8th

SCEM

Symposium on Construction Engineering and Management / International Conference




ﬁﬂt‘\: e s .
®

Miﬁﬁlﬁéi +k1”$¢¥&+k1’*ﬂi§']¥ﬁﬁﬁ§é
EREEEAR T ﬁrﬁﬁﬁliJ

afhltEES=ER —E2505791% TEL: 04-22490531
www.eante.com.tw FAX: 04-22490539



?jai ig_ul:t j]ﬁé':%_

AL RN =4 - SRS &S

AAMEE  BOBI LA IRIE 2% BREW - H

BT REBXKEEITZX  mERTHE® - EHE

FENAREREZT BEBEREU - RRIEE
+

FX

KR B

E;; | BEEEERIRSRE  N\HTIBLEE
b Y

hi

L. - 7 1 B . LLDLX }#7](* 7 ST BL\
SRR e masE . meTR

o WAKIE - BB
fr\ EEZE LFe | mpmies  safgs

T [l | EERENAEER . HESRE R
2O EE SRR - EE LR - ERNS BRI

[ |EREETE e
Bl ARTRET o R

1= F}l/"!(
i 2 12

/N 2
A JIIFJ :{l;:‘l‘]mrj TEREHRE
I

tefH% - HESHE

RO SRR OMSRON]) J L SNOD dHdMOdHILYVH

CIE T ¢

.....

1

EARTHPOWER



OO NOILDNYLSNOD ¥d4dMO4dHLYVH
i

d L.

BRI
BREEE
eR/EEE

55 (E

3 TEL:(04)2435-0568 |
& FAX:(04)2435-0569

7] 2 5Lk

—IL-'V‘-_ 1o it - B - BEIKEER - BEiE
SPZEEVESS | iy Al . SR TR

5 WAKIZ - RRIPEHTE

:,f =z ~
ok LAE KEREIEER . EAET

e | BEBEWSEER - TESRNE
CHOL TR SkEmE - BEIR - BENS BRI

T | BT
PPUED tmE - ARTERMT

{EJZ/}:— 11 T*E&EHMHE
P13 HERE  AEEE

YN B AIERE

A= il TS : earth.powerld@msa.hinet.net
SPmItEERER11I855355112 #33E : www.earthpower.com.tw



I\ e

KONGcHoU KONG CHOU CONSTRUCTIO

S 2 F{—F&

ENTERPRISE

v

fol 1
p————L Tl Join uS -
—  0~35%: 5 A#RIS5,0007T ’

FSH361EH$£$180,0007T i

EKR24Bn$560,0007T

ARE { F1§1#815860,0007T

W S
A EE

L1065

EfER

Q £RES EHRERES
© BIgER: o
O EEBRATREERENAKSE
675 ARBI RETEEE. O TERERATHRS o
7165 EEEHET BEASNBEARLA.
185 BNEEAGATEEE. QATRERERENS
00fF FMMBTE HHRGSHERTZ2AUREE. O BB RKiERZBNE
08 MUMEAASHAEES S OIS O B - BT it R B TEN

1005 HEMRRSEHEHE 2 2R SMR B
FEANSEREEREERS

 BEEL10% 3EE
zEudp.awnlp

A

OF - UN=i| §¢$EEEEI¥E—E§68%12$§ 0 04-2358-4372 service@kcce.com.tw



BREERGARAT
40758 @A EENEEE169741E
www.best-giving.com

04-22559888

QW
04-22556299

< BE

NEBET

faHHlE

Company Profile
Bl =

BEEAENARGS BB/ — « 2023
EX TH##E2000A REEBS TRZEE
HER ST  EEEYAKAB02ET -
NBEERMETERRALE BuHSE
MEENEE  SHELE BAZEZR
NEEALN  RELRABRSAMES

EMGHEEBRZRIR  REEEXZERE
BEE -

welfare system

 BR/ERERn (ERRREENG ) /6%5E
ERBSR
CEEs  £0EE KBS
 ESMIRERE - BRiRE  BF
EERBRERE
RIS - ShEIT e
FuEss

FHEER

RERE - ANES
2=
TR

R IRERL

o

E. '
7 .
E 'M:Jﬁ:-l [=1 )

ey

BRGNS

&P EXREER




o
&

~ JOIN US &

))))))))1] A ﬁ 1F5

ﬂﬂﬁ%glﬁﬁﬁggﬂﬁsﬁﬁﬁﬁmﬁ  BHARELAEFRHSBEIERBERRR
BMARNS E » BBRHFENRARBAEEE - BEAHMVAELRTERZ0 > HA
ERB—ET  RTARIFIFRE thRESBBARBENZER  BOESNER—

EMABRIRERGERATINIETI - >N
IV P DI DI
= —
FBEWTE SIEESE =P BE - ETER - ORE - EX ATTEUFEARE - RUEFEE
EEEAGEREE 2 BEREER s BER - BR - B B I BRB  SRETRARTS » FERAM I »
i e B~ BB S B (B R BRIE ; ARTRESIAT 2
EEfE(VN) Sae K2 BHE BIFHI AT T A THR2HE
fuptmess . & REEBRE IEREREF - B - AEMETENED B REa
RaBiE s 25 FHIR AL -
MIZRIE
FEHFHMm RF¥SIEH HIPHIHIH) BEE YNCIEER S]] BENEFITS

ERTESERRAMNEE  BE BT > ExEREEERRETZ
c RIFE ‘REREME NRSFRA > RMBTHREOEZLRME
FRARMART - S SRENER - BRI REENHLIE
5 BEFPRMHNELEREBARENARBENLFE -

WE ARE HIRING

—RRESRMEEREBHIUIN > BER
M - ZEREEURERES - thif BB
EREFOTUEENEES - WINERE
HiEE -

Glory Scafform Engineering Co., Ltd.

MMM @ wraniE
®ﬁamem\am; @ BIHASR

HE
-

@ nay B
, ,

i il

RIS TREXE

)

)

@ HtHIRIER
@ WIS

O BT AR

W Glory Scafform Engineering Co., Ltd.

04-23358518

gsfeco@gmail.com
AdahmEHREPRE/N

>

—




z&lh
| 2024 % 8 By g e 6 RS € R
2024 = The 28" Symposium on Construction Engineering and Management / International Conference

FREYEIRaERE AN TREER
The 28th Symposium on Construction Engineering and
Management / International Conference

— ¢ SCEM

fkE P
Conference Program
2024.06.27

3 PRE
1= T HAELAF Y2144
W;gﬂ;il;y;—" ﬁ%@lfi,ﬁig
FAYEFRTS



zg_lh
| 2024 % 8 By g e 6 RS € R
2024 = The 28" Symposium on Construction Engineering and Management / International Conference

Fr

~ SCEM

FE T¥21ningmEmHE TREEH, ¢ AP 41kt » kil
Ph$ RzZHPEE§21) R HPRAFF2im 2 g2 o8
FEERFCL Ay FENFFIARETL2FIETL A4 Fi3 - W12
PRI AR IREE LR AP E g ABEF R I RBAFEAIT A RLE
2OoRAFRELOREL REFRAF AL OBEHR I -

FRe@mEF 11218 R A1 FER KRR - AEF2aTESS - R
PEGIFE Y HPAETEA IR AL RAE - Y2 TAMAHE BIM
ZRAFTARY 1 BEREA IR P RARGETRE S I RFERFAFSE2H
RELIRAFRPMFU - 2EFFERT LRI 200/ 2 Hm2 4T | ~ &2
W 46 K P EIHRT L BE T6% 1 24%) e AR E -V 2 R E Y
FBWORFEZ R AABR T AEBEREIBEBHR - 2§ Bl
F138HH/2GLEF NS 3% EE0RFIRITrHEFL > FJ BhwHETA
FFABRREGFPR P RERY - RRGEF{FY B ARPIR Y P
HEHFT 4> FRHEFUEFRE cAPH A FFL1B8LFRFLE 2L ALY
IBREFFLEARRIARBRENZ I FEFAAERLEFE AT BETR
AR ARJNEPFLEERARFRE I AP 2R EL 2FR2LABRES -

"Y1 RAEREFEFAHETERFEER P 19T ERMAI S EXF 28
EoFEFHENENEGE > FARMEANFBEE RS ER I REN P
EF¥RF 2RI RFL G A AR & R A R ForREP
BBAZERIRHY AL BERMIFLRAT AL HE 22 %
BoriPh2d APFREFF LI RAFTREBHBATTALE A S FUEEL
FREPIAR Rl EaRIARNYSIRAF R FRARBRE o

iEd f maEL Rk
Wizt 2F E®
BT ORER

Plak s &
B2 R alxke

SN 1 s



s e
' SCE 2024 % 28 B f ik a4z M A 6 ERE £ K
[ 2024 ' The 28™ Symposium on Construction Engineering and Management / International Conference

Foreword

The 28th "Symposium on Construction Engineering and Management and
International Conference (2024 SCEM)" is advised by the NSTC's Civil & Hydraulic
Program, jointly organized by the Department of Civil & Construction Engineering at
National Yunlin University of Science and Technology, the Alumni Association of the
Department of Civil & Construction Engineering at National Yunlin University of
Science and Technology, and the Taiwan Construction Management Association. It is
co-organized by the Institute for Labor, Occupational Safety & Health, Ministry of Labor,
Earth Power Construction, Glory Scafform Engineering, and Chinese Institute of Civil &
Hydraulic Engineering. The conference aims to enhance the academic research
standards and promote industry-academia cooperation and exchange through the
presentation and communication of research findings in construction engineering and
management.

This conference covers 11 major themes, including Artificial intelligence and big
data, Sustainable construction and smart cities, Plan, design, and construction
management, Construction materials and quality control, Construction laws and
dispute resolution, Information technology in construction, BIM (Building
Information Modeling), Project schedule and cost management, Disaster prevention
and risk management, Construction procurement and public private partnerships,
other topics related to construction engineering and management. The number of
paper submissions and the number of English papers were the highest ever, with nearly
200 paper submissions (147 Chinese papers and 46 English papers, with a ratio of
76%:24%). A total of 138 papers (with an acceptance rate of 72%) were presented
orally in 20 sessions, and another 33 papers were presented by posters. In addition, the
outstanding and the excellent papers will be invited to the special issue of the China
Journal of Civil Engineering and Hydraulics. The seminar invited Dr. Jui-Sheng
Rayson Chou, Chair Professor of the Civil & Construction Engineering Department at
National Taiwan University of Science & Technology / Convener of the NSTC’s Civil
& Hydraulic Program, and Mr. Tung-Kuang Huang, Manager of Earth Power
Construction. They delivery lectures on the future direction of the development of the
construction management of the NSTC’s Civil and Hydraulic Engineering Program,
as well as the experience of the safety management of the construction industry,
respectively.

The SCEM is celebrating its 28th anniversary. We thank the government,
professional engineering consulting firms, the comprehensive construction enterprises
and the specialized construction enterprises for their support and the professors who
reviewed the papers and hosted the conference. Finally, we thank all the professors,
students, and professionals in the industry and government for their contributions to
the conference. Thanks to you, we can share and spread the best research ideas and
results in construction engineering and management. This helps improve the academic
and practical levels of construction engineering and management in Taiwan.

Regards,
Conference Chair, Prof. Wei-Tong Chen
Conference Co-Chair, Prof. Ying-Hua Huang
Prof. Nai-Hsin Pan
Prof. Shu-Shun Liu
Prof. Tsung-Chieh Tsai
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Conference Notices

Conference Matters:
1. We encourage all participants to actively engage in the opening and

closing ceremonies, as well as the various conference sessions.

2. An Information desk will be available at the entrances of the International
Conference Hall. If you have any questions or concerns, please feel free
to approach the staff at the service counters.

3. The winning papers will be invited to be submitted to the Special Issue on
Soil and Water Management published by Journal of the Chinese Institute
of Civil and Hydraulic Engineering.

4. The back of the attendees' name tags will feature several QR codes that
provide access to relevant information such as the agenda, map
directions, and feedback forms. These QR codes are provided to facilitate
easy access to information for attendees who may need it.

Guidelines of Presentations in Each Session
1. Each conference room will have a conference staff member assigned. If

you have any questions or issues during the session, you can directly
approach the staff member for assistance.

2. The allocated time for each paper presentation is 8 minutes, followed by a
2-minute Q&A session. The session staff will remind presenters and
session chairs of the remaining time (a short bell will ring and a sign will
be displayed at 6 minutes to indicate the remaining time for the
presentation, a long bell will ring and a sign will be displayed at 8
minutes to indicate the end of the presentation, and a long bell will ring
and a sign will be displayed at 10 minutes to indicate the end of the Q&A
session).

3. Each presenter is limited to 8 minutes. If necessary, with the approval of
the session chair, the presentation time may be extended, or the
presentation order may be adjusted.

4. After each presentation, there will be a 2-minute Q&A session, or as
directed by the session chair, comments and questions will be addressed
after all presentations in the session.

5. After each presentation, there is a 2-minute question period, during which
the session chair is responsible for managing the flow of live questions.

6. When asking a question, please first state your name and your
institution/organization. Each person is limited to one question per

~D ~
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presentation.

A computer will be provided in each session room. Presenters are
requested to use the computer provided by the conference for their
presentations.

Presenters and session chairs are kindly requested to adhere to the
scheduled presentation start time and avoid any delays.

Presenters are requested to adhere to the allocated presentation time, and
session chairs are advised to control the timing.

Please participate in the conference for the entire duration and avoid
leaving in the middle of sessions. Additionally, please switch off or set
electronic communication devices to silent mode.

In order to respect intellectual property rights, recording, photography,
video recording, live streaming, and similar activities are strictly
prohibited throughout the conference.

Before the conclusion of each session, please take a group photo with the
presenters and session chair for a memento.
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Agenda

Time : Thursday, Jun.27.2024
Location : International Conference Hall, YunTech
XPlease refer to the next page for session code corresponds to topic

Time Location
011, Registration
08:10—13:30 (1F Information Desk)
An_ 10 Al B1 Cl D1 El
08:30-10:20 (AC122) (AC125) (AC224) (AC206) (AC222)
A~ 10, Opening Ceremony, VIPs and Organizers' Remarks
10:25—10:35 (AC226)
Keynote Speech
[ Research and Development of Civil and Hydraulic Engineering
Management - International Perspective & Local Practices ]
By Dr. Jui-Sheng Chou
10:35—11:25 Chair Professor NTUST / Convener of C&HD, NSCE
[ Construction Technology for Disaster Prevention - A Case Study of
Daya System Interchange ] gostler
By Tung-Kuang Huang 1splay
Division Manager of Civil Engineering, Earth Power Construction Co., Ltd. &
(AC226) Vote
(2F)
11:30—12:30 A2 B2 C2 D2 E2
' ' (AC122) (AC125) (AC224) (AC206) (AC222)
12:30—13:20 Lunch Time
13:30— 14:55 A3 B3 C3 D3 E3
' ' (AC122) (AC125) (AC224) (AC206) (AC222)
14:55—15:10 Coffee Break
15:10— 1635 A4 B4 C4 D4 E4
' ' (AC122) (AC125) (AC224) (AC206) (AC222)
Closing Ceremony
AN 1A, Certificates of Appreciation
16:40—17:00 Presentation of Paper Awards
Handover Ceremony
VIP Room (AC123)
Dining Space (ACBO1)
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Session Code Corresponds to Topic

Session <Track 1> Host
(Location) 08:30—10:20
Al (AC122) Artificial intelligence and big data Prof. Wen-Der Yu
B1 (ACI125) Sustainable construction and smart cities | Prof. Bor-Liang Chen
C1 (AC224) | Plan, design, and construction management | Prof. Chih-Yuan Chang
D1 (AC206) Others Prof. Ying-Hua Huang
Disaster prevention and risk management Prof. Chien-Ho Ko
El(AC222) & Dr. Hew Cameron Merrett
Sustainable construction and smart cities W
Session < Track 2>
) . . Host
(LOC&thll) 11:30—12:30
A2 (AC122) | Plan, design, and construction management | Prof. Nai-Hsin Pan
B2 (AC125) | Construction materials and quality control | Prof. Chien-Liang Lin
C2 (AC224) Disaster prevention and risk management | Dr. Chen-Chung Lin
D2 (AC206) Construction laws and dispute resolution | Prof. Yu-Ren Wang
E2 (AC222) Project schedule and cost management Prof. Hui-Ping Tserng
Session < Track 3>
) . . Host
(LOC&thll) 13:30—14:55
A3 (AC122) Information technology in construction Prof. Ma-Chine Hsie
B3 (AC125) Building information modeling Prof. Wei-Chih Wang
C3 (AC224) Project schedule and cost management Prof. I-Tung Yang
D3 (AC206) Constructhn procuremen‘; and public Prof. Ting-Ya Hsich
private partnerships
E3 (AC222) Artificial intelligence and big data Prof. Po-Han Chen
Session < Track 4>
) . . Host
(LOCﬂthIl) 15:10—16:35
A4 (ACI122) Information technology in construction Prof. Jiech-Haur Chen
B4 (AC125) Building information modeling Prof. Yu-Cheng Lin
C4 (AC224) Others Prof. Chung-Fah Huang
D4 (AC206) Disaster prevention and risk management | Prof. Li-Ren Yang
E4 (AC222) | Construction materials and quality control | Prof. Min-Yuan Cheng

G

3

ZXTE IV I

Gathering of the Elite : Passing on the Legacy !



oA AT R B ARA

Gathering of the Elite . Passing on the Legacy !

