, the comprehensive optimization effect of * 02 scheme
is the best. The research results show that the application of 
BIM technology to the design of trough solar concentrators 
will help to save the materials required to produce equipment 
and thus play a role in reducing production costs. This is 
primarily because, By using BIM technology and FEM for 
precise modeling and analysis of solar trough concentrators, 
unnecessary redundant structures are eliminated in the early 
design stage, avoiding a large amount of manufacturing 
rework or modification, further improving the accuracy and 
efficiency of the project. Due to the limited experimental 
conditions, the material and physical properties of each 
alternative could not be verified by means of actual 
manufacturing this time. In the future, it is possible to 
consider manufacturing prototypes of multiple design 
schemes, verifying steel consumption, production costs, and 
structural performance through actual testing, to ensure that 
the economic benefits of design optimization are consistent 
with theoretical calculations. 
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