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Preface 

We are delighted to present this compilation of selected papers from the 7th Interna-
tional Conference on Architecture and Civil Engineering (ICACE 2023). This confer-
ence brought together leading experts, researchers, and practitioners from around the 
world to share their insights and advancements in the fields of architecture and civil 
engineering. 

The papers featured in this volume encompass a broad spectrum of topics, 
reflecting the diverse and evolving nature of these disciplines. From innovative 
materials and cutting-edge simulation techniques to sustainable energy solutions, 
efficient traffic management, and a nuanced understanding of human behavior in 
construction management, the contributions presented here represent the forefront 
of contemporary research and development. 

As the global community faces unprecedented challenges in the fields of urbaniza-
tion, infrastructure development, and environmental sustainability, the importance 
of collaborative efforts and interdisciplinary approaches cannot be overstated. The 
ICACE 2023 conference provided a unique platform for scholars and professionals 
to exchange ideas, foster collaborations, and address the pressing issues that shape 
the future of architecture and civil engineering. 

This compilation serves as a testament to the collective intellect and dedication 
of the authors whose work is showcased within these pages. Their commitment to 
advancing knowledge and driving innovation in the field is commendable, and we 
are grateful for their valuable contributions. 

We extend our sincere gratitude to all authors, reviewers, and conference session 
chairs who have played an important role in the success of ICACE 2023. It is our 
hope that this book will serve as a valuable resource for researchers, engineering 
practitioners, as well as students, inspiring further exploration and advancements in 
the ever-evolving domains of architecture and civil engineering. 

Delft, The Netherlands 
Seri Iskander, Malaysia 

Elham Maghsoudi Nia 
Mokhtar Awang

v



Contents 

Crack’s Influence on the Vibration Control Ability of Mass 
Concrete Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Zhang Jian, Li Xiangdong, Wang Yuchuan, Zheng Ming, Nie Xin, 
Fan Jiansheng, and Liu Yufei 

Decision-Making Factors Influencing Bundling Strategies 
in Educational PPP Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Xiaoli Wang, Yubo Guo, and Chuan Chen 

Theoretical Stability Analysis of a Novel Steel–Concrete 
Composite Aqueduct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Jing-Lin Xiao and Jian-Guo Nie 

Optimizing the Selection of Palm Oil Fuel Ash as Cement 
Replacement Through Physicochemical Characterizations 
and Pozzolanic Activity Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Mohd Azrul Abdul Rajak, Zaiton Abdul Majid, 
and Eddy Mohd Farid Mohd Yusslee 

Enhancing Thermal Conductivity of Asphalt Pavements Using 
Carbon Nanomaterials: A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Zarrin Tasnim Probha and Ashkar Rahman Aquib 

Effect of Low-Cost Base Isolator on Performance 
of Moderate-Story Buildings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Adi Firmansyah Putra and Tavio 

Spatial Usage and Socio-spatial Qualities of Migrant Workers’ 
Accommodation: A Case Study on Construction Site Living 
Quarters in Klang Valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
Veronica Ng, Lok Mei Liang, Sucharita Srirangam, Tamilsalvi Mari, 
and Anindita Gupta

vii



viii Contents

Measuring Land Productivity for Stakeholder Decision to Get 
the Best Use in Property Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 
Christiono Utomo, Sulfiah Dwi Astarini, and Rosnia Robi 

The Effect of Polypropylene Fibers on the Engineered 
Cementitious Composite to Sustain Low-Cost Fiber-Reinforced 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Bambang Piscesa, Indra Komara, Priyo Suprobo, Mudji Irmawan, 
Faimun, and Muhamad Ali 

Determining the Optimal Cutting Geometry of RBS Connection 
to Enhance Seismic Behavior in Steel Moment Frames . . . . . . . . . . . . . . . 99 
Cintantya Budi Casita, Data Iranata, Budi Suswanto, 
and Masahide Matsumura 

Numerical Modeling of Fiber-Reinforced Concrete Fails 
in Shear Using Ohno Beam Test Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Mudji Irmawan, Bambang Piscesa, Indra Komara, 
Sinta Nabilah Salma, Afif Navir Refani, Wahyuniarsih Sutrisno, 
Dwi Agus Purnomo, Djoko Prijo Utomo, 
and Wimpie Agoeng Noegroho 

Integration of Participant for Design Performance 
in Construction Project: A Review of Research Methods 
and Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Diajeng Sekar Shaliha, Sulfiah Dwi Astarini, Christiono Utomo, 
and Cahyono Bintang Nurcahyo 

A Review of Research Concepts and Trends of Coalition 
Optimal Solutions in Collaborative Decision . . . . . . . . . . . . . . . . . . . . . . . . 129 
Aulya Ade Rahmi, Christiono Utomo, and Sulfiah Dwi Astarini 

A Review of Research Methods on Decision Support System 
Offshore Platform Decommissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 
Rizky Bahtiar Sidiq, Silvianita, and Christiono Utomo 

Review of Previous Methods: Influence of Style and Outcome 
Negotiation in Design and Construction Collaborations . . . . . . . . . . . . . . 151 
Jumiati Bandu, Christiono Utomo, and Sulfiah Dwi Astarini 

