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Figure 10. Verification of ear plate function.
Case

The work named Yunjian Linglong, designed for Guangzhou International Lighting
Festival in 2019 (figurell), is a shell structure of minimal surface generated by
mathematical formulas and computer programs. On the one hand, it has a free form and
is not confined to a simple orthogonal system, creating a special spatial experience. On
the other hand, the aluminium plate with a thickness of only 1.5mm supports a 7.8m in
diameter and height, with no redundant skeleton support and only a thin surface structure
like paper. It is also a unique mechanical research work transformed from mathematical
space to physical space.

Figure 11. 'Yunjian Linglong' designed for Guangzhou International Light Festival

Rhino and Millipede complete the basic shape design and optimization design of '
Yunjian Linglong '. The mechanical evaluation of mathematical models in different
states is carried out by combining structural analysis with parametric design, so as to
realize the transformation from mathematical model to mechanical model. Firstly, the
dot-matrix randomly generates the control points. Secondly, the original minimal surface
model is generated by the dot matrix parametric generation method. Finally, the
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structural form-finding design of the mathematical model is carried out by adjusting the
parameters, such as the location of control points, influence factors and so on, so that the
model generates more tubular objects and gradually forms the spatial state of multiple
tubular frames from the state of homogeneous foam. Each state of the above
transformation process is input into the ABAQUS for preliminary static analysis to
evaluate the influence of the overall structural performance and development trend of
this transformation process (figure. 12)
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Figure 12. Design optimization process and structural performance verification.
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In terms of construction, irregular hyperboloid can create a smooth free-form surface
form. This smoothness and freedom have brought significant challenges to actual
construction. The following fitting principle is proposed for construction: Firstly, the
irregular surface that cannot be expanded into a plane is meshed and divided into surfaces
composed of multiple connected meshes. The more units, the smoother the surface;
secondly, these finite elements are planarized, in order to be quickly cut by CNC
technology. Finally, the plane element is bent and assembled to fit the target surface.

The entire construction process involves the following four steps (figure 13):

1. Geometric subdivision optimization. The heterogeneous meshed model is discretely
expanded. Under the programming of grasshopper, the expansion length is divided
according to the size requirements of CNC machine, and form strips.

2. Precise control of planarity. The model information, such as shape, size and so on, is
presented on two-dimensional drawings through digital tools. The processed components
are typewritten on the CAD for accurate cutting of CNC machine tools.

3. Unit surface fitting. The plane with marked angles is bent to fit the unit surface, and
the rivets are used to cross the reserved round hole of the ear plate to fix and combine
the two units to restore the whole.

4. Overall assembly. Firstly, the 37 groups of units are pre-assembled at low altitude.
Then, the unit of tubular frame structure is assembled to produce a certain temporary
spatial stiffness, and the outer secondary structure is assembled based on the tubular
frame. Finally, the crane or gantry is used for the high-altitude part of the operation.
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2. Precise control of fhe plane.

1. Geometric subdivision
ptimization.

3. Unit surface fitting. 4. Overall assembly
Figure 13. Fabrication process.

5. Conclusions

Digital construction of large minimal surfaces is a frontier research subject in
architecture. With the aid of algorithm technology and digital design tools, this paper
qualitatively analyzes the experimental method of transforming mathematical space of
minimal surface to physical space of reality. By optimizing and adjusting the basic
algorithm of the minimal surface, the model is in a schedulable state. Combined with the
structural analysis, four directions of structural form-finding are proposed: transforming
to tubular structures, transforming to tree-shaped frameworks, and transforming from
homogeneous to clustered states, and connecting node design. At the same time, four
groups of digital simulation mechanics experiments are designed. The preliminary static
quantitative calculation is carried out with the structural calculation software ABAQUS
to verify the feasibility of the experimental method in the exploration of the digital
construction of the minimal surface. It shows that structure can be a precondition for
complex spatial form, not just a constraint. The later structural design can be incorporated
into the earlier architectural form-finding process to better promote the seamless
connection of the construction process. The project of "Yunjian Linglong " combined the
formation logic, structural performance optimization and digital construction to verify
the experimental method proposed in this paper.
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Abstract. Due to the nonlinear behaviour in hydraulic shake table system and
control-structure-interaction (CSI) effect, the phase-lag between displacement
command and response can be clearly discovered in time domain. This problem is
very crucial since the phase-lag of the actuator control can diminish the testing
fidelity and might cause numerical instability in real-time hybrid simulation
(RTHS). In this paper, the optimal model-based control algorithm named model
predictive control (MPC) is adopted to compensate the time delay of the hydraulic
shake table control system. The performance of the newly developed MPC is
compared to that of the state-of-the-art PID controller numerically. The results
show that the proposed MPC algorithm can successfully improve the tracking
performance and time delay issue of the hydraulic shake table control system. This
fact makes MPC a great method to implement the hydraulic shake table control
part for the RTHS application.

Keywords. Model predictive control, real-time hybrid simulation, time delay
compensation.

1. Introduction

For observing and validating the dynamic performance of high-performance structures
under different levels of excitations, real-time hybrid simulation (RTHS) could be a
promising alternatives or additives to the current shake-table test. In RTHS, it is crucial
that the time delay introduced by the hydraulic control system and data acquisition
system, is properly compensated to avoid instability and accuracy problems. Horiuchi
et al. showed that the delayed response of an actuator adds negative damping to the test
structure, resulting in the divergence of the structural response during the testing [1].
Moreover, the installed specimen will interfere the control performance of the shake
table, which is so-called control-structure-interaction (CSI) effect [2].

! Corresponding Author, Chen ZENG, School of Civil Engineering, Central South University,
Changsha, Hunan Province, 410075, China; National Engineering Laboratory for High Speed Railway
Construction, Changsha, Hunan Province, 410075, China; Email: zengchen2017@csu.edu.cn.
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To compensate the time delay issue, researchers have been developing different
kinds of compensation techniques. Horiuchi et al. [1] utilized a third order polynomial
function to extrapolate and predict the reference displacement command for actuator
control. Chae et al. [3] proposed the adaptive time series compensator by updating the
coefficients of a second order compensator using a least-square algorithm to minimize
the system delay. Recently, the adaptive model reference control strategy is proposed
by Amirali and B.F. Spencer [4]. This method combines the adaptive law with the
model-based control scheme, which improves the robustness while maintaining the
good tracking performance.

In this paper, a model predictive control (MPC) strategy is utilized to compensate
the time delay in the real-time shake table control. The dynamic model that contains the
hydraulic shake table control system and the installed specimen is modelled, and the
parameters are identified by grey-box system identification method for the controller
design. Numerical simulation results show that this approach successfully improves the
tracking performance and phase response. The robustness against the specimen
nonlinearity is also proved in both numerical simulation and real-time experiment.

2. Description of the Control System and System Identification
2.1. Model of Shake Table System with SDOF Specimen

The control model for the shake table control system considered in this paper is created
by physical modeling and parameters identification technique. The hydraulic shake
table system including the PID controller, hydraulic actuator, shake table and the tested
specimen. The basic schematic is presented in figure 1.

g ————

Ld L3

Figure 1. Schematic of a SDOF specimen ‘mounted on the shake table.

|

Considering the transfer functions of servo valve, actuator and the PID controller,
the bare table control system can be represented by a third order system model, which
takes displacement command as input and generate displacement feedback as output
[5]. The governing equations of the bare table control system expressed in the state
space form is given in equation (1),
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where, x, and x, are the table displacement and velocity; m, is the mass of the shake
table; k,, @, and & are the control gain, the natural frequency and equivalent

damping ratio of the shake table system; f

a

is the actuator force applied to the shake
table; x, is the target displacement.

And the specimen model can be modelled analytically to consider the control-
structure interaction, the governing equations of the specimen can be written as
equation (2) and (3).

mix, +c X +kx =-mxX, )
m[x[ - (Cxxx + kﬁxﬁ) = f;l (3)
where, x_ is the relative displacement of the specimen relative to the shake table; m_,

k, ,c, arethe mass, stiffness and damping of the specimen, respectively.

Combining equation (1), (2) and (3), the state space form of the shake table system
which contains the hydraulic dynamics, and the CSI effect can be given in equation (4),

o 0 1 0 0 0 o
i 1o 11 i 0
X, —(—+—)k, —(—+—)c, 0 0 -1 X,
d X ms m/ s 1 X 0
2= 0 0 0 1 0 4+ 0 |x,
dt| x, K ‘. . . 1 X, 0
Lo m, m, Lo ko
L mI i 2 2 L ml a
i 0 0 ko0, -0 -2¢0,|
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2.2. Parameters Identification

The control model for the shake table control system considered in this paper is created
by physical modeling approach and parameters identification technique. Several ground
motions are used to excite the shake table within the frequency of interest. Both the
displacement command and the displacement feedback are recorded to conduct the
parameter estimation by grey boxing system identification method. The identified
parameters are listed in table 1.

