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Study on Coupling Model for Analyzing Triggered
Earthquake During Fluid Injection in Deep
Geological Formation

Chi-Wen Yu! Shih-Chang Lei? Wen-Han Tsai® Wen-Jie Shiu? Chih-hao
Yang* Yin-Tung Yen® Chun-Te Chen®

ABSTRACT

With the need for stable power sources and reduction of the greenhouse effect
at the same time, the government has gradually paid more attention to power
alternatives related to renewable energy and energy conservation and carbon
reduction recently, and has further invested a lot of resources in policy positioning
and technology research and development in combination with related industries.
Among them, coal-fired power generation combined with Carbon Capture Storage
and Utilization (CCS or CCSU) technology, and Enhanced Geothermal System
(EGS) have became the major research area that industry, government, university
and research institute invest in. Both CCS and EGS technologies cover deep
formation injection process. The impact of fluid injection in reservoir formation has
been continuously discussed. Such cases of injection-induced earthquakes have
been reported. The Pohang earthquake with a magnitude of 5.4 My occurred in
South Korea in November 2017, which is suspected to be related to the EGS
project nearby. A 6.6 M lburi East earthquake occurred in Hokkaido, Japan in
September 2018. Although the Tomakomai CCS demonstration project shows no
signs of leakage through monitoring data, the safety of the CCS site, which has
injected nearly 300,000 tons of CO2, still cannot make local residents feel

completely at ease.

1 Deputy Director, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, Inc.

2 Senior Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, Inc.

3 Associate Researcher, Advanced Geological Research Task Force, Sinotech Engineering Consultants, Inc.

4 Associate Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, Inc.

5 Principal Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, Inc.
6 Senior Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, Inc.



In this study, combined with TOUGH2 and FLAC3D programs, a
thermodynamic-hydraulic-mechanical (THM) coupled analysis model was
established to simulate the stability of deep formation during fluid injection in a
quantitative manner, and shock wave simulation technology, which including
calculation of ground motion on the surface and ground motion impact on the
adjacent surface, was introduced to evaluate the induce or trigger earthquakes
caused by injection in risk assessment. In case study, the assessment of reactivation
of adjacent faults caused by CCS activities have been done and the results can be

used as evaluation reference for future domestic operations.
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Development of Vehicle-mounted Geothermal

Producing Test Technology

C.H.Yang! S.C.Lei? C.H.Tan® C.W.Yu*

ABSTRACT

In order to increase the development of renewable energy, the
Ministry of Economic Affairs has set a policy target of 20% renewable
energy power generation in 2025. Geothermal energy is stable and clean,
and can be used as a base-load renewable energy. Taiwan has abundant
geothermal potential. If the development and utilization of geothermal
energy can be increased, the stability of independent energy can be
improved. Recently, many local and foreign developer have invested in
the development of geothermal energy, and most of them are in the early
planning and exploration stage. After the developer has successfully
obtained hot water from the exploration, relevant production tests are
required to measure the stable hot water production. The results of the
production test will determine the selection of generator sets and
determine the development scale of the geothermal power plant. At
present, the domestic production testing work is an oligopolistic market,
so the gradual establishment of relevant test technologies will help to
win business in the future. In the part of hardware equipment, the
development of vehicle-mounted winch can increase the mobility of the
test.

! Associate Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, INC.

2 Senior Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, INC.

3 Senior Principal Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, INC.
4 Deputy Director, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, INC.
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Development of Automatic Interpretation Technology
for Tunnel Lining Abnormal Features Based on
LiDAR Point Cloud Image

Fu-Yuan Hsiaol Chien-Yi Lai 2

ABSTRACT

How to maintain the safety and stability of the tunnels is the primary task of tunnel
operation. However, traditional safety inspections still rely on manual operations, which
are checked and drawn on paper records by looking up and watching. In the case of
insufficient light and limited working time, the accuracy and reliability of inspection will
be affected. In the absence of numerical evidence, inspectors with different experiences
and professional backgrounds may have significant differences in the interpretation and
completeness for the same scene. This project uses spatial information mapping
technology to realize automatic interpretation and positioning technology of tunnel
abnormality (cracks, water seepage, spalling, white flowers, etc.). Based on a point cloud
image, the verified deep learning model of artificial intelligence is used to realize the
automatic detection and identification of abnormal characteristics of the tunnel. In the
follow-up, the automatic interpretation results with a numerical basis can be re-delivered
to engineers for review, which is expected to greatly improve the operational
effectiveness in tunnel abnormality interpretation and tunnel-related inspection services.
Keywords: LIDAR, Al, Tunnel Lining, Abnormal Feature Detection and ldentification,
Automation

1 Senior Principal Researcher, Geotechnical Engineering Research Center, Sinotech Engineering Consultants, ROC
2 Project Manager, Cheng-Yu Tech Co., LTD.
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Construction of Intelligent Cloud Management
System for Geological Drilling

Jung-Jun Lint  Shih-Hsun Hung? Chien-Chung Ke?®
ABSTRACT

With the development of technologies such as information communication
and cloud computing, enterprise units will make good use of digital
transformation and services, which will lead the mainstream of technology to
change the existing work mode and efficiency, and create more valuable services
and business opportunities.

Therefore, the intelligent cloud system for geological drilling based on the
field experience over the years has been developed in this project. People in the
field and office can effectively get information and photos through the developed
system. Users can control drilling process and provide the information to the
project management unit in real time. The cloud system greatly improves the
work efficiency. It is recommended to apply it to Sinotech group as well as
widely promote it to the industry. This research will achieve the business
philosophy of "integrity, innovation, quality, and service" of Sinotech group.

The working items of this project are the following:

1.Complete the development of the APP program, and provide on-site
construction personnel and users to upload information and photos.

2.Complete the intelligent cloud system and management platform for the user in
the office.

3.Provide paperless and customized reports.

4.Provide semi-automatic functions of core photos editing, fracture location
determination, and RQD value calculation.

5.Import and export the engineering geological database format (.MDB), which
is convenient for editing and management.