Assessing the Environmental Impact of Production Methods 
for Different Cementitious Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 
S. L. M. Jan, N. Hussien, C. Hafizan, N. H. A. S. Lim, and N. S. Zaidi 

Impact of Movement Control Order on Carbon Footprint 
Generation from Solid Waste in Higher Learning Institutions . . . . . . . . 169 
Norelyza Hussein, Muhammad Daniel Zakaria, 
Che Hafizan Che Hassan, Sarah Laila Mohd Jan, 
and Nur Syamimi Zaidi



Contents ix

Effect of High-Damping Rubber Bearings on Performance 
of High-Rise Buildings in Highly and Moderate Seismic Regions . . . . . . 177 
Muhammad Rayendra and Tavio 

Forecasting Air Quality by Estimating PM2.5 Concentration 
Level Using k-Nearest Neighbor Model in Gazipur, Bangladesh . . . . . . . 189 
Rafi Uddin, Abrar Faiaz, and Sk. Rakibul Islam 

Building Guidelines for Cyclonic Flood-Affected Homes 
in Coastal Regions of Sunderbans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 
Debanjan Kayal and Abraham George 

Assessment of Spring Water Security for Small Community 
Using Internet of Things (IoT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 
Mohamad Nazrul Hafiz Mohd Nadzri, Maidiana Othman, 
Noor Afiza Mat Razali, and Norzaima Nordin 

Applicability of Architectural Design Features in Contemporary 
Luxury Houses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
Mervyn Wong Hsin Jyi, Joy Natalie Cotter, 
Mohd Afzan Noorawavi B. Mohamed, and Leng Pau Chung 

Compressive Strength of Laterite Stabilized with Cement . . . . . . . . . . . . 233 
Ismacahyadi Bagus Mohamed Jais, Nor Amirah Osman, 
and Diana Che Lat 

Impact of Canyon Space Direction on Microclimate and Thermal 
Comfort in Hot and Humid Balikpapan City . . . . . . . . . . . . . . . . . . . . . . . . 241 
Wisnu Ivan Kusuma, Lin Yola, and Nina Nurdiani 

Effects of Urban Traffic on Increase of Temperature in Jakarta . . . . . . . 251 
Ika Rosantiningsih, Dina Nur Ramdiana, Idris H. Sikumbang, 
M. Luthfi R., and Lin Yola 

Impact of Vegetation on Urban Microclimate and Thermal 
Comfort Level in Banteng Park, Jakarta, Using Envi-Met 3.1 . . . . . . . . . 265 
Sarah Astita and Lin Yola 

Analysis of Jakarta Bus Rapid Transit Traffic and Carbon 
Emission Concentration in TransJakarta Corridors . . . . . . . . . . . . . . . . . 275 
Andi Efendi and Lin Yola 

Impact of Urban Canyon Orientation on Microclimate 
and Thermal Comfort: Case Study of Central Jakarta . . . . . . . . . . . . . . . 283 
Ria Purnamasari and Lin Yola 

Impact of Urban Policies and City Development on the Increase 
of Land Subsidence in DKI Jakarta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291 
Tedi Prayoga, Supriatna, Edy Irwansyah, and Lin Yola



x Contents

Analysis of Pedestrian Accessibility in Lapangan Banteng Park 
Using GNSS Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303 
Nurul Almira and Lin Yola 

Variation of Ambient Temperature and Relative Humidity 
in Reinforced Masonry Homes Built with Concrete Blocks 
Applying a Green Wall with Hydroponic System . . . . . . . . . . . . . . . . . . . . 313 
Einstein Alvarado, Becker Cano, and José Rodriguez 

The Cost Assessment in Water Infrastructure Within 
the Framework of Circular Economy: A Bibliometric Analysis . . . . . . . 325 
Nurtaruli Hikmah Sihombing, Christiono Utomo, 
Cahyono Bintang Nurcahyo, Widyo Nugroho, 
and Sulfiah Dwi Astarini 

The Millennial’s Needs to the Facilities of Co-living in Central 
Jakarta for Sustainable Living Environment . . . . . . . . . . . . . . . . . . . . . . . . 335 
Nina Nurdiani and Alicia Charenina Ersonty 

Investigation of Tensile Test on Back-to-Back Web Connection 
of Cold-Formed Steel C-Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343 
I. R. Muhammad Alif, A. F. Kamarudin, S. J. Seyed Hakim, 
M. K. Musa, S. Hamid, M. Mohammadhasani, 
and M. A. Rathomy Romeli 

TOD Index of Jakarta MRT: Case of Five Areas . . . . . . . . . . . . . . . . . . . . . 353 
Herland A. Malau and Lin Yola 

Analysis of Provincial Road Damage Handling Priority 
in Singojuruh District, Banyuwangi Regency . . . . . . . . . . . . . . . . . . . . . . . . 365 
Ahmad Utanaka, Wahyu Satyaning Budhi, Wahyu Naris Wari, 
and Hera Widyastuti 

Analysis of the Lateral Bearing Capacity of Bore Pile in Center 
Building-Malang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373 
Hasan Dani, Suprapto, Arik Triarso, Puguh Novi Prasetyono, 
Feriza Nadiar, and Anggi Rahmad Zulfikar 