Table 1. Parameters of the shake table control system and SDOF specimen.
Mass of the specimen, m, [kg] 136.5752
Damping coefficient of the specimen, c, 1289.667
Stiffness of the specimen, &, [N/mm] 297800
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Mass of the shake table, m, 575(kg)

Control gain of the shake table, &, 60

Damping ratio of the shake table system, &, 0.8
232.4779

Natural frequency of the shake table, @,

3. Model Predictive Control Design

MPC strategy includes three key processes: prediction, optimization and receding
horizon, the basic process is illustrated in figure 2. The general design objective of
MPC is to compute a trajectory of a future command to optimize the future response of
the shake table.

—— o — - " 5 -
- lq.‘tf' - ‘--ﬁ_‘,f

o i
/_,—\_I_‘_\_‘_‘_ M
Prediction horizon

1 1 1 ] ] 1
T T I 1 1
k k+1k+2... k+p k k+1k+2... k+pk+p+]

gt T ——g

— — Reference signal input — — Reference signal input

— - = Predicted system output — - = Predicted system output

Predicted control input

Predicted control input

(a) Prediction at time step k& (b) Prediction at time step k+1
Figure 2. Schematic of MPC control strategy.

First, the proposed model in section 2 which is discretized with the sampling
frequency equals 1000 Hz, is used in MPC to predict the shake table’s response with
the future control command as the adjustable variables. Second, MPC will find the
optimal control sequence such that a cost function is minimized within the prediction
horizon. Third, with the receding horizon control principle, only the first sample in the
control sequence is implemented. This procedure is repeated in real time to improve the
control performance.

A steady state Kalman filter is designed to obtain the values for the unmeasurable
states and predict the future plant output. The filter is designed by solving the discrete
algebraic Ricatti equation to get the a priori estimate error covariance M in equation
(5). The Kalman gain is designed as constant throughout the entire control process and
be calculated in equation (6). With the known Kalman gain, the Kalman filter
estimation can be applied, and the steps are presented in equation (7) and (7). By using
the states obtained from the steady state Kalman filter in equation (8), the MPC can
make predictions for the output variable and solve the optimization problem to generate
the optimal control sequence.

AMA" — M +Q — AMC"[R+CMC"|'CMA" =0 (3)
K =MC"(CMC" +R)" (6)

x, (k|k) = x,(k|k=1)+ K(y, — Cx,(k|k 1) Du) (7)
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x,(k+1]k) = Ax, (k|k)+ Bu(k) 8)

4. Numerical Simulation
4.1. Numerical Simulation with Linear Specimen

To investigate the performance of the MPC design strategy, the linear model simulation
is conducted by utilizing the parameters identified in table 1. The control performance
of using just PID controller is presented as the benchmark result. The 1980 Irpinia Italy
earthquake record is chosen to be the reference signal and the comparison result is
presented in figure 3. It can be clearly shown that both the tracking performance and
time delay are improved.
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Figure 3. Linear specimen simulation result.
4.2. Numerical Simulation with Nonlinear Specimen

To further investigate the effectiveness and robustness of MPC, a nonlinear SDOF
specimen is designed in simulation framework to by using the bouc-wen hysteric
model [6] presented in equation 5 to represent the specimen nonlinearity and the same
MPC controller designed in section 3 is used in the simulation.

P, ,z)=akd +(l-a)kd z

)

n-1 —ﬂd.x |Zn)

1 - .
z=—o0 (0, —7/|dv|z|z
dy, ‘

The simulation result shown in figure 4 shows that even the nonlinear effect exists
in the specimen, MPC is still robust enough to achieve good control performance and
improve the time delay issue.
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5. Conclusion
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Figure 4. Nonlinear specimen simulation result

In this study, MPC is introduced in time delay compensation indued by the nonlinear
dynamics of the shake table and the CSI effect. A Kalman filter is used to provide MPC
with future plant output, in order to derive the optimal control sequence. In this paper,
the dynamic model including the shake table control system and a SDOF specimen was
established, and its parameters were identified using grey-box identification method.
Then, the MPC controller based on the control model was addressed, followed by two
numerical cases, with linear and nonlinear specimens. Results from two cases illustrate
that both the tracking performance and time delay are improved and validate that the
proposed MPC has a receiving effectiveness and robustness. Further work will focus on
conducting a real RTHS test using the proposed MPC strategy.
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Abstract. This paper proposes to use the cohesive bilinear contact model that comes
with ABAQUS to simulate the bond-slip between steel grouting material; Establish
a grouting sleeve connecting steel bar specimen model to simulate the mechanical
performance of the end defect specimen and the middle defect specimen under
different anchorage lengths, through the stress cloud diagram,Analyze the force
transmission mechanism, reveal the influence mechanism of the end defect and the
middle defect on the mechanical properties of the grouting sleeve.

Keywords. Reinforced sleeve, grouting defect, mechanical performance, cohesive
force element, ABAQUS.

1. Introduction

Prefabricated buildings are the top priority for the development of the civil engineering
industry in the future. Compared with traditional construction, it has the advantages of
short construction period, less energy consumption, and controllable quality. It conforms
to the concept of green and sustainable development. It has been applied and promoted
in China in recent years [1].Lead to void defects inside the sleeve, these problems greatly
affect the mechanical properties of the grouting sleeve [2].

The grouting sleeve was invented by Alfred.A.Yee [3]. in North America and
applied for the first time in the frame structure concrete column. After more than half a
century of development, it has been promoted to many countries and regions in the
world.Zheng Qinglin [4] et al. conducted a uniaxial tensile test of 70 semi-grouting
sleeves to analyze the influence of different grouting defects on the mechanical
properties.Analyzing the test results, it is found that the end defect has little effect on the
mechanical performance of the test piece compared with the horizontal defect and the
middle defect;Li Xiangmin, Gao Rundong [5]conducted experiments on three grouting
sleeves with different diameters and different anchoring lengths. The research results
show that the middle defect has a greater impact on the mechanical properties of the
grouting sleeve.In addition to the experiment, Zhao Jun [6] used ANSYS software to
build a grouting sleeve model, and analyzed the stress distribution of the steel-grouting
and grouting-sleeve contact surfaces. The results show that the shear key of the steel rib

! Corresponding Author, Hongguang ZHU, China University of Mining & Technology, School of
Mechanics and Civil Engineering, 100083, No. 11, Xueyuan Road, Haidian District, Beijing, China; Email:
Zhg@cumtb.edu.cn.
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and the sleeve is the key part of the sleeve bearing capacity;Wang Rui [7] et al. used
ABAQUS finite element software to compare and verify with the experiment, and the
results are more consistent. Wu Tao [8] et al. Conducted a uniaxial tensile test of a
grouting sleeve, analyzed the influence of sleeve type, steel bar diameter and anchoring
length on the strain of the sleeve wall, and performed simulation verification with
ANSYS finite element software.

2. Establishment of Finite Element Model

A finite element model was established based on the specimen size and material
parameters of the sleeve tested by Kuang Zhiping [9].

2.1. Model Parameters
(1)Sleeve geometry

The structure of GT420 type sleeve is shown in the figure 1, and the structure size of the
grouting sleeve is shown in relevant specifications.
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Figure 1. Schematic diagram of Figure 2. Schematic diagram of modeling of

longitudinal section of full grouting sleeve  grouting sleeve connecting steel bar specimens

(2) Rebar size

The length of the reinforcement on the grouting side is 300mm, and the length of the
reinforcement on the overflow side is 310mm, The diameter of the steel bar is 20mm. The
anchorage length of the grouting side steel bar is 160mm, which is 8d; the anchoring
length of the overflow side steel bar is 170mm, which is 8.5d, and d is the diameter of
the steel bar [10].

(3) ABAQUS modeling processing

In view of the main analysis problems, in order to improve work efficiency, this chapter
makes the following simplified treatments when establishing the numerical model of the
grouting sleeve connecting steel bar specimens:

1.Do not draw crescent ribs when modeling steel bars;

2.The interior of the grouting sleeve is simplified as a smooth cylinder;

3.The grouting sleeve connecting steel bar specimen is equivalent to an axisymmetric
model. As shown in figure 2.

2.2. Material Model

(1)Grouting

Grouting is a dry mixture, which uses cement as the basic material, mixed with a certain
composition of fine aggregates, concrete admixtures and other materials. When in use,
the grouting material is mixed with water to form a cement-like sticky body, which has
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good fluidity, early strength, high strength, and micro-expansion properties, and has
certain similarities with concrete.Therefore, the concrete CDP model is adopted. At the
same time, this paper simulates the expansion of the grout by using the thermal
simulation method.The thermal expansion coefficient characterizes the thermal
expansion and contraction characteristics of the matrix. It is assumed to be isotropic
expansion, and the expansion coefficient is the same in the three spatial directions. In
this paper, the coefficient of thermal expansion is set to 0.0006.