KEYWORDS: Cloud computing, Digital transformation, Geological drilling,
APP program, Engineering geological database

! Senior Researcher, Advanced Geological Research Task Force, Sinotech Engineering Consultants, Inc.
2 Senior Software Engineer, TY Lin Engineering Consultants
3 Deputy Manager, Advanced Geological Research Task Force, Sinotech Engineering Consultants, Inc.
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Development of Carbon Emission Estimation System
of Project Design Phase - For Road Construction

Pei-chien Hsu! Yan-xiong Liao?> Wei-yu Cheng* Chih-sheng Chent
Jing-ting Li* Chien-chih Lu! Guang-hui Chen?

ABSTRACT

In response to global warming and climate change, MOTC has developed
carbon management framework and promote roadway carbon management since
early 2012. Through feedback of carbon emissions calculation and local carbon
footprint coefficient establishment, low carbon design was achieved in project
design phase. The Suhua carbon management project started since June 2012.
Through online carbon management system, carbon inventory method and carbon
inventory tool establishment, carbon inventory efficiency has been enhancing from
the beginning of the project. With the project progress and the development of the
carbon management system, system function used for carbon inventory inspection
has been completed, so as to improve efficiency and quality of data collection.

Environmental Engineering Department of SINOTECH Engineering
Consultants, Ltd. has so far executed carbon inventory of 13 projects have been
verified. Carbon management system has collected carbon footprint coefficients,
unit energy consumption and carbon emissions of various work items. Considering
carbon emissions are mostly determined in engineering design stage, carbon
emission estimation system is establish to calculate the carbon emission more
efficiently, and to implement low-carbon design concept. With the accumulation of
engineering inventory data, an important foundation for future engineering life
cycle carbon management was set up, as well as to assist in the development and
application of projects.

This project has completed the establishment of the parameter database and the
carbon emission calculating system; the calculation results of the system are similar
to the results using Excel method since the overall logic is the same. The
correctness of the calculating system was shown and can be the substitution of
carbon emission estimation process. In the future, it is still possible to study for
automated estimation method in which the resource statistics are connects with the
parameter database, in order to improve the applicability of the estimation system.

1 Engineer, Environmental Engineering Dept., SINOTECH Engineering Consultants, LTD.
2 Technical Manager, Environmental Engineering Dept., SINOTECH Engineering Consultants, LTD.
3 Engineer, RD & Technical Dept., SINOTECH Engineering Consultants, LTD.
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Research of Multiple Application on Artificial
Intelligence and Satellite Imagery Technologies in
Wide-area Disaster Prevention

Kuo-Shih Shao! Ching-Fang Lee? En-Kai Lin® Cheng-Wei Lin* Chen-Wei Lan*

Yi-Rui Lee® Yi-Rung Chuang*

ABSTRACT

Sinotech and Nanyang Technological University (NTU, Singapore) have
worked together to accomplish the Natural Catastrophe Data Analytics Exchange
(NatCatDAX) project sponsored by Monetary Authority of Singapore (MAS) and
insurance companies in 2020, the project produced the database of economic
exposure data and natural hazard loss data for the three capitals of Jakarta,

Bangkok, and Manila in Southeast Asia.

MAS continues to propose the "ASEAN Disaster Risk Finance and Insurance
Phase 2 (ADRFI-2)" project in 2020 to enhance the insurance database for another
three ASEAN metro cities for catastrophe risk analysis and financial remedial
measures in case of natural disasters. ICRM is responsible for the technical
integration of the ADRFI-2 project and invites Sinotech to implement jointly.
According to previous research and development experiences, Sinotech recognized
that artificial intelligence (Al) technique could improve the original procedure,
therefore proposed this research project to upgrade the procedure into higher

automatically extracting process on Economic Exposure Data (EED).

1 Senior Principal Researcher and Group Chief, Disaster Prevention Technology Research Center, Sinotech Engineering
Consultants, Inc.

2 Principal Researcher and Group Chief, Disaster Prevention Technology Research Center, Sinotech Engineering
Consultants, Inc.

3 Senior Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, Inc.

4 Assistant Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, Inc.

5 Associate Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, Inc.



In view of new intelligent disaster prevention technologies applying to
wide-area natural hazard analysis may be the future trend for government agencies,
this project imports the Al technology as the main research and development topic.
In this project, Al concept will be applied on identifying and extracting building
footprint in urban area, satellite synthetic aperture radar image (SAR) analysis, and
slope stability assessment in wide-area. The expected benefits are (1) strengthening
the intelligent techniques on natural disaster prevention issues, (2) facilitating
oversea cooperation and improving service for domestic disaster prevenion, (3)
creating value-added for industry via interdisciplinary cooperation and

technological communication.

This project was launched on 27th May 2020. All main research subjects have

been completed, please refer to chapter 3, 4 and 5 of this report for details.
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A Study on Integration of Numerical Models to
Evaluate Large-scale Sediment Transport in the
Watershed

Ho-Hsing Chuan! Lin- Bor-Shiun?

ABSTRACT

This study aims to integrate numerical models to evaluate large-scale
sediment transport and develop the local standard operation procedure. Based
on the accumulation pattern of the colluvium layer on the slope and the
mechanical parameters of soil and rock, the possible landslide triggering depth
is evaluated by continuum mechanics as the initial condition of movement
using FLAC 2D program. Then, the particle mechanics (PFC2D) or fluid
mechanics (iRIC Morpho2DH) numerical model is used to simulate the
behavior of soil and rock after the collapse by inputting the terrain of the
potential failure surface of the site and the transportation path for monitoring
the transportation and accumulation of particles when the collapse occurs and
the zonation of landslide occurrence. All of the studied results are used the
reference of large-scale sediment management and remediation strategy
planning.

! Principal Researcher , Disaster Prevention Technology Research Center, Sinotech Engineering
Consultants, Inc.

