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Preface

In current times, the civil engineering field has developed in many ways, especially
on the technologies and materials, in riding along the waves of Industry 4.0. Along-
side the current developments and state-of-the-art affairs, the construction industry
has also been very engaging in regard to sustainability, as construction academics
and practitioners all around the world strive to embedded sustainability in all aspects
of construction, in order to sustain the balance in the environment for the next gener-
ation. The concept of high efficiency and effectiveness of human resources and the
use of materials with low or minimal impact to the environment should be imple-
mented in the design, construction and maintenance phase of civil engineering struc-
tures/buildings. Thus, the series of International Conference on Sustainable Civil
Engineering Structures and Construction Materials has been conceived to spread the
latest information, scientific findings and achievements of civil engineers around the
world in regard to the applications of sustainability in all aspects of civil engineering
and infrastructure facilities. This series of conference was initiated by the Civil and
Environmental Engineering Department of Gadjah Mada University, in cooperation
with Hokkaido University, Japan, and Karlsruhe Institute of Technology, Germany,
with the organization of the inaugural first Sustainable Civil Engineering Struc-
tures and Construction Materials (SCESCM) International Conference in 2012 in
Yogyakarta, Indonesia, with the theme “Enhancing the Role of Civil Engineering for
Sustainable Environment”. This scholarly platform of network building and infor-
mation sharing has since been routinely organized every two years (biennial) to
support the agenda of sustainability in civil engineering and construction. The bien-
nial conference is now at its fifth series (SCESCM 2020), which was virtually held
from Malaysia, in December 2020. The main organizer for the fifth series is Univer-
siti Teknologi MARA, in collaboration with Gadjah Mada University, Indonesia,
Hokkaido Universiti, Japan, and Karlsruhe Institute of Technology, Germany. The
theme for the fifth SCESCM was “Transforming the World, Foster the Sustain-
able Development Goals (SDGs)”, aimed to explore and demonstrate the range of
issues, novel findings, as well as developments in the area of civil and infrastructure,
conforming to the SDGs. The inclusion of SCESCM 2020 in the Lecture Notes in
Civil Engineering (LNCE) highlights the latest developments in civil engineering

v



vi Preface

with research that spans across different fields in civil engineering, from structures,
materials, geotechnic, environment, water resource, construction management to
smart cities and built environment. The blend of various fields in civil engineering
that were grounded to the theme of sustainability within the context of SDGs makes
this book a comprehensive referral point for civil engineering academics, as well
as practitioners in general. All the papers included in this book have been carefully
reviewed and selected with approximately 75% rate of acceptance.

This book represents the blood, sweat and tears of many, and we would like to
sincerely thank the SCESCM 2020 organizing committee and scientific committee
for their relentless effort, commitment and invaluable contribution. Our appreciation
also goes to the dedicated reviewers, authors and participants for their active role
in contributing to the wealth of knowledge and advocation on sustainability in civil
engineering.

Our sincere gratitude also goes to Mr. Ramesh Kumaran and Dr. Ramesh Nath
Premnath, Publishing Editors at Springer for their immense assistance and support
in materializing the book.

Finally, we hope that the readers would find the book beneficial for their current
tasks, as well as the source of inspiration in expanding the plethora of knowledge in
future works.

Shah Alam, Malaysia
Shah Alam, Malaysia
Shah Alam, Malaysia
Shah Alam, Malaysia
Thunder Bay, Canada

Sheila Belayutham
Che Khairil Izam Che Ibrahim

Anizahyati Alisibramulisi
Hazrina Mansor
Muntasir Billah
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 E-mail : mustafy@ualberta.ca ; nayeemahmedshuvo@gmail.com 

    

2. Time : 15.15 – 15.30 PM 

 Paper ID : 119 

 Title : The effect of Palm Oil Fuel Ash (POFA) and Steel Fiber Addition to the Mechanical 

Properties of Ultra High-Performance Concrete (UHPC) 

 Author/s : Hafizuddin Zakare, Anizahyati Alisibramulisi, Muhd Norhasri Muhd Sidek, Aidan 

Newman, Nadiah Saari, Suraya Hani Adnan and Norshariza Mohamad Bhkari 

 Institution : Universiti Teknologi MARA (UiTM) & Universiti Tun Hussein Onn Malaysia 

 E-mail : aniz.9949@gmail.com ;  aidan.newman@gmail.com 

    

3. Time : 15.30 – 15.45 PM 

 Paper ID : 120 

 Title : Investigation on Fire Resistance of Concrete Incorporating Recycled Ceramic Fine 

Aggregate 

 Author/s : Joarder Md Sarwar Mujib, Md. Maruf Hasan, Md. Rasel Molla, Tahsin Md. Zahid 

and Tanvir Mustafy 

 Institution : Military Institute of Science and Technology, University of Alberta 

 E-mail : mustafy@ualberta.ca ; marufhasan85611@gmail.com  

    

4. Time : 15.45 – 16.00 PM 

 Paper ID : 123 

 Title : Image Analysis on the Deformation Behaviors of RC Beams with Simulated 

Deteriorations under Moving Wheel Load Fatigue 

 Author/s : Takamasa Nagai, Ko Kakuma, Hiroaki Nishi, Pengru Deng and Takashi Matsumoto 

 Institution : Hokkaido University, Hokkaido Regional Development Bureau, Civil Engineering 

Research Institute for Cold Region 

 E-mail : nagai-t@eis.hokudai.ac.jp 

    

5. Time : 16.00 – 16.15 PM 

 Paper ID : 129 

 Title : Investigation of Catalysed Biomass Thermoelectric Concrete with Palm Oil Fuel Ash  

 Author/s : Hoong Pin Lee, Wan-Foong Chak, , Kar-Loke Teow, Wen-Zhang Lee, Nurharniza 

Binti Abdul Rahman, Abdullah Zawawi Awang  

 Institution : INTI International University & College 

 E-mail : hoongpin.lee@newinti.edu.my    

    

6. Time : 16.15 – 16.30 PM 

 Paper ID : 131 

 Title : Examination on the Processes of Structural Performance Evaluation of SRC Deep 

Beams by FEA with NDT Results 

 Author/s : Motonori Yasui, Pengru Deng and Takashi Matsumoto  

 Institution : Hokkaido University 

 E-mail : motonori@eis.hokudai.ac.jp 

    

mailto:mustafy@ualberta.ca
mailto:aniz.9949@gmail.com
mailto:mustafy@ualberta.ca
mailto:hoongpin.lee@newinti.edu.my


7. Time : 16.30 – 16.45 PM 

 Paper ID : 136 

 Title : Development of Time Histories Based on Shallow Crustal Earthquake Sources 

Considering the New Version of the Indonesian Earthquake Map  

 Author/s : Wisnu Erlangga, Mochamad Teguh  and Imam Trianggoro Saputro  

 Institution : Universitas Islam Indonesia 

 E-mail : wisnuuangga@gmail.com     

    

 

WEBEX 2: STRUCTURE AND MATERIALS 

 

1. Time : 15.00 – 15.15 PM 

 Paper ID : 151 

 Title : Bamboo Reinforced Concrete Beam 

 Author/s : Nurharniza Abdul Rahman, Choo Li Rong and Lee Hoong Pin 

 Institution : INTI International University & College 

 E-mail : nurharniza.rahman@newinti.edu.my     

    

2. Time : 15.15 – 15.30 PM 

 Paper ID : 160 

 Title : Shear Strength Parallel to Grain for Selected Malaysian Tropical Timber According 

to BS EN408 

 Author/s : Norshariza Mohamad Bhkari, Lum Wei Chen, Zakiah Ahmad, Anizahyati 

Alisibramulisi and Muhammad Shaiful Nordin  
 Institution : Institute for Infrastructure Engineering and Sustainable Management (IIESM), 

Universiti Teknologi MARA (UiTM) 

 E-mail : norsharizamb@gmail.com 

    

3. Time : 15.30 – 15.45 PM 

 Paper ID : 163 

 Title : Effect of Pineapple Leaf Fibre as Additional Material in Concrete Mixture 

 Author/s : Siti Khadijah Che Osmi, Noor Aina Misnon, Suriyadi Sojipto, Hapsa Husen and 

Faridah Hanim Khairuddin 

 Institution : Universiti Pertahanan Nasional Malaysia (UPNM) 

 E-mail : sitikhadijah@upnm.edu.my 

    

4. Time : 15.45 – 16.00 PM 

 Paper ID : 172 

 Title : Flexural Behaviour of SCC Beams with Different Shear Span to Effective Depth 

Ratio 

 Author/s : Oh Chai Lian, Md Zain Mohd Raizamzamani, Norrul Azmi Yahya, Lee Siong Wee 

and Balqis Mohd Yunos 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : chailian@uitm.edu.my 

    

5. Time : 16.00 – 16.15 PM 

 Paper ID : 176 

 Title : Flexural Strength and Ductility of Green Engineered Cementitious Composites 

Containing High Volumes of Fly Ash 

 Author/s : Siong Wee Lee, Mohd Raizamzamani Md Zain, Chai Lian Oh, Norrul Azmi Yahya 

and Ching Hua Goh 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : leesiongwee@uitm.edu.my  

    

6. Time : 16.15 – 16.30 PM 

 Paper ID : 177 

 Title : An Experimental Study on The Influence of Ground Granulated Blast-furnace Slag 

(GGBS) on Bending Strength of Green Engineered Cementitious Composites 

mailto:wisnuuangga@gmail.com
mailto:nurharniza.rahman@newinti.edu.my
mailto:leesiongwee@uitm.edu.my


 Author/s : Mohd Raizamzamani Md Zain, Oh Chai Lian, Lee Siong Wee and Norrul Azmi 

Yahya 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : raizam@uitm.edu.my      

    

7. Time : 16.30 – 16.45 PM 

 Paper ID : 188 

 Title : Dynamic Analysis Verification of Double-span Steel Beam under an Instantaneous 

Loss of Support Using Finite Element Method 

 Author/s : Nur Ezzaryn Asnawi Subki, Hazrina Mansor, Yazmin Sahol Hamid and Gerard A. 