The following table 1 shows the strength of the grouting material used in the literature.
It can be seen that the strength of the grouting material is 82.78MPa, so the C80 concrete
CDP model is used in the model.

Table 1. Statistical results of grouting compressive strength test

Age/d Specimen number Average intensity f/MPa
1 C-01 39.29
3 C-02 65.53
28 C-03 82.88

The grouting material uses a concrete plastic damage model, which is mainly used
to simulate the mechanical performance of concrete structures under cyclic and dynamic
loads. The expansion angle is 30°; the eccentricity is 0.1; 1.16; K is 0.66667; the viscosity
parameter is 0.005.

(2)Rebar

The steel bar adopts the ideal elastoplastic three-fold line model, and its parameters
are derived from the yield strength, ultimate strength, yield platform length and
ultimate strain of the test control group. Since the test control group has three groups,
the parameters are averaged. The Poisson's ratio is 0.3. The parameters are as follows
table 2:

Table 2. Performance test results of reinforcing steel materials

Specimen b-1 b-2 b-3 average value
number
Yield Strength 440.76 439.88 441.81 440.82
fym /MPa
Ultimate strength 616.70 614.83 614.57 61537
fym /MPa
Yield platform 17.7 18.3 17.9 17.97
lengthAe,,,,, (X
107%)
Ultimate straing,,, 0.302 0.285 0.327 0.305
(3)Sleeve

The test results show that the sleeve is always in an elastic state, so the sleeve
material adopts an ideal elastic model. The elastic modulus is 2x105MPa, and the
Poisson's ratio is 0.3.

2.3. Contact and Boundary Conditions
When the grouting sleeve is subjected to unidirectional tensile load, two failure modes

occur in the connecting steel bars of the grouting sleeve, namely, steel bar breakage
failure and steel pull-out failure. Therefore, the model uses ABAQUS's own cohesive
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bilinear contact model between the steel bar and the grouting material. The parameters
are taken from the bond-slip constitutive between the steel bar and the grouting material
previously studied, and the maximum nominal stress criterion is used for damage. In the
contact properties, set the friction coefficient, the friction coefficient is set to 0.5, and set
the "hard" contact in the normal behavior.

3. Numerical Simulation Results and Analysis
3.1. Influence of End Defects on the Mechanical Performance of Grouting Sleeve

When the grouting sleeve connecting steel bar specimens with end defects are subjected
to uniaxial tensile load, high stress repeated tension and compression, and large
deformation repeated tension and compression, when the anchoring length of the
reinforcement on the overflow side changes,

200
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sofl | V-LD-ALL| — 50 /
[l |
oll| L .

-10 "’ [10 20 30 40 /2 4 5 8
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—
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n
=

e

-100 - -100 -
(a) (b)
Figure 3. Large deformation and repeated tension and compression contain end defects

Under the action of large deformation and repeated tension and compression of the
grouting sleeve connecting steel bar specimens, the anchorage lengths of the end defects
of'the steel bars on the overflow side are respectively 4d, 5d, 5.5d, 6d, 7d, and when fully
filled, The load-displacement curve of the numerical simulation is shown in figure 3. It
can be seen from figure 3(a) that for the end defect, when the anchorage length of the
steel bar is 4d and 5d, the steel bar specimens connected by the grouting sleeve will fail
after the steel bar yields. When the anchorage length of the steel bar on the overflow side
is greater than 5.5d,the steel bar specimens connected by the grouting sleeve all suffered
steel bar breakage.

Figure 3(b) shows the load-displacement curve of the large deformation repeated
tension-compression cyclic loading under different anchorage lengths of the end defect
of the overflow side steel bar. It can be seen from the figure that the curve of the rising
section of the first forward load is the same as that of the uniaxial tensile load. When the
load reaches the first-level control displacement level, the curve has entered the yield
section and even strengthened;The first positive unloading is also due to the elastic
shrinkage of the steel bars, and the deformation is partially restored. However, due to the
friction resistance between the steel bars and the grouting material, the amount of
deformation recovery is not large, and the steel bars have undergone obvious plastic
deformation.
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3.2. Influence of Defects in the Middle on the Mechanical Performance of Grouting
Sleeve

The analysis results are as follows when the anchorage length of the reinforcement on
the overflow side changes under the action of three different loads on the grouting sleeve
connecting steel bar specimen containing the middle defect:
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Figure 4. Uniaxial stretching Figure 5. High-stress repeated tension and central defect force
compression containing central defect force-displacement curve

It can be seen from figure 4 that for the middle defect, when the anchoring length of
the reinforcement on the overflow side is 1d~3d, the grouting sleeve connected steel bar
specimens will be pulled out before the steel bar yields. When the anchoring length of the
steel bar on the overflow side is 4d, 5d, 5.5d, the steel bar specimens connected by the
grouting sleeve will be pulled out after yielding.When the anchorage length of the
reinforcement on the overflow side is greater than 6 d, the reinforcement specimens
connected by the grouting sleeve all have the reinforcement failure.

It can be seen from figure 5 that for the middle defect, when the anchoring length of
the reinforcement on the overflow side is 4d, 5d, 5.5d, the grouting sleeve connected
steel bar specimens will fail after the steel bar yields.When the anchorage length of the
reinforcement on the overflow side is greater than 6 d, the reinforcement specimens
connected by the grouting sleeve all have the reinforcement failure.

4. Analysis of Stress Field of Steel Bar Specimens Connected By Grouting sleeve
4.1. End Grouting Defect

For the grouting-sleeve-connected steel bar specimens containing grouting end defects,
the stress transfer mechanism and change law of the steel bar, grouting and grouting
sleeves are almost the same as the situation when they are full. The differences are:
(1)The stress at the defective end of the grouting material is greater than the stress at the
full end, as shown in figure 6(a). This is due to the reduction of the anchorage length of
the steel bars, which leads to a reduction in the contact area between the steel bars on the
overflow side and the grouting material, so that under the same force, the stress at the
defective end of the grouting material is greater than the stress at the full end.

(2)For the sleeve that does not bond with the grout, this part is almost free of force, as
shown in figure 6(b). This is because this part is not in contact with the grouting material,
so it cannot withstand the tensile force of the steel bars transmitted through the grouting
material.
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Figure 6. Stress cloud diagram of grouting and grouting sleeve before V-MT-4d steel bar is pulled out

From the above stress cloud diagram, it can be seen that due to the end defect, under
the same load, the force of the grouting material at the defect end is more concentrated,
which will increase the deformation of the grouting material. This affects the bonding
performance between the steel bar grouting material, and then weakens the bonding
strength of the steel bar grouting material. Therefore, when the end defect increases to a
certain extent, the bond strength between the steel bar and the grouting material is less
than the tensile strength of the steel bar, and the steel bar pull-out failure occurs.

4.2. Contains a Central Defect

For the grouting sleeve connecting steel bar specimens containing grouting central
defects, the stress transfer mechanism and change law of the steel bar, grout and grouting
sleeve are basically the same as the situation when it is full. The differences are:
(1)When there is a hollow defect in the middle and the steel bar breaks, the stress of the
grouting defect end is greater than the stress of the non-defect end, and for the stress of
the defect end, the stress of the grouting inside the sleeve is greater than the stress of the
grouting near the overflow port. , As shown in figure 7(a).

(2)When the test piece is pulled out and damaged, the stress at the end of the grouting
containing the defect in the middle will be transferred from the inner end of the sleeve to
the end close to the overflow port, as shown in figure 7(b)~(c).
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Figure 7. H-MT-5d (pulling out failure) stress cloud diagram of grouting material and grouting sleeve at
different moments

It can be seen from the above stress cloud diagram that when the size of the defect
is the same, the middle defect is located in the middle of the grouting material, so that
under the same force, there will be grouting material on both sides of the middle defect
of the grouting material. Therefore, the central defect has a greater adverse effect on the
grouting sleeve connecting steel bar specimens.
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5. In Conclusion

The stress cloud diagram in the grouting sleeve connecting steel bar specimen is
explained, and the force transmission mechanism of the contact surface, the stress
distribution law and the force condition of each part are analyzed.The influence
mechanism of the end defect and the middle defect on the mechanical properties of the
grouting sleeve is revealed. The research results show that:

(1)To ensure that the steel bars connected by the full grouting sleeve will break and
fail, the anchorage length of the rebar at the middle defect shall not be less than 6d, and
the anchorage length of the rebar at the end defect shall not be less than 5.5d.

(2)In the grouting sleeve connecting steel bar test piece, the main stress parts of the
steel bar are located at the two ends of the outer side of the sleeve mouth;The force of
the grouting material is relatively uniform, the stress on the contact surface of the steel
bar and the grouting material is greater than the stress in other areas, there is no contact
with the steel bar, and the grouting material in the middle part has the least stress and is
basically free of force;The main force-bearing part of the sleeve is located in the middle
part of the sleeve, that is, the middle part is large and the two ends are small. In this
regard, the author proposes an optimization scheme for the grouting sleeve, which can
be partially strengthened in the middle part of the grouting sleeve, and the thickness of
the two ends of the sleeve can be reduced.