2 Senior Principal Researcher and Chief , Disaster Prevention Technology Research Center, Sinotech
Engineering Consultants, Inc.
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Multifunctional Sediment monitoring loT system

C.S.Lin! B.S.Lin? C.K.Chen® C.K.Hsu*

ABSTRACT

With the development of digital technologies such as Al, big data analysis, 10T
(Internet of Things), and 5G, it is possible to provide more intensive and complete services
to river catchments which located in remote areas, where equipment management and
maintenance are difficult to monitor. However, at this stage, there is still a lack of
value-added applications such as data feedback of different monitoring types. Therefore,
this project will integrate hardware and firmware for sensors such as water level, turbidity,
and rainfall, and strengthen endurance, system stability, etc., and develop a database and
display platform to perform monitoring data processing on the local site. Then, publish it to
the cloud platform for user project management. Then, based on the soil erosion data on the
slope surface, a prediction model of the erosion depth caused by a single rainfall event is
established by machine learning, and a flood prediction model is established by using the
sediment monitoring data. Practical experience such as water and sediment monitoring can
effectively meet the needs of future environmental monitoring data value-added

applications.

1. Assistant Researcher, Sediment monitoring and simulation group, Disaster Prevention Technology Research Center,
Sinotech Engineering Consultants, Taipei 280, Taiwan

2. Senior Principal Researcher, Sediment monitoring and simulation group, Disaster Prevention Technology Research
Center, Sinotech Engineering Consultants, Taipei 280, Taiwan

3. Principal Researcher, Sediment monitoring and simulation group, Disaster Prevention Technology Research Center,
Sinotech Engineering Consultants, Taipei 280, Taiwan

4. Senior Engineer, Sediment monitoring and simulation group, Disaster Prevention Technology Research Center,
Sinotech Engineering Consultants, Taipei 280, Taiwan
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The Pilot Study of INSAR Deformation Database

Creation and Infrastructures Monitoring

Chen-Wei Lan' Ching-Fang Lee? Shih-Yuan Lin®

ABSTRACT

This study aims to prepare to develop Taiwan INSAR displacement database for
the new business model. 30 high-resolution X-band Cosmo-SkyMED HIMAGE mode
Ascending SAR images which cover Taichung City and Changhua County were
purchased in this study. We performed PS-InSAR(Persistent scatter INSAR) and ATS-
INSAR(Adaptive time-series INSAR) and compared the output with open and free
medium-resolution Sentinel-1 images. The results showed that the InSAR
measurement point from Cosmo-SkyMED had more than five times than Sentinel-1’s,
and small-scale deformation, such as thermal expansion, can also be detected. Several
cases, like infrastructures, buildings, and slopes, were done for technological
promotion. The first problem with building a Taiwan-wide InSAR deformation
database is that our software cannot handle analysis between swaths in Sentinel-1
images. Therefore we developed a cross-swath analysis module in SARPROZ, which
can do coregistration and interferometry on a national scale. In addition, a pipeline that
can generate interferograms automatically based on ISCE(Interferometric synthetic
aperture radar Scientific Computing Environment) was also completed. It can
automatically add new images to the database and find the suitable small baseline
image pair to perform InSAR analysis to obtain interferograms, coherence and
Unwrapped interferograms. Then we can implement SBAS(Small Baseline Subset)
time series analysis to achieve new real-time deformation monitoring.

An InSAR subscription service platform was developed as well. After registration,
users can create a project and set the area, image period and frequency they want, and
the price would be returned. If users want to choose high-resolution and commercial
SAR images, the price will be notified by Sinotech. After the purchase detail is
confirmed, the customer will receive the confirmation mail containing the payment
account, and Sinotech will be notified to start the analysis. Users can directly view and
download output with common file formats through the platform when the outcome is
uploaded.

1
2
3

Assistant Researcher, Disaster Prevention Technology Research Center., Sinotech Engineering Consultants, Inc.
Principal Researcher, Disaster Prevention Technology Research Center., Sinotech Engineering Consultants, Inc.
Associate Professor, Department of Land Economics, National Chengchi University
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Preliminary Study in the Intelligent Monitoring
Platform for Reservoir Safety

C.E.Chiang' K.C.Chen® C.P.Wu’ W.M. Kuo' I.S. Lin’
S.C.Chang’° H.L.Jhu'

ABSTRACT

Sinotech Engineering Consultants, Ltd.(SEC, Ltd) currently processes the
safety inspection and monitoring of more than ten reservoir facilities of Water
Resources Agency(MOEA) and Taiwan Water Corporation. The existing work
implementation is that the field engineers conduct the measurement and inspection,
and then file in the being measured or collected data on a computer. Since the
monitoring data is huge, and it is not easy to judge the structure changes from the
monitoring data. Therefore, the EXCEL software is generally used to figure out the
time-history curves. This work takes about 1/3 working of the engineer’s time. In
addition, the results of each reservoir are also affected by personnel inputs, and

easily having different interpretation.

The purpose of this report is to install "reservoir safety intelligent
monitoring platform™ by using the website and SEC, Ltd 's Database to set up
various monitoring data and inspection results, record data of the reservoir, and
provide the field engineers to use the cloud for monitoring data and input of
inspection records, the platform system will automatically produce the relevant

graphics of the monitoring.

Technical Manager, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.
Deputy Engineer Leader, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.
Senior, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.

Senior, research and development and Information Dept., Sinotech Engineering Consultants, Ltd.
Seniorr, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.

Engineer, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.

Engineer, Geotechnical Engineering Dept., Sinotech Engineering Consultants, Ltd.
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Also the database provides relevant results such as time-history monitoring
data inquiry and reservoir inspection to achieve the purpose of data sharing. The
reservoir inspection and monitoring data are set up electronically in the SEC, Ltd 's
Database permanently, to keep using it as a large database for the intelligent

monitoring to improve the quality of the results of reservoir safety inspection and

monitoring.
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The Development of Automated Aided System of
Construction Budgeting

T. H. Chou? C. W. Chao? C. H. Chen?® C.Y. Lin*

ABSTRACT

This research and development Project aims to improve the quality of
budget documents prepared at design stage regarding the consistency of the
name, unit and price of work items, in order to reduce contract disputes (e.g.
same work items with different prices per unit) caused by improper budgeting.
Developed by R&D Department and Construction Management Department,
Sinotech Engineering Consultants, Ltd., the automated check system assists
users in finding out possible inconsistencies among all work items within the
budget documents and provides recommendations for corrections. Another
main feature of this project is the supplier database and the inquiry database
which enables users to rapidly look up for supplier’s information and reduce

the inquiry time by inputting key words in the Full Text Searching.

