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Abstract. To improve the accuracy and reliability of metal structure safety evaluation for
quayside container cranes, this article constructs a fuzzy comprehensive evaluation
method based on a membership function model, proposes and adopts a subjective and
objective weight combination weighting method that combines CRITIC objective weight
method, and AHP subjective weight method, and finally provides a system safety
evaluation method for quayside container crane metal structures. Especially, the data-
driven safety evaluation system for the metal structure of Quayside container cranes has
been developed, which is convenient for large-scale promotion and application. At the
same time, the engineering application results show that the combination weighting
method reduces the extreme value impact caused by subjective judgment, and takes into
account the differences and correlations between different indexes. The evaluation results
obtained by this method are more accurate and safe.
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1 Introduction

The quayside container crane (quay bridge) is a professional lifting equipment used for
container loading and unloading at port terminals. Quayside container cranes that have been in
service for more than 15 years will experience a certain degree of structural fatigue damage. If
they are directly scrapped and completely renewed, it is uneconomical and not in line with
national conditions. Therefore, it is urgent to develop scientific and reasonable safety
evaluation methods for quayside container crane metal structures.

A large amount of research has been conducted on the safety evaluation methods for cranes U4
such as quayside container cranes. The above studies mostly use the subjective weight
determined by the AHP method and the maximum membership degree to determine the safety
evaluation level for quayside container cranes, and less consider the issue of objective weight
of evaluation indexes.

This article constructs a fuzzy comprehensive evaluation method based on a membership
function model and proposes and adopts a subjective and objective weight combination
weighting method that combines the CRITIC (Criterion Importance Through Intercredieria
Correlation) method and AHP subjective weight method. On the one hand, it weakens the
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extreme value impact caused by subjective weighting, making weighting more scientific and
reasonable, and on the other hand, it also reasonably controls the calculation amount and
difficulty, building a three-level safety evaluation model for quayside container crane metal
structures, classifying the system safety evaluation results, identifying the evaluation level,
improving the credibility of the evaluation results, and providing more accurate and reliable
methods and means for the safety evaluation of quayside container crane metal structures.

2 Safety evaluation method for metal structure system of quayside
container crane

2.1Structural hierarchy system division

As shown in Figure 1, the metal structure system of the quayside container crane consists of
three evaluation levels from top to bottom: system, subsystem, and measurement index.
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Figure 1. Hierarchy structure diagram for metal structures of quayside container cranes

The first evaluation layer for the safety evaluation of the quayside container crane metal
structure system is the measurement index evaluation layer. There are five influencing factors
on the evaluation layer of measurement indexes, namely strength, stiffness, corrosion, cracks,
and maintenance. The second evaluation layer is the subsystem evaluation layer, which is
divided into door frame, door frame connection, trapezoidal frame, main beam, pull rod,
trolley frame, crane trolley, and pulley block underframe subsystem. The third evaluation
layer is the metal structure system evaluation layer.

2.2Calculation framework

The process of safety evaluation of the metal structure of the quay bridge is based on the
detection, monitoring, and historical record data of the quay bridge from bottom to top: (1)
comprehensive evaluation of subsystems, that is, the evaluation values of subsystems such as
door frames are calculated based on the evaluation values of five index such as strength and
stiffness in the lowest level indexes and their corresponding weight combinations; (2) the
comprehensive evaluation of the metal structure system involves combining the evaluation
values of each part of the subsystem with corresponding weights to obtain the evaluation
values of the subsystem.



The weights of each measurement indexs are calculated using the
Combination weighting method
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Figure 2. Computational procedure

The first step, as shown in Figure 2, calculates the weights of each measurement index based
on the subjective and objective combination weighting method. This step of calculation will
obtain the evaluation values of the measurement index evaluation layer and their
corresponding weight combinations.

The second step, as shown in Figure 2, is to comprehensively consider the evaluation status
and impact effects of the five measurement indexes. The fuzzy comprehensive evaluation
method based on the membership function is used to obtain the evaluation values of the
subsystem level. After the first and second steps of the calculation, the evaluation analysis
from the measurement index evaluation layer to the subsystem layer is achieved.

Similarly, steps 1 and 2 are repeated to obtain the evaluation values for the subsystem and
metal structure system in sequence.