(3)Due to the grouting defect, under the same load, the force of the grouting at the
defect end is more concentrated.This will increase the deformation of the grouting
material, thereby affecting the bonding performance between the steel bar grouting
material, and thereby weakening the bonding strength of the steel bar grouting material.
Therefore, when the end defect increases to a certain extent, the bond strength between
the steel bar and the grouting material is less than the tensile strength of the steel bar, and
the steel bar pull-out failure occurs. The defects in the middle part make the grouting
material inconsistent and the force of the grouting material is more concentrated.
Therefore, the middle part defects have a greater adverse effect on the grouting sleeve
connecting steel bar specimens.
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Abstract. Ship maneuvering simulation is an important tool to predict the kinetic
and kinematic properties of a vessel. It can estimate the manoeuvrability of
a vessel in advance to optimize the ship design and avoid possible problems.
Environmental effects including wind, wave, current are very important
disturbances from the nature, which can have great influence on the vessel.
However, it is rather difficult to evaluate their influence currently. In this work, the
wind, wave and current effects are implemented into the ship maneuvering model.
Some typical results are demonstrated for verification. This tool is promising for
engineering applications in ship design.

Keywords. Ship maneuvering, environmental effects, turning circle,
hydrodynamic coefficient.

1. Introduction

With the increase of maritime transportation, the prediction of ships maneuverability
especially under the environmental influences, such as wind, wave, current, etc.,
becomes a vital concern for maritime and coastal navigation control systems. Since the
maneuverability ensures the ability of ship performance for safe navigation. The
prediction of ship maneuvering becomes an important factor in ship engineering
problems. It is important to evaluate the ship maneuverability in the design stage.
Sarioz [1] presented the results of a real-time ship maneuvering simulation study
examining the maneuvering performance of large tankers in the Bosphorus Strait.
Vantorre [2]has provided a literature review on the ship-bank interaction with emphasis
on experimental data and empirical formulas. Debaillon et al.[3] ont proposé un
systéme de modélisation de squat d’un navire qui couple un modéle hydrodynamique et
un modele structurel. Sutulo[4]presented a frontier integral equation method applied for
the calculation of inertia and damping characteristics of ship sections for multi-stage
cases and inclined depths.

In this work, the wind, wave and current effects are implemented into the ship
maneuvering model. Some typical results are demonstrated for verification. This tool is
promising for engineering applications in ship design.

! Corresponding Author, Zhuoyue LI, School of Marine Science and Technology, Northwestern
Polytechnical University, Xi'an 710072, China; Email: 2019200566@mail.nwpu.edu.cn.
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2. Mathematical Formulations
2.1. Mathematical Formulations

By applying the rigid body assumptions, the motion equations of ship can be written as
[5-8]

MRB‘}+CRBV =Tpp (1)

where Mg is the mass matrix. v is the velocity vector. Crp is the Coriolis and
centripetal matrix. 7., is the vector induced by external forces and moments. As seen
in figure 1, ¥ and Veny denote the direction of ship and environmental effect (wind,

current, wave, etc.), y the ship yaw angle and Sy the angle of environmental forces in
the global system. In the body-fixed coordinate,

X

0 y

Figure 1. Coordinate frame.

The matrices of a 3DOF (degrees of freedom) model can be written as:

m 0 -my, 0 0 —m(xgr+v)
My =| 0 m  mxg Cis = 0 0 -m(ygr—u)| (2)
-my, mx, I m(xgr+v) m(y;r—u) 0
v=[u v r]' ru=[x ¥ NJ 3)

where m is the mass of ship. xg and y¢ are the position of the center of gravity. I, is the
moment of inertia around z axis. , v and r are the linear and angular velocities. X, ¥,
and N are the forces and moment on the vessel. The dimensionless forms of X, Y, and N
are written as

X Y
X” - Yn - NN — L (4)
mg mg mgL
Therefore, the reduced maneuvering equations are
u—vr=gX" v+ur=gY" (Lkz”)zf+Lxéur=gLN" (%)

A . . . . .
where k, = 7 —= is the non-dimensional form of the radius of the turning. x,, = L'x,, .
m

The force and moment components on the ship X", ¥"', N" include the hydrodynamic
forces in calm water as well as various environmental ones due to wind, waves,
currents, etc. There are two kinds of manner to express them, one is introduced by Prof.
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Abkowitz from MIT and the other one by the Mathematical Modeling Group (MMG)
from Japan. The MMG model considers the ship system based on hull, rudder and
propeller respectively. In this study, rather than the detailed interactions between the
three parts, we focus on the whole ship. So here the Abkowitz model is a better choice.
The hydrodynamic forces and moment can be written as [9-11]

ngd = X,;;,d(u,v,r,u,\},f,T, £,¢,0)
Yh'y'd = ﬁy'd(u,v,r,u,\'/,f,T, £,c,0) (6)
Ny =Ny v, r i, i, T,E,c,8)
where T is the thrust of the propeller. ¢ is the flow velocity near the rudder. & is the
term caused by shallow water. J is the rudder angle.

In this study, the Esso Bernicia 190,000dwt tanker is used, whose expanded

hydrodynamic forces and moment can be shown as:

Yoy = Y0+ pYouv+ Yy M+ 1Y el ed + Yur
+II Y|I(I|('lb1'ﬁldl lele Bl B 16] + Y—',‘gT“
] . 1 I , " Ly .
+Y,,uré + ;Y vé + Y 06 + 1Y, IV vE
1 | 4 N
*+1 Vg 16l € 1BIB1OT € .
gLN; , = L’N}i+ Njuv+ LN, Mr+Nlc s+ LN} ur
+N) g Il € 1B B16] + NpgT"
+LN,, uré + LN} i€ + N, uvé + LN, v ré
+N'", |c| e |81 B 16] &
|clclBlBlole (8)

where the first two lines are deep water effect and the last two lines the confinement
effect. X', X, ,....Y, .Y ,....N,,N. ,...,N,

ulu|?* uv " elelBIBII &

are the hydrodynamic derivatives

in [5], td the thrust deduction coefficient. S =v/u.&=T,/(h-T,), where h is the
water depth. Tyis the draught of the ship.

2.2. Environmental Effects

According to Eq.l, environmental forces and moments can be incorporated into the
term 7,, as follows [12-16]:

+7 +7 )

TRB = Thyd + Ts + Twind current wave

where Tiyq is the hydrodynamic term, # the term of ship-to-ship interaction, 7

wind >

T and 7, are the environmental terms, including wind, current and wave effect

current wave

in this study.
2.2.1. Wind Effect

To correspond with the real situation, an experimental and statistical algorithm of
the Oil Companies International Marine Forum (OCIMF) is utilized during the
simulation. The OCIMF model is considered to be one of the better suitable methods
for very large crude carriers (VLCC, vessels in the 150,000-500,000 dwt range). So, it
is appropriate to be utilized for the Esso Bernicia 190,000dwt tanker of this work.
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The wind forces and moment of this model can be expressed as:

A Nioa = Cy i % sz'ind A4,L

(10)
where the curves of coefficients Cx wind, Cv.winds CN,wind are presented in [5]. pa is the
local air density, 4;, and A, the lateral and transverse projected area, L the overall ship
length. 4, in figurel, the angle of attack of the wind y,, , =w — B,,.c — 7 , where y is

X, =C,. Loy 4y

_ C p a VZ
wind X, wind 76 wind wind — 7

Y, wind 6 wind

the ship yaw angle. S,

Wi

.o 1s the angle of the wind in the global coordinate. The relative

velocities can be written

=u-V

u wind Cos(ﬂwind - l/l) vr,wind =vV- Vwind Sin(ﬂwind - l//) (1 1)

r,wind

2.2.2. Current Effect

Ocean currents can be formed by gravity, wind friction, heat exchange at sea surface,
variation of water density, etc., both horizontally and vertically. For a 3DOF system,
only the horizontal component is considered. In some areas, the current speed can reach
2-3m/s or more. The velocity field of ocean current is very close to homogeneous.
Thereby uniform current is assumed for simplicity in this work. Like the wind effect
(figure 1), the relative velocities of current can be expressed as:

ur,curren/ =u-— I/(:urrem €Os (ﬂcur‘rem - W) Vr,currem =vV- chrrent Sin (IBcurrem - V/) (12)
2.2.3. Wave Effect

Waves on the ocean surface can be generated by many kinds of disturbances, such as
wind, gravity, etc. They have a certain amount of randomness differing in height,
duration and shape. Many approximations, including linear, 2nd-order and higher-order
models, have been proposed by researchers [7]. When coming to the maneuvering
problem, 2nd-order theory is usually sufficient to describe the response of most marine
vehicles in the sea. The 'order' is expressed in the wave elevation &(x, t) by applying
Stoke's expansion to second order.