R. Parke2  

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : nurezzaryn@gmail.com 

    

 

WEBEX 3: STRUCTURE AND MATERIALS 

 

1. Time : 15.00 – 15.15 PM 

 Paper ID : 206 

 Title : Ettringite: Influence of Steam Curing and Excessive Sulphate Content 

 Author/s : Balqis Md Yunus, Muhammad Saiful Hidayat Mohd Kadari and Mohd 

Raizamzamani Md Zain 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : bmdyunus@gmail.com 

    

2. Time : 15.15 – 15.30 PM 

 Paper ID : 207 

 Title : Geoforensic Investigation of Cavity and Settlement for Abutment Bridge Using 

Electrical Resistivity Imaging 

 Author/s : Abdul Samad Abdul Rahman and Ismacahyadi Bagus Mohamad Jais 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : kempass@hotmail.com 

    

3. Time : 15.30 – 15.45 PM 

 Paper ID : 210 

 Title : Strength Prediction of Normal Concrete Beam with Corner Notch 

 Author/s : Mohd Hilton Ahmad and Noor Yasmin Zainor 

 Institution : Universiti Tun Hussein Onn Malaysia 

 E-mail : hilton@uthm.edu.my 

    

4. Time : 15.45 – 16.00 PM 

 Paper ID : 216 

 Title : Structural Condition Asessment of A Log Bridge under Heavy Traffic Load (Case 

Study : 100 Tons Gas Engine Delivery in Central Borneo Project) 

 Author/s : Angga Trisna Yudhistira, Angga Setiawan, Irfani Nurul Huda, Ali Awaludin 

and Budi Suanda 

 Institution : PT.PP (Persero) Tbk, University Gadjah Mada 

 E-mail : anggatrisna1212@gmail.com  

    

5. Time : 16.00 – 16.15 PM 

 Paper ID : 217 

 Title : The Application of Inserted Steel Pipe as an Alternative Confinement Design in 

Reinforced Concrete Column Plastic Hinge Regions 

 Author/s : Johanes Januar Sudjati, Iman Satyarno, Andreas Triwiyono, Bambang Supriyadi and 

Angga Fajar Setiawan 

 Institution : Universitas Atma Jaya Yogyakarta, Universitas Gadja Mada 

 E-mail : januar.sudjati@uajy.ac.id 

    

6. Time : 16.15 – 16.30 PM 

mailto:raizam@uitm.edu.my
mailto:hilton@uthm.edu.my


 Paper ID : 240 

 Title : Seismic Performance Comparison of Pile Supported Slab Viaduct with PHC Pile 

and RC Column Bored Pile in South Part of Java Island 

 Author/s : Muhamad Fauzi Darmawan, Angga Fajar Setiawan, Iman Satyarno, Ali Awaludin 

and Bonifacius Adiguna Yogatama 

 Institution : Universitas Gadjah Mada 

 E-mail : fauzi.d@mail.ugm.ac.id    

    

7. Time : 16.30 – 16.45 PM 

 Paper ID : 241 

 Title : Finite Element Analysis for Developing Multi-direction Crossing Web Type Shear 

Panel Damper 

 Author/s : Bagas Nuralim Utama, Angga Fajar Setiawan, Iman Satyarno, Ali Awaludin and 

Guntara Muria Adityawarman 

 Institution : Universitas Gadjah Mada 

 E-mail : imansatyarno@ugm.ac.id ; bagas.n.u@mail.ugm.ac.id 

    

 

WEBEX 4: SUSTAINABILITY AND BUILT ENVIRONMENT 

 

1. Time : 15.00 – 15.15 PM 

 Paper ID : 171 

 Title : Study on Nitrogen Removal Capability of Selected Regional Sewage Treatment 

Plants in Klang Valley 

 Author/s : Suzana Ramli, Jurina Jaafar and Raja Baharudin Raja Mamat 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : suzana799@uitm.edu.my    

    

2. Time : 15.15 – 15.30 PM 

 Paper ID : 198 

 Title : Sustainable use of Plastic Waste on Laterite Soil as Stabilizer 

 Author/s : Nurul Ibrahim, Tan Jia Jun Jia Jun, Muhammad Irfan Shahrin and Nur'Ain Mat 

Yusof 

 Institution : INTI International University 

 E-mail : nurulain.ibrahim@newinti.edu.my     

    

3. Time : 15.30 – 15.45 PM 

 Paper ID : 208 

 Title : Exploration of Palm Kernel use in Construction: A Review 

 Author/s : Donald Kwabena Dadzie, A K Kaliluthin and D Raj Kumar 

 Institution : B.S.Abdur Rahman Crescent Institute of Science and Technology, Annamalai 

University 

 E-mail : dadzie_civil_2019@crescent.education,  

    

4. Time : 15.45 – 16.00 PM 

 Paper ID : 220 

 Title : Evaluation of the Physical and Mechanical Properties of Concrete with Partial 

Replacement of Coarse Aggregates with Epoxy-Based E-waste (EBEW) 

 Author/s : Joseph Berlin Juanzon and Jaime Aquino 

 Institution : University of the City of Manila, Commission on Higher Education 

 E-mail : jbjuanzon@yahoo.com 

    

5. Time : 16.00 – 16.15 PM 

 Paper ID : 228 

 Title : The Potential of Plastic Waste as Building Material 

 Author/s : Chong Lih Yen, Myzatul Aishah Kamarazaly, Soon Lam Tatt, Nurulhuda Hashim, 

Shirley Chin Ai Ling and Azrina Md Yaakob 

 Institution : Taylor's University 

 E-mail : MyzatulAishah.Kamarazaly@taylors.edu.my ; lihyen@outlook.com 

mailto:fauzi.d@mail.ugm.ac.id
mailto:imansatyarno@ugm.ac.id
mailto:suzana799@uitm.edu.my
mailto:nurulain.ibrahim@newinti.edu.my
mailto:MyzatulAishah.Kamarazaly@taylors.edu.my


    

6. Time : 16.15 – 16.30 PM 

 Paper ID : 235 

 Title : Identification Characteristic of Energy Efficient Timber House 

 Author/s : Febriane Paulina Makalew, Rilya Rumbayan and Novatus Senduk 

 Institution : Manado State Polytechnic 

 E-mail : febrianne.makalew@sipil.polimdo.ac.id    

    

7. Time : 16.30 – 16.45 PM 

 Paper ID : 258 

 Title : The Effect of Dominant Rainfall Duration on the Planning of Dimensions of 

Infiltration Well and the Reduction of Surface Runoff 

 Author/s : Sri Amini Yuni Astuti and Dinia Anggraheni 

 Institution : Universitas Islam Indonesia 

 E-mail : amini_yuni@uii.ac.id    

    

 

WEBEX 5: CONSTRUCTION MANAGEMENT 

 

1. Time : 15.00 – 15.15 PM 

 Paper ID : 187 

 Title : Development of Entry Mode Assessment Criteria (EMAC) Model for Malaysian 

Construction Companies to Sustain in International Operations 

 Author/s : Norizzati Ibrahim, Che Maznah Mat Isa and Nur Izzati Abd Rani 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : norizzati_ibrahim@yahoo.com.my ; izzati6752@uitm.edu.my 

    

2. Time : 15.15 – 15.30 PM 

 Paper ID : 194 

 Title : Automated Web-based Condition Survey System for Heritage Monuments using 

Deep Learning 

 Author/s : Lukman E Mansuri and D A Patel 

 Institution : Sardar Vallabhbhai National Institute of Technology, Surat 

 E-mail : erlukman@gmail.com 

    

3. Time : 15.30 – 15.45 PM 

 Paper ID : 204 

 Title : Developing Indicators of Green Operation and Maintenance of Green Supply Chain 

Management in Construction Industry 

 Author/s : Mochamad Agung Wibowo, Naniek Utami Handayani and Nur Farida 

 Institution : Diponegoro University 

 E-mail : agung.wibowo@ft.undip.ac.id     

    

4. Time : 15.45 – 16.00 PM 

 Paper ID : 205 

 Title : Proposed Workflow of 3D Modelling conversion and enhancement in Quantity 

Surveying Profession 

 Author/s : Lam Tatt Soon, Hasnanywati Hassan, Nazirah Zainul Abidin, Myzatul Aishah 

Kamarazaly, Boon Tik Leong and Kenn Jhun Kam 

 Institution : Taylor's University, Universiti Sains Malaysia 

 E-mail : lamtatt.soon@taylors.edu.my 

    

5. Time : 16.00 – 16.15 PM 

 Paper ID : 223 

 Title : Industry 4.0 in the Malaysian Construction Industry and its Adoption Challenges 

 Author/s : Mohd Afiq Azinuddin Bin Tayib, Nor Azmi Bakhary and Che Khairil Izam Bin 

Che Ibrahim 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : afiqazinuddin@gmail.com 

mailto:febrianne.makalew@sipil.polimdo.ac.id
mailto:amini_yuni@uii.ac.id
mailto:norizzati_ibrahim@yahoo.com.my
mailto:agung.wibowo@ft.undip.ac.id
mailto:afiqazinuddin@gmail.com


    

6. Time : 16.15 – 16.30 PM 

 Paper ID : 229 

 Title : Customers’ Interests in Sustainable Townships and Smart Home Features in 

Malaysia 

 Author/s : Sahithi Ajjarapu, Assoc. Prof. Dr. Ir. Che Maznah Mat Isa, Divya Ganesan, Dr. Nur 

Kamaliah Mustaffa, Prof. Dr. Christopher Nigel Preece and Ahmad Yazed Yahaya 

 Institution : Veltech Rangarajan Dr. Sagunthala R & D Institute of Science and Technology, 

Universiti Teknologi MARA, Abu Dhabi University, Sime Darby Property 

 E-mail : chema982@uitm.edu.my 

    