This research and development Project includes three main functions,
i.e. “Code Correctness Check”, “Abnormal Work Item Check” and “Similar
Work Item Check”. “Code Correctness Check” checks whether or not the items
of Resource Sheet of the budget documents matches the coding rules of Public
Construction Commission (PCC). “Abnormal Work Item Check” compares and
checks the consistency of the work items of Resource Sheet regarding the name,
unit, price and code properties. “Similar Work Item Check” first categorizes the

work items of Resource Sheet by its codes; then, confirms whether or not the

1 Engineer, Construction Management Department, Sinotech Engineering Consultants, Ltd.

2 Engineer, Research, Development and Information Technology Department, Sinotech Engineering
Consultants, Ltd.

3 Construction Management Department, Sinotech Engineering Consultants, Ltd.

4 Construction Management Department, Sinotech Engineering Consultants, Ltd.
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prices of same items consist with one another. Until the end of October, 2021,
over a thousands of supplier’s data have been input into the supplier database

and the inquiry database.

In the future, the quoting data from the inquiry database could serve as
the feedback to the budgeting system, providing information for users to review
the reasonableness of the budget of their self-executing project and simplified
the repetitive inquiry process. In addition, the budgeting system is also
designed to link and compile the designing and budgeting data provided by
automatic picking and calculation tools of Building Information Modeling
(BIM), in the hope of correctly providing design outcomes on time. By
applying the abovementioned systems and techniques, the company can not
only improve the efficiency of its design progress, but also allocate its saved

manpower to even higher value-added technical services.
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Application of AR combined with BIM to field
survery in the full cycle

Tsai Shang Chun!  Wu Jian Cheng? Chen Ta Chun® Cai Xue Hua*

Hsu Kuei Tang®
ABSTRACT

Compared with other industries, the AEC industry (Architecture, Engineering
and Construction) has a relatively slow pace of applying new technologies, however
development of new technology, Building Information Modeling (BIM) import
project life cycle design, construction and maintenance has gradually become the
main axis of the construction process application. In particular, the information
form BIM can provide effective help in the construction and maintenance process.
But in practice, different teams are responsible for each stage from planning, design,
construction to maintenance, Limited by their professional fields and related work
content, they cannot effectively integrate model information. It is necessary to
continuously modify and even rebuild the model to generate the information needed
to complete the work content, which affects the effectiveness of the BIM import

into the engineering project.

In recent years, Advocating the concept of VDC with AR/MR as the main
tool. It uses AR, MR, and BIM technologies to visualize the full life cycle of project
from planning, design, construction to maintenance, and conduct visual analysis,

impact assessment and reduce risks, thereby saving time, cost ~ and improving

project quality.

1 Engineer, Southern Engineering Center Dept., SINOTECH Engineering Consultants, LTD.
2 Engineer, Southern Engineering Center Dept., SINOTECH Engineering Consultants, LTD.
3 Engineer, Southern Engineering Center Dept., SINOTECH Engineering Consultants, LTD.
4 Engineer, Southern Engineering Center Dept., SINOTECH Engineering Consultants, LTD.
5 Technical Manager, Southern Engineering Center Dept., SINOTECH Engineering Consultants, LTD.



Since the spread of COVID-19 in 2021, in order to control the epidemic, the
blockade and isolation have been adopted to reduce the speed of regional infection
and spread. However, “communication” and “coordination” face to face have
always been the most direct and effective methods for the AEC industry to
implement the progress of the work. Because of COVID-19, not only indoor
planning, design but also outdoor construction work cooperates with the
implementation of relevant government anti-epidemic policies in diversification
measures and work from home situations, the efficiency of "communication" and
"coordination” will be reduced due to social distancing restrictions between people.
Therefore, the new technology AR/MR is combined with video software to improve
the operation process, let the design and construction workers site investigation and
site meeting indoors to reduce the need for personnel contact and maintain the

progress of the project. This is a key issue to be discussed in this study.
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Al Processing of Point Cloud and Visualization
Platform Development

I-Chen Wu! Chia-Sheng Hsieh? Chen Ta Chun® Cai Xue Hua*
Hsu Kuei Tang®

ABSTRACT

The development of laser scanners and digital photogrammetry technology
can effectively provide users with a real-world 3D point cloud model. The point
cloud brings convenience to space measurement and current status control of
construction site, but the point cloud itself only has 3D coordinates and colors.
Point cloud does not have attributes information, so it is difficult to be widely used.
The main purpose of this research is to expand the application value of point cloud
through point cloud cutting and point cloud classification technology so that its 3D
information can be widely used in different fields. And build a prototype of the
visualization platform to integrate BIM, GIS and point cloud information to

facilitate the visual display and management of engineering information.

! Professor, Department of Civil Engineering, National Kaohsiung University of Science and Technology.

2 Associate Professor, Department of Civil Engineering, National Kaohsiung University of Science and
Technology.

3 Engineer, Sinotech Engineering Consultants, LTD.

4 Engineer, Sinotech Engineering Consultants, LTD.

> Technical Manager, Sinotech Engineering Consultants, LTD.



Fek AT B By AL B AR AT B
EEED RUIED BES MAT' S’

# %

NG kSR AL ERNEZ ERIEKA K - BT KRE
FRIF M BRYTHETHLR 0 LA g RN A b
WA AR HE R RAERE RS ETHTHIEA IR A
AR BERSEEGR M AL RELTHE - R BFN G
Mgk HRIKRKIERIZAZEHETE  BRADRRSREAL
TR HTEREEREFIRTAERI TR AERIELRE
LA B gLy B AR -

At REABEZ M A KAt EEEMBM - S F TR A BK
B B34~ PER M XA G W TR B BB 0 A Bhsh ks ik
KRR RV ALER RSRIERESE - TRZEREZH R
R BHERE S BRI -

T A2 RAR R TR E) B ERARA TALE
PR TR ARAE RGEE TAEMH
LT A RAR AR A RG] B ERRALE 3 E 8
T A AR AR TR E) B BRRALE TR
o ST AZ A B IR A PR B [ R SR AER AT R

4-15

a b~ W N e



Research and Development of Drainage Design
Automation Assistance Software
Chia-Wei Wang! Che-Ting Chu? Hsien-Yen Yan® Wei-Yu Chen* Liang-Hua Cho®

ABSTRACT

SINOTECH Eng. Consultants, LTD has consistently participated in the
planning design of drainage system and storm sewer system in public works.
Based on extensive experiences and certain extent of informatization
techniques, this study purpose the innovative and highly feasible conception of
developing an effective assistance system. The system which provides the
intuitive user interface and some function can fulfill the practical needs of
automation and standardization drainage design. It is possible to be applied in
highway, urban road, park development, new town development and relative

public works in the future.