N N
S(x,0)=2A, cos(a)m.t —kx+¢,)+ Z%A,.Z cos 2(60811 —kx+4, ) + O(Af) (13)
i=1 i=1
Then the wave slopes for wave component i can be calculated

5,(x,1) = % = Ak sin(w,t—kx+¢ )+ Ak} sin2(w,t—kx+4,)+0(4 ) (14)

A
g/

Figure 2. Wave spectrum with one peak.
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where the wave number k=wi*/g. &; is a random phase angle, which is uniformly
distributed (figure 2). It is constant with time [0,2m]. The encounter frequency

w, =w,—Ucos B,,..w /g with U the total speed of ship, g the gravity acceleration
and S

wave

the angle between ship heading and wave direction. w, is a random
frequency of the spectral density function S(s). As in figure 3, we only consider the
wave spectra with one peak frequency. S(w) is divided into N intervals with length 4.
The wave amplitude 4, =,/2S (w,.)Aa) . The wave spectra normally used are Neumann

spectrum, Bretschneider spectrum, Pierson-Moskowitz (PM) spectrum, Torsethaugen
spectrum, JONSWAP spectrum, etc. Among them, the JONSWAP spectrum is under
the assumption of finite water depth and limited fetch, which make it suitable for the
confinement problem. The modified PM spectrum is adopted here to consider a fully
developed sea with large depth, no swell and unlimited fetch.

The wave forces and moment can be written

N N
Xwave (‘x’ l) = ZprLT COs ﬁwavesi (t) Ywave (x’ Z) = ZprLT Sin ﬂwavesi (t)
i=1 i=1
|
N (1) = X pgBL(L = B )sin 28,5, (1) (15)
i=1

Table 1. Hydrodynamic coefficients of the Esso Bernicia 190, 000awt tanker

No. | Coefficient | Value | No. | Coefficient | Value
1 X/ -0.0500 | 18 Y. -1.5000
2 X, 1.0200 | 19 N, -0.1200
3 g -1.0200 | 20 Y 0.1761
4 Yun -2.1600 | 21 Y. 0.0000
5 Y 0.0400 | 22 N, |-0.2823
6 N -0.0240 | 23 X 0.1684
7 N, 0.0728 | 24 Nees | 20.0805
8 Y, -2.4000 | 25 KXo | 0.0125
9 N, 03000 | 26 | Niups | 0.6880
10 X, 0.3000 | 27 | Ylppe s | -0.1910
11 Y, 12050 | 28 | Ny | 03440
12 N, -0.4510 | 29 Y, 0.2480
13 Xige -0.0500 | 30 N -0.2105
14 Y;. -0.3780 | 31 X | 20.0377
15 Y, 0.1598 | 32 N, -0.0045
16 N,. -0.0416 | 33 X -0.0073
17 X, 0.3780 | 34 X | -0.1000
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3. Results and Discussions

The maneuvering equations are first tested to validate the feasibility and their accuracy.
For the hydrodynamic coefficients, instead of the original ones, here we adopt the
optimized ones from [5] to reduce the error of simulation.

3.1. Turning Circle Test

Normally the turning circle maneuver, zigzag maneuver, spiral maneuver, etc. are
always conducted to evaluate the controllability and maneuverability of the vessel. In
this study, the turning circle maneuver is first carried out for validation. The
hydrodynamic coefficients can be found in table 1. Figure 3 is the comparison of
calculated and experimental trajectories. The simulation results are close to that of
experiments. The difference between the two is smaller than 10m. The surge velocity
and yaw angle (figure 3) also agree with the experimental results.

simulation
©  experiments

u(mis)

simulation
] 200 400 600 800 1000

O axperiments t(s)

o0 simulation
20005 © experiments

0 200 400 500 800 0 200 400 500 800 1000
x(m) 1s)

Figure 3. (a) Comparison of simulation and experimental trajectories in turning circle tests.
(b) Comparison of the surge velocity and yaw angle in turning circle maneuver.

3.2. Turning Circle Tests With Environmental Effect

The environmental terms above are validated using turning circle tests before applying
to the ship overtaking simulation. As shown in figure 4, wind, current and wave with 3
=0°, 90°, 180°, 270° are imposed during the simulation. The wind and current speeds
are 60knots and Sknots, respectively. The wave height and peak period of wave
spectrum are 10m and 5.0s. The trajectories indicate correct behaviors under the
influences of wind, current and wave from all the directions. For the cases of wave
effect, there exists a random phase angle 0 in the equations of wave elevation and wave
slope. The results might change each time running the simulation. Overall, the
maneuvering models can predict the ship trajectory and can be adopted in the formal
applications.
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Figure 4. Comparison of turning circle tests with and without wind, current and wave effect. (a) p= 0c;
(b) B=90¢; (c) B= 180¢; (d) p=270-.

4. Conclusions

In this work the wind, wave and current effects are successfully implemented into the
ship maneuvering model. The Esso Bernicia 190,000dwt tanker is adopted for the
maneuvering simulations. The trajectories, surge velocity and yaw angle are validated
with experimental results. Some typical results with wind, wave and current effects are
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demonstrated for verification. This tool is promising for engineering applications in
ship design.
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Abstract. Small and medium-sized enterprises have promoted the development of
the national economy, but they often ask for loaning from banks due to the shortage
of funds and mortgage assets. Therefore, it is very important for banks to formulate
reasonable credit strategies. This paper introduces TOPSIS and hierarchical cluster
analysis algorithm, establishes a credit decision-making model based on the strength,
stability of supply and demand, reputation and anti-risk ability of enterprises,
quantitatively scores the risk of each enterprise, then obtains the lending rates, and
establishes an objective function through RAROC theory to obtain the loan amount
when the bank's profit is the maximum. In addition, the missing indicators of
enterprises without credit records can be predicted by BP neural network prediction
model. This paper studies and solves the credit decision-making problems of small
and medium-sized enterprises, and provides a reference for banks to put forward
more accurate credit strategies.

Keywords. TOPSIS, Hierarchical cluster analysis, BP neural network, Credit
decisions, RAROC theory

1. Introduction

As an important part of the national economy, small and medium-sized enterprises play
an indispensable role in the vigorous development of Chinese economy. Since the reform
and open, Chinese economy has developed rapidly. During this period, a large number
of small and medium-sized enterprises have emerged, including those with good
operation and those on the verge of bankruptcy. They have to loan from banks for various
reasons. For banks, their funds are limited. Therefore, how to formulate appropriate
credit strategies and allocate resources reasonably is the key to the healthy development
of Chinese economy. In the direction of quantitative credit scoring and determining
credit strategies for small and medium-sized enterprises, a large number of theoretical
and practical research have been carried out and rich research results have been
accumulated.

! Corresponding Author, Bo LIN, School of Mathematics and Information Science, Guangxi University,
China; Email:2033074197@qq.com.
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Xiong Yudi [1] made a quantitative analysis of the scale of the enterprise based on
data analysis and analytic hierarchy process, which provided a certain reference for the
bank loan strategy. Xing Xudong [2]adopted the decision tree model based on logistic
analysis method to quantitatively analyze the enterprise from many aspects such as
default probability and invoice information. Compared with the traditional method, the
error rate is reduced by 60.2% - 70.1%. Nan Jinxiang, Li Wenzhe [3] and others used
TOPSIS method to obtain the comprehensive score of each enterprise by using seven
indicators, and considered the customer churn rate to solve the optimal credit decision.
Liu Xinying [4] carried out objective optimization on the basis of logistic model,
considered the loan amount, lending rates and customer churn rate, and found the optimal
interest rate to enable the bank to obtain the maximum investment return. Zhang
Bingqing [5] used TOPSIS comprehensive evaluation model to obtain the credit score of
each enterprise. Finally, he defined and gave a specific linear strategy model to formulate
the credit strategy for small and medium-sized enterprises.

Although the above research uses different credit decision-making models, this
paper uses systematic cluster analysis to effectively determine whether to grant loans to
enterprises. At the same time, neural network is used to predict the missing indicators of
enterprises without credit records. According to RAROC theory, factors such as bank
risk cost, capital cost and customer churn rate are considered at the same time. It further
optimizes the credit decision-making model and improves the accuracy and effectiveness
of the model.

2. Model Construction And Solution

In order to quantitatively analyze the credit risk of several companies, the strength of
each enterprise, the stability of supply and demand, the sensitivity of lending rates and
credit situation are taken as evaluation indicators. Based on the credit data of these
companies, a credit decision-making model is established to formulate accurate loan
strategies for small and medium-sized enterprises.

2.1. Data Selection

The data in this paper comes from the relevant data of several enterprises with credit
records (credit records contain two indicators of credit grade and whether to default) and
no credit records of a bank in China, such as input and output invoice information,
including enterprise code, invoice number, invoicing date, input and output unit code,
amount, tax amount, total amount and tax, invoice status information, and the
relationship between the annual interest rate of bank loans and customer churn rate. The
loan amount is required to be between 100000 yuan and 1 million yuan, and the annual
interest rate of the loan is required to be between 4% and 15%.

