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Figure 1 Seismic wave after amplitude modulation
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Table 1 Soil parameters
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Table 2 Material parameters of pipe gallery structure
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Figure 2 Finite element model diagram and monitoring
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Figure 3 The displacement time history curve of each

monitoring point under horizontal and vertical earthquake
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Table 4 The peak displacement of the monitoring
point and the corresponding time mm
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1 -24.197 -8.934
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7 -23.957 -8.901

8 -23.958 -8.932
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Figure 4 Acceleration time history curve under

horizontal and vertical earthquake
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Table 5 The peak acceleration of each node

mm/s’
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2 1 500 3354.2 1 646.0
3 1 500 3337.4 1 640.2
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Figure 5 Peak stress cloud diagram under

horizontal earthquake
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vertical earthquake
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Table 7 The peak principal stress of pipe gallery
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Table 8 The peak principal stress of pipe gallery
under different buried depths

under different strength concrete kPa
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Abstract; Aiming at the seismic problem of underground utility tunnel, the three-core arch section underground u-
tility tunnel between Genghe Substation and Bowen Substation in Zhengzhou City was taken as the research object,
ANSYS Workbench software was used to establish a three-dimensional solid model, and carries out the first 6 order
modal analysis. It was found that the utility tunnel had longitudinal vibration, vertical vibration, lateral vibration
and rotation. Based on the modal analysis, the displacement response, acceleration response and principal stress
response of the utility tunnel with horizontal and vertical earthquakes were analyzed. The results showed that the
maximum horizontal and vertical displacement peaks were —24.222 mm and —-8. 954 mm, respectively. The maxi-
mum acceleration peaks were 3 354.2 mm/s’ and 1 646. 0 mm/s’ | respectively. The peak values of the first princi-
pal stress were 514.7 kPa and 244. 15 kPa, respectively. The peak values of the third principal stress were —
608. 15 kPa and —-256. 71 kPa, respectively. It could be concluded that the horizontal earthquake played a leading
role. Based on the transverse seismic dynamic time history analysis of the utility tunnel, the parameters such as
spectral characteristics, structural material strength and structural depth were changed to analyze their influence on
the seismic performance of the utility tunnel. The utility tunnel structure studied was the most sensitive when the
seismic wave spectrum characteristic was about 1.1 Hz; the change of concrete strength had little effect on the dy-
namic response of the pipe gallery structure. With the increase of the buried depth of the utility tunnel, the sur-
rounding soil pressure increased, and the internal force gradually increased.

Keywords: three-center arch section ;underground pipe gallery; seismic response; influencing factors
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Secure Deduplication Method with Blockchain-based

Smart Contract for Heterogeneous Cloud Servers

JIANG Lin', LI Jiaxing’, WU Jigang'

(1. School of Computer Science and Technology, Guangdong University of Technology, Guangzhou 510006, China; 2. Laboratory for
Artificial Intelligence in Design, The Hong Kong Polytechnic University, Hong Kong 999077, China)

Abstract ; In the era of big data in response to the conflict between the reliability enhancement of user data in cloud
server storage and the strategy for removing duplicate data, a heterogeneous server data security deduplication meth-
od was proposed blockchain-based smart contracts. Leveraging the decentralized, tamper-proof, and publicly trans-
parent characteristics of blockchain, as well as the automation capabilities of smart contracts, this method could a-
chieve data storage security, reliability, and privacy protection. Specifically, the method combined secret sharing
and blockchain smart contract technology to design a secure and efficient cloud storage data deduplication service.
Moreover, by replacing the role of centralized third-party entities with blockchain and mitigating server heterogenei-
ty through smart contract scripts, potential security risks were eliminated. Experimental results demonstrated that,
under various scenarios with different file sizes and block quantities, the average computational overhead of this
method was 65.42% to 115.77% lower than the comparative solutions, and the average storage overhead was
7.94% to 19.50% lower. Additionally, for varying numbers of heterogeneous storage servers, this method exhibi-
ted significantly lower average computational and storage overhead, with reductions of 67.27% to 177.89% and
34.01% to 72.89% , respectively. Therefore, the proposed approach could outperform two existing blockchain-
based deduplication method in terms of security, computational and storage efficiency.

Keywords: blockchain; cloud storage; smart contract; secret sharing method; data deduplication; security