The system contains the project management module, the reference
module, the channel catchment assignment, the drain layout module, and the
technical drawing assistance module. It helps to shorten the work procedure,
reduce human errors, and improve quality. It can also properly preserve the
results of the project and achieve the effect of experience feedback and

inheritance.

1 Engineer, Land Development, Highway and Aviation Eng. Dept., SINOTECH Eng. Consultants,
LTD.

2 Engineer, Aviation Project, SINOTECH Eng. Consultants, LTD.

3 Assistant Manager, Land Development, Highway and Aviation Eng. Dept., SINOTECH Eng.
Consultants, LTD.

4 Assistant Manager, Land Development, Highway and Aviation Eng. Dept., SINOTECH Eng.
Consultants, LTD.

5 Technical Manager, Land Development, Highway and Aviation Eng. Dept., SINOTECH Eng.
Consultants, LTD.
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Study and Application of 3D Printing Technology

Mingyee Hsu!

ABSTRACT

3D printing technology was regarded as one of the key inventions that drives
the momentum of the Third Industrial Revolution according to Time Magazine and
The Economist Magazine. 2013, this technology was even considered, by the
President of the United States of America at the time, Barack Obama, as the crucial
manufacturing method that might boost the high-tech economics of the U.S. in the

future.

3D printing is the other name of Additive Manufacturing (AM). It is also the
critical technology of Rapid Manufacturing (RP). Since 1980’s, 3D printing has
been used on many types of research and development projects. Today, after years
of development, the technology of 3D printing has become much cheaper and
diverse. And because of recent expiration of some patents of 3D printing, 3D
printing gradually becomes a new tool for manufacturing custom design products,
architectural projects for small and home businesses, and even become an

innovative technique for construction projects.

The purpose of this study is to investigate and analyze the historic background,
operation, and application of 3D printing, expecting the knowledge we learned
from this technology could be innovatively applied on architecture and engineering

practices.

1 Architect, Architectural Engineering Dept., SINOTECH Engineering Consultants, LTD.
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Development of the Probable Maximum
Precipitation Estimation System

M. H.Yang! S. K. Chin? Y. L. Chiou?

ABSTRACT

In this study, a powerful and fast computing "Estimation System of Probable
Maximum Precipitation” is built to provide a PMP calculation for reservoir or weir
planning and evaluation to facilitate the use of design flood or planned flood

estimation and review.

Automatically collect the continuous 120-hour rainfall data of more than 500 rain
gauges from the Water Resources Agency and the Central Weather Bureau, and
supplement the missing data. According to each duration and area search for the
maximum rainfall, the depth-area-delay (DAD) curve of the rainstorm event is
obtained, which is used to establish the estimation module of the Storm Transposition

Method, and complete the automation program and the operation interface.

! Engineer, Hydraulic Engineering Dept., SINOTECH Engineering Consultants, LTD.

2 Engineer, Hydraulic Engineering Dept., SINOTECH Engineering Consultants, LTD.
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SEC-HY21 GPU Development for Fixed-bed
Hydrodynamic Modeling

Chin-Pin Ko! Chiang-An Hsu? Yang-Lang Chang *
Tsung-Yu Chung* Sih-Yu Yang* Syun-Ting Li*

ABSTRACT

This research is aimed at rewriting the CUDA version of SEC-HY21. The main
program is written in CUDA C, and the main calculation subroutine is rewritten in
CUDA for GPU. At the same time, the fortran subroutine code for non-main
calculation is retained and supplied to CUDA C by using Fortran/C mixed language.
The results show that when the Nvidia RTX 2080Ti graphics card is used for GPU
acceleration, when the number of mesh cells reaches more than 50,000, the speedup
ratio can reach more than 10 times, and when the number of cells reaches 400,000, the

speedup ratio can reach 20 times.

This research completes a Web prototype system that allows users to upload data
and download them after the server finishes computing. In the future, cloud computing

systems can be developed or expanded based on the prototype system architecture.

This research has also completed the near-realtime display function, which can
use OpenGL for rendering and display of simulation results during the calculation

process. This function can be used in both the CPU version and the CUDA version.

1 Engineer, Hydraulic Engineering Dept., SINOTECH Engineering Consultants, LTD.

2 Senior Principal Researcher, Civil, Hydraulic Engineering and Railway Transportation Research Center,
Sinotech Engineering Consultants, Inc.

3 Professor and Chair of Electrical Engineering, Department of Electrical Engineering, National Taipei
University of Technology.

4 Master student, Department of Electrical Engineering, National Taipei University of Technology.
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Combining Constraint Programming and
Integer Programming to Solve the Crew
Rostering Problem for Railroad Systems

G. H. Chent, J. C. Jong? A. F. W. Han?, C. S. Suen®, E. F. Chang?®

ABSTRACT

Crew rostering is one of the crucial processes in mass rapid transit systems.
Based on current regulations, working and break time requirements, as well as
the operational rules, this process aims to construct a roster which determine
the sequence of duties that each single crew must perform over the given time
period. Most past studies considered this subject as an optimization problem
and solve it with mathematical programming based methods or heuristic
algorithms, despite numerous logical constraints embedded in this problem. In
this paper, we employ a hybrid approach to solve the problem with a
mathematical programming model for off-day scheduling and a constraint
programming model for duty assignment. We apply the models to KRTC, one
of a MRT company in Taiwan. The results show that the proposed solution

approach is more efficient and flexible than manual scheduling process.