7. Time : 16.30 – 16.45 PM 

 Paper ID : 236 

 Title : Technology? Financial? Viability or What Challenges and Benefits of Eco and 

Reflective Roof in Malaysia 

 Author/s : Leong Boon Tik, Tey Cheng Fern, Soon Lam Tatt, Kam Kenn Jhun and Ang Fuey 

Lin  

 Institution : Taylor's University 

 E-mail : leongboontik@gmail.com      
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TECHNICAL SESSION  3 

9 DECEMBER 2020 

(09.30 AM – 11.15 AM) 

(Kuala Lumpur Time Zone – UTC/GMT +8) 

 

 

WEBEX 1: STRUCTURE AND MATERIALS 

 

1. Time : 09.30 – 09.45 AM 

 Paper ID : 55 

 Title : Mechanical Properties of Fly Ash Bottom Ash (FABA) Geopolymer Hybrid 

Concrete using Portland Cement 

 Author/s : Monita Olivia, Rizky Noviandri, Gunawan Wibisono and Iskandar Romey Sitompul 

 Institution : Universitas Riau 

 E-mail : monitaolivia@gmail.com 

    

2. Time : 09.45 – 10.00 AM 

 Paper ID : 182 

 Title : The Correlation Between Split Tensile and Flexural Strength with Compressive 

Strength of Crumb Rubber-Rice Husk Ash Concrete 

 Author/s : Habib Abdurrahman, Gunawan Wibisono, Mia Qoryati, Iskandar Romey Iskandar 

and Monita Olivia 

 Institution : Universitas Riau 

 E-mail : g.wibisono@eng.unri.ac.id ; habib.abdurrahman@student.unri.ac.id       

    

3. Time : 10.00 – 10.15 AM 

 Paper ID : 243 

 Title : Numerical Model of Finned Circular Shear Panel Damper for Multi-direction 

Seismic Excitation 

 Author/s : Andika Monanta Emilidardi, Angga Fajar Setiawan, Iman Satyarno and  

M. Sunarso  

 Institution : Universitas Gadjah Mada 

 E-mail : angga.fajar.s@ugm.ac.id ; andika.emilidardi@mail.ugm.ac.id 

    

4. Time : 10.15 – 10.30 AM 

 Paper ID : 246 

 Title : Investigation of Fast Connection (Slot Clamp Type) Mechanics for Instant Steel 

House with Finite Element Analysis: Back to Build Post-Disaster 

 Author/s : Angga Fajar, Ashar Saputra, Iman Satyarno and L.Himawan  
 Institution : Universitas Gadjah Mada 

 E-mail : angga.fajar.s@ugm.ac.id 

    

5. Time : 10.30 – 10.45 AM 

 Paper ID : 251 

 Title : Method Assessment of Bridge Conditions Using Vibration Mode Patterns 

 Author/s : Sukamta Sukamta, Bagus Acung Billahi, Susilo Adi Widyanto and Han Ay Lie 

 Institution : Diponegoro University 

 E-mail : bagusacung50@gmail.com 

    

6. Time : 10.45 – 11.00 AM 

 Paper ID : 253 

 Title : Quantification of Bacteria Self-Healing Efficiency on Concrete Cracks 

 Author/s : Hamidah Mohd. Saman, Noorhana Hussain, Mohd. Khairil Iqmal Ghazali and 

Kartini Kamaruddin 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : hamid929@uitm.edu.my      

    

7. Time : 11.00 – 11.15 AM 

mailto:g.wibisono@eng.unri.ac.id
mailto:angga.fajar.s@ugm.ac.id
mailto:hamid929@uitm.edu.my


 Paper ID : 254 

 Title : Feasible Design Tensile Capacity of Post-Installed Anchors Based on The New 

Eurocode 2: Part 4 (2018) 

 Author/s : Lieu Thai Ng, Eva S.W. Wong and Daniel T.W. Looi 

 Institution : Swinburne University of Technology, Konsortium Malaysia 

 E-mail : lthng@swinburne.edu.my 

    

8 Time : 11.15 – 11.30 AM 

 Paper ID : 67 

 Title : Study on Partial Replacement of Cement with Limonite in Mechanical Strength of 

Mortar 

 Author/s : Md. Shahjalal, Jesika Rahman, Afia Farzana, Lutful Habib, Khadiza Binte Jalal and 

Mohd Mezanur Rahman 

 Institution : Military Institute of Science and Technology, University of Texas, 

 E-mail : mdshahjalal0036@gmail.com    

    

    

9 Time : 11.30 – 11.45 AM 

 Paper ID : 22 

 Title : Optimal Sensor Placement for Accelerometer in Single-Pylon Cable-Stayed Bridge 

 Author/s : Akhmad Aminullah, Bambang Suhendro and Raka Bagus Panuntun 

 Institution : University Gadjah Mada 

 E-mail : akhmadaminullah@ugm.ac.id, bsuhendro@ugm.ac.id, raka.bagus.p@mail.ugm.ac.id 

 

 

WEBEX 2: STRUCTURE AND MATERIALS 

 

1. Time : 09.30 – 09.45 AM 

 Paper ID : 261 

 Title : The Maximum Allowable Peak Ground Acceleration of a Six Storey Building Based 

on Micro tremor and Numerical Analyzes  

 Author/s : Agustinus Sri Pandu and Henricus Priyosulistyo 

 Institution : Universitas Gadjah Mada 

 E-mail : priyo_ugm@ugm.ac.id 

    

2. Time : 09.45 – 10.00 AM 

 Paper ID : 263 

 Title : The Bond Strength and Damping Properties of Mortar Joint using Rubber Tire 

Crumbs 

 Author/s : Restu Faizah, Henricus Priyosulistyo and Akhmad Aminullah 

 Institution : Universitas Muhammadiyah Yogyakarta,  Universitas Gadjah Mada 

 E-mail : restu.faizah@umy.ac.id     

    

3. Time : 10.00 – 10.15 AM 

 Paper ID : 265 

 Title : Using Calcium Oxide and Accelerator to Control the Initial Setting Time of Mortar 

in 3D Concrete Printing 

 Author/s : Antoni Antoni, David Christian Widjaya, Alexander Ricardo Koentjoro Wibowo, 

Jimmy Chandra, Pamuda Pudjisuryadi and Djwantoro Hardjito 

 Institution : Petra Christian University 

 E-mail : antoni@petra.ac.id 

    

4. Time : 10.15 – 10.30 AM 

 Paper ID : 266 

 Title : Numerical Simulation of Spalling and Moisture Evaporation in Concrete Tunnel 

Linings Exposed to Fire 

 Author/s : Zobaer Saleheen and Renga Rao Krishnamoorthy 

 Institution : Universiti Teknologi MARA (UiTM) 

mailto:restu.faizah@umy.ac.id


 E-mail : shauravce100@gmail.com, rao@uitm.edu.my 

    

5. Time : 10.30 – 10.45 AM 

 Paper ID : 267 

 Title : Optimization on Geometry Design of Double-Layer Space Trusses 

 Author/s : Yazmin Hamid and Nurul Najihah Abd Rahim 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : minbelle@yahoo.com 

    

6. Time : 10.45 – 11.00 AM 

 Paper ID : 269 

 Title : Numerical Investigation of Structural Behavior of Timber-Glass Composite Wall 

Panel 

 Author/s : Maged Abdullah and Mohd Khairul Kamarudin 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : mkhairul3965@uitm.edu.my ; maged7135@gmail.com   

    

7. Time : 11.00 – 11.15 AM 

 Paper ID : 270 

 Title : Effect of Palm Oil Bottom Ash (POBA) On Concrete Mechanical Properties of 

Fresh and Hardened Ultra-High-Performance Concrete (UHPC) 

 Author/s : Izzani Farhana Baharudin, Nurul Huda Suliman, Sakhiah Abdul Kudus and Nuradila 

Izzaty Halim 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : nurul_huda@uitm.edu.my ; ezzanyy96@gmail.com 

    

8. Time : 11.15 – 11.30 AM 

 Paper ID : 193 

 Title : Effect of Replacement Area Ratio on Bearing Capacity Improvement of Peat Soil 

Columns Stabilised using MUF-P Polymer Resin  

 Author/s : Mohd Nazrin Mohd Daud, Nik Norsyahariati Nik Daud and Jestin Jelani 

 Institution : Universiti Putra Malaysia & National Defence University Malaysia  

 E-mail : hassan_seth@yahoo.com 

 

 

WEBEX 3: STRUCTURE AND MATERIALS 

 

1. Time : 09.30 – 09.45 AM 

 Paper ID : 272 

 Title : Impacts of Steel LNG Tanks Aspect Ratio on Seismic Vulnerability Subjected to 

Near-Field Earthquakes 

 Author/s : Noor Sharari, A. Hokmabadi and R. Xu  
 Institution : University of Technology Sydney 

 E-mail : noor.sharari@student.uts.edu.au      

    

2. Time : 09.45 – 10.00 AM 

 Paper ID : 273 

 Title : Load-Displacement Behavior of Soil-Pile Interaction under Lateral Action 

 Author/s : Thevaneyan Krishta David and Renga Rao Krishnamoorty 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : thevaneyan@uitm.edu.my 

    

3. Time : 10.00 – 10.15 AM 

 Paper ID : 274 

 Title : Shear Failure of Pile in Clay due to Soil- Structure Interaction 

 Author/s : Thevaneyan Krishta, Syahrie Safri Peter and Renga Rao Krishnamoorthy 

 Institution : Universiti Teknologi MARA (UiTM) 

mailto:mkhairul3965@uitm.edu.my
mailto:nurul_huda@uitm.edu.my
mailto:noor.sharari@student.uts.edu.au


 E-mail : thevaneyan@uitm.edu.my 

    

4. Time : 10.15 – 10.30 AM 

 Paper ID : 275 

 Title : RC beams Strengthened with Near Surface Mounted Carbon Fiber Reinforced 

Polymer (CFRP) Plate at Short Term Saltwater Exposure 

 Author/s : Amiruddin Mishad, Mohd Hisbany Mohd Hashim, Azmi Ibrahim, Mohammad 

Hazizi Jamal and Dicken Anak Baboh  
 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : amiruddinmishad@uitm.edu.my 