02

Keynotes

2024 SCEM



---------

Jﬁ!ﬁli!iﬂﬂﬂ

s T vk of Tty

LIS TLEeY

S T s P o T gy

W @atorak

Masienal Censral Urivensity
D A5
LT UL T iy

® YunTech




fanech zgm - :
' SC 2024 % 8 By g e 6 RS € R
!_‘g‘;; 2024 ' The 28" Symposium on Construction Engineering and Management / International Conference

¥R HRERR
Chair Professor Jui-Sheng Rayson Chou

Bl = A P« B R U R AR TEAT S 43T
ARG (E

RALE 2 Rkl 2g g B

Chair Professor, Deptartment of Civil & Construction
Engineering, NTUST

Dean of General Affairs & Director of Hsinchu
Campus, NTUST

Convener of the Civil & Hydraulic Program, NSTC

i\

#3342 Lecture Topic

T ARFIRERLFATIER—RAERFE AL F B
Research and Development of Civil and Hydraulic Engineering Management -
International Perspective & Domestic Practices

£ F Education

Ph.D., The University of Texas at Austin, USA

& B Experience

®  Program Chair, Civil and Hydraulic Engineering Program, Department of
Engineering and Technologies, National Science and Technology Council, Taiwan
(2024-Present)

®  Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology
(2021-Present)

*  Dean for General Affairs, National Taiwan University of Science and Technology
(2021-Present)

®  Director of Hsinchu Campus Division, National Taiwan University of Science and
Technology
(2021-Present)

®  Merit Research Fellow, National Science and Technology Council, Taiwan
(2023-2026)

®  Council Member, Taiwan Reliability Engineering Society, Taipei, Taiwan
(2023-2026)

* Distinguished  Professor/Professor/Associate ~ Professor/Assistant ~ Professor,
Department of Civil and Construction Engineering, National Taiwan University of

Science and Technology
(2008-2020)
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Manager Tung-Kuang Huang

—

YORAFEREF NP ARG
. Division Manager of Civil Engineering, Earth Power
Construction Co., Ltd.

;A2 %% Lecture Topic

FE1RPHECPFIAF—IE]L A% FRINE S b
Construction Technology for Disaster Prevention — A Case Study of Daya System
Interchange

£ F Education

M.S., National Kaohsiung First University of Science and Technology, Taiwan

&t Experience

*  Manager, Earth Power Construction Co., Ltd.
(2021-Present)

*  Vice President, Hong Jie Construction Co., Ltd.
(2019-2020)

e Supervisor, Earth Power Construction Co., Ltd.
(2018-2019)

*  Manager, Te Chang Construction Co., Ltd.
(2016-2018)

*  Manager, Wei Ju Construction Ltd.
(2015-2016)

*  Project Manager, Chun Yuan Construction Co., Ltd.
(1990-2015)

~ 15~
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*  Fire Disaster Preparedness and Building Safety Policy in a Highly Populated

City: A Case Study of Lagos, Nigeria
Joseph Remir Eklou, Han-Hsiang Wang

e Optimized Wavelet-Enhanced Ensemble Learning Framework for Multi-
Horizon Energy Consumption Prediction
Dani Nugraha Limantono, Jui-Sheng Chou

* Sustainability and resilience analysis of retrofitted buildings
Rahma Permata, Szu-Yun Lin

* A Novel Arctic Tern Optimized Weighted Feature Regression System for Scour
Depth Prediction Around Bridge Piers
Asmare Molla, Jui-Sheng Chou

* Timely Fall Risk Level Classification for Workers on Construction Sites
through Optical-Inspired Hybrid Deep Learning
Deyla Viola Natalia Soegiono, Min-Yuan Cheng

* Assessing Regional Sustainability in Thailand: A Comparative Analysis of
Environmental, Social, and Economic Indicators
Chutikarn Prasertsrithong, Cathy C.W. Hung

*  Analyzing Regional CO2 Emissions Embodied in Trade of Indonesia’s
Construction Activities Using MRIO Approach
Hansel Henderson Wongso, Cathy C.W. Hung

* Investigate the influence of different reflection wall material on microclimate
Shun-Yu Yang, Oi-Man Hip, Anh-Vu Le, Ying-Chieh Chanl

*  Model-driven Carbon Emissions Estimation Framework for Prefabricated and
Conventional Building Construction

Thomas Nguyen, Jacob Lin
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Fire Disaster Preparedness and Building Safety Policy in a Highly

Populated City: A Case Study of Lagos, Nigeria

Joseph Remir Eklou!", Han-Hsiang Wang?
'PhD Student, Department of Civil Engineering, National Central University, Taoyuan,
Taiwan.
2Associate Professor, Department of Civil Engineering, National Central University,
Taoyuan, Taiwan.
“josephekloul @gmail.com

Disaster preparedness and compliance with building safety policies concerning fire
risks are issues generally taken for granted in Lagos State, Nigeria. Occupants of residential
buildings in the state are ill-prepared to manage fire risks. These dire situations set the stage
for potential injury, death and loss of property in the event of a fire outbreak. This study
investigated the influence of building safety policy on fire disaster preparedness in Lagos. A
quantitative method using a survey design was employed in this study. Data samples were
collected from 145 residents with a proportionate random sampling technique. Statistical
approaches such as confirmatory factor analysis and regression were used to analyze the
research data. [Existing literature show that very little is currently known about the
magnitude at which building safety policy affects fire disaster preparedness in the state.
Findings from this study aim to fill this knowledge gap and provide insights for effectively
managing fire risks in residential buildings.

Keywords: Disaster Preparedness; Building Safety Policy; Urban Fire Disaster
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Optimized Wavelet-Enhanced Ensemble Learning Framework for Multi-

Horizon Energy Consumption Prediction

Dani Nugraha Limantono'”, Jui-Sheng Chou?"*
"Master's Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
"m11105816@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

Predicting energy consumption across multiple time horizons is crucial for various
reasons, including operational planning, maintenance scheduling, environmental
sustainability, economic planning, and infrastructure development. Highly accurate
forecasts of energy consumption can help plant operators meet these goals. This study
introduces a novel hybrid wavelet model that combines artificial intelligence models,
wavelet transform, and metaheuristic optimization algorithms to predict energy consumption
from an hour to a year ahead. The challenge of forecasting energy consumption time series
data lies in addressing trends, noise, non-linearity, and localized fluctuations. To tackle these
challenges effectively, wavelet transform is integrated into the model. Ultimately, a bio-
inspired metaheuristic algorithm, Jellyfish Search (JS), is employed to optimize the
hyperparameters of the proposed model, minimizing prediction error. The remarkable results
demonstrate the effectiveness of the wavelet transform and Jellyfish Search algorithms in
enhancing the robustness of the learning algorithms. The best-performing models, JS-W-
CatBoost and JS-W-LightGBM, outperform other hybrid deep learning models, achieving
MAPE values of 0.73%, 5.59%, 7.74%, 7.66%, and 8.05% for forecasts an hour, day, week,
month, and year ahead, respectively. This study is the first to develop an optimal hybrid
wavelet model by combining wavelet transform and metaheuristic algorithms with artificial
intelligence models.

Keywords: Energy Consumption Prediction; Time-Series Deep Learning; Convolutional
Neural Network; Wavelet Transform; Metaheuristic Optimization

~ 6] ~



; ‘ 2" " i
k! SCEM 2024 ¥ 28 By aqnd F LA A € TR R
) ogp4  The 28" Symposium on Construction Engineering and Management / International Conference

A=

Sustainability and resilience analysis of retrofitted buildings

Rahma Permata'”, Szu-Yun Lin?
'Ph.D. Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
2Assistant Professor, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
*d11521021 @ntu.edu.tw

The seismic vulnerability of aging buildings, especially during earthquakes, poses
significant risks that result in substantial financial losses and environmental impacts,
contributing to global warming. This study evaluates seismic losses, economic implications,
and environmental consequences for retrofitted reinforced concrete structures. Our analysis
quantifies seismic losses by utilizing the Performance-Based Seismic Design (PBSD)
framework and adopting FEMA P-58 procedures. Retrofit costs are evaluated by examining
material quantities and associated activities multiplied by unit prices. Environmental impacts
are assessed based on earthquake-induced damage, measured in carbon emissions and
embodied carbon. Additionally, the research employs life cycle assessment (LCA) to
measure carbon emissions throughout the construction process, encompassing production,
construction, and disposal phases, including material manufacturing, transportation, and
waste generation. A case study focuses on a three-story reinforced concrete school building
and examines retrofit strategies like column expansion and composite columns. The findings
suggest retrofitting significantly reduces seismic loss estimation, representing repair cost and
repair time. The expenses related to retrofitting depend on material usage; as a result, the
cost of composite columns is higher than that of jacketing columns due to the construction
of new columns. Moreover, the carbon emissions and embodied carbon released from
earthquake-induced damage are higher than those released from construction activities.
Overall, this research emphasizes the crucial role of retrofitting in enhancing building
resilience to natural disasters, mitigating financial losses, and promoting environmental
sustainability. The comprehensive approach provides valuable insights for policymakers,
engineers, and stakeholders in formulating effective seismic risk mitigation strategies.

Keywords: Seismic Loss; Sustainability; Resilience; Economic Assessment; Retrofitted
Building
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A Novel Arctic Tern Optimized Weighted Feature Regression System for

Scour Depth Prediction Around Bridge Piers

Asmare Molla'", Jui-Sheng Chou?™*
' Ph.D. Candidate, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.

2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*d10805805@mail.ntust.edu.tw
“*jchou@mail.ntust.edu.tw

This paper introduces a novel Arctic tern optimized (ATO) weighted feature regression
system designed to predict scour depth around bridge piers, aiding civil engineers. To
enhance performance metrics, the ATO method optimizes all hyperparameters within the
weighted feature least squares support vector regression (WFLSSVR) models. Validation of
this approach includes a comprehensive assessment through two case studies, which involve
analyzing field data and scour depth data at complex pier foundations. The results
demonstrate that ATO-WFLSSVR's reliability outperforms other models in key
performance metrics. Specifically, for the field data, ATO-WFLSSVR achieves a MAPE of
20.92% and an R-value of 0.9435; for scour depth data at complex pier foundations, it
records a MAPE of 6.49% and an R-value of 0.9384. This study contributes to developing
an innovative optimization algorithm, the Arctic tern optimizer (ATO), showcases
proficiency in solving high-dimensional optimization problems and introduces a user-
friendly graphical interface system. This tool is a promising resource for civil engineers to
estimate and manage bridge scour depth. Further testing and evaluation of ATO-WFLSSVR
across diverse datasets involving more complex scenarios are recommended.

Keywords: Scour Depth at The Bridge; Metaheuristic Algorithm; Artic Tern Optimizer
(ATO); Machine Learning; Least Squares Support Vector Regression
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Timely Fall Risk Level Classification for Workers on Construction Sites

through Optical-Inspired Hybrid Deep Learning

Deyla Viola Natalia Soegiono'”, Min-Yuan Cheng?
! Master’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2 Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*deylahan@gmail.com

Fall accidents significantly contribute to the fatality rate in construction. Accurately
predicting risk level classifications allows for proactive mitigation of these risks, thereby
reducing the number of accidents. However, due to the complexity and vast amount of data,
conventional methods may be insufficient. Therefore, this study combines the proficiency
of NNs with high-dimensional data and the sequential data processing capabilities of GNNs
to enhance predictive models for construction falls. Specifically, for this research's
objectives, NNs process time-independent variables, while GNNs handle time-dependent
variables. To further improve performance, the Optical Microscope Algorithm (OMA) is
employed as an optimization process. OMA aims to optimize the hybrid NN-GNN'’s
architecture parameters and output weights.

The proposed model classifies fall risk levels into low risk, medium risk, and high risk
on construction sites based on hazardous areas and metabolic heat load severity. The factors
contributing to metabolic heat load severity include the worker’s physique, heart rate, and
Wet Bulb Globe Temperature (WBGT). The classification performance evaluation
metrics—accuracy, precision, recall, and F1 score—obtained by the hybrid NN-GNN
achieved higher values than its base models, which are the original NN and original GNN,
at 91.65%, 91.99%, 91.65%, and 91.61%, respectively. However, employing OMA to
optimize the hybrid NN-GNN model improves the performance to a higher level, with an
accuracy of 92.98%, precision of 93.17%, recall of 92.98%, and F1 score of 92.96%. These
results demonstrate that OMA-NN-GNN outperforms its base models and is reliable for fall
risk level detection, thereby reducing fall-related accidents on construction sites.

Keywords: Fall Accidents; Classification; Deep Learning; Graph Neural Network;
Optimization
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Assessing Regional Sustainability in Thailand: A Comparative Analysis

of Environmental, Social, and Economic Indicators

Chutikarn Prasertsrithong!, Cathy C.W. Hung®",
! Bachelor’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2Assistant Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
“hungcathy@mail.ntust.edu.tw

The urgent actions for sustainable development and a low-carbon economy are needed
to tackle environmental degradation and socio-economic impacts due to human activities.
Regional disparities, dissimilar economic structures, and local sustainable strategies may
lead to different spatial and temporal variability in terms of sustainable development. This
study evaluates regional sustainable development across Thailand’s diverse contexts from
2012 to 2021, utilizing region-specific indicators and the Entropy Weight Method with
decoupling analysis. Through an extensive review, 18 indicators encompassing
environmental, economic, and social dimensions are selected to represent regional
sustainability performance. The findings revealed a general upward trend in the Sustainable
Development Index (SDI) across 5 evaluated regions over the examined period, with
significant improvements noted in Bangkok & Vicinity. Yet, the Northern and Southern
regions exhibited discontinuous growth due to severe environmental degradation, mainly
caused by air pollution. The results implied that regional sustainability performance and
decoupling effects are dissimilar, most of the upward trends of regional SDIs were driven
by social aspects, but disrupted by environmental impacts.

Keywords: Sustainability Indicators; Thailand; Regional Sustainability Development
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Analyzing Regional CO; Emissions Embodied in Trade of Indonesia’s

Construction Activities Using MRIO Approach

Hansel Henderson Wongso!", Cathy C.W. Hung?™
! Master’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.