! Researcher, Railway Transportation Section, Civil, Hydraulic Engineering & Railway Transportation
Research Center, Sinotech Engineering Consultant, Inc.

2 Director, Civil, Hydraulic Engineering & Railway Transportation Research Center, Sinotech
Engineering Consultant, Inc.

3 Emeritus Professor, Department of Transportation and Logistics Management, National Chiao Tung
University.

4 Chief, Railway Transportation Division, Civil, Hydraulic Engineering & Railway Transportation
Research Center, Sinotech Engineering Consultant, Inc.

5 Chief, Transportation Information Division, Civil, Hydraulic Engineering & Railway Transportation
Research Center, Sinotech Engineering Consultant, Inc.
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Al Image Recognition Used in Traffic Flow
Calculation and Level of Service Measurement
Chih-Chieh Hung? Yu-Yao Hsia? Chien-Ming Lai?®

ABSTRACT

By analyzing image input of CCTV with Al recognition, the system
can estimate traffic data and simultaneously assess the efficiency of the road,
which creates a construction period intelligence traffic control infrastructure.
The frame of the program is stacked and composed of data planes, computing
planes, and presenting planes. In the data plane, the main compositions are
vehicle and pedestrian identification algorithm, vehicle tracking and trajectory
algorithm, calculation and generation of traffic index, and data required for
basic traffic measurement dashboard. As for the presenting plane, it involves

database and dashboard construction.

The project is capable of generating traffic data based on
marked-image, module training, and tracking records, which includes vehicles
from multiple directions and hot spot distinction. Throughout the data, it can
furthermore render a dashboard with the calculating result of the vehicle
velocity and waiting time on different intersections. The program had also
adjusted vehicle turning and the two-stage turning segment, which had testified

comprehensively.

The project, data, and research can be referred to and utilized hereafter

and serve as the foundation of the future program.

L Assistant Professor, Management Information Systems Dept., National Chung Hsing University
2 Engineer, Railway Engineering Dept., SINOTECH Engineering Consultants, Ltd.
3 Manager, Railway Engineering Dept., SINOTECH Engineering Consultants, Ltd.
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Al Image Recognition Used in People Flow
Simulation and Station Renovation — Taking
Arena MRT Station as an Example
Chen-Wei Hung! Chih-Min Liou? Szu-Han Wang?

ABSTRACT

This report is aimed to build a procedure for redecorating the present
commercial space in MRT station. In order to test the procedure, we propose
a way to redecorate the commercial space in Arena station through scrutinizing
the layout on papers and carrying out the inspection in-person. To simulate
the real situation in Arena station, we collect the data, which is processed and
analyzed the characteristics of passengers through the technique of image
recognition, such as the amount of passengers, gender and age. Based on the
simulation results of people flow, this report shows all feasible types of
business that meet passengers’ necessity and quantifies exposure rate for the
space objectively. Estimate approximately net income for recommended
business type for each space after referring to entry rate and shop rate on
market. Then, the store rent can be calculated for reference of negotiation

between metro operators and merchants.

This report proposes two strategies for renovating Arena station. One
Is removing the toilet located at the southern concourse, the other is canceling
gate and making use of the space in front and behind of it as commercial areas.
The first strategy fails to meet the minimum requirement on the number of

toilets. Thus, the second one is left because escape time can still be satisfied

! Engineer, Railway Engineering Dept., SINOTECH Engineering Consultants, Ltd.
2 Engineer, Railway Engineering Dept., SINOTECH Engineering Consultants, Ltd.
3 Engineer, Railway Engineering Dept., SINOTECH Engineering Consultants, Ltd.
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even without emergency exits. Moreover, given the fact that vending
machines in Arena station are disorganized and there are some overlaps
between the products of them. Therefore, the areas beside entrance gates
could be utilized is suggested, the vending machines can all put in that areas or
the commercial areas can be used as convenience stores. Since over 70% of
passengers across Arena station are composed of students and adults at working
age, the report makes recommendation that self-service stores in station can
improve efficiency and productivity on running business. As a result, Arena

station is built to the first station with unstaffed stores in Taiwan.
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Using Accelerometer for Rail Track Inspection
Technology In Service Train

Chung-Yue Wang! Chin—Liang Chang?

ABSTRACT

The promotion on service quality of rail transportation and reduction on
managerial cost are primary goals of global rail industries. Currently in Taiwan,
due to traditional ballast tracks constructed in early years, discomfort or even
safety issues caused by track deformation which was either the results of
vibration or lateral pressure, or the axial force stored within the rail as
influenced by temperature when in the static status. In order to maintain the
service of riding safety and comfort, maintenance and renewal of the tracks
need to be put into practice constantly, so the condition of the tracks can be
kept above a certain standard; and this is called maintenance.

Outside force, that is, track management, depends on tracks and maintenance,
so special relation and structure can be established. In a narrow sense, track
management means checking the tracks’ irregularity periodically by labours or
inspection car and maintaining or managing the tracks by statistic data.
However, a great amount of labour force and expense are allocated in labour or
routes checking and a deal of equipment and maintenance fee is needed when
inspection car is applied though it does have the advantages of time-saving and
accuracy.

Trying to improve the comfort on riding, many countries constantly develop the
track inspection systems so that the expectation of economic efficiency and
instant inspection can be achieved. The micro-electro-mechanical systems that
are based on the prosperity of intelligent communication system and digital
data and so forth are now well developed. By using the operational trains with
the adoption of inertia navigator with the combination of GPS and dashboard
camera, this innovation can reach the same checking effect with simple and
economical methods, and it can also provide information on track quality to
track maintainers and managers in a faster and more economical way; and it is
named InST ( In Service Train) track inspection.

