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Fig.1 Flowchart of Knowledge Graph Construction

Process for Railway Tunnel Drilling and Blasting

Construction Method
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Fig.2 Key Features and Main Relationships of Railway

Tunnel Drilling and Blasting Construction Scenes

21 XBERSE
211 AREBEHE

PR SRR S T T AR F b, 2 S5 T
WO ERN” W AR AN SHE NN/



547 5 8 W

A PRAE I B T B AR R b T AR Y 2 A o MR PR A )y T 1157

418155, 2 5 T B/ HLH 1R N A TR
W B 1 2 5 8 FAT # JLRE R 3 TR F A
FARBEAERE W A%, LA R T 2 A RS
23 Bz 5% WA A TR O A 00 4F IR DL B R L X
FARBERNDR, SR F IR R R
Gy N BB FR A 28 DA R R G e T S SR G
SCHRYERE, 43 R FAR R 8L/ B (i ) B .
Horb, AR QLIS TR TR H O R s P i T H
SR R AL B R HER AR
Jo R N 5L S 22 B DO A 5 SR R T B A
e R VARG o1V SR IV e L (VAR R VA = RV N
Sy E 3R .

B

vy vV vV VY VY VvV ¥ \ 2R 2K 2 2 /
5ok A OB R W oo o%
Ho™ %8 £ & 2% WO W
Bowm B NN A . T
BoH OH R R A oo

=3

K3 ANRZERE

Fig.3 Classification of Man Feature
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Fig.4 Classification of Machine Feature
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Fig.5 Classification of Material Feature
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Fig.7 Classification of Environment Feature
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Fig.9 Knowledge Graph of Safety—Quality—Schedule for Railway Tunnel Drilling and Blasting Construction (Part)
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A Method of Safety-Quality-Schedule Knowledge Graph for Intelligent
Management of Drilling and Blasting Construction of Railway Tunnels

ZHU Qing' WANG Suozhi' DING Yulin' ZENG Haowei' ZHANG Liguo' GUO Yongxin'
LI Hankan' WANG Wangi® SONG Shubao® HAO Rui®* CHENG Zhibo’

1 Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China
2 Institute of Computing Technology, China Academy of Railway Sciences Co. Ltd, Beijing 100081, China

Abstract: Objectives: The complex and dangerous mountainous environment, uncertain geographical and
geological conditions are the key factors affecting the safety, quality and schedule of railway tunnel con-
struction. Methods: Orient to intelligent and precise construction management, this paper proposes a top—
down and bottom—up combination of railway tunnel drill safety—quality—schedule knowledge graph construc-
tion method, clarifies the conceptual connotation and semantic relationship for the five key elements of
man-machine-material-method—-environment(4dM1E) related to safety—quality—schedule during the con-
struction of railway tunnels, and designs a two—way collaborative construction method of mode layer {from
top to bottom and data layer from bottom to top, then introduces key technologies such as data acquisition
and knowledge extraction.Results: Taking the construction event of a new railway tunnel exit work area as
an example, we construct a case knowledge graph. The results show that the knowledge graph constructed
by the method in this paper finely depicts the key element attributes that affect safety- quality-schedule, the
semantic relationship between the elements, and the mutual feedback relationship, etc. Conclusions: Our
proposed method provides key support for the overall systemic intelligent management of safety—quality—-
schedule in the whole process of railway tunnel drilling and blasting construction, and also lays the founda-
tion for the digital twin of railway tunnel engineering.
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