2.2. Data Preprocessing

Refine the indicators according to the data information, that is, extracting the following
indicators from the original data information, namely, the total input tax t;, the total
output tax t», the total number of input and output invoices t3, the total effective amount
of input invoice ts4, the total effective amount of output invoice ts, the effective rate of
input invoice tg, the effective rate of output invoice t7, the ratio of total input and output
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price tax ts, the ratio ty of the total number of effective invoices of input and output, the
ratio tjo of the total amount of effective invoices of input and output, the credit rating t;1,
whether to default t;», and the enterprise scale t;s.

e Quantification of credit rating

The credit ratings of the above companies are divided into four categories: A, B, C
and D. if the credit rating is A, ti;; = 4; If the reputation level is B, t;; = 3; If the credit
rating is C, t;; = 2;Credit rating is 1; Then t;; = 1.

e  Quantification of whether to default
Encode the default indicator. If default, t;,= 0; If there is no breach, t;,= 1.

e Convert all indicators to very large indicators

It is found that only the ratio t8 of the total price and tax of input and output, the
ratio t9 of the total effective invoices of input and output, and the ratio t;o of the total
effective amount which involves input and output invoices are intermediate indicators,
and the rest are very large indicators. Therefore, these three indicators are transformed
into very large indicators:

Set the intermediate index sequence as ( X1 Xyreenr X, )

Then the transformed very large index sequence is(y,, y,,...,¥,)

y =1 [Xi Xy (=1,2,3,...n) (1

“max{|x, ~x,, [}
2.3. Solving Process of Credit Decision Model for Enterprises with Credit Records

Step 1: Construct TOPSIS evaluation function TOPSIS (x). X is the incoming forward
matrix. The following is the specific algorithm of TOPSIS evaluation function:
Standardize the forward matrix, M enterprises and N evaluation indicators, so there
is M X N matrix. Due to different dimensions, the matrix must be standardized to
eliminate the influence of dimensions.
Set forward matrix:

X X e Xy,
X Xy Xon
X=
Xt X2 oo Xy (2)

Then the element in the standardized matrix Y is:

xl./.

Yi = —7—0———— 3)
\,Z X
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Calculate and normalize the score, abstract two ideal vectors, and abstract an
evaluation object with the lowest evaluation index and an evaluation object with the
highest evaluation index from all evaluation index data. The following is the
normalization process of the standardization matrix:
Standardized matrix and row vector form of its evaluation object:

Yoo Yoo - i a 4
T . S a, ()

Yo Vw2 o o Y &,
Define maximum and minimum:
besi
y . :(max{yl]7y2]7"‘7ym]}”"’ma‘x{yln7y2n""’ymn}) (5)

yWWS[ = (min{yl]’y2]""’yml}""’min{yln’yZH"“’ymn}) (6)

Get the score of the i-th (i=1,2, ... ,n) evaluation object without normalization:

worst

|ai_y

- (7
est worst
|y -, | + |ai -y
The scores were normalized:
- s (3

i

i
n
Z S
i=1

That is, the column vector composed of the last score is used as the return value of
TOPSIS function:

S = (8530005, ) )

Step 2: Select characteristic variables and build a credit risk quantitative model.
Then decide whether to grant loans to enterprises according to enterprise strength and
the stability of enterprise supply-demand relationship.

e Enterprise strength
The measurement of enterprise-strength depends on a variety of indicators. Here,
the total input tax t;, the total output tax t, the total number of input and output invoices
t3, the total effective amount of input invoice ts4, the total effective amount of output
invoice ts of each enterprise are selected as the measurement standards of enterprise-
strength, and the TOPSIS calculation method is used for scoring.
For enterprise j, the enterprise-strength score is:
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ES, = TOPSIS(t,,t,.t,,t,.t5) (10)

e  Stability of enterprise supply-demand relationship

The stability of the enterprise supply-demand relationship also depends on a variety
of indicators. Here, the ratio tg of the total price and tax of input and output, the ratio to
of the total effective amount of input and output invoices, and the ratio t;o of the total
effective amount of input and output invoices are selected as the measurement standards
of the stability of enterprise supply-demand relationship. TOPSIS algorithm is also used
to score the stability of the enterprise supply-demand relationship.

For enterprise j, the stability score of the enterprise supply-demand relationship is:

ESD, = TOPSIS(t,.ty.t,) (11)

e Enterprise anti-risk ability

The anti-risk ability of enterprises of different sizes is different. Therefore,
enterprise size t;3 is selected as the measurement standard of enterprise anti-risk ability,
and the TOPSIS algorithm is also used to score the enterprise anti-risk ability.

For enterprise j, the enterprise anti-risk ability is:

EAR, = TOPSIS(t,,) (12)

The risk is quantified according to the four aspects of enterprise-strength, stability
of enterprise supply-demand relationship, enterprise reputation, and anti-risk ability. It
is known that the score of enterprise credit risk is a very small index, so the score of
enterprise-strength, stability of enterprise supply-demand relationship, enterprise
reputation, and anti-risk ability should be transformed into a very small index first. Then
the enterprise credit risk score obtained according to TOPSIS algorithm is:

ECR, = TOPSIS(ES,,ESD ,ER | EAR ) (13)

Step 3: Firstly, according to the enterprise strength and the stability of the enterprise
supply-demand relationship, the TOPSIS algorithm is used to obtain the score of loan or
not. Then, according to the obtained loan or not, we make a hierarchical cluster analysis
with a classification number of 2, and we decide to make loans to the classes with high
scores.

Calculate the score of loan or not:

LE, = TOPSIS(ES,.ESD ) (14)

Now, the 123 groups of indicators are subject to variable clustering, that is R-type
clustering analysis. The individual distance adopts square Euclidean Distance, the system
clustering method adopts inter-group connection, and the cluster number is set to 2.
According to the solution of SPSS software, 95 enterprises are clustered into one
category, and the score of loan or not is high, and the other 28 enterprises are clustered
into one category, and the score of loan or not is low. Therefore, loans were granted to
the 95 enterprises. Because the total clustering pedigree is too large, we intercepted the
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cluster dendrogram of 28 enterprises that do not issue loans. The figure 1 is the Cluster
Dendrogram of non lending enterprises.
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Figure 1. the Cluster Dendrogram of non lending enterprises

For enterprise j, the enterprise lending rates is:

ECR, - ECR,,
, I _y(15% — 4%) (15)
ECR

Eloan. = 4% +
! - ECR

jmax jmin

Then we calculate the Lending rates of 95 enterprises according to formula 15. The
result is shown in table 1.

Table 1. Lending rates

Enterprise Lending rates Enterprise Lending rates
El 0.04000 E86 0.14123
E2 0.11432 E&7 0.14047
E3 0.12440 E88 0.14015
E4 0.11367 E89 0.14055
ES 0.13508 E90 0.14002
E6 0.13105 E91 0.14954
E7 0.12709 E92 0.14065
E8 0.12198 E93 0.15000
E9 0.13374 E9%4 0.13986
E10 0.13528 E95 0.14062

Step 5: Determination of loan amount. According to RAROC [6] theory, we
establish a function to maximize the bank's profit.

According to RAROC loan pricing theory, this paper considers capital cost and risk
cost as the evaluation basis of loan pricing, and also considers the ratio that banks lose
potential customers due to factors such as lending rates, that is, customer churn rate Li.
Based on the above aspects, this paper constructs the function of Bank net profit.
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95
max [ =(1-L)+Y_ (A+r,— A+FTP—EL) (16)
i=1

A represents the loan amount granted by the bank to the enterprise code i. R; is the
bank's lending rates to the enterprise code i. FTP is the benchmark interest rate, where
the benchmark interest rate takes the Shibor to mean value of Bank of Shanghai on
November 19, 2021, i.e. 2.756%, EL; represents the risk cost of the enterprise with
enterprise code i.

Here, risk cost (EL;), also known as anticipated loss, is an expected loss of loan
default in advance. It consists of risk exposure A, anticipated default rate EDF, and
default loss rate LGD:

EL, = 4,-LGD -EDF, an

According to relevant economic literature [6], the default loss rate is:

LGD =p-4;r, (18)

Among them, B is the default loss coefficient. According to the default pyramid
principle [7], the default loss coefficient is a piecewise function of rating, in which the
value of class an enterprise can be 0.09, class B enterprise can be 0.18, and class C
enterprise can be 0.27.