! Professor, Department of Civil Engineering at National Central University.
2 Adjunct Professor, Department of Civil Engineering at National Central University.
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Modularization and Joint Design of New Steel

Damping Brace with Monitoring System

Yu Chih Chen' Chyuan Chang? Hsin Yu Tsao®

ABSTRACT

Steel brace which provides structural stiffness and damping ratio is one
of the important energy dissipation devices, especially for the structure which
is insufficient or wherewith the weak layers. The energy induced by earthquake
is dissipated due to the yielding of the steel material in brace. SINOTECH’s
first-generation Steel Damping Brace (SDB) is a type of energy dissipating
brace, which has been widely applied in reinforcement cases. To enhance the
market competitiveness, a new design is developed and focuses on three key
issues: (1) modular of energy dissipating components, (2) two joint types, and
(3) to improve ductility capacity, optimizing manufacturing and assembly
procedures and costs.

The performance test of the prototype was performed by SINOTECH
Mechanical Laboratory for Vibration. The prototype has been verified to have
more stable energy dissipation behavior and better ductility than the first
generation. It is provided that the new SDB can be mass-produced for new
construction and existing structures needing seismic reinforcement. This
research also develops long-term monitoring devices, which are expected to be
applied to our anti-seismic products after further improvement in the future and
provide integrated service strategies to the users.

Keywords: Steel Damping Brace, modular design, seismic reinforcement,

monitoring devices

! Researcher, Anti-Seismic and Vibration Control Technology Research Center, Sinotech Engineering
Consultants, Inc.

2 Senior Researcher, Anti-Seismic and Vibration Control Technology Research Center, Sinotech
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3 Assistant Researcher, Anti-Seismic and Vibration Control Technology Research Center, Sinotech
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Bridge Steel Cable Vibration Measurement Device
W.C. Lee! Y.C.Shih? JH.Weng® J.S.Chen*

ABSTRACT

Due to the accident of the Nanfang'ao Bridge breaking in Yilan, Taiwan, in 2019,
the government has gradually paid more attention to the safety inspection of bridges.
Therefore, the need to use non-destructive detection methods to monitor bridge cables is
also increasing. One of the methods is the micro-vibration detection method which is to
calculate the cable force value of the steel cable by analyzing the vibration frequency of
the steel cable. The accelerometers are mainly installed by workers with hydraulic aerial
cages, which may affect traffic and risk high-altitude work.

This project aims to develop a cable climbing robot to replace the manual vibration
detection of bridge cables. We will refer to the existing literature and make
improvements. The cable climbing robot we developed uses the two-point clamping
mechanism referring to the scissor jack and simplifies the mechanism to control the
weight at 10.5 kg. The climbing system uses the stepper motor to drive the pulley for
the climb. We design a U-shaped driven wheel, which can automatically align with the
center of the bridge cables when climbing, and has springs for buffering when the
bridge cables are uneven. The measurement system uses the feature of the
electromagnet that pushes forward when the power is cut off to avoid interference with
the accelerometer measurement due to current or vibration. The control part uses two
Raspberry Pis as the main and backup controllers. When the main controller fails, the
operator can use the backup controller to switch the control right and operate the
climbing robot to descend safely.

! Professor, Mechanical Engineering Dept, National Taiwan University of Science and
Technology

2 postgraduate, Mechanical Engineering Dept, National Taiwan University of Science and
Technology

3 Chief, Structural Engineering Section, Civil, Hydraulic Engineering and Railway
Transportation Researcher Center, Sinotech Engineering Consultants, Inc
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We use a laser rangefinder to locate altitude without the accumulated error of
encoders or odometer wheels. Finally, it is verified in the actual bridge that the
robot can successfully climb the bridge steel cable. After the main controller is
powered off, the operator can use the backup controller to safely lower the
cable climbing robot. The difference in vibration frequency measured between
our method and the manually measuring is only 1.6%.
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Applying Constraint Programming and Integer
Programming to Solve the Crew Scheduling
Problem for Railroad Systems:Model Formulation
and a Case Study

G.H. Chen, J.C. Jong, F.W. Fan
2022%17"

Transportation Research Record: Journal of the
Transportation Research Board Vol.2676, p.408~p.420

Investigation of Shallow S-Wave Velocity
Structure and Site Response Parameters in Taiwan
by Using High-Density Microtremor
Measurements

C.T. Chen, C.H. Kuo, C.M. Lin, J.Y. Huang, K.L. Wen
202227
Engineering Geology Vol.297

Building Disaster Resilience Amid the COVID-19

Pandemic: A Transdisciplinary Approach for
Decision Making

M. Inoue, M. Arakida, Y.R. Paudyal, K.A. Razak, T.C. Tsao
C. Ghosh, W. Ladbrook, K. Takeuchi, M. Ishiwatari

2022# 2%
Journal of Disaster Research Vol.17, No.1, p.144~p.151

Evaluating Coupled Hydromechanical Behavior of
Anisotropic Rock Mass Using DEM

W.J Shiu, M.C. Weng, C.C. Chiu, P.L. Wu
2022 2"

Bulletin of Engineering Geology and the Environment
\ol.81, N0.98
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Towards a Rapid Assessment of Highway Slope
Disaster by Using Multidisciplinary Techniques

M.C. Weng, C.H. Lin, W.J. Shiu, W.A. Chao, C.C. Chiu,
C.F.Lee, W.K. Huang, C.M. Yang

2022#% 3"
Landslides Vol.19, No.3, p.687~p.701

Outburst Debris Flow of Yusui Stream Caused by
a Large-Scale Silabaku Landslide, Southern
Taiwan

C.M. Yang, W.A. Chao, M.C. Weng, Y.Y. Fu, J.M. Chang,
W.K. Huang, GeoPORT Working Group

2022% 4"
Landslides Vol.19, p.1807~p.1811

NGA-Subduction Research Program

Y.Bozorgnia, N.A. Abrahamson, S.K. Ahdi, T.D.Ancheta,
L.A. Atik, R.J. Archuleta, G.M. Atkinson, D.M. Boore,
K.W. Campbell, B.S.J. Chiou, V. Contreras, R.B Darragh, S.
Derakhshan, J.L. Donahue, N. Gregor, Z. Gulerce, .M.
Idriss, C. Ji, T. Kishida, A.R. Kottke, N. Kuehn, D. Kwak,
A.O.L. Kwok, P.S. Lin, J. Macedo, S. Mazzoni, S.
Midorikawa, S. Muin, G.A Parker, S. Rezaeian, H. Si, W.J.
Silva, J.P. Stewart, M. Walling, K. Wooddell, R.R. Youngs