2 Assistant Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*m11005837@mail.ntust.edu.tw
““hungcathy@mail.ntust.edu.tw

Indonesia is a country made up of several island and the trade between islands are
intensive, not to mention the international trade. Interregional and international trade in
goods and services may lead to additional transportation and emissions, but unavoidable
under the era of globalization and industrial cluster. It is essential to analyze the production-
based and consumption-based CO2 emissions for 6 regions under Indonesia in 2016 through
multiple-dimension comparisons to get insight into the construction related emissions
spatially among major emitters. The findings reveal the construction-related emissions of 6
islands are much greater compared with other sectors mainly driven by the strong final
demand. The regional consumption-based CO2 emissions of construction activities are all
greater than production-based CO2, indicating interregional and international trades are
essential to meet the regional construction-related demand. A much larger gap between two
principle emissions are found in Java and Papua & Maluku region due to international
imported goods and services. Among all emitters of construction emissions, utilities, mining
& quarrying, and industrial sectors are responsible for consumption-based emissions.

Keywords: Indonesia; CO2 emissions Embodied in Trade; Multi-regional input output;
Construction sector
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Investigate the influence of different reflection wall material on

microclimate

Shun-Yu Yang !, Oi-Man Hip 2, Anh-Vu Le *, Ying-Chieh Chanl**
! Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
2 Bachelor’s Student, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
3 Ph.D.’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
* Associate Professor, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
*ychan@ntu.edu.tw

Urban Heat Island (UHI) effects in cities have led to the development of various
mitigation methods. One such method involves changing the reflective properties of wall
materials to reduce the absorption of solar radiation by walls, thereby decreasing the UHI
effect. Although materials with different reflective properties have been developed, research
on the extent of their impact remains limited. This study conducts Computational Fluid
Dynamics (CFD) simulations to assess the differences in air temperature (AT) and mean
radiant temperature (MRT) caused by walls with varying reflective properties and to
determine the distance affected by these reflective walls. The results show that high-
reflective wall materials increase AT and MRT in street canyons. This is because sidewalks
and roads, which have low albedo, absorb the reflected radiation from the walls, thus
increasing AT and MRT. The findings suggest that UHI mitigation methods involving
increased wall reflection should be complemented with changes in other materials to reduce
radiation absorption, ultimately mitigating the UHI effect.

Keywords: Microclimate; ENVI-met; Urban Planning
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Model-driven Carbon Emissions Estimation Framework for

Prefabricated and Conventional Building Construction

Thomas Nguyen'”, Jacob Lin?
' Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
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This paper presents a comprehensive framework for estimating carbon emissions in
building construction using conventional cast-in-place and prefabricated methods. Utilizing
Building Information Modeling (BIM) for accurate quantity takeoffs, the study aligns
construction elements with MasterFormat codes to determine resource requirements and
calculates carbon emissions based on a combination of embodied material emissions,
process emissions, and transport emissions. The framework was applied to the Civil
Engineering Research Building (CERB) at National Taiwan University, and results indicate
that while both methods have similar concrete usage, prefabricated construction exhibits
higher steel use and diesel consumption, leading to increased carbon emissions. However, it
eliminates the need for formwork, reducing emissions in that aspect. This study provides
valuable insights for industry stakeholders, highlighting the environmental impacts of
different construction methods and supporting informed decision-making towards
sustainable building practices.
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Risk management in design phase of Design-Build power plant projects

Duc Thang Bui'*, Szu-Yun Lin?
' Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
2 Assistant Professor, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
*thangbd.vncc@gmail.com

Design risk can greatly affect the success project or otherwise of design-build projects.
This study presents the identification of design risk factors in design-build power plant
projects and its ranking based on level of impact and level of possibility. A total of 37 design
risk factors were identified, reviewed from previous literature researches and from in-depth
interviews with experienced construction expertises in Vietnam. A survey questionnaire of
level of impact and possibility of design risk using a five-point Likert scale was sent to 150
individuals operating in the construction. This yielded 106 valid responses for data analysis.
Exploratory factor analysis showed that these factors could be categorized into six groups:
risk of design team lack of capacity and experience, risk of improper design scheme, risk of
design team lack of responsibility, risk of inefficient document review and poor cooperation
between stakeholders, risk of change and requested by owner, and risk of disagreement and
misunderstand by owner. The findings contribute to enhancing Design-Build stakeholders’
understanding and awareness of risks during design phase, thereby taking specific design
risk management activities to minimize risks and achieve better project results.

Keywords: Exploratory Factor Analysis; Design Risk; Design-Build; Power Plant Projects
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Leveraging Generative AI and BIM to Review MEP Design — A Case

Study of Plumbing

Adrian Rivaldi Kanggara'®, Chung-Wei Feng?
! Master’s Student, Department of Civil Engineering, National Cheng Kung University,
Tainan, Taiwan.
2 Associate Professor, Department of Civil Engineering, National Cheng Kung University,
Tainan, Taiwan.

*n66117215@gs.ncku.edu.tw

Mechanical, Electrical, and Plumbing (MEP) systems are the most complex and tedious
scopes aspects in construction. Besides, it is also error-prone due to the large amount of data
that will lead to time and cost overrun. While numerous studies have addressed these issues
using Building Information Modeling (BIM) and heuristic methods that focused on
designing phase, the application of Artificial Intelligence (AI) remains underexplored. In
this paper, a generative Al approach was developed to enhance the quality and efficiency of
design review. By leveraging the Al ability to extract and analyze textual information and
machine learning to identify clash, we propose a streamlined design process. The purpose of
this paper is to develop a new approach that combines the ability of generative Al to provide
information and BIM to improve and simplify the review process of a design. BIM is used
as an application to model, review, and modify the design. A model was developed to
demonstrate and prove the effectiveness of generative Al, machine learning, and BIM to
improve and simplify the process of reviewing model. The plumbing section which is prone
to redesign due to clash is used as a study case. The study aims to provide a new perspective
for reviewing model designs, showcasing the potential of combining Al and BIM to solve
complex construction problems.

Keywords: Generative Al; MEP; Clash Detection; Plumbing; Autonomous
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University of Science and Technology, Yunlin, Taiwan.

2 Master’s Student, Department of Civil and Construction Engineering, National Yunlin
University of Science and Technology, Yunlin, Taiwan.

3 Distinguished Professor, Graduate School of Engineering Science and Technology,
Department of Civil & Construction Engineering, National Yunlin University of Science
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Value Engineering (VE) is a strategic approach aimed at reducing construction costs by
eliminating unnecessary design elements. However, VE's focus on cost reduction can
overlook performance and quality aspects crucial for sustainability. Additionally, rigid
selection criteria and subjective evaluation methods hinder optimal solution identification.
Despite its effectiveness in cost savings, VE lacks systematic reuse of knowledge from
previous studies, leading to mixed outcomes. This study aims to enhance understanding and
development of VE in the construction industry by addressing three objectives: (1)
identifying current VE practices, (2) demonstrating VE's applicability, and (3) identifying
areas for further development. A systematic literature review of 70 papers from 2009 to 2024,
using content analysis, underscores the critical role of the VE Job Plan in providing a
structured framework for cost-efficient project execution. The findings reveal VE's extensive
applicability in building, transportation, waterworks, industrial, urban park, and public
projects. Key themes in VE research, such as performance and impacts, strategy, affecting
factors, and application status, highlight cost savings as a primary benefit. The development
and utilization of advanced VE tools, including the Original VE approach, VE-KMS,
RETRIEVE, and innovative technologies like FAST and Chief-Screen 1.0, significantly
enhance project efficiency, effectiveness, and sustainability. This research contributes to the
construction industry by offering a comprehensive overview of VE practices and tools,
ultimately enhancing project efficiency and reducing costs. It also emphasizes the need for
future research to explore new methodologies and approaches to further advance VE
practices and address evolving industry challenges.

Keywords: Value Engineering; Construction; Systematic Review
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e Pilgrimage Walk Optimization Inspired by Taiwanese Matsu Custom for
Bridge Deterioration Segmentation
Chi-Yun Liu, Jui-Sheng Chou

* Significant factors affecting cost overruns in Infrastructure projects in
Industrial parks in Vietnam
Mai Thi My Duyen, Lun-Wang Wu and Hui-Ping Tserng

*  Predicted Construction Cost-Time Tradeoff Using Optimized Hybrid Deep
Learning for Risk Preference Decision
Billy Adhi Poetra, Min-Yuan Cheng and Moh Nur Sholeh

e  Combining Neural Network and BIM for Material Cost Estimation: A Case
Study
Wei-Yi Hsu, Ren-Shiang Lee, Guan-Yong Xiong, Hoi-Lam Lou, Wei-Yi Quan,
Yun-Tsui Chang and Shang-Hsien Hsieh

* A Forward-Looking Analysis of Research Trends in Earned Value Management
(EVM)
Muhammad Mubasher, Wei-Tong Chen and Melati Balla Rantelembang
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Pilgrimage Walk Optimization Inspired by Taiwanese Matsu Custom for

Bridge Deterioration Segmentation

Chi-Yun Liu'* and Jui-Sheng Chou*"*
! Postdoctoral Research Fellow, Department of Civil and Construction Engineering,
National Taiwan University of Science and Technology, Taipei, Taiwan.

2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*d10905002@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

Recent studies have highlighted a strong correlation between the increasing frequency
of global bridge failures and structural decay. This paper introduces the innovative
Pilgrimage Walk Optimization (PWO) algorithm inspired by the Matsu pilgrimage tradition
of Taiwan. The PWO algorithm's search behavior mimics the movements of devotees
following Matsu’s palanquin, incorporating elements of traditional ceremonies such as
divination block casting, pilgrimages, and leisure activities. Comparative tests reveal that
the PWO algorithm significantly outperforms traditional metaheuristic algorithms across
various multidimensional benchmark tests. Additionally, it has been effectively applied to
the image segmentation of bridge deterioration detected by drones. The PWO algorithm
addresses critical engineering challenges, particularly in big data and edge computing
environments, providing an economical, robust, and innovative solution for complex
engineering problems.

Keywords: Unmanned Aerial Vehicle; Bridge Inspection; Soft Computing; Machine
Learning; Image Segmentation
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Significant factors affecting cost overruns in Infrastructure projects in

Industrial parks in Vietnam

Mai Thi My Duyen!”, Lun-Wang Wu?, Hui-Ping Tserng’
' Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
’Doctoral candidate, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
3Professor, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan.
"R11521737@ntu.edu.tw

In investment projects, cost overruns are regarded as an obvious sign of project failure.
With the use of the Relative Important Index (RII), the objective of this research is to identify
the significant factors that contribute to cost overruns in infrastructure projects in Vietnam’s
industrial parks, then and rank them based on the Relative Important Index (RII). Through
literature review and in-depth interviews with Vietnamese experts, there are 39 factors
identified and categorized into nine groups. The author developed a 5-point Likert scale
questionnaire to assess the impact level of these factors through. A total of 50 respondents
was collected from individuals who were working directly on Infrastructure projects in
Industrial parks in Vietnam. A list of significant factors in each group affecting cost overruns
in Infrastructure projects in Industrial parks in Vietnam was identified. The findings bring
valuable insights into the key challenges facing the Vietnam construction industry project
management. Based on these factors, stakeholders could have a deep understanding of
factors and therefore, identify potential cost waste issues early and take targeted action to
address them in industrial parks’ infrastructure projects.

Keywords: Cost Overruns; Infrastructure Projects; Industrial Parks; Factors; Vietnam
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Predicted Construction Cost-Time Tradeoff Using Optimized Hybrid

Deep Learning for Risk Preference Decision

Billy Adhi Poetra'”, Min-Yuan Cheng?, Moh Nur Sholeh?
! Master’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2 Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
3 Doctoral’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*mohnursholeh@gmail.com

The construction industry has consistently aimed for successful projects that meet their
goals within designated cost and time constraints. Earned value management (EVM) is a
widely used method to control project performance by forecasting the cost and time to
completion (ECAC & ESAC). While previous studies have used machine learning
techniques to calculate ECAC and ESAC, these efforts have been hindered by a lack of
optimization and the limitations of single-objective approaches. To address this, a new
prediction model called OMA-NN-BiLSTM is proposed, utilizing the optimization model
of the optical microscope algorithm (OMA) and bidirectional methods. Given the conflicting
nature and interdependencies between cost and time, they are treated as a tradeoff problem.
A multi-objective optical microscope algorithm (MOOMA) is developed to generate a
Pareto curve, illustrating the tradeoff values between cost and time. Decision-makers'
preferences are represented by indifference curves, which are determined using a triangular
preference function. The tradeoff results are then analyzed to calculate ECAC and ESAC,
based on the tangent point between the Pareto curve and the indifference curve. For the
selected project case period, the optimal tradeoff indicates that in the 4th period of the project,
it is forecasted to be completed in 574 days with an estimated cost of approximately
$2,332,958.70.

Keywords: Cost-Time Tradeoff; Earned Value Management; Risk Decision
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Combining Neural Network and BIM for Material Cost Estimation: A

Case Study

Wei-Yi Hsu!" Ren-Shiang Lee?,Guan-Yong Xiong?, Hoi-Lam Lou*, Wei-Yi Quan’, Yun-
Tsui Chang®, Shang-Hsien Hsieh’
135 Master’s Student, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
26 Ph.D’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
" Professor, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan.
r12521610@ntu.edu.tw

This study highlights the importance of the construction cost index (CCI) and the
significance of accurate price forecasting in the construction industry. Our proposed
approach leverages both Long Short-Term Memory (LSTM) and Transformer models,
which are adept at capturing complex patterns and trends in time-series data. By analyzing
historical price data of construction materials, these models forecast future price movements
with high accuracy. Combining these advanced neural network models with Building
Information Modeling (BIM) better manages construction costs and mitigates financial risks
posed by price fluctuation. The effectiveness of our approach is preliminarily validated
through actual project data, demonstrating its potential to enhance financial planning and
risk management in construction projects.

Keywords: Neural Networks; Cost Estimation; Construction Cost Index; Quantity Take-Off;
Building Information Modeling
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A Forward-Looking Analysis of Research Trends in Earned Value

Management (EVM)

Muhammad Mubasher!”, Wei-Tong Chen?, Melati Balla Rantelembang?

! Master’s Student, Department of Civil and Construction Engineering, National Yunlin

University of Science and Technology, Yunlin, Taiwan.
2 Professor, Department of Civil and Construction Engineering, National Yunlin University
of Science and Technology, Yunlin, Taiwan.

3 Master’s Student, Department of Civil and Construction Engineering, National Yunlin

University of Science and Technology, Yunlin, Taiwan.
*mubasher0033@gmail.com

Earned Value Management (EVM) is an essential project management technique that
integrates scope, time, and cost to evaluate project performance. This study reviews 85
articles from 2013 to 2023 to identify key research themes, project types, and sizes in EVM
studies. The primary themes identified are EVM Models and Methodologies, EVM Data
Management and Integration, EVM Risk and Quality Management, and EVM Specialized
Applications. Among these, specialized applications of EVM dominate, constituting 48% of
the articles, underscoring its diverse applicability across construction projects. EVM Models
and Methodologies account for 39%, highlighting continuous development efforts. However,
EVM Data Management and Integration and EVM Risk and Quality Management are less
explored, revealing gaps in the literature. The study also categorizes projects into buildings,
infrastructural, and industrial types, and classifies them by size: small projects (below USD
10 million) and large projects (USD 10-100 million, with some exceeding USD 1000
million). The analysis shows an increasing research focus on large projects, driven by
benefits like budget reductions and legislative mandates in countries such as Malaysia and
South Korea. This study emphasizes the need for further research in data management and
risk and quality management to enhance EVM's applicability. The findings provide a
roadmap for future research, aiming to address current gaps and explore new opportunities
in EVM practices across diverse construction environments. This study's results are valuable
for researchers, practitioners, and policymakers seeking to improve EVM implementation
and effectiveness, offering insights into the evolving trends and focus areas in EVM research
over the past decade.