    

5. Time : 10.30 – 10.45 AM 

 Paper ID : 276 

 Title : Assessment on Bonding Strength of Cross Laminated Timber made from Light Red 

Meranti Manufactured by Vacuum Press Method 

 Author/s : Muhammad Shaiful Nordin, Norshariza Mohamad Bhkari, Lum Wei Chen 

Nazatul Syuhada Zainal and Zakiah Ahmad  

 Institution : Malaysian Timber Industry Board (MTIB), Universiti Teknologi MARA (UiTM) 

 E-mail : shanacshan@gmail.com 

    

6. Time : 10.45 – 11.00 AM 

 Paper ID : 278 

 Title : Effect of Kenaf Core to the Physical Properties of Cement-Sand Brick for Non-

Load Bearing Walls 

 Author/s : Mohd Fadzil Arshad, Nurul Aini Salehuddin, Zakiah Ahmad, Mohd Zaim Mohd 

Nor and Abdul Hadi Hassan 

 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : mohdfadzil.arshad@uitm.edu.my, aein86@yahoo.com 

    

7. Time : 11.00 – 11.15 AM 

 Paper ID : 279 

 Title : Bond Strength of Different Mechanically Rebar-Spliced Embedded in Concrete 

under Pull Out Test 

 Author/s : Nursafarina Ahmad, Nur Fitriah Mohd Rohzi, N.S.N Ain Fatihah Nik Mahmood 

and M. Hadri Hamidun  
 Institution : Universiti Teknologi MARA (UiTM) 

 E-mail : nursafarina1131@uitm.edu.my 

    

8. Time : 11.15 – 11.30 AM 

 Paper ID : 224 

 Title : Influence of solvable connections on the life cycle assessment of a facade system 

 Author/s : Leonie Scheuring, Melanie Werner, Franziska Rehde and Bernhard Weller 

 Institution : Technische Universität Dresden, Germany 

 E-mail : leonie.scheuring@tu-dresden.de 

    

 

WEBEX 4: SUSTAINABILITY AND BUILT ENVIRONMENT 

 

1. Time : 09.30 – 09.45 AM 

 Paper ID : 259 

 Title : Evaluation of Hot Mix Asphalt Mixtures Design Modified with Hydrate Lime 

 Author/s : Noorfaizah Hamzah, Nur’Ain Mat Yusof, Adnan Derahman and Mustaqiim 

Mohamad 

 Institution : Universiti Teknologi MARA 

 E-mail : noorfaizah1209@uitm.edu.my  ;  dradnan@uitm.edu.my   

    

2. Time : 09.45 – 10.00 AM 

mailto:noorfaizah1209@uitm.edu.my


 Paper ID : 277 

 Title : Evaluating the Impact of Junction Type on Emissions Level 

 Author/s : Masria Mustafa and Nur Amirah Mohammad Noor 

 Institution : Universiti Teknologi MARA 

 E-mail : masria@uitm.edu.my 

    

3. Time : 10.00 – 10.15 AM 

 Paper ID : 268 

 Title : Effectiveness of Waste Glass as Filler in Hot Mix Asphalt 

 Author/s : Noorfaizah Hamzah, Nur'Ain Mat Yusof, Adnan Derahman and Ahmad Hafizi 

Rosely 

 Institution : Universiti Teknologi MARA 

 E-mail : noorfaizah1209@uitm.edu.my ; nurainyusof@uitm.edu.my 

    

 

WEBEX 5: CONSTRUCTION MANAGEMENT 

 

1. Time : 09.30 – 09.45 AM 

 Paper ID : 238 

 Title : Reviewing Quality Control Management of Road Construction Projects 

 Author/s : Debby Willar, Anak Agung Diah Parami Dewi and Febriane Paulina Makalew 

 Institution : Manado State Polytechnic, Udayana University 

 E-mail : debbywillar@gmail.com 

    

2. Time : 09.45 – 10.00 AM 

 Paper ID : 260 

 Title : Review of Previous Research Methods in Assessing the Benefits of Building 

Information Modeling (BIM) Investment in the AEC Industry 

 Author/s : Jeri Adin Ardani, Christiono Utomo,  Yani Rahmawati, and  Cahyono Bintang 

Nurcahyo 

 Institution : Sepuluh Nopember Institute of Technology (ITS), Universiti Teknologi Petronas 

 E-mail : jeriadinardani@gmail.com    

    

 

 

 

mailto:noorfaizah1209@uitm.edu.my
mailto:jeriadinardani@gmail.com


BEM Approved CPD Hour: 11 
Ref. No: BEM/REG/12 Jld.7 (173)

_________________________
Prof. Dr. Zakiah Ahmad

Dean, Faculty of Civil Engineering, Universiti Teknologi MARA (UiTM), Malaysia

is proudly awarded to

for presenting Using Calcium Oxide and Accelerator to 
Control the Initial Setting Time of Mortar in 3D Concrete Printing

ANTONI ANTONI

The 5th International Conference on Sustainable Civil Engineering 
Structures and Construction Materials (SCESCM2020)

8 9th December 2020

Malaysia Indonesia JapanGermany



5/6/22, 2:37 PM Using Calcium Oxide and Accelerator to Control the Initial Setting Time of Mortar in 3D Concrete Printing | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-16-7924-7_56 1/11

Using Calcium Oxide and Accelerator
to Control the Initial Setting Time of
Mortar in 3D Concrete Printing

Antoni Antoni , David Christian Widjaya, Alexander
Ricardo Koentjoro Wibowo, Jimmy Chandra, Pamuda
Pudjisuryadi & Djwantoro Hardjito 

Conference paper First Online: 07 April 2022

101 Accesses

Part of the Lecture Notes in Civil Engineering book series
(LNCE,volume 215)

Abstract

In recent years, 3D printing has attracted a lot of

attention in the construction industry. Compared

with general concrete construction, 3D concrete

printing has higher flexibility in creating concrete’s

shape and design. 3D concrete printing requires the

precise control of fresh concrete properties such as

flowability, extrudability, and resistance to

segregation during printing process. The initial

setting time of the concrete also needs to be
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controlled as it needs to adhere to the next layer

and then harden rapidly in order to support the

upper layer. This study proposes a method to

control the initial setting time of the concrete for

the 3D printing process by using a mixture of

calcium oxide powder and accelerators. The study

showed that using 5–10% calcium oxide and 2–4%

accelerator by mass of cement, the initial setting of

the concrete can be varied. It is also shown that

adding only accelerator prolongs the setting time

of the mixture due to the plasticizer contained

therein. By using calcium oxide power, the initial

setting time of the concrete can be hastened and

the combination of calcium oxide powder and

accelerator can reduce the initial setting time while

maintaining good workability of the mixture. The

addition of accelerator also increases the early

compressive strength of the concrete mixture.

Keywords

3D concrete print Calcium oxide

Accelerator Initial setting time

Compressive strength
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Abstract. In recent years, 3D printing has attracted a lot of attention in the 

construction industry. Compared with general concrete construction, 3D concrete 

printing has higher flexibility in creating concrete’s shape and design. 3D 

concrete printing requires the precise control of fresh concrete properties such as 

flowability, extrudability, and resistance to segregation during printing process. 

The initial setting time of the concrete also needs to be controlled as it needs to 

adhere to the next layer and then harden rapidly in order to support the upper 

layer. This study proposes a method to control the initial setting time of the 

concrete for the 3D printing process by using a mixture of calcium oxide powder 

and accelerators. The study showed that using 5–10% calcium oxide and 2–4% 

accelerator by mass of cement, the initial setting of the concrete can be varied. It 

is also shown that adding only accelerator prolongs the setting time of the mixture 

due to the plasticizer contained therein. By using calcium oxide power, the initial 

setting time of the concrete can be hastened and the combination of calcium oxide 

powder and accelerator can reduce the initial setting time while maintaining good 

workability of the mixture. The addition of accelerator also increases the early 

compressive strength of the concrete mixture. 

Keywords: 3D concrete print, calcium oxide, accelerator, initial setting time, 

compressive strength. 

1 Introduction 

Three-dimensional (3D) printing, also known as “additive manufacturing,” is an 

advanced manufacturing process that can automatically generate complex geometric 

shapes from a computer-assisted model [1,2]. Currently, limited forms of building 

structures are available due to restricted shapes of formwork but with 3D concrete 

printing method various complex shapes can be constructed [3]. The 3D concrete 

printing construction method still faces many challenges that need to be address 

simultaneously [4], from the construction process[5–8], printing machines and its 

precision and tolerance [9,10], design and structural modelling [11,12], and the 

hardened properties of the fabricated member [13–15]. The material used in 3D printing 
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has several factors that need to be considered, including extrudability, shape retention, 

thixotropy, and buildability [16–18]. 

In 3D concrete printing, extrudability can be defined as the ability of a material to 

be pumped out through the extruder or nozzle without any interference/blockage in the 

pipe [19]. Like extrudability, shape retention is also an important factor for 3D concrete 

printing. After extrusion, the material must retain its shape according to the dimensions 

of the extruder. Thixotropy can be defined as the time interval during which the material 

loses its extrudability; for 3D printing concrete, this is always earlier than the setting 

time [20]. 

In 3D printing, buildability is a challenging problem. To overcome this, the material 

that has been extruded must produce sufficient viscosity and yield stress before the 

second layer begins to fall on it [21,22]. The main challenge is to determine the best 

mix of materials to be able to flow out from the printing nozzle smoothly as well as to 

make a mortar that does not experience slump or sagging and self-compaction after 

extrusion [23,24]. Although these two requirements contradict each other, they can be 

achieved by successively separate processes. First, the material must be extrudable and 

maintain its shape when applied to a printing bed. Second, the layer that has been 

applied must not sag with the application of the layer above it. Finally, the material 

must have good bonding between layers in order to achieve better rigidity and strength. 