An Overview of Research Investigating the Behavior of Reduced 
Beam Section Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389 
Cintantya Budi Casita, Data Iranata, Budi Suswanto, 
and Masahide Matsumura 

Fly Ash Utilization as Concrete Mixtures in U-shaped Precast 
Ferrocement Concrete Product . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407 
Dadang Dwi Pranowo, Agus Priyo Utomo, Zulis Erwanto, 
and Kukuh Kurniawan Dwi Sungkono



Contents xi

Dynamic Behavior of Truss Bridge Structures Due to Moving 
Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 419 
Dita Kamarul Fitriyah, Djoko Irawan, Budi Suswanto, 
and Ahmad Basshofi Habieb 

Effect of Overloaded Vehicles on Pavement Design . . . . . . . . . . . . . . . . . . . 433 
Dominik G. Rebo Ule, Muhammad Zainul Arifin, 
and Agus Dwi Wicaksono 

Transportation Infrastructure Resilience Model Using 
MICMAC Analysis (Variable Identification Phase) . . . . . . . . . . . . . . . . . . 441 
Eko Prihartanto, I. Putu Artama Wiguna, M. Arif Rohman, 
and Retno Indriyani 

Evaluation and Simulation of the Operation Pattern of the 
Ir. H. Djuanda Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
Fatma Nurkhaerani, Eka Oktariyanto Nugroho, 
Agung Wiyono Hadi Soekarno, Dhemi Harlan, and Neneng Winarsih 

Optimization Tower Crane Location Based on Genetic 
Algorithm: Systematic Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . 473 
Febrian Aditama Santosa, Tri Joko Wahyu Adi, and Eko Prihartanto 

Risk Mitigation Analysis on Bali’s Traditional Heritage Building 
Restoration Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493 
A. A. A. Made Cahaya Wardani, Cokorda Putra, 
and Made Novia Indriani 

Identification of Safety Factors and Soil Deformation Against 
Potential Landslide Hazard by Disturbed and Undisturbed Soil 
Boring Sampling in Kandangan Village, Pesanggaran District, 
Banyuwangi Regency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507 
Dora Melati Nurita Sandi, Catur Bejo Santoso, Zulis Erwanto, 
and Kelik Istanto 

The Impact of Competitive Capability on Innovation Ability: 
A Study of Contractors in Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525 
Kevin Jonathan and Harijanto Setiawan 

Assessing Road Users’ Willingness to Pay for Toll Road Usage: 
A Study on Travel Behavior in Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . 537 
Hera Widyastuti, Intan Novelia Baharini, and Catur Arif Prastyanto 

The Relations of Wave Characteristics and Pile Group 
Foundation on Light Beacon Port Harbor, Study Case: PPS 
Nizam Zachman Jakarta Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 547 
Dedi Nurpadilah, Eka Okariyanto Nugroho, Yati Muliati, 
Fitri Suciaty, Yessi Nirwana Kurniadi, Doddy Irnantyo, 
Zuriat Dharmawan, Cipta Riyana, and Muhammad Farhan Al Ridha



xii Contents

Analysis of Rigid Pavement Thickness for the Expansion 
of Zainuddin Abdul Madjid International Airport (BIZAM) 
Apron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 563 
Aulia Dewi Fatikasari, Achmad Dzulfiqar Alfiansyah, 
and Yulia Putri Ramadhani 

Soil Consistency Prediction Based on Cone Penetration Test 
(CPT) Using ANN (Artificial Neural Network) and Multinomial 
Regression (Case Study: Surabaya Region) . . . . . . . . . . . . . . . . . . . . . . . . . 573 
Fitria Wahyuni, Zakiatul Wildani, and Ragil Purnamasari 

Policy on the Use of Batik Solo Trans Urban Public Transport 
with the “Stick and Carrot” Strategy in Surakarta City . . . . . . . . . . . . . . 585 
Budi Yulianto, Cahyono Ikhsan, and Agnes Endah Miastiwi 

The Effects of Degree of Bending (DoB) in Multi-planar DTKY 
Tubular Joint on the Stress Concentration and Intensity Factors 
for Fatigue Assessment of Offshore Structures . . . . . . . . . . . . . . . . . . . . . . 593 
Muhammad Akbar Hardian, Rudi Waludjo Prastianto, 
Daniel Mohammad Rosyid, Yeyes Mulyadi, and Ferdita Syalsabila 

Stability Evaluation Study of Foamed Mortar Embankment 
for Incline Road Rehabilitation Using the Finite Element Method . . . . . 609 
Danang Setiya Raharja, Utari Khatulistiani, and A. A. Gede Wirahadi 

Development of Occupational Safety Audit Based on Risk 
Management Approach in Design-Build Contract in Building 
Project: A Conceptual Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623 
Rosmariani Arifuddin, Yusuf Latief, Mochamad Agung Wibowo, 
Danang Budi Nugroho, and Rifan Fadlillah 

Development of Hollow Tubular Flange Girders as an Alternative 
to Cold-Formed Steel Profile and Its Structural Behavior . . . . . . . . . . . . . 633 
Dian Roby Sugara and Budi Suswanto 