Keywords: Earned Value Management; Cost Control; Project Management
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Stacking Ensemble Technique for Building Damage Assessment

Shao-Ming Lu'", Szu-Yun Lin 2, Fang-Jung Tsai >
'Ph.D. Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.

2 Assistant Professor, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.

3 Research Assistant, NCREE-NTUCE Joint Artificial Intelligence Research Center,
Taipei, Taiwan.

*d12521003@ntu.edu.tw

This study delves into various methodologies aimed at refining the classification of
building damage utilizing UAV (Unmanned Aerial Vehicle) imagery and machine learning
techniques. With YOLO, MobileNet, and VGG serving as the foundational models, the
research focuses on implementing meta learners to rectify classification inaccuracies and
bolster model precision. We investigated the application of meta learners with Random
Forest on the ISBDA dataset. While achieving moderate performance, a decline in mAP
scores was observed when trained and evaluated across different regions within the ISBDA
dataset, emphasizing the significance of encompassing diverse and adaptable training data.
In summary, this investigation underscores the pivotal role of data diversity and advanced
machine learning techniques in refining the accuracy of damage classification. It also
underscores the necessity of striking a balance between enhancing model performance
through additional data and preserving computational efficiency. These findings pave the
way for promising avenues of advancement in the realm of building damage classification
employing machine learning.

Keywords: Building Damage Assessment; Ensemble Stacking; Meta Learner; Machine
Learning; UAV Imagery
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Utilizing Centralized Multi-agent Ground Robot System

for Point Cloud Data Capture in Construction

Ricardo Hogan'", Jacob J. Lin?

! Master’s Student, Department of Civil Engineering Construction Engineering and
Management Division, National Taiwan University, Taipei, Taiwan.
?Professor, Department of Civil Engineering Construction Engineering and Management
Division, National Taiwan University, Taipei, Taiwan.
*r11521719@ntu.edu.tw

In the modern construction industry, point cloud data is important for construction
progress monitoring and quality control. Traditionally, it is collected by workers using laser
scanners, which is resource-intensive, time-consuming, and unsafe. To address these issues,
robots are being deployed for automated point cloud data collection. However, current
applications are often limited to single robots and suffer from inefficient coordination as
projects scale up. This research proposes a centralized multi-agent ground robot system that
utilizes the Multi-Agent SLAM (Simultaneous Localization and Mapping) algorithm. This
algorithm allows multiple robots to share data and knowledge simultaneously, resulting in
efficient and effective point cloud data capture. In this system, several ground robots are
deployed to gather point cloud data, which is initially refined by a single robot front end
before being transmitted to a central server. At the server, the multi-robot back end performs
loop closure calculations between the robots and optimizes the multi-robot pose graph.
Experimental results show that the proposed framework reduces point cloud generation time
by 30% compared to single robot systems. This finding demonstrates that the use of robotic
technology can significantly improve data collection processes on construction sites.

Keywords: Point Cloud Data Capture; Multi-Agent Ground Robots; Centralized SLAM;
On-Site Data Collection; Smart Automated Construction Monitoring

~ 103 ~



YunTech

agth

o~ CEM 9094 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

MER B Y R RTRBCI L F N R

LSRR L R L
PRz LA R AN (B FRARY B Y2
S R ﬁwﬁ“%“%@*@’ﬁJ”pfﬁ
3R e B Amp QETARY B K2

ncucv1t@gma11.com

2
_V‘

TEPAEFREAE F S AAEER TR FIRFE AL TR A2 B G
FLE W LA ToT HEiedir s % B3R P B et NiEia
PN ST ;ﬁz WP R FUTEEY pREE 4L A P EGEOER o it
B g i ] frd BRERE Y TR A R

ﬁﬁ%’;%%4#7m\£ﬁfﬂm RO Bk RE 2R LS
WELF R AL A TAFES T R FARIERIE P 275 A4 FIr IR &
T4t %  REAAERFT - g X 2502 FRAE -

ARG HE AT P - A RS ﬁ’** E’:;’% 4o T2 FET L BIRE TN IRIE
B /»\%'-’r & * TensorFlow /# & & % FRAIDIR > BZ AT AR ERE 5 F
BALZFERR T E Hl’“ﬁﬁ&'ﬁ% * %ﬁﬁ@% 5 U SR G e
o ﬁ%‘aﬂ#‘h TR FETRNAZTTE B ¥P
EXAFHEE

MeEF S RAEY SR T LR AR

~ 104 ~




!
il
YuriTech . i
C 2024 % 8 By g e 6 RS € R
o 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

Optimizing Post-Earthquake Building Recovery Management:

A Synergistic Approach Using BIM, Computer Vision, and GIS

Adrianto Oktavianus'”, Po-Han Chen?, Jacob J. Lin®, Luh-Man Chang*
' PhD Candidate, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.

2 Professor, Department of Building, Civil, and Environmental Engineering, Concordia
University, Montreal, Canada; and Adjunct Professor, Department of Civil Engineering,
National Taiwan University, Taipei, Taiwan.

3 Assistant Professor, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.

4 Adjunct Professor and Professor Emeritus, Department of Civil Engineering, National
Taiwan University, Taipei, Taiwan.

*d09521030@ntu.edu.tw

Managing post-disaster building recovery is a complex process that takes a long time
and requires many resources. Applying advanced technology to building recovery and
reconstruction has made its process easier and more accurate. Visual data analysis in
computer vision provides a solution to improving project management practices in the
construction industry. Meanwhile, Building Information Modeling (BIM) has achieved more
efficient processes throughout the entire building life cycle while enabling better data
integration between software products, including the Geographic Information System (GIS),
a spatial information provider. Even though the use of GIS is expected in the construction
industry, effective integration of GIS still faces challenges in the post-earthquake application
stage. This paper proposes an approach that integrates computer vision, BIM, and GIS to
optimize post-earthquake building recovery management. This study presents a framework
to show how these technologies were integrated to facilitate an advanced and more efficient
planning process at the building and urban level, and a case study, together with its results,
is presented to demonstrate the process. The developed computer vision-BIM-GIS approach
has demonstrated its potential to revolutionize the existing building recovery planning and
management process and make it more efficient and effective on a regional scale.

Keywords: Building Information Modeling; Computer vision; Geographic Information
System; Building recovery; Earthquake

~ 105 ~



1 ogth

N CEM 2024 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

Session B3

€A 1 13:30-14:55 A4 4 L 3 mE R
Time: 13:30-14:55 Host: Prof. Wei-Chih Wang

3 4% BIM 2 £ TR

Topic: Building information modeling

* BIMABR**kFh¥ic? w2 1 /AP BELREF S 1ITFY
B4k BT o IR

* BIME* 1> 3FRFAHRE27Y
P T o~ et

c NRERBBWABEWIIR

* BIMKIEFTHRPFEFENSZE2LFY
IR S
* BIMR#HE* WiFHE M1 empd
BRE B ARG AEF
* CIM1ABERE* ¥ RIRPERIT VRIS 22F

FA il

~ 106 ~



D ogth

YurTech " w s PR, o e .
. SCEM 2024 % 8 By g e 6 RS € R

- 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

BIM i # -k FiRw jc? w372 1 RRPBRLA LA ]

L =S RS S 1) R
RLEE R - RS LA SRR R
PRz A APHEF I A R L
TR EMAPHEAEL Ak TR
*t112428073@ntut.org.tw

£ 2021 ER REIRD 7 2050 FE AR PR BES F izl
W%mﬂ%ﬁ&ﬁ‘ G4l % Gl P S 2 T BB R T TR L S FIOR R 2 g 48

IMRECRZ PN ARFEAMAEFZME L2 PR F P R
&%&ﬁgééiﬁﬂ%ﬁaﬁakﬁk‘éﬁﬁgéﬁiﬁﬂﬁtﬁo

SAE2021 EHA AREEE TR 0 A 2023 & S ge 208 30 E kBB E vk
ThEsk o FPORF R de? v Ze BEX[1] AT I BIM2Z 585 % ¥k
Pp- Rl FEAEP ﬂn2ﬁ$?ﬂn4ﬁgjdﬁfhkg@wwzﬂNﬁggkﬁﬁi
AZEPE S ALR IR A WL IBEIRGFEZ A AL

mﬂﬁ4ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁjg¥ﬁﬁ’ﬁﬁ#%ﬁﬁﬁjﬁﬁkﬁw%@‘

LR N

é“ﬁ%%ﬂ,F”ﬂ%ﬂ’$‘&Wﬁﬂmaﬁﬁ ERBGKAF 2 B
cA T LA BRI e A K EY PRI E R T ﬁ&ﬁﬁ
DA G- AP TSEEEA S EoF AR AR R BT g ontE e

g HAME S F T

f R Hwﬁﬁﬁﬁ#kﬂﬁﬂéﬁzkmﬁﬂﬁw’é@%ﬁlﬁfmﬁﬁﬁg

MaEim s A ~BIM ~ 7 142 ~ R TR T s B PR

~ 107 ~




~ SCEM 9094 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

BIM B #* %12 2 5B B HHEEN277

ez s e
IRzt A pHAEI A1 2 A8p SRS AT 2
TR AN PHEARS AR LS RS URLTT R
" 1112428033 @ntut.org.tw

BRI R IRFEAR EFRIAET R EEIE> % Ra 0 B
2D % 1 RIS AARZ LA TR I RSt B IR 1 2 IR o 54T

FREFIAAFEAR AR NHAH IR I SR E S > A4 L RME ELE D

%}a g o SEF 2 A F 03] (Building Information Modeling » #§ £ BIM) 4 jir
Ar o TR REHIAAG R kEE S8 g%)‘ BIM «Jtiﬁ‘kﬂ”ﬁp ¥ i
BIMﬁ—’ JARAE T endF BEpR B 2 A2 2 A | A3k S R 0 R 3 RT A BIM s
R KRR EE R 7 drdew S R 0020 BIM HiE J“ ’ ?ﬂﬁﬁf’ﬁ?’t?”‘ L
A RRBEAPM ARG FIE c AP AR HEHF R RIS ERE
BIM -3 cniff » £ %1 /22 SR NIRFEHE 2R > R ¥ S RBEIAERED A
i ¥ BIM A e 4 0 19952 % BIM 04| e fRad = 1 425 2 % 0 AR 0 538

%68 31 28 BIM 032 o0 2 BT o

MaE: - 2EH ZATARY  s1RE

~ 108 ~




- SCEM

=

T T IETE
lt:’_"o j\lﬁi“?l]’#lv g fﬁ:

ogth

2024

2024 % 28 By i1 A2 H IS R § BRI 6k

The 28t Symposmm on Construction Engineering and Management / International Conference

MRERBBRPBESLZR
I i?%z
AR o ?%L By R S el
Pf%ﬁi:}i g5 E_"< » BA I BT
w1111am200089 1 7@gma11.com

B F R PR ¥ B 51 il )
(
a1

i
= Mixed Reahty » MR) ehdFd » B9+ K& B %ﬁﬁfi‘l %
& EFAfE R et fgf 1w 1z BFR Y T2FRE - 5E MR
EXE BT E RSP %méi‘ F'"‘? i MR B Rt 1l ﬁﬂf%}f?}iﬁ?& °
AP B 1 E (TE TR Jfﬁ % ;@ W EIARR ] o .f's_tvuji%’a‘%r%‘m%@ b}
1 AR 0 SHEEE g J»;}%;ﬁ'rm FEFRF  RAZI PR ZEY DiEEFR
FEsut e R oh e 2 AT o A B2 /Fﬂq’fyﬂ‘fi TR TR IE o
FRISEHT > A LI G ORI AREFHET G i R %I*—1’*?I"’m

53 gy

N

~
A

Ejm ‘_L_ac—}ﬁlﬁ , ‘,;LEE L"’—-% a1 —fi‘—gr/ 1E‘.]”J‘ lfi Fﬁm*ﬁ*‘?’ ’ E—’g&

nl

1 EARE IR o

Mats @ TEIRFRF 1R F T EREERCREFR

~ 109 ~




D agth

YunTech

& CEM 9094 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

BIM #f &4 & 3¢ s %3t B

Pk 1Ty 2 e 2
lw%ﬁﬁ'§Wélzﬁ’F%4
R A L Y PR L s

yx1angha0@gma11.com

PRI ARAPIREY o PR EFE LI RIEIFETA L SR 2
Pxih 15% 0 @ wid ey 8 ;%%?wwwﬁm%ﬁ 28% c Be AR Y i £ T L £ &
m;g;*f.\;}zk%;ﬁﬁ IR P W T ARG E A E A S VA R e MR
?ﬁ Eygairars1as %f*HPW b tabd - RAFT o pd R

iiﬁ& BB E T E R R 2 R LR SR
% -“&#ﬁahao&ﬂ’“élﬁéﬁ%wwHwﬂﬁﬁﬂr*“%imF%’
e MR IGEEE LA R 4 o

PRI PREIREY > B Y F AL AN 2 R E L 1S014064-1 0 FE R L
R R P N R AR RE A wﬁﬁiﬁi?@ﬁﬁo
“ AR 2 ISO14064-1 i 5 df > BB fFip s ¥ @ E7 B2 E 8 o pvh
AL E R R A AP A BT ulmwwymﬁ#giiﬁ,%g@
BIM 2 Hgi2 p ddc 8 B " @ ol > &d gt iaes
FeATA A 2 g E o

MAEF @A~ ZRTART  FEmP

~ 110 ~




il "
YurTech " w s PR, o e .
. SCEM 2024 % 8 By g e 6 RS € R

- 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

BIM -3 &P A 2227y
AR | S
TRz A AR RSB CET Y LA

TR A M PEREAE I AER LT A KR
* t112428510@ntut.edu.tw

sss o

i 3 7 3 % i (Building Information Modeling » # # BIM) Z - &4 & 1 42 3D
AFCPFTAELFRPN d W BIMPRELIAELL &SI 07 R > Fpte
RSB R @A LA Aa Y BIM P BB kT 5 E > BIM B3 &
B 4 b S - g & DALGNAL - BIM 04 eh TSR & TR
B AZ k- g# 1T aFFL T OB A ST TR
FHEBATRAPEFRE  LFRTELHART F R ol # R SRR
EL CRERFTEFAL o WARFEHR AT L 2w FR A AR 7T

BT 0 Tl BIM 3 BRI PR £ R P RR K AN T
3'5/»\14\1 Lo AFTFEMNpE I RPT N EFHEA1TF BIM 3 ST R L
BER > HF P12 h AR Y FUBT A AR BB F o

d 3t FE e s e R AR LR A T Y g UaniT E R AR
SRR EREE VR LY - e BIM i3 & et 2 2061 5 chd (8 - &
I ERGERE G AL 7 VR AP E Rk R 18
BFERARE TR 0 D E O TQM 2o & FF e £ i 2 BIM #0535 B R 1
BEEERE > @ BIM A HPETRT FlAa BHRIET - apfkin > F4% §x%
FESNEEFFLAE S P A2 B AR R RO RS .