Therefore, materials that have high yield stress and low viscosity are the best materials 

for this method [25,26]. 

The exact composition of the binder and aggregate, and the particle size distribution 

should be designed carefully for better printability of different construction designs 

[27–29]. Various additives, such as superplasticizer, retarder, and accelerators, can be 

used to increase the strength of the printed material. An accelerator is not sufficient to 

produce such material if the ratio is not adjusted correctly while an inadequate retarder 

does not allow the material to be pumped through hoses, which can damage the pump 

and the distribution system [26]. 

One behavior of the fresh concrete properties that also influence the buildability is 

the windows of time for the best printing result [30,31]. After the addition of water into 

the mixture, certain time need to be elapsed for the chemical reaction to proceed before 

the fresh concrete exhibit a suitable yield stress and viscosity for the printing process. 

This behavior further complicated the printing process and the material need to be 

precisely controlled for the optimum results. The optimum period is closely related to 

the initial setting time of the mortar, as it is varied with the mixture composition of the 

fresh mortar.  

This study explores the use of local sand and cement as the material for the 3D 

concrete printing process and calcium oxide powder and accelerator to control the 

initial setting time of the mortar mixture. The high content of calcium oxide in 

cementitious mixture is known to cause flash setting in concrete [32], and adding small 

amount of it can hasten the setting time of the concrete and give the concrete structural 

strength to sustain the following layer. To modify the yield stress and viscosity of the 

mortar matrix, accelerator with plasticizer effect is also added in to the mixture. By 

adding or reducing the amount of the admixture, the setting time hence the printing time 

can be controlled. Such a parametric material study can show the behavior of the 

additive and can be used as a guide to modify the mix design to comply with machine 
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and design requirements. The evaluated fresh and hardened mortar properties include 

workability, initial setting time, and compressive strength. 

2 Experimental Study 

2.1 Materials and Mix Design 

The fresh and hardened behavior of 3D-printed concrete is studied by investigating the 

mortar mixture with various admixture. The fine aggregate was sourced from Lumajang 

quarry in East Java, the cement used was Ordinary Portland cement from Semen 

Indonesia, the calcium oxide (CaO) powder was obtained from a local producer, and 

the accelerator used was Sikacim from SIKA. The fine aggregate was graded before 

mixing to ensure uniform consistency. The Fineness Modulus of the sand used was kept 

at 2.19. CaO was selected to increase the strength and to speed up the initial setting 

time and accelerator was added to improve the workability and early age strength of the 

mortar. Before deciding on the mix design for this study, several preliminary tests were 

conducted to investigate the dosage required for each parameter, additional admixture 

such as superplasticizer and calcium hydroxide was also considered as the potential 

candidate to accelerate the initial setting time, however the effect was found to be 

reversed, i.e. the initial setting time of the mixture was prolonged.  

The mix design for 3D concrete printing was compiled from other studies where the 

mass ratio of sand to cement can be varied from 0 to 2.5. Adding more sand can increase 

the yield stress but susceptible to bleeding occurrence, while the addition of fine powder 

such as fly ash, nano silica, or nano clay can improve the cohesion of the mixture 

[16,28,33]. Hence for the current study, the ratio of sand to cement was selected at 0.5 

to reduce the need of other fine powder material in the mixture. The high amount of 

cement in the mixture also can provide a high strength buffer due to the imperfect 

condition of the printing process, the bond between layers, and uncertainty in the mortar 

compaction. Water to cement ratio was kept at 0.3 from the preliminary trial that give 

the optimum workability. The resulting mix designs investigated in this study are 

shown in Table 1.  

Table 1. Mixture codes and mix design of the mortar 

Mix Code w/c 
Water  

(gr) 

Cement  

(gr) 

Sand  

(gr) 

CaO  

(gr) 

Accelerator  

(gr) 

C     - - 

CA2 0.3 60 200 100 - 4 

CA4     - 8 

CCo5     10 - 

CCo5A2 0.3 60 200 100 10 4 

CCo5A4     10 8 

CCo10     20 - 

CCo10A2 0.3 60 200 100 20 4 

CCo10A4     20 8 
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2.2 Specimen Preparation and Testing  

Materials and equipment were prepared according to the mix design. Mixing was done 

by dry mixing cement and sand evenly before pouring water into the mixture. The 

accelerator was then slowly added while stirring followed by the CaO powder. After 

the mixture was uniform, it was poured into the flow table cone to measure its flow 

diameter in the flow table test according to ASTM C230 [34]. The test was carried out 

at room temperature ranging from 28 to 30°C and at a relative humidity of 78–80%. 

The target flow diameter can be correlated with the yield stress of the mortar, and the 

flow diameter of 13-23 cm is suitable to be used as the printing material for the 3D 

concrete printing process, with the optimum value at 15-19 cm, according to Tay et al 

[30].  

The mixture was then cast into 5 cm cube formworks for compressive strength test 

and filled halfway into 15 cm cube molds for the setting time test. The setting time test 

was done using a mortar penetrometer and the penetration stress recorded in correlation 

with time since the addition of water. The mortar penetrometer test was conducted in 

according to ASTM C403 [35].  

The compressive strength specimens were cured in water at room temperature until 

one day before the compressive strength test. The compressive strength test is 

conducted at 3, 7, 14, and 28 days from casting, with three replications using universal 

testing machine. 

3 Results and Discussion 

3.1 Preliminary Study 

A preliminary study is needed to determine the material variables that would be used 

as the boundary condition in this study. The change of initial setting time is an essential 

factor in 3D concrete printing and the dosage of admixtures that influence the change 

is still unknown. 

The materials considered as the admixture were calcium oxide, calcium hydroxide, 

accelerator, and superplasticizer. It was observed that each admixture has a different 

effect on the initial setting time. The addition of superplasticizer always causes longer 

initial setting time because the water to cement ratio was kept constant for all mix 

designs. Combination of superplasticizer and calcium oxide or calcium hydroxide 

always resulted in longer setting time than the control (cement only) mixture. Adding 

calcium hydroxide only also has a slower initial setting time than the control mixture, 

similar to the superplasticizer, even though it is combined with an accelerator. 

Meanwhile, the accelerator has a similar initial setting time with the control mixture 

and the addition of calcium oxide powder always produced a mixture with faster initial 

setting time. 

After conducting a preliminary test, superplasticizer and calcium hydroxide were not 

used because they did not accelerate the initial setting time. When a longer initial setting 

time is needed, for example, with long printing cycle time, these admixtures can be 

considered. Accelerator, when combined with calcium oxide, produced faster initial 
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setting time than the mix design control. The CaO powder dosage used was 5% and 

10% of the cement mass and the accelerator was used at 2% and 4% of the cement 

mass; thus, their combined effect on the initial setting time could be observed. The 

maximum limit for CaO was set at 10% due to possible flash setting and low 

workability at higher CaO dosage.  

 

3.2 Workability Control 

The flow diameter measures mortar workability in the flow table test. The accelerator 

dosage is limited to 4% because the initial setting time can be extended further when 

adding dosage beyond that, as the accelerator chosen in this research also contain some 

plasticizer. The result of the flow diameter of the mixture is shown in Fig. 1.  

Adding CaO to the mortar mixture reduced the workability slightly while the 

accelerator produced a larger flow diameter. Addition of CaO at 5% and 10% reduced 

the flow diameter from 14.6 cm to 14 cm and 11.8 cm, respectively. The addition of 

2% and 4% accelerator, by mass of cement, increased the mixture flow to a pumpable 

condition. This result showed that CaO and accelerator could be added together to 

control the initial setting time and workability of the mortar mixture.  

The mixture composition of the mortar still need to be adjusted with the parameters 

of the printing machine, thus the optimization process of the mix design still excluded 

the addition of supplementary cementitious materials into the concrete mixture. 

Furthermore, to control the consistency of the mixture, viscosity modifying agent 

(VMA) can also be added into the mixture when the flow diameter is too high [36]. 

 

  

Fig. 1. Flow diameter of the fresh mortar with variations of additive. 

 

3.3 Initial Setting Time 

The initial setting time test was carried out using the mortar penetrometer at 15-minute 

intervals for all of the mixtures. The initial setting time is defined as the time needed 

until the penetration pressure reached 500 psi, however the changes of the penetration 

resistance can give the indication of the hardening process in the mortar mixture. Higher 
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penetration resistance showed increase of stiffness and strength to sustain the upper 

layer in the 3D printing process. This hardening process is essential in reducing the 

elastic buckling and plastic collapse at high upper layer count [37].  

The change in the mortar’s hardening process can be observed by its initial setting 

time as seen in Fig. 2. The solid red line was the control mixture without any admixture. 

It can be seen that the time needed to reach the initial setting time decreases with 

increasing CaO dosage. The reduction of setting time was shown to progress at 

exponential rate with the increase of CaO dosage. At 5% dosage, the setting time was 

reduced 21 minutes, while from 5 to 10% dosage, the initial setting time reduction was 

40 minutes. A faster setting time occurred when adding CaO mostly because of the 

increase of temperature due to the exothermic reaction of the CaO. At higher CaO 

dosage the mixture could cause very rapid setting even flash setting and could reduce 

the workability of the mixture.  

On the contrary to the CaO, the initial setting time increased with increasing 

accelerator dosage. The mortar mixture with addition of accelerator only have longer 

initial setting time compared to the control mixture, however the benefit of adding 

accelerator is found on the increase of workability and the early strength of the mortar. 

The combination of CaO and accelerator changed the initial setting time at a different 

rate and can be utilized to control the behavior of the fresh concrete in the 3D printing 

process.  

 

 

Fig. 2. Penetration pressure into the fresh mortar to measure the hardening process with time.  

3.4 Compressive Strength 

The compressive strength test was carried out to examine the effect of adding CaO and 

accelerator on the mortar strength. The concrete compressive strength test was carried 

for each variable at 3, 7, 14, and 28 days. The results of the mortar compressive strength 

test are shown in Fig. 3. 