Analysis of the Impact of Land Use Change on Flood Discharge 
in the Ameroro River, Konawe Regency . . . . . . . . . . . . . . . . . . . . . . . . . . . . 649 
Dyah Widyaningrum, Ardhi Nurhakim, Mohammad Farid, 
Isnaeni Murdi Hartanto, Eka Oktariyanto Nugroho, 
and Ana Nurganah Chaidar 

Application of Microbially Induced Calcite Precipitation 
for Slope Stabilization: A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 661 
Himatul Farichah, Dio Alif Hutama, and Yerry Kahaditu Firmansyah 

Study of Changes in the Ultimate Bearing Capacity Shallow 
Foundations in Soft to Medium-Consistency Clay Soils After 
Reinforcing Micro-Piles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 669 
Isnaniati, Indrasurya B. Mochtar, and Noor Endah Mochtar



Contents xiii

Identifying Traffic Accident Trends and Black Spot Locations 
on National Road (A Case Study: Rogojampi-Kabat, 
Banyuwangi) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 683 
Wahyu Satyaning Budhi, Ahmad Utanaka, 
I. Ketut Hendra Wiryasuta, and Hera Widyastuti 

Nonlinear Analyses for the Design of Safety–Critical Concrete 
Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 697 
Jan Cervenka, Vladimir Cervenka, and Jiri Rymes 

On-Site Safety Knowledge Sharing Flow in Construction 
Project: A Case Study in Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 713 
Kartika Puspa Negara, Saifoe El Unas, 
Mohammad Hamzah Hasyim, Faradillah Putri, and Rizky Fahlevi 

Stabilization of Expansive Clay Soil Using Phosphoric Acid 
Chemicals from Chicken Bone Waste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 725 
Azzah Abiyyu Sa’idah, KPL. Nurul Intifada, Yofi Maulida Zahra, 
Anisha Rachma Sary, Gishela Novita Ramadhani, Fahimah Martak, 
Trihanyndio Rendy Satrya, and Imanuel Gauru 

Identification of Hydrological Characteristics and Sediment 
Rates of Bird Feather-Type Watersheds with SWAT Model: 
Case Study of Bomo River of Banyuwangi . . . . . . . . . . . . . . . . . . . . . . . . . . 741 
Zulis Erwanto, Data Iranata, and Mahendra Andiek Maulana 

Asphalt Mixture Stability Improvement Using Aren Fruit Waste 
Ash as Additional Filler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763 
Michael Michael, Galih Rio Prayogi, Julita Hayati, 
and M. Gilang Indra Mardika 

A Comparative Study of Seismic Characteristics Between 
Distributed Acoustic Sensing (DAS) and Geophones . . . . . . . . . . . . . . . . . 771 
Satishvaran Ragu Chandran, Hisham Mohamad, 
Muhammad Yusoff Mohd Nasir, Muhammad Farid Ghazali, 
Muhammad Aizzuddin Abdullah, and Vorathin Epin 

Impact of El Nino and La Nina Climate Anomalies 
on Precipitation and Water Availability in Upper Bogowonto 
River Basin 2003–2022 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 785 
Nan Ady Wibowo, Sri Sangkawati, and Supari 

A Comparative Investigation of the Flexural Performance 
in Various Steel Truss Bridge Configurations . . . . . . . . . . . . . . . . . . . . . . . . 799 
Nia Dwi Puspitasari, Bagas Aryaseta, Aulia Indira Kumalasari, 
and Primasari Cahya Wardhani



xiv Contents

Behavioral Change of the Bacterially Decomposed Fibrous 
Tropical Peat Stabilized with Lime CaCO3 and Fly Ash . . . . . . . . . . . . . . 807 
Noor Endah Mochtar, Ayu Prativi, and Dwiaji Ari Yogyanta 

Batu Flash Flood Modeling Using HEC-HMS for Hydrological 
Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 821 
Novi Andriany Teguh, Yang Ratri Savitri, 
A. A. N. Satria Damarnegara, Mahendra Andiek Maulana, 
Nastasia Festy Margini, and Umboro Lasminto 

Strategies for Selecting Infilled Frame Models for Seismic 
Performance: Meso and Macro Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837 
Isyana Ratna Hapsari, Stefanus Adi Kristiawan, Senot Sangadji, 
and Buntara Sthenly Gan 

The Use of Suitable Design Mix Proportion of Graphene Oxide 
and Fly Ash Additives in High-Density Concrete for Offshore 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859 
Obianuju Justina Udeze, Bashar S. Mohammed, 
and Abiola Usman Adebanjo 

Development of Beam-Column Connection in Special 
Moment-Resisting Frame Steel Structures . . . . . . . . . . . . . . . . . . . . . . . . . . 869 
Prima Sukma Yuana, Muslinang Moestopo, Dyah Kusumastuti, 
and Made Suarjana 

Important Factors of Transportation that Can Improve 
the Quality of Tourist Travel in Bukittinggi . . . . . . . . . . . . . . . . . . . . . . . . . 879 
Purnawan and Laila Febrina Putri 

Experimental Study on Shear Strength of Reinforced Concrete 
I-Beams Without Stirrups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 897 
Rendy Thamrin, Taufik, Febi Putri Yastari, and Nofrialdi 

Effect of Analytical Parameters on the FE Analysis 
with the Smeared Crack Model of RC Beams Without Shear 
Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 909 
Rentaro Uchinishi, Akiharu Matsushiro, and Nobuhiro Chijiwa 

