{OF Conference Series
Earth and Emrirenmental Sclsncs

15t Workshop on Matmolagy for Agricufture
arx] Forestry | METRO AGRIFOR)

FELENE ET9- 1818
Y vy
AR e

EOTOA
B e T |

Thaapan sooess jumal far panferene p o ra sdn g
|opea ks oF ' jprs

MO Pobiishing



5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

Table of contents

Volume 1103
2022

< Previous issue Next issue *»

Natural Disaster Seminar 2019 02/10/2019 - 05/10/2019 Malaysia, Malaysia

Accepted papers received: 14 October 2022
Published online: 24 November 2022

Open all abstracts

Preface

OPEN ACCESS 011001
Preface

+ Open abstract =] View article A PDF

OPEN ACCESS 011002

Peer Review Statement

+ Open abstract ='| View article YA PDF

Climatic Hazards

OPEN ACCESS 012001
Level of public awareness on climate change in Sabah

Audrey Liwan, Nur Sakina Surianshah, Sarimah Surianshah and Josephine Yau Tan Hwang

+ Open abstract ='| View article - PDF

OPEN ACCESS 012002
Assessing short term air quality trend in Malaysia based on air pollution index (APi)

J Sentian, M S Nur Sayzni and C Payus

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012003
Effect of Monsoonal Clustering for PM;, Concentration Prediction in Keningau, Sabah
using Principal Component Analysis

Muhammad Izzuddin Rumaling, F P Chee, ] H W Chang and J Sentian

lhg gétg ggg:tsr E(lzcotokles. By ggg&nalllrl&gi éo use t%ts lg}Sﬁ:Fyou agree to our use of cookies. To find out more, Q

see our Privacy and CooKkies policy.

https://iopscience.iop.org/issue/1755-1315/1103/1 1/8


https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/volume/1755-1315/1103
https://iopscience.iop.org/issue/1755-1315/1102/1
https://iopscience.iop.org/issue/1755-1315/1104/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011001
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011001/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011002
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/011002/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012001/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012002
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012002/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012003
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012003/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012003/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
http://ioppublishing.org/privacyPolicy

5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience
OPEN ACCESS 012004

Application of K-Means Clustering and Calendar View Visualisation for Air Pollution
Index Analysis

Z Ali Omar, Siti Rahayu Mohd Hashim, Justin Sentian and Su Na Chin

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012005

Assessment of Flood Susceptibility Analysis Using Analytical Hierarchy Process (AHP)
in Kota Belud Area, Sabah, Malaysia

Kamilia Sharir, Goh Thian Lai, Norbert Simon, Lee Khai Ern, Mustapha Abd Talip and Rodeano Roslee

+ Open abstract = | View article A PDF

Environmental Hazards

OPEN ACCESS 012006

Distribution and Accumulation of Heavy Metals in Marine Sediment from Marudu Bay,
Sabah

Baba Musta, Dg. Azemah Ag. Mamun, Rahman Yaccup, Fuei Pien Chee, Muhammad Shafie Yusop and
Darmesah Gabda

+ Open abstract ='| View article A PDF

OPEN ACCESS 012007

The Conformation and Thermal Characteristic Of Different Species Of Bamboo
Cellulose

Siti Ayu Aziz, Sabrina Soloi, Hidayati Asrah, Juferi Idris and Mohd Sani Sarjadi

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012008
Enhanced Mechanical Properties Plaster of Paris with Addition of Rice Husk Fibers

Farmizan Pirman and Asmahani Awang

+ Open abstract =| View article A PDF

OPEN ACCESS 012009

Preliminary Screening and Comparison of Heavy Metal Pollution in Two Malaysia Class
IT River Using Acetylcholinesterase from Monopterus Albus

Siti Aishah Muhammad Khalidi, Mohd Khalizan Sabullah, Rahmath Abdullah, Diana Demiyah Mohd Hamdan,
Siti Aqlima Ahmad and dan Mohd Yunus Shukor

+ Open abstract = | View article A PDF

OPEN ACCESS 012010
reliminary spudy,on public pereeptions of-hydrogen encrey.in Sarawak 1 find out more, o

Bed uiRadiagyhhNd A Oblgics [aticy.

https://iopscience.iop.org/issue/1755-1315/1103/1 2/8


https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012004/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012004/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012005
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012005/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012005/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012006
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012006/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012006/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012007
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012007/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012007/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012008
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012008/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012008/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012009
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012009/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012009/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012010
http://ioppublishing.org/privacyPolicy