The compressive strength of the mortar was very high due to the low sand to cement 

ratio and low water to cement ratio. The high cement content also aimed to cause a 

faster initial setting time and increase the cohesion of the mixture. The use of 

accelerator was also found to increase the early strength and later strength of the mortar 
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mixture. Adding 5% CaO did not have any detrimental effect on the compressive 

strength. At 10% CaO, there was a reduction in the compressive strength of the mortar. 

However, with the addition of accelerator, the final strength of the mixture for each 

CaO series can be increased and is higher than the control mortar. 

 

  

Fig. 3. Increase of compressive strength of the mortar specimen with age. 

The effect of using an accelerator on the initial setting time tends to be less beneficial 

but not detrimental because it does not slow down the initial setting time. However, 

when considering its benefit to increase the compressive strength, it is more beneficial 

because the accelerator increases the initial and final compressive strength. This is 

shown by the CA4 mixture strength at 3 days of 64.6 MPa while the 28-day 

compressive strength was 91.1 MPa. 

Using only CaO reduced the initial and final strength of the mortar with a higher 

strength loss at higher CaO dosage. The CCo10 achieved a 3-day strength of 53.3 MPa 

and 28-day strength of 82.0 MPa, and lower than that of the control mortar. The best 

combination of faster initial setting time and compressive strength was found with the 

CCa10A4 mixture with an initial setting time of 60–90 minutes and the highest 28-day 

compressive strength of 94.3 MPa. 

4 Conclusions 

The results of this research lead to the following conclusions: 

• The combination of calcium oxide and accelerator as an additive can control the 

initial setting time of the concrete material needed in the 3D concrete printing 

process. Calcium oxide can cause a higher reaction rate in the concrete while the 

accelerator can control the concrete flowability and increase the compressive 

strength. 

• Calcium oxide can hasten the initial setting time of the concrete; however, the dosage 

should be limited to 10% to avoid possible flash setting or rapid hardening at higher 

dosage. 
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• Mortar workability needs to be increased by the use of accelerator as the calcium 

oxide tends to reduce the workability. The target flow diameter should be greater 

than 13 cm in the flow table test to ensure a good extrusion process. 

• By changing the CaO and accelerators dosage, the optimum printing window can be 

adjusted to achieve the best rheological properties of the fresh concrete. However 

the optimum dosage need to be determined to comply with the printing machine 

parameter and concrete mixture.  

Acknowledgment 

The authors are thankful for the funding provided by the Deputy for Research 

Empowerment and Development, Ministry of Research and Technology/National 

Research and Innovation Centre, Republic of Indonesia under PDUPT scheme no. 

002/SP2H/LT-MULTI/LL7/2020. 

References 

1.  Tay, Y.W.D.; Panda, B.; Paul, S.C.; Noor Mohamed, N.A.; Tan, M.J.; Leong, K.F. 3D 

printing trends in building and construction industry: a review. Virtual Phys. Prototyp. 

2017, 12, 261–276. 

2.  De Schutter, G.; Lesage, K.; Mechtcherine, V.; Nerella, V.N.; Habert, G.; Agusti-Juan, 

I. Vision of 3D printing with concrete — Technical, economic and environmental 

potentials. Cem. Concr. Res. 2018, 112, 25–36. 

3.  Bos, F.; Wolfs, R.; Ahmed, Z.; Salet, T. Additive manufacturing of concrete in 

construction: potentials and challenges of 3D concrete printing. Virtual Phys. Prototyp. 

2016, 11, 209–225. 

4.  Buswell, R.A.; Leal de Silva, W.R.; Jones, S.Z.; Dirrenberger, J. 3D printing using 

concrete extrusion: A roadmap for research. Cem. Concr. Res. 2018, 112, 37–49. 

5.  Zhang, J.; Wang, J.; Dong, S.; Yu, X.; Han, B. A review of the current progress and 

application of 3D printed concrete. Compos. Part A Appl. Sci. Manuf. 2019, 125, 

105533. 

6.  Gosselin, C.; Duballet, R.; Roux, P.; Gaudillière, N.; Dirrenberger, J.; Morel, P. Large-

scale 3D printing of ultra-high performance concrete - a new processing route for 

architects and builders. Mater. Des. 2016, 100, 102–109. 

7.  Duballet, R.; Baverel, O.; Dirrenberger, J. Classification of building systems for 

concrete 3D printing. Autom. Constr. 2017, 83, 247–258. 

8.  Casagrande, L.; Esposito, L.; Menna, C.; Asprone, D.; Auricchio, F. Effect of testing 

procedures on buildability properties of 3D-printable concrete. Constr. Build. Mater. 

2020, 245, 118286. 

9.  Xu, J.; Buswell, R.A.; Kinnell, P.; Biro, I.; Hodgson, J.; Konstantinidis, N.; Ding, L. 

Inspecting manufacturing precision of 3D printed concrete parts based on geometric 

dimensioning and tolerancing. Autom. Constr. 2020, 117, 103233. 

10.  Kruger, J.; Cho, S.; Zeranka, S.; Viljoen, C.; van Zijl, G. 3D concrete printer parameter 

optimisation for high rate digital construction avoiding plastic collapse. Compos. Part 



9 

B Eng. 2020, 183, 107660. 

11.  Heras Murcia, D.; Genedy, M.; Reda Taha, M.M. Examining the significance of infill 

printing pattern on the anisotropy of 3D printed concrete. Constr. Build. Mater. 2020, 

262, 120559. 

12.  Souza, M.T.; Ferreira, I.M.; Guzi de Moraes, E.; Senff, L.; Novaes de Oliveira, A.P. 3D 

printed concrete for large-scale buildings: An overview of rheology, printing 

parameters, chemical admixtures, reinforcements, and economic and environmental 

prospects. J. Build. Eng. 2020, 32. 

13.  Rahul, A. V.; Santhanam, M.; Meena, H.; Ghani, Z. Mechanical characterization of 3D 

printable concrete. Constr. Build. Mater. 2019, 227, 116710. 

14.  Ding, T.; Xiao, J.; Zou, S.; Zhou, X. Anisotropic behavior in bending of 3D printed 

concrete reinforced with fibers. Compos. Struct. 2020, 254, 112808. 

15.  Wolfs, R.J.M.; Bos, F.P.; Salet, T.A.M. Triaxial compression testing on early age 

concrete for numerical analysis of 3D concrete printing. Cem. Concr. Compos. 2019, 

104, 103344. 

16.  Zhang, Y.; Zhang, Y.; Liu, G.; Yang, Y.; Wu, M.; Pang, B. Fresh properties of a novel 

3D printing concrete ink. Constr. Build. Mater. 2018, 174, 263–271. 

17.  Papachristoforou, M.; Mitsopoulos, V.; Stefanidou, M. Evaluation of workability 

parameters in 3D printing concrete. Procedia Struct. Integr. 2018, 10, 155–162. 

18.  Zhang, Y.; Zhang, Y.; She, W.; Yang, L.; Liu, G.; Yang, Y. Rheological and harden 

properties of the high-thixotropy 3D printing concrete. Constr. Build. Mater. 2019, 201, 

278–285. 

19.  Ma, G.; Li, Z.; Wang, L. Printable properties of cementitious material containing copper 

tailings for extrusion based 3D printing. Constr. Build. Mater. 2018, 162, 613–627. 

20.  Zhang, Y.; Zhang, Y.; Liu, G.; Yang, Y.; Wu, M.; Pang, B. Fresh properties of a novel 

3D printing concrete ink. Constr. Build. Mater. 2018, 174, 263–271. 

21.  Paul, S.C.; Tay, Y.W.D.; Panda, B.; Tan, M.J. Fresh and hardened properties of 3D 

printable cementitious materials for building and construction. Arch. Civ. Mech. Eng. 

2018, 18, 311–319. 

22.  Malaeb, Z.; Hachem, H.; Tourbah, A.; Hamzeh, F.; Maalouf, T. 3D Concrete Printing: 

Machine and Mix Design. Int. J. Civ. Eng. Technol. 2015, 6, 14–22. 

23.  Jayathilakage, R.; Rajeev, P.; Sanjayan, J. Yield stress criteria to assess the buildability 

of 3D concrete printing. Constr. Build. Mater. 2020, 240, 117989. 

24.  Nerella, V.N.; Hempel, S.; Mechtcherine, V. Effects of layer-interface properties on 

mechanical performance of concrete elements produced by extrusion-based 3D-

printing. Constr. Build. Mater. 2019, 205, 586–601. 

25.  Panda, B.; Tan, M.J. Experimental study on mix proportion and fresh properties of fly 

ash based geopolymer for 3D concrete printing. Ceram. Int. 2018, 44, 10258–10265. 

26.  Panda, B.; Mohamed, N.A.N.; Paul, S.C.; Singh, G.V.P.B.; Tan, M.J.; Šavija, B. The 

effect of material fresh properties and process parameters on buildability and interlayer 

adhesion of 3D printed concrete. Materials (Basel). 2019, 12. 

27.  Manikandan, K.; Wi, K.; Zhang, X.; Wang, K.; Qin, H. Characterizing cement mixtures 

for concrete 3D printing. Manuf. Lett. 2020, 24, 33–37. 

28.  Khan, M.A. Mix suitable for concrete 3D printing: A review. Mater. Today Proc. 2020. 

29.  Zhang, C.; Hou, Z.; Chen, C.; Zhang, Y.; Mechtcherine, V.; Sun, Z. Design of 3D 



10 

printable concrete based on the relationship between flowability of cement paste and 

optimum aggregate content. Cem. Concr. Compos. 2019, 104, 103406. 

30.  Tay, Y.W.D.; Qian, Y.; Tan, M.J. Printability region for 3D concrete printing using 

slump and slump flow test. Compos. Part B Eng. 2019, 174, 106968. 

31.  Diggs-McGee, B.N.; Kreiger, E.L.; Kreiger, M.A.; Case, M.P. Print time vs. elapsed 

time: A temporal analysis of a continuous printing operation for additive constructed 

concrete. Addit. Manuf. 2019, 28, 205–214. 