Seismic Risk Assessment of Structures: A Review of Its Methods 
and Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 923 
Renz Brixter B. Lingamen and Juan Paulo L. Bersamina 

An Analytical Study on Aerodynamic Stability of the Diagonal 
Arch Bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 953 
Hidajat Sugihardjo, Panji Krisna Wardana, Djoko Irawan, 
Achmad Basshofi Habieb, Farhan Natanagara Putra Setiawan, 
and Roro Prasti Hapsari



Contents xv

Strategy for Designing Asphalt Mixture for Heavy Traffic 
by Modifying Open Aggregate Gradation . . . . . . . . . . . . . . . . . . . . . . . . . . . 967 
Sutoyo, Indrasurya B. Mochtar, and Catur Arif Prastyanto 

Post-liquefaction Analysis Using Standard Penetration Test 
Data and Grain Size Distribution Test at Irrigation Canal 
in Sidera Village . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 985 
T. Dinastiyanto, H. C. Hardiyatmo, and E. P. A. Pratiwi 

Evaluation of Beam–Column Connection Capacity According 
to SNI 2847–2019 and SNI 1726–2019 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 995 
Yanisfa Septiarsilia, Data Iranata, and Budi Suswanto 

Numerical Study of Embedded Length Effect in Pocket Colum 
Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1011 
Yanti Puji Rahayu, Aniendhita Rizki Amalia, 
and Wahyuniarsih Sutrisno 

Study of Shallow Foundation for Runway with Liquefaction 
Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1025 
Yudhi Lastiasih and Herman Wahyudi 

Identification of the Local Environmental Condition Acting 
on Bridges over Tidal Rivers and Prediction of Future 
Deterioration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1037 
Yuto Suzuki, Nobuhiro Chijiwa, Kazuhide Nakayama, 
and Mitsuyasu Iwanami 

A Review on the Analysis of Evaluating Traffic Congestion . . . . . . . . . . . 1049 
Armando N. Victoria Jr., Orlean G. Dela Cruz, 
Joseph Raniel A. Bianes, and Manuel M. Muhi 

Modeling the Volume of On-Street Parking at Beach Tourism 
Objects in Bali Indonesia Based on the Available Parking Slots 
Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1059 
Anak Agung Gde Kartika and I. Komang Udaya Adi Prabawa 

A Comparison Study of Public Transport Subsidy in Indonesia 
and Abroad: Policy Insights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1071 
Nindyo Cahyo Kresnanto, Eni Andari, Rini Raharti, 
Raihan Iqbal Ramadhan, and Muhamad Willdan 

The Impacts of Interim Payment Default in Public Projects: 
A Study in Kano State, Nigeria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1083 
G. M. Umar, N. Z. Abidin, and E. M. Kamal 

Form Follows Familiarity: Proposing a Design Paradigm 
for Architecture in the Metaverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1093 
Atta Idrawani Zaini, Nadzirah Jausus, Mohd Zariq Feeqri Jasni, 
and Mohamed Rashid Embi



Crack’s Influence on the Vibration 
Control Ability of Mass Concrete Layer 

Zhang Jian, Li Xiangdong, Wang Yuchuan, Zheng Ming, Nie Xin, 
Fan Jiansheng, and Liu Yufei 

Abstract Mass concrete layer is one of the most effective methods to control ground 
vibration in high-precision facilities. Since it is inevitable for the appearance of the 
crack in mass concrete layer, this paper presents a numerical simulation to investigate 
the crack’s influence on the vibration control ability of a mass concrete in the 
frequency band of 1–100 Hz. The numerical simulation is based on a simplified finite 
element model. The simulation results indicate that increasing thickness improves 
the vibration control ability of the concreter layer. The crack parallel to the vibration 
propagation direction amplifies the vibration velocities obtained near the crack, and 
the crack perpendicular to the vibration propagation direction amplifies the vibration 
velocities obtained between the crack and vibration source. Moreover, the first crack 
on the concrete layer puts the most significant influence on the vibration control 
ability of the concrete layer. 
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1 Introduction 

High-precision facilities, such as electron microscopes, synchrotron radiation 
sources, electronic industrial buildings, and precision lathes, are important facilities 
to advance modern technology. During operation, such facilities are highly sensitive 
to the ground vibration which is an assembly of natural phenomena (remote 
earthquake, sea wave washing shores, etc.) and human activities (heavy traffic, air 
conditioner operation, etc.) [1, 2]. To control the influence of the ground vibration, 
various high-precision facilities build vibration isolation trenches, cast mass concrete 
layers, or deploy engineered subsoil layers [3–7]. 

For facilities which cast mass concrete layers to control the influence of the ground 
vibration, taking High Energy Photon Source (HEPS) in Beijing as example (shown 
in Fig. 1), it is inevitable that cracks will occur in the mass concrete layer during 
operation [8–10]. Scholars have conducted researches on vibration characteristics of 
beam members with cracks [11–13]. Pala et al. [11] performed analysis of cracked 
Timoshenko beams whose ends were supported with damper, linear, and torsional 
springs. The frequencies and mode shapes of different crack depth and crack location 
have been calculated. Orhan [12] conducted a numerical and theory analysis of a 
cracked cantilever beam under free and forced vibration. The influences of crack 
location and crack depth on the natural frequency and harmonic response of the 
beam are analyzed. Kharazan et al. [13] performed a theory vibration analysis to 
study the vibration of a cantilever beam with multiple breathing edge cracks. The 
present studies are mainly concentrated on the free or forced vibration of a cracked 
beam, however, rare researches are focused on the crack’s influence on the vibration 
control ability of a mass concrete layer. 