5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

+ Open abstract ='| View article - PDF

OPEN ACCESS 012011

Modelling of Coastal Vulnerability Index Along the East Coast of Peninsular Malaysia
due to Sea Level Rise Impact

I Ismail, M L Husain, W S W Abdullah and R Zakaria

+ Open abstract =| View article A PDF

OPEN ACCESS 012012
Mass Balance and Dissolved Metal Loads in the Mamut Copper Mine Temporary

Settling Pond

Feona Isidore, Fera Cleophas, Chin Yik Lin, Anand Nainar and Kawi Bidin

4+ Open abstract =] View article A PDF

OPEN ACCESS 012013

Wave Attenuation and Root Density Analysis of Bruguiera Parviflora at Larut Matang,
Perak

I Ismail, M L Husain and R Zakaria

+ Open abstract =| View article ¥4 PDF

OPEN ACCESS 012014
Mining The Microbiome: A Mini Review on Natural Products Discovery from Soil

Suraya Abdul Sani, Joyce Paul, Dayang Iman Maisarah Abang Sulaiman, Akid Md Haris, Ainol Azifa Mohd Faik
and Rahmath Abdulla

4+ Open abstract =] View article A PDF

OPEN ACCESS 012015

Identification of Arsenic Accumulator from Traditional Upland Rice Genotypes: A Field
Survey in Interior Division, North Borneo

D D M Hamdan, J Seludin, F Musa, M K Sabullah and S A Rahim

+ Open abstract ='| View article - PDF

OPEN ACCESS 012016
Hydrology of Acidic Mine Pit Lake: A Case Study of ex-Copper mine Pit Lake, Mamut,
Sabah Malaysia.

F Cleophas, F Isidore, B Musta and K Bidin

+ Open abstract = | View article A PDF

OPEN ACCESS 012017

Mapping the Groundwater Potential Areas by Using the GIS Method in Kg Samawang,

Sandakan, Sabah, Malaysia. . o )
This site uses cookies. By Continuing to use this site you agree to our use of cookies. To find out more, Q

dadlaprrpinnady and Hiorigipbideya Mokthar

https://iopscience.iop.org/issue/1755-1315/1103/1 3/8


https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012010/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012010/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012011
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012011/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012011/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012012
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012012/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012013/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012013/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012014
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012014/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012014/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012015
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012015/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012015/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012016
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012016/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012016/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012017
http://ioppublishing.org/privacyPolicy

5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

+ Open abstract =] View article - PDF

OPEN ACCESS 012018
Assessment of Carbon Stock at Oil Palm Plantation in Klias Peninsular West Coast of

Sabah

S N M Zamri, H Saleh, S Abd Rahim and B Musta

+ Open abstract =| View article A PDF

OPEN ACCESS 012019

A microbial technology approach using bioleaching for low grade metals extraction - a
review

S A Sani and A M Haris

4+ Open abstract =] View article A PDF

OPEN ACCESS 012020
Composition and surface morphology study of seaweed as biosorbent

Nazirah Mingu, Noorsharmeza Musa, Mohd Hafiz Abd Majid, Juferi Idris and Mohd Sani Sarjadi

+ Open abstract ='| View article YA PDF

OPEN ACCESS 012021

Mapping the Groundwater Potential Zones in Kota Belud, Sabah and its surrounding
areas by using the Geographical Information System (GIS) and Remote Sensing Techniques

Zulherry Isnain and Baba Musta

+ Open abstract ='| View article - PDF

OPEN ACCESS 012022

Agrowastes of banana peels as an eco-friendly feedstock for the production of biofuels
using immobilized yeast cells

R Abdulla, Q Johnny, R Jawan and S A Sani

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012023
A Review on Food Security Policy on Agriculture and Food in Sabah, Malaysia

Suraya Abdul Sani, Noor Dzuhaidah Osman, Erni Marlina Saari and Wan Abdul Rahman Wan Idrus

+ Open abstract ='| View article A PDF

OPEN ACCESS 012024

Characterization of wild type yeast isolated from Sabah soil for environmental friendly
biofuel production

R Abdulla, N H Ahmad, M K Sabullah and J A Gansau

Fhidpime absraciokies. By Soawrmringl¢o use thits BIRFyou agree to our use of cookies. To find out more, Q
see our Privacy and Cookies policy.

https://iopscience.iop.org/issue/1755-1315/1103/1 4/8


https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012017/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012017/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012018
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012018/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012018/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012019
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012019/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012019/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012020
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012020/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012020/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012021
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012021/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012021/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012022
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012022/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012022/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012023
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012023/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012023/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012024
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012024/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012024/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
http://ioppublishing.org/privacyPolicy