202257
Earthquake Spectra Vol.38, No.2, p.783~p.798
Source Properties of the 2019 ML6.3 Hualien,

Taiwan, Earthquake, Determined by the Local
Strong Motion Networks

Y.Y. Lin, Y.Y.Wen, Y.T. Yen
2022#6 2

Geophysical Journal International Vol.229, No.3,
p.1665~p.1679
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Investigation and Estimation of Groundwater
Level Fluctuation Potential: A Case Study in the
Pei-Kang River Basin and Chou-Shui River Basin
of the Taiwan Mountainous Region

N.C. Chen, H.Y. Wen, F.M. Li, S.M. Hsu, C.C. Ke, Y.T. Lin,
C.C. Huang

2022& 7"
Applied Sciences Vol.12, No.14, p.7060

Evaluating the Effect of Anisotropy on Hydraulic
Stimulation in a Slate Geothermal Reservoir

M.C. Weng, P.L. Wu, C.H. Fang, Y.Y. Fu, Y.C Liao, C.H.
Liu

2022#8*

Rock Mechanics and Rock Engineering, p.1~p.22

Assessing the Impact of Rockfall on the Retaining
Structures of a Mountain Road: a Case Study in
Taiwan

C. M. Yang, C. H. Lee, C. Y. Liu, W. K. Huang, M. C.
Weng, Y. Y. Fu,

2022#8*

Landslides Vol.19, No.11, p.2737~p.2746
Analyzing Landslide-Induced Debris Flow And
Flow-Bridge Interaction By Using A Hybrid Model

Of Depth-Averaged Model And Discrete Element
Method

W.J. Shiu, C.F. Lee, C.C. Chiu, M.C. Weng, C.M. Yang,
W.A. Chao, C.Y. Liu, C.H. Lin, W.K. Huang, GeoPORT
Working Group
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Landslides, p.1~p.19
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Assessment of Probability of Failure on
Rainfall-induced Shallow Landslides at Slope
Scale Using a Physical-based Model and Fuzzy
Point Estimate Method

Y.S. Yang, H.F. Yeh, C.C. Ke, N.C. Chen, K.C. Chang
2022% 97"
Frontiers in Earth Science Vol.10

Efficient Building Inventory Extraction from
Satellite Imagery for Megacities

Y.M. Lo, E.K. Lin, V. Daksiya, K.S. Shao, Y.R. Chuang,
T.C. Pan

2022107

Photogrammetric Engineering and Remote Sensing
\0l.88, N0.10, p.643~p.652

Enhancing Smart Sensor Tag  Sensing
Performance-Based on Modified Plasma-Assisted
Electrochemical Exfoliated Graphite Nanosheet

Tzu-Hsuan Lin, Alan Putranto, Yan-Ting Wang, Qing-Hao
Yang, Ren-Jang Wu, Chia-Hao Liu, Che-Kuan Lin, Murthy
Chavali

2022 117"
Polymers Vol.14, No.5067, p.1~p.14
Is the Widely Used Relation between Mechanical

and Hydraulic Apertures Reliable? Viewpoints
from Laboratory Experiments

X.X. Nguyen, J.J. Dong, C.W. Yu
2022#% 11"

International Journal of Rock Mechanics and Mining
Sciences Vol.159
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(1% P : The application of Geospatial Technology in
Babaoliao Large-scale Landslide (T002) of Taiwan

a1 J.J. Lin, Y.A. Liou, L.W. Wei, C.Y. Hsiao, N.C. Chen, C.C.
Ke, C.C. Fan, H.C. Cheng

AR E D gk 2022287 =i

€ 3k LA International Conference on Earth Observations and
Societal Impacts 2022 (ICEO&SI 2022)

(2)#& B : Scenario-based Ground Motion Simulation on
Practical Application in Seismic Mitigation for
Hsincheng Fault in Taiwan

Tk . Y.T. Yen, C.T. Chen, M.C. Hsieh, K.F. Ma, C.H. Chan
W dE D g 2022F10% £ K
g WA - The 2022 Taiwan-Japan-New Zealand Seismic Hazard

Assessment Meeting

(3)# P : An Enhanced Procedure for Simulating the
Stochastic Ground Motion

T C.T. Chen, Y.T. Yen, M.C. Hsieh, K.F. Ma, C.H. Chan
A E Tk 20228100 £ &
e WA - The 2022 Taiwan-Japan-New Zealand Seismic Hazard

Assessment Meeting

(Hd B : Scenario Ground Motion and Coseismic
Displacement Inferred from the Interseismic
Velocity Field

= S.H. Hsiao, K.E. Ching, Y.T. Yen, C.T. Chen, W.L. Chang
Y.J. Lee, R.Y. Chuang, C.L. Chen
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€3k LA The 2022 Taiwan-Japan-New Zealand Seismic Hazard
Assessment Meeting
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Modification Processes of The Taiwan Earthquake
Model (TEM): Examples from The Changhua
Fault and Chungchou Structure.

T . Y.R. Chuang, J.B.H. Shyu
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Assessment Meeting

(6)%& B :  Analysis of The TEM Long-Term Slip Fault Rates
and Distributed Deformation Rates in Taiwan
Orogenic Belt by Finite-Element Kinematic Model

Tk Y.J. Lee, J.C. Hu, J.B.H. Shyu
o FE ek 20222107 £ K
€k - The 2022 Taiwan-Japan-New Zealand Seismic Hazard

Assessment Meeting

(T4 B : A Case Study on the Convergence Improvement of
Nonlinear Static Pushover Analysis

% C.C. Liu, C.H. Li, J.H. Weng, Q. Xue

A& D gk 20228110 4

£k - H 2022 8th Asia Conference on Earthquake Engineering
(8)%& B : Using the Hygroscopic Swelling Method to

Simulate the Hydro-Mechanical Phenomena of
Kunigel-V1 Bentonite
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