To study the crack’s influence on the vibration control ability of a mass concrete 
layer, Zheng et al. [14] conducted a field test through creating cuts on the surface of 
a full-scale concrete layer. However, vibration control ability of the concrete layer

Fig. 1 Aerial photograph of 
HEPS 
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with different thickness and crack numbers still remains to be discussed. As it is not 
always practical to conduct a field test, numerical simulation provides an effective 
and economic method to evaluate the crack’s influence on the vibration control ability 
of a concrete layer. The main goal of this study is to investigate the vibration control 
ability of the concrete layer with different thickness, crack locations, and crack 
numbers through a numerical simulation. 

2 Methodology 

As shown in Fig. 2, a simplified finite element model (FEM) is established in 
ABAQUS based on the study of Zheng et al. [14]. The concrete layer and soil layers 
are assigned with C3D8R elements, and the selected element size is no more than 
0.5 m. Elements are deleted to simulate different cracks on the concrete layer, and 
infinite elements are applied as the boundary condition. Vibration source in the FEM 
is distributed in the frequency band of 1–100 Hz (Fig. 3). 

Measurement points layout and crack layout in the FEM are shown in Fig. 4a. 
In Fig. 4a, #A represents the measurement point at vibration source, and #B1–#B5 
represent the measurement points on the subsoil adjacent to the concrete layer. #C1– 
#C5 and #D1–#D5 represent the measurement points on the concrete layer. Moreover, 
the cracks in different directions and locations are named by “X1”, “X2”, “Y1”, and

Measurement points on the concrete layer 

Measurement points on the soil layer 

Vibration source 

Fig. 2 Simplified FEM establishment and measurement points in the FEM
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Fig. 3 Vibration source curves in the FEM

“Y2”. Figure 4b shows the verification of the FEM which contains crack X1, and the 
velocity ratio of #C3–#A is compared with the result from the field test.

In this study, to obtain the vibration level at different locations in the FEM, root 
mean square (RMS) value of velocities vertical to the ground is calculated according 
to the following equation [15, 16]: 

vRMS(T ) =

┌
|
|
|
√

1 

T 

T{ 

0 

v2(t)dt = 
┌
|
|
√

1 

T 

n
∑ 

i=1 

v2(n)Δt (1) 

where vRMS(T ) represents the root mean square value of velocity in time period of T; 
T is the time period of velocity in times domain; n represents the sampling number 
during the time period T; and Δt = ti+1 − ti = T /n. Moreover, to further discuss the 
cracks’ influence on the vibration control ability of the concrete layer, the obtained 
velocity signals are also converted into the frequency domain through fast Fourier 
transform. 

3 Results and Discussion 

3.1 Effect of the Concrete Layer Thickness 

Velocity RMS curves at different measurement points for the un-cracked concrete 
layer with different thickness are listed in Fig. 5a–c. And the symbol “x0y0” repre-
sents that no cracks are conducted on the concrete layer. It can be found that, on the 
2-m-thick concrete layer, the vibration level is higher in the center point #B3 which
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is set on the soil, while the vibration level is higher at #C1, #D1, #C5 and #D5. This 
is related to that the vibration attenuation in the soil is less at #B3, and reflection 
of vibration signals at boundaries of the concrete layer results in a higher vibration 
level at #C1, #D1, #C5 and #D5. Moreover, it can be found that as the thickness 
of the concrete layer increases, the velocities RMS value decreases. And for the 
concrete layer with thickness not less than 3 m, the velocity RMS values on the 
concrete surface tend to be the same. Under such circumstance, the influence of the 
cracks on the vibration control ability of the concrete layer is discussed by conducting 
simulations on a 3-m-thick concrete layer.

To further discuss the influence of thickness on the characteristics of the vibration 
signals obtained on the concrete layer, the frequency spectrums of velocity amplitudes 
are listed in Fig. 6a–c, and frequency spectrums at #B5, #C5 and #D5 are selected for 
comparison. It can be found that the velocity amplitudes over 10 Hz are decreased 
from soil to the concrete layer, while some amplitudes are amplified. This is related 
to that the passive vibration control method performs well in the frequency band
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Fig. 5 Velocity RMS curves for the un-cracked concrete layer with different thickness

higher than the natural frequency, but holds the disadvantage of the vibration velocity 
amplification due to the resonance phenomenon. Besides, the velocity amplitudes in 
the frequency band of 10–100 Hz are reduced due to the increase of the concrete 
layer thickness, which results in a reduction of the velocity RMS values.