MétF I BIMHE - A SF ~RPEFEZ -TQM~ 20 SF § 12

~ 111 ~




D agth

YunTech

& CEM ag94 | 2024 ¥ 28 B a1 Angr ¥ B AT § F R § & The 28™ Symposium on Construction Engineering and
Management / International Conference

BIM 3 73 5% N 3E S a2 1 i

Baw U E AR ARKS
1a;é?*?i#lﬁ"%ﬁﬂﬁﬁ%ﬁm’/zﬂ:‘g'*
23R s B A YL RS E I SR

: p10521714@ntu edu.tw

“E%f“}_ﬁi%ﬁ?%%‘gff&?f-‘é’%%ﬁ*ﬁﬁ%ﬂ C TR R R hde b T o 2 A A M
FEC EBFIRE R oot F kR Y mY A4 2 P o 2 AR LA
(Building Information Modeling, BIM ) #jiFi® 5 - fafici=it 1 & » % pp b2 A
I ARREE TS G AE A4 o AT g hdFit BIM A2 ALY hF AR 0 F 6
HH A P G arckfrE 4 2 o

Hh o AT WA BIM BEiFA ML Z B A2 ARFEY Y o KK
REE KR AT BIM 4oieid dER R QJ:’E;J'_%’: PO R D LR AT o B de o ;ﬁd
BIM # 3 53l pFie (7 A B2 AR B 44 » VL AR P R F RS R 2
Aeopt 2T o gt o BIM A% 1 FF B M R enlicdp oz MHECR] 0 T R b 2 4R
FAes 14538 - ) E B N o

Ao 23 %% 0% BIM AXFFFED G 2 % > £ 4477 28 %6
LR LAY F= s - ML r- -5 &/

%%;zﬂm 5% BIM:}iﬁfL_&t?L*Ts-F BT B F gy o

KPP E I BMPE#a $-FRFAD LB REE  2F ks 78
BRPEIEILH o RibER ﬁrs W R UEP A g B2 ST
B R

Bofs > AP RN IS BIM PSR GTERLRY e+ &3k ¢ i
AF - FEREH T R EAAREE B BA 0 BABRITOE &S ER
ZAEF S 1 AREF S RS B ferc fRR £ Mm‘n BIM # i » 3 R R
BRI D o

M4F : BIM -~ st~ 214

~ 112 ~




D 26t

YunTech -
-~ SCEM 2024 % 28 By i 1 d4ns LB R € FRF £k

- 9094 ' The 28" Symposmm on Construction Engineering and Management / International Conference

CIM 1 A 8k 3 X D K7y R 27

e 1 i 2
ln'f_iﬁbﬁi;}i—kg;{ ir\_%i’l‘ﬁfﬁb'*’f»ﬁ‘—l—;
Zn'f_iﬁbﬁi;}i—kg;{ iﬁl‘ﬁ‘ﬁ”*’?iﬁ

*Carol@continental-engineering.com

“yelin@ntut.edu.tw
Brw 1A o TR R ) A0 %1 F B AR - Kb 4 0 e AR ihg
EAE 5 S A B A T3 imﬂ%’?%m%rﬁ%m&%?ﬂ\&ﬁiiﬁ
WEREBRTVRE > PERZR2FALIXZZ DTS 0 RewIEF LT ng Lo

Fe BB ARE s E A TR o

AP HE LTI AR FHI AT ;ﬁ d 4 4 F 2 #3] (Civil Information
Modeling > CIM)1 B 2. $t > B * 337 R 2550 > w4 1 B 1 o
%% CIM 1 B 3DARYE iR HFERFRICAFEFLATLIT ) B
B ZZ I BfEE- Heou VR RY > RHIRFE I EE 2 (TE R
T it i ?)"'ﬁ’ Eh’#;%tﬁ 'gtd,l/\ 5 @ﬁfr@{zmatwl ,ﬁﬁ#&ﬂ%@‘%ﬁ%@l&
Rent 2R3 391 § ISR E- BATIL & oo 2 NP ETIMED (2§
FHFIZ >

AL A EEFE RO CIM 1 AR LTI RT IR i@
— AR T kR E TS U] DR AR M R R 1L 1
FHETERY 25T kP o

MaEF CIM~ 2 AFAHRA 1A P URT IR

~ 113 ~




1 ogth

N CEM 2024 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

Session C3

€ RPN 1 13:30-14:55 A #F A LR AR
Time: 13:30-14:55 Host: Prof. [-Tung Yang

EREER T T RN £

Topic: Project schedule and cost management

* NHERBENAFYIERIIRTR AN LK
SR AR N

c RHAEAIRSERGAULFREHFTFE TR L RES
BE A

RS2 EETERT FIT ARV R
P IR B

s MRHPEXLIAZI G -NFBLIPARE F
HiE L f 7

o MSAVI A R$ITAROBRFRTEF B2 T FHAH
A § 5 R

e RBTREFEAAFEZVIRRERS BT

TAct B A vmIE T AG
e Iy WEAFLELIFRBEIET

BALF ~ R ER - Rk

~ 114 ~




il "
YurTech " w s PR, o e .
. SCEM 2024 % 8 By g e 6 RS € R

- 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

R RBEN AT E LRI FETA ARG R
£amgp s ﬁ*iz
BRSPS 8 S R N

PR R H A E SR KR
*M11105103@mail.ntust.edu.tw

PEIRY 4 mak s p AR AL AN FEELLE A L 3T
(Project Management Information System, PMIS) » # i & % 542 T
A o RA BT S 7 AEAPMISTE > R LRSS &
B PMIS #hiescdk o gt > Ay 2 T3 R =x2HuA ) &
TR TR B o BB A R T e TR B PR RS
& Fkin ] iﬂ#ﬁfﬁFv&’ms@ ﬁf“‘lé\%‘rﬁ FRaw® PMISg A2 ¥ ¥
ﬁ??r B AU BC IR AR R 2 E AL IR S PR B/ wg Y i
ERLA B cF S BRI ‘9*4«?./— HF¥HHA 1 @™ PMIS ,g,)ﬁ;mﬁ -

Fresgm > 2k Euadp 1 HPMIS# * & FRFALEHS X R
ROPhg ) BHSERNE DY $ I DY e PY ﬁPMIS AT R
Bk el ok 1 R B R - 2ok ﬂ)p,F‘J?I‘i"}‘ﬁ'PMISﬁ"
FHRES: MY R i1 PMISHE R - #4 byt
B3R PMIS @& * o & R i83% I14ad> PMIS 7 7% + enid gk o

Mé4tF : HLM -~ PMIS -~ UTAUT ~ TOE

~ 115 ~




i1
L th
YunTech L

CEM

o~ ag94 | 2024 ¥ 28 B a1 Angr ¥ B AT § F R § & The 28™ Symposium on Construction Engineering and
Management / International Conference

TRREAFEERGAURFTREHF T FE T IR 7 L 2
@iﬁ—?l*‘%%iz**
B AP Ryl Pyl
TR AP B L R

" eddiel 1027@gmail.com
“jschou@mail.ntust.edu.tw

%%ﬁ@?ﬁi%@?a’?%%ﬁﬁ%W%mﬁoﬁi?%WBﬁﬁ$ﬁ3
Fao 2P pMAE 30 ELAFRG 1S5 F R MR L - £ ’;}%fgﬁ_ﬁﬁf}.}
oA 7R L - £ 4 ff_*v?#ﬁié’%?s &ﬁ%ﬁiaﬁ R R ST IR
B 1A AR FeiGREG BT Y X e RS G R o B oW
A R R £w$7wﬁﬁﬁlﬁﬁfm%uﬁ~% WP R L%y LR
}z—,%ﬁuﬂwwﬁ*ﬁééi‘E'°pW%*Wﬁ§ﬁm@?%@<ﬂﬁ
B w B GIER LT G BEATESF R BB ARE Y RS A
i PR AEEE A HEFPEUAV)RE & ”% P AT INERIT MHE T IR
2. % TV Bl o Bd T 0t iR A fFFJe,.i*“;*IﬁL (EEEE N AT AR RE
%‘%9‘ﬁ%’%#iﬁ¥ﬂﬁﬁémﬁjﬂﬁ\w@4ﬁi MR T
SAKB R B RE C BFESE 2 I REs c AP e BARFHER
waﬁiﬁ.#« & 0 22 4E Vision Transformer AL § ffochm sgHicd] ; Bk g 77 b p

¥ YR 0 D' YOLOVS F b4 23 @ % p RECE VT8 E A Kk kas a2
ﬁx&;’ﬁ%ﬁﬁﬁﬂgﬁ@”%ﬁﬁiﬂﬁﬁ$i%ﬁﬂoﬁ?ﬁ%a&%ﬁ
x*ﬁéﬁh YR HER R HERABH BRI PRI AB T LS A o
zw *ﬁﬁ A ’bﬁ(UAV)#ﬂ%ﬁ} 7 S -2 ,’z,\ s ﬂqr T p«(e%ﬁd,ﬁim iilﬁ‘?vl’v\’f%iﬁ Ny Jh
%»-’%d¢~ﬁﬁﬁu%“%zw§%$67 FREE R RIABREET R
W1 fREF 0 UG dE S 4R f%i\?EﬁﬁLi}%iﬁ:ﬁ;E;\ 2 I B ﬁig, LS e &

hay

A%

FAIELF AR Pii%flﬂ’lﬁﬁmﬁﬁﬁ&ﬁrﬂmi "'?5"2&4£%
H B hig * o T MAGRNBEF IS A o

WAE AR O R S RIS T E L
;gg‘? /VI 3;‘]%3#: l] Y ’L‘EI;? lﬁlL /ﬁ_ﬁ» = D "' iL, }agﬁﬁ‘,\; j\ f?’,_—g‘; ,;5 .g’l‘a g—

—

~ 116 ~




D ogth

YunTech " w b PR SUN, x
SCEM 2024 % 28 B Y1 fzd F mE o § B G HR

- 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

R EE LR T S L ERY-E €Lk Il s

w2
lﬂ*iﬁﬁﬁ'ﬁwé ﬁ%’P;i
R A e TR
" kevin0958 140946@gma11.c0m

T E ij’;f?*ﬂ‘ﬁ WFRERAP LB REZEAG A o o 4 S ( Steel Construction )
HeffFiivhls 22 MRBAFI w1 £ - B REAEr 22
At - H? SC¥aZg 41z @122 50 BRI a3 - —’f—! L
2P & AP R R EERAIL A o SR RHILL D ER
B 12BN 12880 BRI E R e ﬁPﬁxer%' Foo

1FEE e R+ E R WA B i o A R R EL
(Fx P RN 1 25 T RPFFZFCLGTEEKTE Y KPR F IR
At Faa e a i s > TR EA(ERLP)ERL F Dk o KA o

s

s

ik

P

<

REE TR O EF A R L BREY -

7R ABEETR L X ANIEE T R YTk ik B EE - Bk (TS
UK P g 0 WA R 1 ﬁ@&ﬂi%’ﬂﬁﬁﬂ”@”Bmﬁ'l’ﬁﬁ%
P12 etk B 2 =B 2 1 25 %”ﬁ@%lﬁiﬁﬁxi%i Hogs o 35
bz

3%’ N1z d o BRI EEE
__,Pw:f& 4/ Bl l;%

MetF t P i  BWA U128z G125 E i BER LR
F1E 1R

~ 117 ~




D agth

YunTech

o~ CEM ag94 | 2024 ¥ 28 B a1 Angr ¥ B AT § F R § & The 28™ Symposium on Construction Engineering and
Management / International Conference

BRERRLEI LT - NP S 2IPARE RO
ﬁ%ﬁl%ﬁ%ﬁ
TR FapE gy Eaak o o
TRrgapRegy e qE L
Tl 1206106@nkust.edu.tw

BERHEE 1 A1 BORHEREFL HERT RPTLI el Ft g
Tj‘—lﬂn\?« R FORE IR IFITend A4 0 AR RIS praa R - 0 AP
IR iEE A4 L 1 (FFLd & 4 _e:sf'égﬂ EREAD S o | Wz - T LRI LSS R k- L
AEwLITEN PR UEF WK ol iFrTd A 4 o

$£3{$&ljl+bﬁﬁﬁ§mf#1ﬁﬁ CIEE L6 AT * Thomas HR 024
A 4 s~ Tt e &4 47(Data Envelopment Analysis,DEA)2 & ¥ 3]/ B o A
FRENS A2 BT ; %#ﬁwlmimﬁ@

FrEElT o %6 B 2hit2 24 -DEA A7 8% (F a1 R A )0

~
—
-

~

=

%
BT ixb] A XS r’vﬂ"*#&iﬁ'*‘”".“lpw.uy'ifiév\%‘rfgf«?-r*g
SREMATRR  ERYENMALTEAANEA A A T

‘-1— m;
- ﬁm\‘
&
’

[N -

S

R S T o T
e
<l

B A ETE Y frrcit > RS H AR ALY 0 ¥ B HRT ae 1 g
SRR R

M&iti : ﬁiﬁ%"%‘ ~ ié_J N F]j”\;}_'_{? %"/”\’}"’F(DEA)

~ 118 ~




il e
YuriTech ” w e R I .
- SCEM 2024 % 28 By e B R € TR 6K

- 9094 ' The 28" Symposium on Construction Engineering and Management / International Conference

MSAVI A ST AR B IR T A TR 7 (712447
I EEAE BN
S R R SR N A - B S

R E S ARk, ATl R
* rickxonlim.tw@gmail.com

ARIFABLED > e RER DO REBH T AHR G RiFmaE S e

ENp AR W2 B AP TARST > PEEFHRCE EFRE o
?“ﬂ”’?'« Bl P aE I IR £ REH AR LRI BA
%*ﬁﬂ*ﬁﬁﬁﬁﬁﬁi@ﬁﬂﬁiﬁ’iéﬁﬂvm@fﬁ 4 &Y Bk
ﬁfiwjﬂ7ﬁwi%ﬁ§ﬁW§ﬂm4$ﬁﬂgﬁi%mm%ogﬁgim?
fRif e RS o AR TR A > AR I RS Sk
P AR o @BAWS;,Jﬁﬁ 2P R 4’#ﬂ§ﬁmwﬁwf i
A N E < S U v WITDAp PR BT 0 Fei P B E dp B
to Wik g E @ B R EeoR L o

AFY o RS EFFTRP P AR F RN AR BRARN KR ELERPILES
Bt W AHRGF AN EEGHS > B RE c PR A R R ik
FRFB 2B R B A s EmRIRAEL T R RS ERE
* B ig %giil °

MAET T S RH R AARCS L bl

~ 119 ~




D ’ 2t

inTech
o~ CEM 9094 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

B RREFPEBAFEE NI RLE S A2 B@

RN R AN BT T
E R T IR SR N B i I B < I )
REBP R A F AR ks g
SPATREE AL AL RERETRE Lk 0 IR K
YR Bp 2 g AL AR ko HiE
* fan0000.en11@nycu.edu.tw

AFTALEFRE S AH > TR - FAF NG FE D ER
%agﬁﬂﬁ(CM)’Nﬁﬂmé”ﬂﬁ&ﬁﬁ—m+£%mmﬁ Bk A
7o CIA FEZ2 4R FAR 2P VAR E e LR > R iz T 7
P35 ] 70.83%E B 0 B M E A aJUAR FR PR REPF A K p 4 o AR CIA R
BRI AIRE R TEAL AN FREREEFVVR FHRESEAP
CIA 7 100% =3 # FH 3T hE A BE7 7 AR iE2 T FRE ST L AR iF
\”ﬁﬁvfﬁ°fb¢¢£2%%’iﬁ%$&f“ﬁ«zplﬁﬁﬂﬂiﬁﬁ
gt R FRE N T RS AT RERRSR c AP G A kg
REFFEJET - Bioral L TR MAR T e BRET 2 o

o

MaEF @ ~EIFFEE lﬁi‘%\;j"?ﬂ:’.‘ HpiEkidit s e2RpPhAAFTEE
A 5 Fop R

~ 120 ~




D ogth

YunTech -
-~ SCEM 2024 % 28 By i 1 d4ns LB R € FRF £k

- 9094 ' The 28" Symposmm on Construction Engineering and Management / International Conference

1256 BB 46 BERATSLHT
EAF T s e i
uﬂ:i?*?ii;ﬁ?ﬁ’pfi

AR F I A1 8 ko K
*R11521716@ntu.edu.tw

BYEAEY B IRAFRAEFEIRTIEFHER P 2 - o BRI
%Qlﬁﬁﬁﬁih’#\*am‘Jﬁﬁﬁﬁioéﬁﬁﬂiﬁ&$’