3 Combination weighting method

3.1Subjective Weight Calculation - Analytic Hierarchy Process

This article uses Analytic Hierarchy Process to determine the subjective weights of indexes,
which generally involves three steps to determine the weights: (1) establishing a hierarchical
structure of the system; (2) constructing a 9-scale pairwise comparison judgment matrix; (3)
calculating the relative weights of each index and conduct consistency testing.

3.20bjective Weights - CRITIC Method

The CRITIC B! method comprehensively determines weights based on the conflict and
intensity comparison between evaluation indexes, which not only takes into account the
differences and correlations between indexes but also makes weighting more scientific and
reasonable. The general calculation steps are as follows:



(1) According to the evaluation value x; of the index, the standard deviation O’ of index x;

can be calculated.
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(2) Correlation coefficient matrix R = (r,.j ) is calculated.
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(3) Objective weights Woi is calculated.
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3.3Combination weighting of subjective and objective weights

The subjective weight W, obtained by the Analytic Hierarchy Process and the objective
weight Woi obtained by the CRITIC method are fused by using the following equation to

obtain the final subjective and objective combination weight WJ .
W, =\WoWs /Z\/WO./'WSJ' (j=12,...n) “4)
j=1

4 Comprehensive safety evaluation in the fuzzy mode

This article divides the quay bridge into three levels and therefore adopts the multi-level fuzzy
comprehensive evaluation method for comprehensive safety evaluation.

This article uses the fuzzy distribution determination method “#! to construct a fuzzy
relationship matrix. For different evaluation objects, it is necessary to select the appropriate
expression of the membership function [*!! for fuzzy comprehensive evaluation.

The membership degree of the index evaluation value to the system evaluation set is shown in
Figure 3. The initial value of the fuzzy relation matrix is the Zero matrix. After mapping to the
system evaluation set, the formula for generating non-zero elements in the fuzzy relationship
matrix is shown in Equations (5) to (8).
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Figure 3. Generating fuzzy relationship matrix by mapping index evaluation values

As shown in Figure 3, the evaluation values of indexes located in different distribution
intervals m,, (star-shaped symbols in Figure 3) will generate two adjacent fuzzy relationship

matrix elements.
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5 Platform Development and Engineering Applications

5.1Platform Development

The interface of the safety evaluation system is shown in Figure 4. (a) Login interface; (b)
Performing subjective and objective combination weighting calculation; (¢) By using a multi-
level fuzzy comprehensive evaluation method, the safety evaluation values of subsystems and
metal structure systems are obtained.
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Figure 4. Safety Evaluation System Platform for Metal Structures of Quayside container cranes



5.2Engineering application results and analysis
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Figure 5. Comparison of evaluation results of quayside container crane subsystems and systems obtained
using different weight calculation methods

As shown in Figure 5, a comparison of the evaluation values of the quayside container crane
subsystem and system obtained by AHP, CRITIC method, and subjective and objective weight
combination weighting method is presented. For the subsystem evaluation values represented
by numbers 1 to 8, the evaluation values obtained by the combination weighting method are
generally bounded between the evaluation values obtained by the AHP and CRITIC methods.
The analysis results indicate that the combination weighting method reduces the extreme value
impact caused by subjective judgment, and takes into account the differences and correlations
between different indexes. At the same time, the evaluation value of the metal structure system
represented by number 9 is lower than the evaluation value obtained by using AHP and
CRITIC methods, indicating that the evaluation value obtained by using the combination
weighting method is safer.

6 Conclusion

This article is based on the hierarchical system division of the quayside container crane system,
using the combination of the CRITIC objective weight method and AHP subjective weight
method to assign subjective and objective weights. A fuzzy comprehensive evaluation method
based on the membership function model is constructed, and a multi-level safety evaluation
method for the metal structure of the quayside container crane is provided. Moreover, this
method also has significant reference value for the safety evaluation of different research
objects in other fields.

This article proposes a membership function model that can programmatically generate a
fuzzy relationship matrix. Especially, the data-driven safety evaluation system for the metal
structure of quayside container cranes has been developed, which is convenient for large-scale
promotion and application. At the same time, the engineering application results show that the
combination weighting method reduces the extreme value impact caused by subjective
judgment, and takes into account the differences and correlations between different indexes.
The evaluation results obtained by this method are more accurate and safer.
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