We represent the average default rate of 123 enterprises as the general default rate,
ie:

1 123

:Eztlz

= (19)

cl

Then the default rate of 95 enterprises can be obtained according to the credit risk
score and general default rate of the selected 95 enterprises, that is, for enterprise j:

EDF, = cl- ECR,-123 (20)

Generally, the amount of loans granted to small and medium-sized enterprises is
between 100000-1 million:

10< 4, <100 1)

Using lingo to solve, the specific loan amounts of 95 enterprises are shown in the
table 2.
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Table 2. Loan Amounts

Enterprise Loan amount Enterprise Loan amount
El 95.26715 E86 55.40541
E2 87.20867 E87 16.63750
E3 69.09409 E88 53.60359
E4 67.18400 E89 18.69118
ES 79.11071 E90 54.34436
E6 87.35255 E91 51.30493
E7 86.40460 E92 51.30493
E8 86.86789 E93 18.96898
E9 85.72270 E%4 52.45277

E10 51.70463 E95 10.05894

2.4. Solving Process of Credit Decision Model for Enterprises without Credit Records

Compared with enterprises with credit records, enterprises without credit records only
lack two indicators: reputation level and default. Neural network algorithm can be used
to predict the reputation level and default of enterprises without credit records.

Stepl: set the input layer to the data of non predicted variables of 123 groups of
enterprises with credit records: total input tax and output tax, total number of input and
output invoices, total effective amount of input invoice, total effective amount of output
invoice, total input price tax, total output price tax, input invoice efficiency and output
invoice efficiency. The output layer is 123 groups of credit rating and loan data to be
predicted, so as to train the model.

The figure 2 shows the neural network diagram of the BP neural network used.

Neural Network

Tl _pffu”/ L

Figure 2. Graph of BP neural networkhort caption

Step 2: MSE diagram is obtained after neural network training with MATLAB.
Generally speaking, the more training times, the smaller the error. However, due to the
phenomenon of over fitting, the mean square error of the validation data set may increase.
Therefore, the minimum value of MSE after a training should be found. The figure 3
shows the MSE diagram in the neural network training process of credit rating and loan.
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Best Validation Performance is 0.48725 at epoch 17 Best Validation Performance is 0.043533 at epoch 22
f'} 1 '

Mean Squared Error (mse)

Mean Squared Error (mse)
Squared

0 5 10 15 0
23 Epochs

28 Epochs.

Figure 3. MSE of reputation level and loan or not indicator

The training of neural network is to continuously adjust the weight matrix. When
the left and right images are trained 17 and 22 times respectively, they all correspond to
the minimum MSE. The MSE of the two figures are 0.48725 and 0.043533 respectively,
which are relatively small errors for the original data, which can better reflect the
accuracy of the credit model.

Step 3: Error analysis after MATLAB input neural network training

Regression between the fitting value and the real value shows that the R values of
both are more than 0.7, that is, the goodness of neural network fitting is better. The figure
4 shows the R values of two indicators.

Training: R=0.75147 Training: R=0.70821

O Data
Q| ——Fit
087 ¥=T

= 0.54"Target + 1.1
~= 0.40'Targel + 0.4

Output ~
Output
i
©' B oD ¢

02 04 06 08 1
Target

Figure 4. R values of reputation level and loan or not indicator

Save the trained neural network model and results, and then use the SIM function of
MATLAB for prediction. After the preliminary results are obtained, all values are
rounded, that is, the data of the final missing reputation level and whether to default are
obtained.

Step4: after obtaining the two indicators of missing credit rating and default, it is
transformed into the solution process of credit decision model of enterprises with credit
records.

2.5. The Reasonableness Test of Model

At the heart of the credit decision model established in this paper is the creation of a
credit risk quantification model, i.e. the solution to the risk score. To examine the
plausibility of the risk score, we make a scatter plot of the relationship of credit risk score
and credibility level. The scatter plot is shown in figure 5.
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Figure 5. Scatter plot of the relationship of credit risk score and credibility level.

Where the abscissa is the credibility level and the ordinate is the credit risk score.
We used the Spearman coefficient r; to measure the correlation between two variables,
i.e., to test whether it was significantly different from 0. Setting the null hypothesis HO:
rs = 0 and the alternative hypothesis H1: rs7=0, hypothesis testing was performed using
SPSS software. The results of hypothesis test are shown in figure 6.

Correlation
Credit risk

score Credit rating
Spearman Rho  Creditrisk score  Correlation coefficient 1.000 897"
Sig. (Two-tailed) 000
N 115 115
Credit rating Correlation coefficient 897" 1.000

Sig. (Two-tailed) 000

N 115 115
**_ Atthe 0.01 level (two tailed), correlations were significant

Figure 6. Hypothesis test resultes

At the 99% confidence level, we can reject the original assumption that HO: rs = 0,
that is, rs is significantly not zero.

Therefore, the credit risk score and credit rating have a significant positive
correlation, so the establishment of our credit risk quantitative model is effective and
accurate, which further proves the accuracy of the credit decision-making model.

3. Conclusion
3.1. Advantages and promotion of the model

Based on the related data of small and medium-sized enterprises in a bank database, this
paper establishes a credit risk assessment model by using TOPSIS and system clustering
model, solves the problem of setting lending rates, and effectively establishes an optimal
loan decision model by using RAROC theory and default pyramid theory. Then the loan
amount allocated to enterprises when the bank profit is the largest is solved. In addition,
when small and medium-sized enterprises have no credit records, they can also use BP
neural network to predict the credit records according to various indicators in the input
and output invoice information, so as to better formulate the credit strategy for small and
medium-sized enterprises. The model can be applied not only to the credit decision-
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making of banks, but also to more scenarios, such as comprehensive evaluation of
hospitals in a city, talent recruitment of an enterprise and so on.

3.2. The Future of the Model

In the credit decision model, we can take into account the possible impact of some small
and medium-sized businesses, and introduce contingencies to improve the credit decision
making model, such as national policies and COVID-19 emergencies. More machine
learning algorithms can also be used to improve the model, such as expanding the model
from the perspective of game theory. In addition, we can consider more costs of banks,
establish a more scientific and more based profit function, and build a more accurate
credit decision-making model.
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pedestrian simulation

performing the vehicle trajectory

reconstruction
pest forest inspection
polygon entity
portfolio model
position servo system
power series method
power simulation
prediction algorithm
prediction model
predictive model
prefabricated components
prefabricated components

suppliers
PSNR
pulsar
PWM control
g-difference equation
R-CNN
radio spectra
rail pressure
rail transit
rapid breaking of small current
RAROC theory
Raspberry Pi
real data
real-time hybrid simulation
real-time traffic information
rebate
recursive network
Redi
reinforced sleeve
reinforcement learning
reinforcement learning
relay pressure plate status field
identification
relay protection
remote sensing

19
970
237
863
706

56
663
513
110
461
577

589
735
965
357
489
237
230
520
1057
787
1030

1030
500
341
635

56

341
863
577
206
1116
870
870
1093
349
199
332
1064
1100
332
461

735

remote sensing data of UAV 475
reservoir computing (RC) 802
residual learning 855
Resnet101 433
Resnet18 433
RGB model 754
RGB three-channel filtering 1
risk assessment 568
roadway supporting 996
rocket sled 192
roller-hemming forming 399
scaling method 169
scattered wave field inversion

imaging 311
scientific artificial intelligence 781
SD simulation 1005
seasonality analysis 682
seepage 760
seismic resilience 1064
sensibility 380
sensitivity 268
shared processing chambers 371
ship maneuvering 1108
signal analysis 792
signal optimization method 808
similarity keyword 965
simplified sparrow search algorithm

(SSSA) 878
simulated annealing 1057
simulation analysis 539, 1046
simulation impact 324
simulation model 728
single-arm cluster tool 371
sinking calculation 643
SIS model 530
skeleton mechanism 268
small world network 81
smart power grid 919
smoke flow 287
smoothed particle hydrodynamics 192
social dilemmas 199
SOJF 506
spatio-temporal 598
speech recognition 30
speech synthesis 30
SPH-FEM coupled 399
stability analysis 996, 1005
steel stranded wire 990
step search method 682



storage strategy 945
stress and strain 539
strip folding 110
structural form-finding 1081
structural mode 671
sulfur trioxide 979
supplier characteristic analysis 837
support vector machine 302, 787
sustainable optimal tax rate 513
synchronous display 230
technology finance 1005
temperature and humidity

treatment 539
temperature control 261
tensile fracture 539
test 380
thermal power plant simulation 30
threshold function 152
time delay compensation 1093
time domain reflectometry 455
time window 371
TOPSIS 837,1116
TOPSIS algorithm 682
TOPSIS method 625
traditional culture 280
traffic flow prediction 598
traffic volume forecasting 332
transfer channel 577
transition point prediction 72
transportation coordination

scheduling 1021
transportation cost 1021
tunnel with one blocked end 287
turbulent boundary layer 506

turning circle
turquoise

two-layer coupling network

ultra-thin shell
under-race lubrication
urban flooding modeling

variable curvature aluminium

alloy sheet
variable speed
variational inequalities

1131

1108
754
81
1081
217
568

399
380
657

vertical cavity surface emitting

semiconductor laser
(VCSEL)
VIBE
vibration signal
video presentation
virtual reality
virtual simulation
virtual technology
“Vision” model
VISSIM
VISSIM traffic simulation
visualization
VRSDP/MD
water brake
water distribution system
wavelet algorithm
wavelet neural network
wireless capsule endoscope
wireless communication
Y-type line
Yigong landslide
YOLO Nano

802
904
792
30
230
280
894
625
577
808
423
132
192
1038
520
152
830, 846
160
19
178
9



This page intentionally left blank



Applied Mathematics, Modeling and Computer Simulation 1133
C. Chen (Ed.)