ﬁ’%l%ﬂiﬂ%% BTARELYE (CCTV) e Fd4E Rl R gl
ﬁﬁ%%i%ﬁ @@r,ﬁ*ﬁwam B i cE 1 &ﬁ?ﬂc

A E ;Lm:fp jfé ‘_LL\ l_]rz.}/ﬁ A;\.E’ (UGV) p"i%ﬁ’%m ﬁ& ;J:S‘-;‘% PEIS ;‘I T_EL?J%
Ex %Iﬁ,b‘?‘mmlé% oA T A2 F 4 gung o FiE 6 UGV & LEP

FI* R e PFE i E%?Hﬁt ( Semantic SLAM ) $HjtF » 31 3 ILHF-= BB 2 #ic
%i&f’r@ 4 a4 ﬁm;,.xa‘,’ﬂl‘%ﬁ@Ok’ﬂﬁ‘%ké 1%3*/#ff{7fflﬂ§‘fr"loxiﬂ{§:

FdRGfFRATR  SEFAETVF LA A28 > £ # % Semantic
SLAM & {7 8h 240 o SE5 #if LM 2 Hclp bt S A B0 P E 5 BAE BT
RROCLIRMBEE > FRGIAT N ARFR VRS c FHREFET 0 20
B PRSI TR AT MR S I RS E ik o RS

o

=

Métx UGV ~ # i Tho T P

~ 121 ~




1 ogth

el 2024 | 2024 % 28 B i 1 e B E RT3 ¢ F R ¢ 3 The 28" Symposium on Construction Engineering and
Management / International Conference

Session D3

€ RPN 1 13:30-14:55 A #F A P L KR
Time: 13:30-14:55 Host: Prof. Ting-Ya Hsieh

ARE 3 fedRpber A 4

Topic: Construction procurement and public private partnerships

*  The Impact of the Liquidated Damages Reduction System Under Civil Code on
Model Contracts for Turnkey Projects Procurement of Public Works
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The Impact of the Liquidated Damages Reduction System Under Civil
Code on Model Contracts for Turnkey Projects Procurement of Public

Works

Bing-Hong Wu!", Pao-Hung Lin?, Chung-Hung Liao®
! Ph.D. Candidate, Ph.D. Program for Infrastructure Planning and Engineering, Feng Chia
University, Taichung, Taiwan.
2 Professor of Department of Civil Engineering, Feng Chia University, Taichung, Taiwan.
3 Associate Professor of College of Law, Tunghai University, Taichung, Taiwan.
“murphy720910@gmail.com

In recent years, there has been a shift in the procurement of public works from the
traditional construction contract, where the design phase precedes the construction phase, to
the turnkey project contract, characterized by simultaneous design and construction. The
public works in Taiwan are solicited, contracted, and executed in accordance with the
Government Procurement Act, utilizing the model contract published by the Public
Construction Commission of the Executive Yuan. This model contract delineates provisions
regarding penalties for delayed performance across three categories: failure to meet
deadlines for submitting design work for review and correction, failure to meet construction
completion deadlines, and failure to rectify defects within specified deadlines. Nevertheless,
Articles 251 and 252 of the Civil Code empower the court to proportionately reduce penalties
considering the “interests received by the creditor as a result of partial performance” and
“disproportionately high penalties,” respectively. Through document analysis, this study
compares and summarizes the findings of recent years’ precedents: 1. Proportionate
reduction of punitive damages may compromise the design quality of turnkey projects; 2.
Proportionate reduction of pre-determined liquidated damages may cause delays in the
performance efficiency of turnkey projects; 3. The system of proportionate penalty reduction
significantly impacts the effectiveness of penalty clauses for delayed performance in public
works projects.

Keywords: Model Construction Procurement Contract; Pre-Determined Liquidated
Damages; Punitive Damages; Penalty Reduction
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Topic: Artificial intelligence and big data

*  Optimizing Hyperparameters in Energy AI Models Using the Age of
Exploration-Inspired Optimizer
Hoang-Minh Nguyen, Jui-Sheng Chou

* Forecasting Long-Term Energy Consumption in Campus Buildings Using
Jellyfish Search Optimizer-Enhanced Deep Learning and Data Augmentation
Hoang-Minh Nguyen, Jui-Sheng Chou

* Enhancing Soil Liquefaction Prediction: Integrating Metaheuristics with a
Hybrid Deep and Machine Learning Framework
Tran-Bao-Quyen Pham, Jui-Sheng Chou

*  Enhancing Electricity Fraud Detection: Hybrid Learning with Metaheuristic
Optimization
Nader Anwar Charaf, Jui-Sheng Chou

*  Feasibility study of point cloud registration using line geometry in the built
environment
Ang Chi Hang, Jacob J. Lin

*  Weighted Feature Selection for Improving Building Thermal Load Prediction
Using Optical-inspired Bidirection Machine Learning
Mohamed Ibrahim Abdi, Min-Yuan Cheng

*  Exploring ICT Research Trends in Smart City Initiatives: A Case of India and
Taiwan

Vignesh V P, Pavan Kumar, Senthilkumar Venkatachalam and Shang-Hsien Hsieh
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Optimizing Hyperparameters in Energy AI Models Using the Age of
Exploration-Inspired Optimizer

Hoang-Minh Nguyen'” and Jui-Sheng Chou®"*
' Ph.D. Candidate, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of
Science and Technology, Taipei, Taiwan.
*d11005813@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

In energy research, metaheuristic optimization is crucial for refining the
hyperparameters of artificial intelligence (AI) models. As data science evolves, the
complexity of datasets, input variables, and patterns has increased, posing significant
challenges in developing efficient Al models. This research introduces the Age of
Exploration-Inspired Optimizer (AEIO), a novel metaheuristic technique designed to
enhance performance by fine-tuning hyperparameters in AI models for energy applications.
The AEIO algorithm is rigorously evaluated using benchmark functions across various
scales and dimensions. Its effectiveness is further demonstrated through three case studies:
green energy production, residential energy consumption, and regional energy demand
forecasting. In each scenario, the AEIO algorithm consistently outperforms existing methods
when combined with machine and deep learning models to predict discrete and time-series
data in the energy sector. This study also pioneers integrating density-based spatial clustering
of applications with noise (DBSCAN) into a metaheuristic optimization algorithm. It
comprehensively assesses this novel approach to optimizing Al models within the energy
domain, underscoring its practicality and significance.

Keywords: Energy Generation; Energy Consumption; Metaheuristic Algorithm; DBSCAN;
Al Models
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Forecasting Long-Term Energy Consumption in Campus Buildings
Using Jellyfish Search Optimizer-Enhanced Deep Learning and Data

Augmentation

Hoang-Minh Nguyen'” and Jui-Sheng Chou®"*
' Ph.D. Candidate, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of
Science and Technology, Taipei, Taiwan.
*d11005813@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

Predicting future energy consumption in campus buildings is crucial for optimizing
resource usage and enhancing sustainability. This research employs a novel strategy that
combines Al models, data augmentation methods, and advanced optimization algorithms to
forecast energy usage one year in advance. The models, trained and validated with historical
energy consumption and weather data, face challenges like data scarcity and instability. To
overcome these, the dataset is enriched through data augmentation techniques. Moreover, a
cutting-edge optimization algorithm, the Jellyfish Search Optimizer (JSO), is utilized to
refine the predictive models and data expansion methods. The findings indicate a significant
improvement in prediction accuracy by integrating data expansion techniques, convolutional
neural network (CNN) models, and optimization algorithms. The best-performing model,
JSO-MobileNet with random noise injection, achieves a Mean Absolute Percentage Error
(MAPE) of 11.95% in forecasting energy consumption for campus buildings one year ahead.
This study highlights the effectiveness of metaheuristic optimization algorithms in
enhancing Al models, providing a practical framework for long-term energy consumption
forecasting in campus settings.

Keywords: Long-Term Energy Consumption Prediction; Campus Building; Data
Augmentation; Artificial Intelligence; Jellyfish Search Optimizer
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Enhancing Soil Liquefaction Prediction: Integrating Metaheuristics with

a Hybrid Deep and Machine Learning Framework

Tran-Bao-Quyen Pham!”, Jui-Sheng Chou?"*
! Ph.D. Candidate, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.

2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*d11105819@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

Soil liquefaction during seismic events can lead to devastating structural failures as it
reduces the cohesion among soil particles. Recognizing the urgent need to predict and
mitigate such occurrences, this study introduces an advanced system that utilizes the
Jellyfish Search (JS) algorithm to optimize hyperparameters within a hybrid deep and
machine learning framework, enhancing prediction capabilities. This system integrates the
superior feature extraction abilities of Convolutional Neural Networks (CNN) with the
robust classification power of eXtreme Gradient Boosting (XGBoost) to revolutionize the
assessment of liquefaction risks. Three numerical datasets derived from Cone Penetration
Tests (CPT) are transformed into visual formats to capitalize on the image recognition
capabilities of CNN's convolutional layers, culminating in predictive analytics using the
XGBoost layer. Designed with civil engineers in mind, this user-friendly system facilitates
soil liquefaction hazard risk assessments through intuitive interfaces and robust data analysis
tools. Extensive case studies, which include varied classification ratios and input attribute
volumes, demonstrate that our model significantly improves accuracy by more than 6%,
achieving overall accuracies exceeding 90%. Integrating bio-inspired metaheuristics with a
deep-machine learning framework showcases the system's exceptional ability to evaluate
soil liquefaction potential, bridging the gap between research findings and practical
engineering applications.

Keywords: Liquefaction Hazard Risk Assessment; Intuitive Deep-Machine Learning
System; Metaheuristic Optimization Algorithm; Image Transformation
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Enhancing Electricity Fraud Detection: Hybrid Learning with

Metaheuristic Optimization

Nader Anwar Charaf'”, Jui-Sheng Chou?™"
1" Master's Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.

2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
“nadercharaf22@gmail.com
“jschou@mail.ntust.edu.tw

Energy is the golden thread that connects economic growth, social equity, and
environmental sustainability. The pervasive issue of electricity fraud jeopardizes the stability
and integrity of the electricity market. Existing methods to detect fraudulent consumers often
rely on extensive data preprocessing, including outlier removal, which may introduce biases
and limit their practical utility. In contrast, this paper adopts a holistic approach by utilizing
a comprehensive dataset encompassing every customer's energy consumption records.
Through meticulous analysis and experimentation, this study compares the classification
performance of convolutional neural networks (CNNs) and traditional machine learning
(ML) models in distinguishing between fraudulent and genuine users. The investigation
examines unbalanced and balanced datasets and evaluates various interpolation methods for
preprocessing. Furthermore, the study explores the optimization of top-performing models
using metaheuristic algorithms and proposes an ensemble model synthesized from the
strengths of CNNs and ML. The performance of these models is rigorously evaluated based
on the Synthesis Index (SI). This study contributes to more efficient and scalable fraud
detection solutions in the electricity sector through its comprehensive approach and
development of a robust model tailored for real-world application. It lays the foundation for
a more resilient and sustainable energy future.

Keywords: Electricity Fraud; Convolutional Neural Networks; Machine Learning;
Metaheuristic Algorithms; Ensemble Model; Synthesis Index
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Feasibility study of point cloud registration using line geometry in the

built environment

Ang Chi Hang'", Jacob J. Lin?
! Master Student, Department of Civil Engineering, National Taiwan University
2Professor, Department of Civil Engineering, National Taiwan University
"R11521720@ntu.edu.tw

With the development in technology, the point cloud data has high potential usage in
the construction field. A prerequisite of most point cloud applications is first to register the
point cloud segments in the same global coordinate system. However, manually registering
point clouds is time-consuming and labor-intensive work. This research addresses the point
cloud registration problem in the built environment by using line geometry, which is
considered a salient feature in the building environment. A framework, including a line
extraction module, a line feature matching module, an outlier pruning module, and a 3-line-
based registration module is proposed in this research to perform point cloud registration
automatically. The experiment showed that the registration recall could be up to 50% in the
WHU-TLS dataset even in a highly contaminated search space, which contained only 10%
inlier correspondences. The experiment results proved the feasibility of the line-based
registration framework and identified several performance indicators to perform a successful
point cloud registration.

Keywords: Point Cloud Registration, Deep Learning; Building Area; Point Cloud
Application
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Weighted Feature Selection for Improving Building Thermal Load

Prediction Using Optical-inspired Bidirection Machine Learning

Mohamed Ibrahim Abdi'*, Min-Yuan Cheng?,
! Master’s Student, Department of Civil and Construction Engineering, National Taiwan
University of
Science and Technology, Taipei, Taiwan.
2 Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science
and Technology, Taiwan.
“m11105829@ntust.mail.edu.tw

Predicting building thermal loads is critical for optimizing building energy management
systems and enhancing energy efficiency. The high-dimensional characteristics of HVAC
loads necessitate the selection of an optimal number of features to improve model accuracy.
In this research, a novel approach is introduced that utilizes weighted feature selection
methods. Four different techniques, including Pearson, Spearman, and Kendall correlations,
as well as a dimensionality reduction method, Principal Component Analysis, are used to
determine four distinct sets of features based on the dimensionality of feature numbers. After
that, the combination of Neural Networks (NN) and Bidirectional Gated Recurrent Units
(BiGRU) is used with the Optical Microscope Algorithm (OMA), an optimization algorithm
inspired by microscopic mechanisms, to fine-tune the NN-BiGRU framework. This Optical-
inspired Bidirectional Machine Learning model (OMA-NN-BiGRU) predicts the outcomes
from the four data methods. Additionally, OMA 1is applied to optimize the weight
combinations of the predictions from the individual feature selection methods, based on their
contributions to the final prediction. The results demonstrate that the proposed model
achieves significantly higher accuracy than the single methods. The weighted feature
selection model demonstrates superior performance, with a Root Mean Squared Error
(RMSE) of 0.046, a Mean Absolute Error (MAE) of 0.032, a Mean Absolute Percentage
Error (MAPE) of 12.6%, and R? values of 0.95 and 0.90, respectively. The OMA-NN-
BiGRU model outperforms other compared models in building thermal load prediction. This
study offers fresh insights into creating an integrated approach based on different input
variable dimensions.

Keywords: Thermal Load Prediction; Weighted Feature Selection Approach; Neural-
Network; Bidirectional Gated Recurrent Unit; Optical Microscope Algorithm
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Exploring ICT Research Trends in Smart City Initiatives: A Case of

India and Taiwan

Vignesh V P, Pavan Kumar?, Senthilkumar Venkatachalam®, Shang-Hsien Hsieh*
'PhD Scholar, Department of Civil Engineering, Indian Institute of Technology, Palakkad,
India.
2PhD Candidate, Department of Civil Engineering, National Taiwan University, Taiwan.
3 Associate Professor, Department of Civil Engineering, Indian Institute of Technology,
Palakkad, India.