3.2 Effect of the Crack Location 

As previously mentioned, to investigate the influence of the cracks on the vibra-
tion control ability of concrete layer, simulations on a 3-m-thick concrete layer are 
conducted. As shown in Fig. 4a, to investigate the influence of location of the crack, 
cracks X1 and Y1 are created through deleting the elements in the FEM respectively. 
RMS values at different measurement points are listed in Fig. 7a–c, and the RMS 
values at measurement points #B3 are listed in Table 1. It can be found that crack X1
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Fig. 6 Frequency spectrums of velocity amplitudes for the un-cracked concrete layers with different 
thickness

amplifies the velocity RMS values by 47% at #C3 and 25% at #D3 respectively, and 
these measurement points are located in the same line with crack X1. However, crack 
Y1 mainly amplifies the vibration level at #C1–#C5, which is distributed between 
crack Y1 and the boundary of the concrete layer. This amplification is related to the 
vibration reflection from crack Y1.

The frequency spectrums of velocity amplitudes at #B3, #C3, and #D3 are listed 
in Fig. 8a–c. It can be found that crack X1 amplifies the velocity amplitudes in 
the frequency band of 5–10 Hz, and crack Y1 amplifies the velocity amplitudes in 
the frequency band of 5–25 Hz. The amplification of the velocity amplitudes in 5– 
25 Hz results in the amplification of the velocity RMS values on the concrete layer. 
Moreover, the existence of the cracks mainly influences the vibration control ability 
of the concrete layer in the frequency band below 30 Hz.
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Fig. 7 Velocity RMS curves for the cracked concrete layer with different crack locations 

Table 1 Velocity RMS values at different measurement points (m s−1) 

Variable Measurement point label 

x0y0-B3 x1-B3 y1-B3 x0y0-C3 x1-C3 y1-C3 x0y0-D3 x1-D3 y1-D3 

RMS 0.071 0.070 0.075 0.024 0.030 0.039 0.015 0.022 0.017 

Normalized 1 0.99 1.06 1 1.25 1.3 1 1.47 1.13

3.3 Effect of the Crack Number 

In order to study the influence of increasing crack number on the vibration control 
ability of the concrete layer, new cracks X2 and Y2 are added based on Fig. 4a 
through deleting elements in the simplified FEM respectively. As shown in Fig. 9a– 
c, increasing a new crack in x direction (creating crack X2) amplifies the velocity 
RMS values at #C3 and #D2. This is related to that the existence of a new crack 
changes the boundary condition of the vibration propagation, and boundary reflection
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Fig. 8 Frequency spectrums of velocity amplitudes for the cracked concrete layers with different 
crack locations

of the vibration amplifies the velocity RMS values near the new crack in x direction. 
However, the influence of increasing a new crack in y direction can be ignored, and 
the first crack (Y1) puts the most significant influence on the obtained velocity RMS 
values.

Figure 10a, b shows the frequency spectrums of the velocity amplitudes at #B3, 
#C3, and #D3. Comparing to Fig. 8a–c, after creating crack X2, the vibration ampli-
tudes of #C3 are amplified in the frequency band of 5–10 Hz, which results in the 
increasing of the velocity RMS value at #C3.
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Fig. 9 Velocity ratio of signals on the concrete to those on the subsoil and at vibration source for 
cut-II
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(a) velocity amplitudes at #B3, #C3 and #D3 

for concrete layer with crack X1 and X2 
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for concrete layer with crack Y1 and Y2 

Fig. 10 Amplitudes of measured velocities on the concrete layer after increasing crack number
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4 Conclusion 

This study presented numerical simulations to investigate the influence of concrete 
layer thickness, crack location, and crack number on the vibration control ability 
of the concrete layer. The cracks are simulated through deleting elements at 
corresponding crack locations. The main conclusions are listed below. 

Increasing concrete layer thickness improves the vibration control ability of the 
concrete layer, and the vibration level is more stable on the concrete layer with 
thickness more than 3 m. 

For crack parallel to the vibration propagation direction, the vibration velocities 
near the crack are amplified; for crack perpendicular to the vibration propagation 
direction, vibration velocities obtained between the crack and vibration source are 
amplified. 

The first crack puts the most significant influence on the concrete layer’s vibration 
control ability. For crack parallel to the vibration propagation direction, the new crack 
can still influence the vibration velocities obtained near the crack. However, for crack 
perpendicular to the vibration propagation direction, the influence of the new crack 
on the concrete layer’s vibration level can be ignored. 
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Decision-Making Factors Influencing 
Bundling Strategies in Educational PPP 
Projects 

Xiaoli Wang, Yubo Guo , and Chuan Chen 

Abstract The continuous expansion of the education infrastructure industry has 
introduced the Public–Private Partnership (PPP), project bundling in educational 
PPP is an increasingly mature engineering model in infrastructure construction, but 
relevant decision-making research is relatively lacking. This study first uses literature 
research, case analysis, and expert interviews to identify and determine 11 decision-
making factors. The meaning of factors is briefly explained. The DEMATEL method 
was further used to analyze and determine three key factors, namely similarity in 
project types, project amount, and maturity of preliminary work. There is a syner-
gistic effect of internal functions between different types of projects; a larger number 
of projects often imply a larger portfolio size; the maturity of preliminary work fully 
affects the speed of project progress. The impact of factors on bundling projects 
has been fully explored and analyzed. The research enriches the theoretical knowl-
edge of project management and provides theoretical support for the management 
optimization of similar projects. 