© 2022 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).

Author Index
An, B. 870 Gao, Q. 19
Bu, Y. 557 Gao, W. 819
Cai, H. 237,341 Gao, Y. 808
Cai, Z. 178 Ge, Y. 19, 169
Cao, Y. 530 Geng, W. 1038
Chang, G. 728 Gong, M. 447, 884
Chen, C.-H. \% Gong, Y. 706
Chen, K. 132 Gu, J. 878
Chen, L. 268, 287,423, 728 Gu, R. 1038
Chen, S. 1064 Guo, D. 792
Chen, X. 506 Guo, J. 261
Chen, Y. 199, 837, 837 Guo, L. 280
Cheng, L. 760 Guo, T. 1005
Cheng, Q. 380, 671 Guo, W. 1093
Cheng, S. 698 Guo, X. 894, 1030
Chu, X. 132 Guo, Y. 955
Cui, B. 407 Guo, Z. 928
Cui, H. 635 Han, G. 469
Cui, Y. 475 Han, M. 268
Dai, Z. 819 Hao, N. 30
Deng, C. 152 Hao, Q. 447
Ding, R. 302 He, L. 520
Ding, X. 357 He, M. 230
Dong, B. 357,589 He, R. 185
Dong, F. 132 Hirota, K. 132
Dong, J. 746,910 Hou, C. 56
Dong, S. 332 Hou, D. 349
Dong, Z. 423 Hou, E. 160
Du, W. 1108 Hou, J. 884,990, 1108
Duan, J. 500 Hou, L. 894
Duan, X. 643 Hou, S. 855
Fan, D. 9 Hou, Y. 802
Fan, H. 349 Hu, D. 970
Fan, L. 855 Hu, H. 1108
Fan, Y. 1081 Hu, K. 682
Fang, J. 461 Hu, M. 199
Feng, D. 643 Huang, B. 754
Feng, L. 520 Huang, J. 311
Feng, Y. 185,217 Huang, S. 324
Feng, Z. 380 Huang, W. 539, 754
Fodjo, I.D. 132 Huang, Z. 185, 302, 390
Fu, X. 1038 Ji, L. 792

Fu, Y. 261, 500 I, Y. 506



1134

Jia, Y. 38,110

Jiang, C. 56
Jiang, J. 46
Jiang, K. 698
Jiang, X. 46
Jin, W. 152
Jing, W. 706
Kang, J. 423
Kang, Q. 1057
Kong, J. 230
Kong, W. 808
Kong, X. 302
Li, Bingkuan 520
Li, Bingyu 261
Li, Bo 206
Li, C. 324
Li, F. 500
Li, G. 760, 1108
Li, H. 390, 520, 609, 735, 990
Li, J. 399, 643, 837
Li, K. 539, 837
Li, L. 663, 754, 904
Li, M. 399, 754
Li, N. 618, 830, 846, 904
Li, P. 589
Li, Q. 253
Li, R. 539
Li, S. 979
Li, W. 955, 1005
Li, X.1,9, 169, 371, 475, 625, 878, 919
Li, Y. 520, 819, 904, 904
Li, Z. 380, 469, 1108
Lian, B. 635
Lian, S. 489
Liang, B. 513
Liang, S. 1100
Liang, Z. 808
Liao, Y. 390
Lin, B. 1116
Lin, X. 671
Liu, B. 1046
Liu, C. 380
Liu, D. 268
Liu, E. 178
Liu, F. 287
Liu, H. 93, 489
Liu, J. 539
Liu, K. 433
Liu, L. 93

Liu, Q.
Liu, Q.Q.
Liu, S.
Liu, W.
Liu, X.
Liu, Y.
Liu, Z.
Lu, A.
Lu, D.
Lu, J.
Lu, M.
Lu, X.
Lukin, V.V.
Luo, B.
Luo, H.
Luo, Q.
Luo, Y.
Lv, H.
Lv, S.
Lv, Y.
Lyu, Y.
Ma, J.
Ma, L.
Ma, Q.
Ma, X.
Ma, Y.
Mao, B.
Mao, Y.
Meng, C.
Meng, Q.
Mo, W.
Mu, Q.
Ni, T.
Nie, G.
Niu, Y.
Okarma, K.
Pang, S.
Pei, H.
Peng, D.
Peng, L.
Peng, Z.
Pu, M.
Qi, A.
Qi J.

Qi Y.
Qian, L.
Qiu, E.
Ren, X.
Ren, Z.

970

30
475
808

192, 332, 469, 928

423, 469, 965
302

237

870
781, 830, 846
568
698, 884
500
919, 928
910

1

635

324

192

230

682

30

979

754

792
237, 635
19

598

9

1046
461

735

568

910

808

500
1100
253

72

152

206

878

324

808

46

990

230

349

206



Shan, Z.
Shao, P.
Shao, Y.
Shen, J.
Shi, H.
Shi, L.
Song, P.
Song, W.
Song, Y.
Su, C.
Su, P.
Su, X.
Su, Y.
Su, Z.
Sui, W.
Sun, F.
Sun, J.
Sun, X.
Sun, Y.
Tan, F.
Tang, B.
Tang, C.
Tang, J.
Tian, J.
Tian, K.
Tian, L.
Tian, Z.
Wang, B.
Wang, C.
Wang, H.

Wang, J.
Wang, L.
Wang, M.
Wang, P.
Wang, Q.
Wang, S.
Wang, X.
Wang, Y.
Wang, Y .X.
Wang, Z.
Wei, Q.
Wei, S.
Wei, X.
Weng, M.
Wu, C.
Wu, G.
Wu, Q.
Xi, X.

657

1093

598

625, 754

855

598

253, 268

423
302,910, 970
1081

728

46

357

160, 770, 776
802

671

878

217

160, 945

609

990

407

390, 513

371

965

945

530

341, 433, 663
455, 635, 1100
81,93, 461, 698, 770,
776, 1030
1057

93, 447, 884
19, 268, 657
855

979
253,399, 671
132, 455, 754
513, 830, 870, 1108
230

185, 1116

81

72

735

287

230

878

160

311

Xiao, C.-w.
Xiao, Y.
Xiao, Z.
Xie, D.
Xie, P.
Xie, Y.
Xing, J.
Xing, L.
Xu, C.
Xu, H.
Xu, J.
Xu, S.
Xu, W.
Xu, X.
Xu, Y.
Yan, C.
Yan, G.
Yan, J.
Yang, F.
Yang, J.
Yang, L.
Yang, T.
Yang, X.
Yang, Z.
Yao, J.
Yi, L.
Yin, K.
Ying, X.
Yu, C.
Yu, F.
Yu, H.
Yu, K.
Yu, S.
Yu, W.
Yu, X.
Yuan, C.
Yuan, K.
Yuan, T.
Yue, D.
Yue, P.
Zeng, C.
Zeng, L.
Zeng, Q.
Zeng, X.
Zhai, Y.
Zhan, X.
Zhan, Z.
Zhang, A.
Zhang, B.

1135

455

407
830, 846, 904
990

206

81, 819
919

380

863

682

341

489

928
1064, 1100
199

1

332, 1005
1038
461

30, 760, 979
945

754

754

539

217

268

461

568

332

160

979
1046
1046
455, 787
928

217

609

9

802

72

1093

9

1

1,237
1064
808

919

760

682



1136

Zhang, C.

Zhang, F.

Zhang, H.

Zhang, J.

Zhang, K.
Zhang, L.
Zhang, M.
Zhang, N.

Zhang, S.

Zhang, X.
Zhang, Y.
Zhang, Z.

Zhao, H.
Zhao, J.

Zhao, N.
Zhao, Q.
Zhao, X.

38, 870

324

1021
72,169, 530, 589
1,919

455, 489, 557
979

407

955, 1081
539,910, 970
728

152, 735, 746, 863, 979

407, 577
557,979
830, 846
955
169

Zhao, Y.
Zhao, 7.

Zheng, L.
Zheng, X.

Zhou, G.
Zhou, Q.
Zhou, S.
Zhou, X.
Zhu, D.
Zhu, H.
Zhu, W.
Zhu, Y.
Zong, L.
Zong, Q.
Zou, C.
Zu, M.
Zuo, Q.

38, 110, 160, 598, 808
253, 1100
447, 884

530

635

19

447,781

192, 475

390

598, 855, 1100
399

671

1046

965

996

357

965