“Professor, Department of Civil Engineering, National Taiwan University, Taiwan.
"102214002@smail.iitpkd.ac.in

Rapid urbanization drives smart city initiatives that leverage technology and data for
efficient resource management, improved services, and enhanced citizen well-being.
Information and Communication Technologies (ICT) are foundational to this transformation,
enabling sustainable and responsive cities. Countries such as India have launched
ambitious smart city programs to tackle the challenges and opportunities posed by
urbanization. India's large, infrastructure-deficit population necessitates innovation,  while

Taiwan's strong tech sector positions it for ICT-driven smart city success. This study
explores research trends in ICT applications for smart city development in India and Taiwan.
The results of this study provide valuable insights into how both countries are harnessing
technology and strategizing their various initiatives to create smarter cities, ultimately
enhancing the quality of life for their citizens.
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Fuzzy Multi-Mode Resource-Constrained Time-Cost-Resource
Optimization

Joshua Wijaya'”, I-Tung Yang?
1" Department of Civil and Construction Engineering, National Taiwan University of
Science and Technology, Taipei, Taiwan.
2 Department of Civil and Construction Engineering, National Taiwan University of
Science and Technology, Taipei, Taiwan.
*m11105819@mail.ntust.edu.tw

Minimizing construction cost, shortening project duration, and leveling resource
allocation are some of the most frequent concerns found by the construction industry to most
stakeholders. Such imperatives can be proven complex to obtain while taking the precedence
relationship and resource availability into consideration. To further facilitate such needs, this
study proposes the Fuzzy Multi-Mode Resource-Constrained Discrete Time-Cost-Resource
Optimization (Fuzzy-MRC-DTCRO) which refers to the alternative to find the optimal
solutions of the three-dimensional trade-off between time, cost, and resource usage
throughout an entire project. The main objective of this approach is to select a specific mode
for each activity satisfying all the incorporated constraints. In Fuzzy-MRC-DTCRO, it
executes multi-mode resource-constrained project scheduling problem (MRCPSP), discrete
time-cost trade-off problem (DTCTP), as well as resource allocation and resource leveling
problem (RLP) in tandem. Additionally, this study introduces a novel approach by
incorporating fuzzy logic for uncertainty analysis in activity durations and costs. By
employing a-cut, this approach provides a more realistic perspective, allowing for an
examination of the impact of uncertainties on feasible outcomes. To further assist obtaining
the optimal results, this study adopts the widely-known Non-dominated Sorting Genetic
Algorithm II (NSGA-II) to find non-dominated solutions concerning the project duration,
total project cost, and resource moment deviation. Obtained results show that under the
incorporated optimization algorithm, there is a counteracting relationship between time-cost
and cost-resource trade-off, as well as a subtle relationship between time and resource
moment deviation. In addition, the level of confidence which entails the project execution
period directly affects the project duration, total project cost, and resource moment deviation
which influence may depend on the distribution of the optimistic, most likely, and
pessimistic scenarios being accounted.

Keywords: Resource-Constrained  Scheduling;  Time-Cost-Resource  Trade-off;
Metaheuristic; Uncertainty; Fuzzy Logic
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Using Semantic Analysis and Fuzzy Theory for Classifying and

Analyzing BIM Learning Experiences

Shang-Hsien Hsieh!",Wei-Chih Liu?
! Professor, Department of Civil and Construction Engineering, National Taiwan
University, Taipei, Taiwan.
2Ph.D’s Student, Department of Civil and Construction Engineering, National Taiwan
University, Taipei, Taiwan.
“shhsieh@ntu.edu.tw

In recent years, advancements in information technology have gradually integrated
people into a smarter and more automated lifestyle, with automated technologies
significantly improving workflow processes. Many applications of automation technology
are found in the design and development of interface software. Interface software, such as
AUTOCAD, CATIA, Sketchup, 3D Max, ArchiCAD, and REVIT & BIM, among others,
offer various design and development tools in the market. In the fields of architecture and
construction, learning applications like Building Information Modeling (BIM) have long
been the core of architectural and civil engineering education. However, in engineering
education, there may exist conceptual differences during the learning process of BIM
development software, leading to increased learning difficulty and cognitive pressure.
Additionally, it is of interest to determine whether learners in architecture, civil engineering,
mechanical engineering, and project management can quickly grasp the benefits of
transitioning from REVIT to BIM. This study aims to investigate potential differences in
conceptual understanding and the utility of learning software among short-term learners and
students during the process of learning software in the application of BIM. Initially, the study
will collect quantitative data (QD) from learners through literature review and the Semantic
Analysis Method (SAM), establishing a preliminary database (PD). Subsequently, utilizing
Fuzzy Cluster Analysis Theory (FCAT) from the preliminary database will be analyzed.
Finally, a multidimensional model (MM) will be established using the quantitative database
to estimate and verify the classification attributes of learning BIM development software.
Based on this model, improvements will be made to the learning of BIM software, thereby
enhancing future applications in construction education.

Keywords: Building Information Modeling (BIM); Fuzzy Cluster Analysis Theory
(FCAT); Semantic Analysis Method (SAM); REVIT; CAE
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Entry Mode Strategy for Construction Firms Entering into Emerging

Markets: Theory and the Evidence from ASEAN Markets

Chaohung Lin'", Nguyen Dinh Son?, S. Ping Ho®
'Ph.D. Candidate, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
2 Former Master’s Student, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
3Professor, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan.
*d01521020@ntu.edu.tw

In ASEAN (Association of Southeast Asian Nations) community, the market of
Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam (hereinafter referred to
as ASEAN-6) accounts for 95 percent of the ASEAN economy. The various needs for
infrastructure in the region offers abundant opportunities for multinational construction
firms to expand their business in this emerging market. Past research in entry modes mostly
focuses on the manufacturing and service industries. Nevertheless, the construction industry
has some characters different from that of those industries. Due to the industry characters,
in this study, we adopt the degree of ownership as the criterion to distinguish the entry mode
choices and classify the entry modes into two categories: hierarchy and joint-equity. Ninety-
seven sample companies/offices were investigated, and an econometric analysis was
conducted. The results fit the industry characters, and suggestions are given for future
research and practitioners.

Keywords: Entry Mode; Construction Industry; ASEAN; Emerging Countries; Empirical
Analysis
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Adapting Vision Foundation Models for Automated Crack Segmentation

Ghodsiyeh Rostami!, Po-Han Chen?*, Yang Wang?
! PhD Student, Department of Building, Civil, and Environmental Engineering,
Concordia University, Montreal, Canada.

2 Professor, Department of Building, Civil, and Environmental Engineering,
Concordia University, Montreal, Canada; and Adjunct Professor, Department of
Civil Engineering, National Taiwan University, Taipei, Taiwan.

3 Associate Professor, Department of Computer Science and Software Engineering,
Concordia University, Montreal, Canada.

“pohan.chen@concordia.ca

Crack segmentation is a key step in identifying cracks from digital images for
automated visual crack inspections. The quality of the segmentation significantly affects
further severity assessment of the cracks through dimensions measurements. Recent
advancements in Deep Learning and Computer Vision have resulted in significant progress
in crack detection algorithms. However, majority of deep learning-based crack detection
models are developed based on small and limited datasets, hence, do not demonstrate
generalization to variations in real-world conditions. Thus, to develop a more robust crack
detection model, this study introduces Crack Large Model (CLM) which leverages large-
scale semantic segmentation models, specifically, Segment Anything Model (SAM) for
crack segmentation. Through transfer learning, CLM is fine-tuned on a diverse and
challenging crack dataset including 11000 pairs of crack images and masks. The transfer
learning strategy successfully improved CLM’s performance on the dataset from F1-score
and dice score of 13% and 20% to 65% and 61%, respectively.
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* Investigate the influence of pavement’s properties on microclimate in Taipei
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e Predicting Compressive Strength of Ready-Mixed Concrete Using Arctic Tern
Optimized Weighted-Feature Machine Learning
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Frank Cabanilla, Chung-Wei Feng

* A Novel Interpretable Machine-Learning Model for the Prediction and
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(HPC)
Akhmad F.K. Khitam, Min-Yuan Cheng
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Enhancing Steel Structure Predictions with SteelPredictor: A
Comprehensive Hybrid Approach Utilizing Multiple Machine Learning

and Metaheuristic Optimization Methods

Ngoc-Mai Nguyen'”, Jui-Sheng Chou?
! Assistant Professor, Department of Civil Engineering and Environmental Informatics,
Minghsin University of Science and Technology, Hsinchu, Taiwan.
2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
“nnmai@must.edu.tw

Machine learning (ML) offers a highly effective method for predicting the mechanical
properties of structures in structural engineering, particularly for complex nonlinear
structures subjected to extreme conditions. However, while much research has focused on
concrete structures, steel structures have not received as much attention. Additionally, the
common practice of combining metaheuristic optimization (MO) with ML in current studies
often lacks objectivity, highlighting the need for more effective hybrid models. To address
these issues, this study introduces SteelPredictor, an innovative system designed to predict
the mechanical strength of steel structures. SteelPredictor integrates 17 MO algorithms with
15 ML techniques, creating 255 hybrid models, many of which are novel configurations that
have not been previously explored. With its user-friendly interface, SteelPredictor allows
structural engineers to solve inference problems efficiently, regardless of their programming
skills. The system's effectiveness is demonstrated through two practical applications:
predicting the shear strength of steel beams and the elastic buckling of steel cellular beams.
By providing a versatile and robust tool, SteelPredictor meets construction engineers' and
researchers' practical and research needs, representing a significant advancement in the field.

Keywords: Structural properties; Steel structures; Machine learning; Hybrid models;
Metaheuristic optimization algorithms
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Investigate the influence of pavement’s properties on microclimate in
Taipei city

Oi-Man Hip', Anh-Vu Le?, Shun-Yu Yang?, Ying-Chieh Chan**
! Bachelor’s Student, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
2Ph.D.’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
3 Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
# Associate Professor, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
*ychan@ntu.edu.tw

For the mitigation of the Urban Heat Island (UHI) effect, use of cool pavement is
growing popularity as the increasing surface temperature is considered one of the sequences
of the UHI effect. Reflective pavement and evaporative pavement are two common types
known for their cooling properties. Past studies have shown that cool pavement was effective
in reducing surface temperature. However, their impact on microclimate is crucial for urban
planning. With the help of computation fluid dynamic model (CFD) simulation, we can
readily examine how the cool pavement technologies influence microclimate. Notably, mean
radiant temperature is essential for human comfort, alongside surface and air temperature.
This study used ENVI-met to simulate model concrete pavement with varying levels of
albedo, thermal conductivity and volumetric heat capacity. Among the tested pavement
parameters, albedo exerted the greatest influence on both air temperature and mean radiant
temperature. The highest albedo level resulted in a maximum reduction of 0.038°C in air
temperature but also led to a maximum rise of 2.2°C in mean radiant. Pavements with
irrigation demonstrate a significant decrease in mean radiant temperature.

Keywords: ENVI-met; Cool pavement; Urban microclimate; Urban heat island
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Predicting Compressive Strength of Ready-Mixed Concrete Using Arctic

Tern Optimized Weighted-Feature Machine Learning

Asmare Molla'", Jui-Sheng Chou?™*
' Ph.D. Candidate, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.

2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*d10805805@mail.ntust.edu.tw
“jschou@mail.ntust.edu.tw

Contemporary building structures predominantly utilize concrete due to its
advantageous properties. Compressive strength, a critical mechanical property of concrete,
is closely associated with structural safety. Predicting this property is crucial for the early
management of material quality. The ATO-WFLSSVR, a hybrid machine learning model
adept at handling computer vision tasks, predicts concrete's compressive strength. A time
series dataset was benchmarked against two optimized deep learning methods cited in the
literature to validate the model's effectiveness and performance. Analytical experiments
demonstrate that the ATO-WFLSSVR model consistently excels across various metrics,
achieving RMSE, MAE, and MAPE values of 5.866 kgt/cm?, 34.4232 kgf/cm?, and 10.399%,
respectively, although it requires more training time. Accordingly, this bio-inspired
optimization of machine learning models holds substantial promise for enhancing
compressive strength predictions in civil engineering. Future research could include
environment-oriented factors that might influence concrete compressive strength, such as
the type of manufacturing equipment and the concrete transportation process.

Keywords: Ready-Mixed concrete; Compressive strength prediction; Bio-inspired
optimization; Arctic Tern Optimizer; Hybrid machine learning
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Building a fully autonomous framework for the construction inspection

industry — A rebar inspection robot case study

Frank Cabanilla'*, Chung-Wei Feng®
! Master’s Student, Department of Civil Engineering, National Cheng Kung University,
Tainan, Taiwan.
2 Associate Professor, Department of Civil Engineering, National Cheng Kung University,
Tainan, Taiwan.
"n66117184@gs.ncku.edu.tw

Currently, it is required to conduct inspection at construction projects to ensure the
quality of the elements as described in the design layouts and drawings. However, several
problems have been related to the construction inspection industry, such as time-consuming,
cost-labor, or lack of appropriate regulatory requirements. To improve the efficiency and
effectiveness of construction inspection, robots have been introduced to assist in different
tasks, such as LiDAR to check size of elements, or RGB-D Cameras to detect steel bar
locations, size, and lengths. On this paper, an extensive literature review was conducted
revising the different approaches of inspection, as traditional and human-robot collaboration;
aspects of automation, as types of robots and sensors; and existing frameworks with the used
activities, technologies, and algorithms. With this information, the purpose of inspection and
automation was defined. The classification, summary and analysis were conducted to
normalize the information. The purpose of this paper is to develop a fully autonomous
framework for the construction inspection industry. A framework for every stage of
construction is provided: pre-construction, construction, and operation and maintenance. To
prove the proposed framework, a case study will be studied. This study aims to give the
research community a guide to achieve automation in any aspect of the construction
inspection industry.

Keywords: Autonomous framework; Construction inspection; Rebar inspection robot;
Sensors
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A Novel Interpretable Machine-Learning Model for the Prediction and
Formulation of the Compressive Strength of High-Performance Concrete
(HPCO)

Akhmad F.K. Khitam!”, Min-Yuan Cheng?
"Doctoral Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taiwan
?Professor, Department of Civil and Construction Engineering, National Taiwan University
of Science and Technology, Taiwan
“firdosakhmad@gmail.com

Predicting and formulating the compressive strength of high-performance concrete
(HPC) is considered a challenging task due to the complexity of the composition of its
constituent materials. However, recent advances in machine learning to handle predictions
still rely on “black box” techniques that lack interpretability. To overcome this issue, the
present study developed a new model, called optical-inspired rainforest to enhance
prediction accuracy and offer mathematical solutions. The current model has a new
architecture through three mechanisms: firstly, by expanding the geometric structure of the
operation tree (OT) to improve its ability in generalization; secondly, by employing a
bootstrap sampling technique to create a diverse OT as a base learner; and thirdly, by
integrating a metaheuristic algorithm to minimize the prediction error. The developed model
was evaluated against several popular Al models, such as ANN, SVM, LR, and DT, as well
as the most recent advanced models, such as the Symbiotic Polyhedron Operation Tree
(SPOT) and Genetic Weighted Pyramid Operation Tree (GWPOT). Experimental results
show that the proposed model outperforms several other popular Al approaches, achieving
the highest evaluation criteria of RI = 0.98 and RI = 0.99, respectively, for the training and
testing datasets. Therefore, the proposed model is recommended as a viable tool to help
materials engineers significantly increase the utilization of HPC in construction projects.

Keywords: Operation tree; Concrete properties; High-performance concrete; Compressive
strength; Optical microscope algorithm
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Building Archetype Identification and Modeling for Material Stock
Estimation of RC Buildings: A Conceptual Framework and Case Study

in Shezidao

Aldaniel D. Pinsotes!”, Tantyo Intan?, Ali Ghani Jassim Ali®, Yun-Tsui Chang*, Shang-
Hsien Hsieh®
! Master’s Student, Department of Civil Engineering, National Taiwan University, Taipei,
Taiwan.
2 Bachelor’s Student, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
3 Master’s Student, Department of Civil and Architectural Engineering, Aarhus University,
Aarhus, Denmark.
* Doctoral Researcher, Department of Civil Engineering, National Taiwan University,
Taipei, Taiwan.
> Professor, Department of Civil Engineering, National Taiwan University, Taipei, Taiwan.
" aldanielp321@gmail.com

In the pursuit of net-zero emissions by 2050, Taiwan emphasizes sustainable strategies
in the construction sector, responsible for a significant portion of carbon emissions. Despite
progress in reducing operational carbon emissions, addressing embodied carbon from
existing buildings lags behind. This research presents a conceptual framework to estimate
the material stock of existing buildings at an urban scale through modeling. Leveraging
Building Information Modeling (BIM) and Geographic Information Systems (GIS),
supplemented by building codes and the K-means Elbow algorithm, the framework identifies
and models archetypes representing groups of buildings. Using Shezidao as a case study,
GIS data on 4156 Reinforced Concrete (RC) buildings was filtered and simplified, and 1074
buildings were analyzed. The K-means Elbow algorithm identified 34 archetypes, and
Dynamo was used to model them. Material quantity take-off was calculated, revealing
proportional relationships between archetype size and material mass. The study's
significance lies in its methodology, providing a foundation for urban-scale assessments and
enhancing archetype representativeness. Future improvements may include finer details in
archetype identification and modeling structures below ground level. Advancing this
framework can aid in accurate material stock assessments and inform sustainable strategies,
contributing to a circular economy.