Keywords Educational PPP · Project bundling · Decision-making · DEMATEL 

1 Introduction 

With the continuous expansion of the education industry, the capital cost of educa-
tional infrastructure is getting higher, and government financial resources alone 
cannot guarantee the quantity and quality of educational infrastructure construction. 
Compared with the traditional construction mode, Public–Private Partnership (PPP) 
can create a higher level of social value, emphasizing value for money, technological 
innovation, and the establishment of cooperative relationships [1]. Proponents of
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the PPP believe that the introduction of the PPP in the education industry has three 
obvious benefits: cost efficiency, overcoming the over-reliance on state bureaucracy, 
and adapting to knowledge innovation to change work practices [2, 3]. As a result, 
many private companies started to play an increasing role in basic education services 
[4, 5]. In the realm of public service and infrastructure project financing, project 
bundling has attained widespread adoption as a commonly employed approach. 
Regarded as a highly innovative strategy, it demonstrates the potential to facili-
tate the realization of project stakeholders’ objectives [6]. The Chinese government 
encourages PPP projects to improve profitability through effective integration, so 
as to promote integrated operations and improve operational quality and efficiency. 
Half of the educational PPP projects that have been developed in China have adopted 
the project bundling strategy. However, the infrastructure construction industry faces 
a complex and multidimensional environment. Before making decisions regarding 
project bundling, it is crucial to have a comprehensive understanding of the factors 
that influence the decision-making or evaluation processes. These decision factors 
are diverse and abundant, necessitating project managers to identify the key few 
factors that hold the greatest influence, ensuring they remain within the control of 
the managers. 

This study employs a literature review, case analysis, and expert interviews to 
gather data and identify influential factors affecting the decision-making process of 
educational PPP project bundling. Utilizing the Decision-Making Trial and Evalua-
tion Laboratory (DEMATEL), this research determines the criticality and examines 
the interrelationships among these factors. On the one hand, the research contribution 
is to expand the theoretical research on the application scenarios of project bundling, 
and on the other hand, it provides theoretical support for decision-making manage-
ment for project practitioners. Section 2 of this paper briefly reviews the research 
work related to project bundling and educational PPP, Sect. 3 introduces the main 
methods, Sect. 4 identifies the influencing factors of the educational PPP project 
bundling decision, Sect. 5 identifies the key influencing factors, and the final section 
summarizes the main conclusions of this study. 

2 Literature Review 

Project bundling refers to the process of awarding a single contract to multiple infras-
tructure projects in order to fulfill construction, repair, replacement, or maintenance 
needs [6]. Previous research on project bundling has primarily focused on its benefits 
and risks. Project bundling can lead to economies of scale and significant cost reduc-
tions, including transaction costs [7], management costs, transportation maintenance 
costs, system costs, etc. [8]. Risks mainly involve organizational and procedural 
risks, such as increased competition thresholds during the bidding phase, procure-
ment risks, construction sequencing, and obstacles arising from the utilization of 
public resources [9]. Scholars strive to explore optimal strategies or models for 
project bundling. The data-driven approach is used to address the cost-effectiveness
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of bundling and analyzes past and future potential bundling strategies [10]. Project 
bundling can optimize resource utilization and promote faster project completion, 
determining implementation strategies and scenarios where project bundling can be 
applied by counties, cities, districts, or states [11]. 

Currently, the research on the application scenarios of project bundling is rela-
tively limited. Researchers often focus on the characteristics of practical appli-
cations. For example, the Federal Highway Administration (FHWA) in the USA 
has established specialized management departments for project bundling, leading 
to numerous successful bundling cases in the transportation sector. Therefore, the 
existing research predominantly revolves around project bundling in the transporta-
tion field. In the early twenty-first century, many governments introduced private 
investment and PPP into the education projects to address the challenges and issues 
faced by education. This approach has proven to be an effective means for both 
developing and developed countries to enhance investment in basic education and 
improve the quality of educational services [12]. Due to the rapid development of 
educational PPP projects in practice, corresponding theoretical research has emerged 
on the suitability of PPP [13], institutional management of education PPP [14], educa-
tional PPP contract practices [15], and other related topics. However, these studies 
predominantly focus on specific projects and extensively utilize case analysis, high-
lighting a significant research gap regarding project bundling in the education PPP 
sector. 

3 Methodology 

This study first uses literature research, case analysis, and expert interviews to iden-
tify and determine the influencing factors multiple times. Second, the DEMATEL 
method is used to determine the key factors. The DEMATEL method comprehen-
sively considers the position of factors in the system and the interaction and inter-
dependence among factors. Methods graph theory and matrix tools were used to 
analyze the system elements to construct a judgment matrix and visualize the struc-
ture of complex causal relationships [16]. The operation process is shown in Fig. 1. 
For more specific calculation process, see the section about evaluation of influencing 
factors.

4 Identification of Decision-Making Factors 

The study first retrieved and combed the relevant literature from the three major 
databases of Web of Science, Scopus, and CNKI, mainly including the research 
literature on the two topics of project bundling and portfolio management in the 
PPP field. There are few studies on the influencing factors of PPP bundling decision-
making. Based on the analysis of 33 identified articles, a preliminary set of influencing