32.  Antoni, A.; Purwantoro, A.A.T.; Suyanto, W.S.P.D.; Hardjito, D. Fresh and Hardened 

Properties of High Calcium Fly Ash-Based Geopolymer Matrix with High Dosage of 

Borax. Iran. J. Sci. Technol. Trans. Civ. Eng. 2019. 

33.  Weng, Y.; Li, M.; Tan, M.J.; Qian, S. Design 3D printing cementitious materials via 

Fuller Thompson theory and Marson-Percy model. Constr. Build. Mater. 2018, 163, 

600–610. 

34.  ASTM C230 Standard specification for flow table for use in tests of hydraulic cement; 

ASTM International: West Conshohocken, PA, 2010; 

35.  ASTM C403 Standard Test Method for Time of Setting of Concrete Mixtures by 

Penetration Resistance; ASTM International: West Conshohocken, PA, 2016; 

36.  Antoni, A.; Andreas, A.; Christian, E.; Hardjito, D. Using viscosity-modifying 

admixture to increase the cohesion of low-cement concrete mixture. IOP Conf. Ser. 

Mater. Sci. Eng. 2019, 615. 

37.  Suiker, A.S.J.; Wolfs, R.J.M.; Lucas, S.M.; Salet, T.A.M. Elastic buckling and plastic 

collapse during 3D concrete printing. Cem. Concr. Res. 2020, 135, 106016. 

 



also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Lecture Notes in Civil Engineering

COUNTRY

Switzerland


SUBJECT AREA AND
CATEGORY

Engineering

PUBLISHER

Springer Singapore


H-INDEX

13

PUBLICATION TYPE

Book Series

ISSN

23662557, 23662565

COVERAGE

1975, 2016-2022

INFORMATION

Homepage

How to publish in this
journal

giovanni.solari@unige.it

SCOPE

Lecture Notes in Civil Engineering (LNCE) publishes the latest developments in Civil Engineering - quickly, informally and in
top quality. Though original research reported in proceedings and post-proceedings represents the core of LNCE, edited
volumes of exceptionally high quality and interest may also be considered for publication. Volumes published in LNCE
embrace all aspects and subfields of, as well as new challenges in, Civil Engineering.

Join the conversation about this journal

Enter Journal Title, ISSN or Publisher Name 


Universities and
research institutions in
Switzerland

Civil and Structural
Engineering

Quartiles

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=CH
https://www.scimagojr.com/journalrank.php?area=2200
https://www.scimagojr.com/journalsearch.php?q=Springer%20Singapore&tip=pub
https://www.springer.com/series/15087
https://www.springer.com/series/15087
mailto:giovanni.solari@unige.it
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CaGt1Ntx8YtirOZOy9QP5tY64DpHY9sxp38Hs0qEQ39qllo8OEAEgkNnHe2DpouKD4A2gAZyv-6gCyAECqAMByAPJBKoEiQJP0KJ9zUSXilwx6knrO6WNeBYJJzMe1swutQsv2rKPY-d-4q0FbcUi-7Eq0NcB0uIIac2A1a7y3ZhOjohWZeiHpMjf-Sl50oLEcW8lPduMNs-bfm07Vp8Uz5_JcUmjWQ-aELsgc7HUguB__ng8VVZ6f0PnQefCWXKSib5B8vmtIVqQpGAHzYSTydxj-PPiUj9Mzf6PKKqcoFJGwC-6C5ySQgwnB5OTbCBs4IqegLgqoBp8iyCe4Co192mkU_8c9HxoFMObcY_lJ42-3xuMIYPALzgpP36xyXpoQMUbSTE_jxYtXOZwm0h6ChIOhBfghq4RlsQ-EgOKmiySGxdy5wr8CO_dmHqRutgVwATLgqS49gOgBgKAB8zQhNcBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcB0ggHCIBhEAEYHrEJvXhPG1rmm9iACgGYCwHICwG4DAHYEw3QFQGYFgH4FgGAFwE&ae=1&num=1&cid=CAASJORo04K3WjZyD1RAq2heW3yIfou_2PGdvzrQASBhesqyezNT-w&sig=AOD64_2QI7XGiMqjV6bRWJ8HYoFlt6fE9Q&client=ca-pub-7636113250813806&nb=17&adurl=https://www.hero-wars.com/%3Fhl%3Den%26delayedsignup%3Dtrue%26nx_source%3Dadx_adwordsdisplay.hw_wb_uc_-.cc-cluster1.g-m.a-2554.au-all.opt-web_purchase.com-newac.cr-artofdirt22c.cn-970_250.lp-delayed.dt-display.cid-16608211333.csd-210322.-%26l%3Ddelayed%26cp%3D-.cid-16608211333.agid-134872629579.tgid-.intgeo-.phgeo-1007715.ngr-d.devt-c.devm-.gcid-EAIaIQobChMI2J7VudvZ9wIVE1l9Ch35mgPnEAEYASAAEgINofD_BwE.adId-589393249810.pt-www.scimagojr.com_pt.ptc-segment_be_a_4071658179338194422.-%26cp%3D-.cid-16608211333.agid-134872629579.tgid-.intgeo-.phgeo-1007715.ngr-d.devt-c.devm-.gcid-EAIaIQobChMI2J7VudvZ9wIVE1l9Ch35mgPnEAEYASAAEgINofD_BwE.adId-589393249810.pt-www.scimagojr.com_pt.ptc-segment_be_a_4071658179338194422.-%26gclid%3DEAIaIQobChMI2J7VudvZ9wIVE1l9Ch35mgPnEAEYASAAEgINofD_BwE
https://www.scimagoir.com/rankings.php?country=CHE
https://www.scimagojr.com/journalrank.php?category=2205


SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of

journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from
It

measures the scientific influence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable
and non citable documents.

Year Documents
2018 485
2019 1230
2020 2704
2021 4287

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the
total number of documents published in that journal.
The chart shows the evolution of the average number

of times documents published in a journal in the past
two, three and four years have been cited in the current
year. The two years line is equivalent to journal impact

factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2018 0.163
Cites / Doc. (4 years) 2019 0.204
Cites / Doc. (4 years) 2020 0.285
Cites / Doc. (4 years) 2021 0.437
Cites / Doc. (3 years) 2018 0.163
Cites / Doc. (3 years) 2019 0.204
Cites / Doc. (3 years) 2020 0.289
Cites / Doc. (3 years) 2021 0.439
Cites / Doc. (2 years) 2018 0.163
Cites / Doc. (2 years) 2019 0.204

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.



Journal Self-citation is defined as the number of

citation from a journal citing article to articles
published by the same journal.

Cites Year Value
S lf Ci 2018 0

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years.
External

citations are calculated by subtracting the number of
self-citations from the total number of citations
received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country
address.

Year International Collaboration
2018 12 78

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2018 173

Show this widget in your own website

Just copy the code below and paste within your html code:

<a href="https://www.scimag

2019 2020 2021

0.1

0.12

0.14

2018 2019 2020 2021

0

2k

4k

6k

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

2018 2019 2020 2021

0.14

0.21

0.28

0.35

0.42

0.49

2018 2019 2020 2021

0

1k

2k

2018 2019 2020 2021

0

2

4

2018 2019 2020 2021

10

12

14

16

2018 2019 2020 2021

0

2.5k

5k



Metrics based on Scopus® data as of April 2022

B MAHENDRA 5 months ago

im an post graduate student in structural engineering, how much time it will take for acceptance

and publishing the journal

reply

Leave a comment

Name 


Email



(will not be published)




Documents Year Value
Uncited documents 2019 583

←

   SCImago GraphicaSCImago GraphicaSCImago Graphica





Explore, visuallyExplore, visuallyExplore, visually
communicate and makecommunicate and makecommunicate and make
sense of data with our sense of data with our sense of data with our newnewnew
free toolfree toolfree tool...






Get it

B

Melanie Ortiz 5 months ago

Dear Mahendra,



Thank you for contacting us.



We suggest you visit the journal's homepage or contact the journal’s editorial staff , so

they could inform you more deeply. 



Best Regards, SCImago Team

M
SCImago Team

5k

https://www.graphica.app/


reCAPTCHA
I'm not a robot

Privacy  - Terms

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:






Powered by:



Follow us on @ScimagoJR




Scimago Lab, Copyright 2007-2022. Data Source: Scopus®

Become Math Hero

Join our community of math heroes and help students around

Sign-up today!

Photomath

Become Math Hero

Join our community of math heroes and help students around

Sign-up today!