Keywords: Carbon emissions; Material stock estimation; Building Information Modeling
(BIM); K-means Elbow algorithm; Urban-scale assessments
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Optimized Moment Balanced Machine Learning for Recycled Aggregate

Concrete Strength Prediction.

Riqgi Radian Khasani!”, Min-Yuan Cheng?
' Ph.D’s Student, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
2 Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
*rigi@live.undip.ac.id

Recycled aggregate concrete (RAC) is a crucial component for reducing carbon dioxide
emissions and supporting sustainable construction practices. However, the performance of
RAC, particularly in terms of structural stability and durability, is heavily dependent on its
mechanical properties. Consequently, there is an urgent need for a more sophisticated and
precise method to predict the performance of RAC. This study introduces an Optimized
Moment Balanced Machine (OMBM), an innovative predictive model designed to enhance
RAC strength predictions. The Moment Balanced Machine (MBM) expands the principle of
Support Vector Machine (SVM) by incorporates a moment factor to determine the optimal
moment hyperplane. Unlike traditional SVM, which treats the weight of data equally,
OMBM utilizes a Backpropagation Neural Network (BPNN) for weight assignment and an
Optical Microscope Algorithm (OMA) for parameter optimization. Moreover, OMBM
effectively addresses the limitations of SVM parameter settings, which significantly affect
its performance and effectiveness.

The performance of OMBM in predicting the RAC strength was assessed against
several machine learning methods, including SVM, BPNN, Particle Swarm Optimization-
SVM, and Grey Wolf Optimizer-SVM. OMBM consistently demonstrated superior
outcomes, with the lowest error values of RMSE, MAPE, and MAE and the highest overall
performance, as indicated by the Reference Index (RI) scores. The OMBM model excels in
handling complex regression challenges by integrating advanced machine learning
techniques and sophisticated optimization algorithms. This integration strengthens the
capacity of the model to generalize and improve predictive accuracy, providing precise tools
to promote ongoing advancements in sustainable construction practices.

Keywords: Recycle Aggregate Concrete; Machine learning; Predictive modeling; Moment
hyperplane
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Optimizing Small Business Loan Approvals Using Metaheuristic

Ensemble Techniques for Imbalanced Datasets

Reynaldi Tejakesuma !*, Jui-Sheng Chou ***
! Master's Student, Department of Civil and Construction Engineering, National
Taiwan University of Science and Technology, Taipei, Taiwan.
2 Chair Professor, Department of Civil and Construction Engineering, National Taiwan
University of Science and Technology, Taipei, Taiwan.
“reynaldi_teja@outlook.com
“jschou@mail.ntust.edu.tw

Small businesses are vital for economic growth and often depend heavily on loans.
Predicting loan repayment accurately presents challenges, primarily due to the imbalanced
class distribution in loan default datasets. Single machine learning models typically
underperform in such scenarios. To address this, our study evaluates an ensemble modeling
approach to improve loan approval predictions across the industry, focusing on the
construction sector. We compared single models, such as Logistic Regression, Decision Tree,
K-nearest Neighbor, and Support Vector Machine, against ensemble models, including
Random Forest, XGBoost, voting, bagging, and stacking ensembles. Utilizing a dataset of
363,994 records from the Small Business Administration 7(a) loan program, we assessed
these models on unbalanced and balanced datasets—the latter achieved through the
Synthetic Minority Oversampling Technique — Edited Nearest Neighbor (SMOTE-ENN).
Our findings indicate that the stacking ensemble, which integrates five base learners and a
Logistic Regression meta-classifier, yields the best results, particularly without data
upsampling. While SMOTE-ENN enhanced the AUC score, it adversely impacted Accuracy,
F1 score, and recall, highlighting the limitations of data sampling techniques in managing
class imbalance. In contrast, robust ensemble classifiers proved more effective. Further
enhancements through hyperparameter optimization using the Jellyfish Search Optimization
algorithm significantly boosted prediction performance, demonstrating the potential of
advanced ensemble methods coupled with optimization techniques to refine the small
business loan approval process. This advancement can benefit government bodies, financial
institutions, and applicants by increasing the efficiency of the lending ecosystem.

Keywords: Small business loans, Loan default prediction, Ensemble models, Imbalanced
class distribution, Data balancing, SMOTE-ENN, Jellyfish Search Optimization (JSO),
Hyperparameter tuning
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Analysis of Consumer’s Perception on Greenwashing

Christian Yudha Santosa'”, Shih-Ping Ho 2
1" Master Student, Dept. of Civil Engineering, National Taiwan University, Taipei, Taiwan.
2 Professor, Dept. of Civil Engineering, National Taiwan University, Taipei, Taiwan.
*r11521725@ntu.edu.tw

This research explores the factors influencing consumer perception regarding
greenwashing through a comprehensive review of existing literature. Greenwashing, the
practice of misleading consumers about the environmental benefits of a product or service,
has become a critical issue in consumer behavior studies. By analyzing and synthesizing
findings from various academic sources, this research identifies key factors that impact
consumer perception of greenwashing. The discussion reveals that factors such as brand
loyalty, consumer awareness, corporate signaling, and the perceived authenticity of
environmental claims significantly shape consumer perception towards greenwashing. The
study concludes by highlighting the correlation between these factors and consumer
perception, providing insights for corporations and stakeholders to better understand and
address the challenges posed by greenwashing.

Keyword:Greenwashing; Sustainability; Consumer's Perception; Environmental Awareness
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The Identification of the Type of Accidents and the Causes of Accidents

in Construction Industry: A Review

Bangun Marpaung'”, Wei-Tong Chen?
'PhD’s Student, Graduate School of Engineering Science and Technology, National
Yunlin University of Science and Technology, Yunlin, Taiwan.
Distinguished Professor, Graduate School of Engineering Science and Technology /
Department of Civil and Construction Engineering, National Yunlin University of Science
and Technology, Yunlin, Taiwan.
*D11210225@yuntech.edu.tw

The construction industry is indicated to be an industry with high levels of difficulty
and also high potential hazards. Construction accidents are not few in number, causing
significant losses or even being extremely fatal. This research will provide new insights into
the types of construction accidents and their causes by analyzing a number of articles. By
conducting searches in several academic databases such as WoS (Web of Science) and SD
(Science Direct), utilizing "advanced search" to design a searching algorithm with a
combination of keywords from the collected summaries. A total of 69 articles were gathered
for detailed analysis spanning the period from 1997 to 2023. Based on the geospatial data
sources analyzed in the collected articles, the USA and China are the countries whose data
were analyzed in 8 articles, respectively.

Based on the analysis results regarding the types of construction accidents
predominantly discussed in the articles are AT1 (falling from height, etc.), AT2 (fall in the
same level, etc.), and AT3 (struck by or with object, etc.), with percentages of 95.12%,
70.73%, and 48.78% respectively. Furthermore, the analysis results of the causes of
construction accidents are dominated by the highest distribution, such as T1 (worker
capabilities) and T18 (safety culture) with 75% respectively, followed by T2 (worker action
and behavior) and T16 (project management) with 68.8% respectively, and T20 (other
factors) with 62.5%. This research identifies the types of construction accidents and the
dominant causes of construction accidents discussed in academic articles. This indicates a
need for more attention to be paid to those types of accidents and their causes. Additionally,
discussing the results of each type of accident are worthy to be analyzed in depth for the
future research.

Keywords: Construction Accidents; Accidents Cause; Accidents Type
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Risk Management of Construction Industry in Indonesia

Reny Handayani'", Tsung-Chieh Tsai?
! Master’s Student, Department of Civil and Construction Engineering, National Yunlin
University of Science and Technology, Yunlin, Taiwan.
2 Associate Professor, Department of Civil and Construction Engineering, National Yunlin
University of Science and Technology, Yunlin, Taiwan.
"M11116040@yuntech.edu.tw

Indonesia is a vast archipelago home to a population of 275.77 million people that is
projected to grow by 2022. However, the country faces numerous obstacles when it comes
to urban and economic development. Despite recent infrastructure improvements, such as
the construction of roads and water facilities, setting up offices in major cities remains costly.
The construction industry is especially susceptible to a variety of internal and external risks
and necessitates efficient risk management techniques. Thus, the objective of this study is to
identify these risks and any associated risk management strategies that are prevalent in
Indonesia. Through a comprehensive evaluation of existing literature, this study seeks to
ascertain the most common risk factors and management strategies in Indonesian
construction projects. The study's conclusion underscores the valuable insights into the
unique challenges confronted by the Indonesian construction sector and the sophisticated
strategies that have been employed to successfully mitigate these risks. By examining risk
reduction measures, this study offers valuable insights into current practices and a
foundational understanding that may significantly impact future research efforts focused on
building project risk management.

Keywords: Building; Risk Management; Internal Risk; External Risk; Construction Project.
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Trends and Limitations of Current Construction Safety Technologies

Chien-Ho Ko'", Phuong Nguyen?, Omar Maali®, Ahmed Al-Bayati*
'Research Professor, Director of the Craig and Diane Martin National Center for
Construction Safety, Department of Civil, Environmental & Architectural Engineering,
University of Kansas, Lawrence, KS, USA.
2Assistant Professor, Department of Construction and Operations Management, South

Dakota State University, Brookings, SD, USA.

3Senior Project Engineer, Department of Municipal Services & Operations, City of

Lawrence, KS, USA.

*Associate Professor, Department of Civil and Architectural Engineering, Lawrence

Technological University, Southfield, MI, USA
*chko@ku.edu

The application of new technologies continues to grow in the architecture, engineering,
and construction (AEC) industry. One of the applications of new technologies is to improve
construction safety. In the literature, there are many research efforts to propose and test new
safety technologies. The main goal of the proposed construction safety technologies in the
literature is to provide an additional layer of hazard identification and avoidance at all project
phases, from design to construction. The current literature on construction safety
technologies has primarily investigated the technological functionality, feasibility, and
benefits of the proposed technologies. Furthermore, the related literature is mainly limited
to an individual type of safety technology without the option of a combination of safety
technology sets, laboratory or controlled performance testing of the proposed technology,
and the number and duration of actual site experiments by participants in an actual
construction site. Lastly, the proposed technologies were evaluated without considering
other important non-technical factors such as the human “user” factor, adoption factors, etc.
This paper aims to identify the gaps in the literature on construction safety technologies,
identify common limitations and trends in the proposed technologies, and provide future
suggestions to cover limitations and gaps by performing a literature review of articles related
to the innovations in construction safety technologies. This study contributes to the body of
knowledge by dividing construction safety into four phases (pre-construction phase,
workers’ safety training phase, safety management, and the construction phase) based on
the impact of proposed safety technology, in addition to identifying four main areas related
to on-site construction phase were technologies are trying to improve it (safety monitoring
and proximity sensing, near-miss fall detection, hardhat-wearing monitoring, and workers
emotions) in addition to highlighted common limitations of the proposed technologies in
order to influence future researchers to cover mentioned gaps and limitations.

Keywords: Construction Safety; Safety Technology; Innovation
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Adviser

National Science and Technology Council

The National Science Council of the Executive Yuan was established on February 1, 1959 ROC,
as the dedicated government agency for promoting the development of science and technology. It
was tasked with three major missions: promoting overall national scientific and technological
development, supporting academic research, and developing science parks. In order to strengthen the
integration of scientific and technological innovation with industrial development to drive economic
growth and national progress, the National Science Council was restructured into the Ministry of
Science and Technology on March 3, 2014.

The responsibilities of the new Ministry of Science and Technology include comprehensive
planning, coordination, review, and resource allocation of national science development,
technological research, and application policies. It also encompasses the comprehensive planning,
coordination, review, resource allocation, and management assessment of national science
development, technological research, and application programs. Furthermore, it promotes basic and
applied scientific and technological research, major scientific and technological research and
development projects, support for academic research, comprehensive planning, coordination, and
promotion of forward-looking technological research and academic-industry collaboration policies,
planning and promotion of science park development, management of the Executive Yuan's National
Science and Technology Development Fund, and other matters related to scientific development,

technological research, and application.
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National Science and Technology Council
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Organizers

Dept. of Civil & Construction Engineering, YunTech
The Alumni Association of CCED, YunTech
Taiwan Construction Management Association

National Yunlin University of Science and Technology (YunTech) was established in
1991. It is an institution of higher learning for technical and vocational education. After 30
years of hard work, the institution has gone through the stages of founding, taking root,
taking off, piloting, branding, and modelling. YunTech adheres to the institution motto of
"Sincerity, Respect and Innovation" and is committed to developing into an internationally
prominent university, emphasizing the integration of industry and academia, and attaching
importance to innovative design.

The Department of Civil & Construction Engineering of the National Yunlin University
of Science and Technology was established in 1983. Over the years, the department is
fortunate to have a number of professors with professional strength and engineering
experience who are committed to teaching the essence of civil construction engineering.
Over time, the department has been acknowledged for producing individuals of exceptional
talent, who are highly sought after by the industry. It is our hope that our students will
continue to contribute to society and the country through their careers in the civil engineering

and construction-related industries.
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The Alumni Association of CED, Department of Construction Taiwan Construction Management
YunTech Engineering, YunTech Association
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Co-organizers
Earth Power Construction Co., Ltd.

Glory Scafform Engineering Co. Ltd
Institute of Labor, Occupational Safety and Health,
Ministry of Labor
Engineering and Technology Promotion Center

Chinese Institute of Civil and Hydraulic
Engineering
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Sponsors
Jio Mu Construction Ltd.
Ruentex Engineering & Construction Co., Ltd.
KIMZOA Construction Ltd.
Li Jin Engineering Co., Ltd.
TCT Industrials Co., Ltd.
Jia Ming Construction Ltd.
Jian Yu Construction Co., Ltd.
Yuanlong Technical Consultants Co., Ltd.

Zhang Shuying, alumnus of the Department of Civil &
Construction Engineering, Yunlin University of Science
and Technology
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Sponsors

Earth Power Construction Co., Ltd.
Glory Scafform Engineering Co., Ltd.
Han Yon Industrial Co., Ltd.
Sinotech Engineering Consultants, Ltd.
Fu Tsu Construction Co., Ltd.
Kong Chou Construction Co., Ltd.
CECI Engineering Consultants, Inc.
Leeming Construction Co., Ltd.

Te Chang Construction Co., Ltd.
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Institution Staffs of Organizing Committee

Team/Section Members

Student Convener Ming-Tsung Wu

Shu-Wen Hsu
Min-Xuan Fu
Hsing-Yu Hung
Jia-Ling Yuan
Melati Balla Rantelembang

Agenda and Registration Affairs

Jyun-Yu You
Academic Affairs and Web Design Hsing-Tzu Chen
Yun-Xin Peng

Xin-Tian Lin
Equipment Li-Yan Huang
Kai-Hsuan Lin

Cheng-Tai Yu
Transportation and Catering Plan Chih-Teng Yu
Wei-Chen Lin

Bo-Jia Huang
Ying-Tsung Tasi
Ying-Fen Huang
Chia-Chia Yang

Artistic Design and Public Affairs

Treasury Teng-Che Lu
Chen-Yu Lee

Wei-Bin Wang
Departmental Staff Jhao-Ci Wang
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