Photomath

https://www.google.com/intl/en/policies/privacy/
https://www.google.com/intl/en/policies/terms/
http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CC3SnQdx8Yvn8EcS39QPcy4HwDYbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0LKtAntUlstGd9tlSXy1XMoyFlXRTrnNf5ksdSJnpF2-jLt_taUZh9w0rdNMrRxqQumZ3kwMfZxrYdbDA_mmsjv9BDp0V5h5kT-CYOfj5yHV4GSWpt_2gxZOrhpl2yvCn4Q_TN4IfBVnGg22uAgmCf9KuS3xr5XGZtHF_kEEyY5-cNqKYs4m8azPF6eUMkVkq10yFktxSr9e1Wbyfa48KJ4yqsRuPpekVcTuKm5PGggU-A-HdHqW3Dq8h2lRyyOSccBO59Z42tLtt5E2MirO-C1MHAaBl6mgDEPXc-X7aMveQcUzoX0sSP9seeax1Te0a3Uz_mCDxdS85k6B4isuTxRU8-VRBCqRXEDvXobjfcBtwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORo1NWcIUydMWekh8DpfSyVSWA_ohnHSInHDZVtbYPVgACbJw&sig=AOD64_1R4lHB-n0cS7_RYDs0Q4YvWHs2kg&client=ca-pub-7636113250813806&nb=9&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMIuaHNvtvZ9wIVxFt9Ch3cZQDeEAEYASAAEgILdvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CC3SnQdx8Yvn8EcS39QPcy4HwDYbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0LKtAntUlstGd9tlSXy1XMoyFlXRTrnNf5ksdSJnpF2-jLt_taUZh9w0rdNMrRxqQumZ3kwMfZxrYdbDA_mmsjv9BDp0V5h5kT-CYOfj5yHV4GSWpt_2gxZOrhpl2yvCn4Q_TN4IfBVnGg22uAgmCf9KuS3xr5XGZtHF_kEEyY5-cNqKYs4m8azPF6eUMkVkq10yFktxSr9e1Wbyfa48KJ4yqsRuPpekVcTuKm5PGggU-A-HdHqW3Dq8h2lRyyOSccBO59Z42tLtt5E2MirO-C1MHAaBl6mgDEPXc-X7aMveQcUzoX0sSP9seeax1Te0a3Uz_mCDxdS85k6B4isuTxRU8-VRBCqRXEDvXobjfcBtwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORo1NWcIUydMWekh8DpfSyVSWA_ohnHSInHDZVtbYPVgACbJw&sig=AOD64_1R4lHB-n0cS7_RYDs0Q4YvWHs2kg&client=ca-pub-7636113250813806&nb=0&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMIuaHNvtvZ9wIVxFt9Ch3cZQDeEAEYASAAEgILdvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CC3SnQdx8Yvn8EcS39QPcy4HwDYbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0LKtAntUlstGd9tlSXy1XMoyFlXRTrnNf5ksdSJnpF2-jLt_taUZh9w0rdNMrRxqQumZ3kwMfZxrYdbDA_mmsjv9BDp0V5h5kT-CYOfj5yHV4GSWpt_2gxZOrhpl2yvCn4Q_TN4IfBVnGg22uAgmCf9KuS3xr5XGZtHF_kEEyY5-cNqKYs4m8azPF6eUMkVkq10yFktxSr9e1Wbyfa48KJ4yqsRuPpekVcTuKm5PGggU-A-HdHqW3Dq8h2lRyyOSccBO59Z42tLtt5E2MirO-C1MHAaBl6mgDEPXc-X7aMveQcUzoX0sSP9seeax1Te0a3Uz_mCDxdS85k6B4isuTxRU8-VRBCqRXEDvXobjfcBtwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORo1NWcIUydMWekh8DpfSyVSWA_ohnHSInHDZVtbYPVgACbJw&sig=AOD64_1R4lHB-n0cS7_RYDs0Q4YvWHs2kg&client=ca-pub-7636113250813806&nb=7&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMIuaHNvtvZ9wIVxFt9Ch3cZQDeEAEYASAAEgILdvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CC3SnQdx8Yvn8EcS39QPcy4HwDYbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0LKtAntUlstGd9tlSXy1XMoyFlXRTrnNf5ksdSJnpF2-jLt_taUZh9w0rdNMrRxqQumZ3kwMfZxrYdbDA_mmsjv9BDp0V5h5kT-CYOfj5yHV4GSWpt_2gxZOrhpl2yvCn4Q_TN4IfBVnGg22uAgmCf9KuS3xr5XGZtHF_kEEyY5-cNqKYs4m8azPF6eUMkVkq10yFktxSr9e1Wbyfa48KJ4yqsRuPpekVcTuKm5PGggU-A-HdHqW3Dq8h2lRyyOSccBO59Z42tLtt5E2MirO-C1MHAaBl6mgDEPXc-X7aMveQcUzoX0sSP9seeax1Te0a3Uz_mCDxdS85k6B4isuTxRU8-VRBCqRXEDvXobjfcBtwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORo1NWcIUydMWekh8DpfSyVSWA_ohnHSInHDZVtbYPVgACbJw&sig=AOD64_1R4lHB-n0cS7_RYDs0Q4YvWHs2kg&client=ca-pub-7636113250813806&nb=1&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMIuaHNvtvZ9wIVxFt9Ch3cZQDeEAEYASAAEgILdvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cuy_XQ9x8YpHVEIqirtoPqYuhcIbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0MlQKRj1sh4oqEhatDeMjCRays_2iCmtA5qGUaJpmgWgcLkn8NdupaatAcEV_svFbSKzHeNwf7JLXF9nGh4YrKYtt6N1yVaYChO5RBiVzKFI6N8w242Zo1XLIYddCmO69FB5HrmXs91fv2QYYIDDuLtTCcU76up-vo9dNbsY0AS5RHur-_k0HjFkxo-8G215sHjywfAplDWjWQbgDZ0dXCl--TVShdFH6KTXyxj32dEse4P12-KQqaRyuZqcpsFze7vCpYE1XLsvBosG86E6MXTk5h-wLLHW_pPrWQarBOS1CtNLo7JV8sP2c0l0bZ22eQfe4R0yCmDz4C0JSd8iE2p7QmmAFifghGLKfC-0SXyLwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORoOP7TvKA48HTLRDcrRe0iRWvngY5hOD6YwW7WL9jnxVu33Q&sig=AOD64_1tZyRmcUGZEx-hZqibyCV_LV5Evw&client=ca-pub-7636113250813806&nb=9&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMI0YLGv9vZ9wIVCpFLBR2pRQgOEAEYASAAEgJ2efD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cuy_XQ9x8YpHVEIqirtoPqYuhcIbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0MlQKRj1sh4oqEhatDeMjCRays_2iCmtA5qGUaJpmgWgcLkn8NdupaatAcEV_svFbSKzHeNwf7JLXF9nGh4YrKYtt6N1yVaYChO5RBiVzKFI6N8w242Zo1XLIYddCmO69FB5HrmXs91fv2QYYIDDuLtTCcU76up-vo9dNbsY0AS5RHur-_k0HjFkxo-8G215sHjywfAplDWjWQbgDZ0dXCl--TVShdFH6KTXyxj32dEse4P12-KQqaRyuZqcpsFze7vCpYE1XLsvBosG86E6MXTk5h-wLLHW_pPrWQarBOS1CtNLo7JV8sP2c0l0bZ22eQfe4R0yCmDz4C0JSd8iE2p7QmmAFifghGLKfC-0SXyLwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORoOP7TvKA48HTLRDcrRe0iRWvngY5hOD6YwW7WL9jnxVu33Q&sig=AOD64_1tZyRmcUGZEx-hZqibyCV_LV5Evw&client=ca-pub-7636113250813806&nb=0&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMI0YLGv9vZ9wIVCpFLBR2pRQgOEAEYASAAEgJ2efD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cuy_XQ9x8YpHVEIqirtoPqYuhcIbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0MlQKRj1sh4oqEhatDeMjCRays_2iCmtA5qGUaJpmgWgcLkn8NdupaatAcEV_svFbSKzHeNwf7JLXF9nGh4YrKYtt6N1yVaYChO5RBiVzKFI6N8w242Zo1XLIYddCmO69FB5HrmXs91fv2QYYIDDuLtTCcU76up-vo9dNbsY0AS5RHur-_k0HjFkxo-8G215sHjywfAplDWjWQbgDZ0dXCl--TVShdFH6KTXyxj32dEse4P12-KQqaRyuZqcpsFze7vCpYE1XLsvBosG86E6MXTk5h-wLLHW_pPrWQarBOS1CtNLo7JV8sP2c0l0bZ22eQfe4R0yCmDz4C0JSd8iE2p7QmmAFifghGLKfC-0SXyLwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORoOP7TvKA48HTLRDcrRe0iRWvngY5hOD6YwW7WL9jnxVu33Q&sig=AOD64_1tZyRmcUGZEx-hZqibyCV_LV5Evw&client=ca-pub-7636113250813806&nb=7&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMI0YLGv9vZ9wIVCpFLBR2pRQgOEAEYASAAEgJ2efD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cuy_XQ9x8YpHVEIqirtoPqYuhcIbK9oZq2427x-APpNKu2-AvEAEgkNnHe2DpouKD4A2gAY6QnKkCyAEJqAMByAPLBKoEkgJP0MlQKRj1sh4oqEhatDeMjCRays_2iCmtA5qGUaJpmgWgcLkn8NdupaatAcEV_svFbSKzHeNwf7JLXF9nGh4YrKYtt6N1yVaYChO5RBiVzKFI6N8w242Zo1XLIYddCmO69FB5HrmXs91fv2QYYIDDuLtTCcU76up-vo9dNbsY0AS5RHur-_k0HjFkxo-8G215sHjywfAplDWjWQbgDZ0dXCl--TVShdFH6KTXyxj32dEse4P12-KQqaRyuZqcpsFze7vCpYE1XLsvBosG86E6MXTk5h-wLLHW_pPrWQarBOS1CtNLo7JV8sP2c0l0bZ22eQfe4R0yCmDz4C0JSd8iE2p7QmmAFifghGLKfC-0SXyLwASutYnh8AOgBi6AB9rv49YBqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB_PRG6gHltgbqAeqm7ECqAffn7EC2AcA0ggHCIBhEAEYHrEJaXW20y92g7WACgGYCwHICwGADAG4DAG4E4gn2BMMiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAASJORoOP7TvKA48HTLRDcrRe0iRWvngY5hOD6YwW7WL9jnxVu33Q&sig=AOD64_1tZyRmcUGZEx-hZqibyCV_LV5Evw&client=ca-pub-7636113250813806&nb=1&adurl=https://portal.photomath.net/%3Futm_source%3Dgoogle%26utm_medium%3Dgdn_cpc%26utm_campaign%3Dpm_contributor_indonesia_april_2022%26utm_term%3Dmath_student_job%26utm_content%3Drda_altruism_helping_students%26gclid%3DEAIaIQobChMI0YLGv9vZ9wIVCpFLBR2pRQgOEAEYASAAEgJ2efD_BwE

	Cover and TOC
	2022_Bookmatter_ProceedingsOfThe5thInternation
	Publikasi2_05014_8146

	Certificate
	Paper
	Paper (2)
	Paper (1)

	Lecture Notes in Civil Engineering