5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

Geological Hazards

OPEN ACCESS 012025
Some mechanical characterization of the Sandakan formation's sandstone, Sabah,

Malaysia

R Moneey, I A Rahim and B Musta

+ Open abstract ='| View article A PDF

OPEN ACCESS 012026

Liquefaction Resistance of Sand-Kaolin Mixtures: Effect of Sand Sizes
B.A. Othman, A. Marto, R. Uzuoka, K. Ueda and M.H. Mohd Satar

+ Open abstract ='| View article - PDF

OPEN ACCESS 012027
Earthquake Threats in Ranau — From The Sources of Mensaban and Mesilou Fault

Ahmad Khairut Termizi, Felix Tongkul, Noor Sheena Herayani Harith and Rodeano Roslee

+ Open abstract ='| View article A PDF

OPEN ACCESS 012028
3D Modelling of Rockfall Hazard at Gunung Lang, Ipoh

Muhammad Fahmi Abdul Ghani, Norbert Simon, Tuan Rusli Tuan Mohamed and Rodeano Roslee

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012029
Fuzzy Interpolation Curve Modelling of Earthquake Magnitude Data

R Zakaria, AN Jifrin, S N Jaman and R Roslee

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012030
Settlement behaviour of geothermal energy pile under cyclic thermo-axial loads

M H Mohd Satar, A Marto and B A Othman

+ Open abstract ='| View article A PDF

OPEN ACCESS 012031

Application of Analytical Hierarchy Process (AHP) for Landslide Hazard Analysis
(LHA) in Kota Kinabalu area, Sabah, Malaysia

Rodeano Roslee, Kamilia Sharir, Goh Thian Lai, Norbert Simon, Lee Khai Ern, Eldawaty Madran and

Ahmad Syazwan Saidin

+ Open abstract = | View article 2 PDF

ite nses, cookies. By continuing to use this site you agree to our use of cookies. To find out more,

o
\v s =]

see our Privacy and Cookies policy. . .
orrelation o Dynamic and Static Young's Modulus for Limestone

hfips://iopscience.iop.org/issue/1755-1315/1103/1 5/8


https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012025
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012025/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012025/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012026
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012026/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012026/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012027/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012027/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012028
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012028/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012028/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012029
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012029/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012029/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012030
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012030/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012030/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012031
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012031/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012031/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012032
http://ioppublishing.org/privacyPolicy
USER
Rectangle


5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience
Ailie Sofyiana Serasa, Abdul Ghani Rafek, Wan Salmi Wan Harun, Muslim Abdurrahman, Lee Khai Ern,
Nguyen Xuan Huy, Tran Van Xuan, Rodeano Roslee, Mingwei Zhang and Goh Thian Lai

+ Open abstract £’ View article - PDF

OPEN ACCESS 012033

Rock Endpoints and Barriers Estimation of Slope Failure in Pinousuk Gravel Slopes
using Rocfall Simulation

HF W S Erfen and B Musta

4+ Open abstract ='| View article A PDF

OPEN ACCESS 012034

Beach erosion: Threat and adaptation measures of communities in the Tun Mustapha
Park (TMP), Sabah, Malaysia

E Saleh, G Jolis, N F Osman, J Sentian, J Joseph, J Jomitol and N Adin

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012035

Engineering Geological Assessment at Grandview Heights, Paya Terubong, Pulau
Pinang, Malaysia

Nazlin An'Nisa Md Shah, Abdul Ghani Rafek, Ailie Sofyiana Serasa, Wan Salmi Wan Harun,
Muslim Abdurrahman, Lee Khai Ern, Nguyen Xuan Huy, Tran Van Xuan, Rodeano Roslee, Mingwei Zhang et a/

+ Open abstract ='| View article YA PDF

OPEN ACCESS 012036

Buffer Zone Prediction for Simulated Earthquake-Induced Slope Failures in Mesilou,
Kundasang, Sabah, Malaysia

HF W S Erfen and B Musta

+ Open abstract = | View article 2 PDF

OPEN ACCESS 012037
Soil erosion risk under climate change scenarios: A case study in rural area with varying

land uses

J Sentian, C Payus M, F Herman and S K S Kai

+ Open abstract ='| View article YA PDF

OPEN ACCESS 012038

Debris flow susceptibility analysis using a bivariate statistical analysis in the Panataran
River, Kg Melangkap, Sabah, Malaysia

Kamilia Sharir, Goh Thian Lai, Norbert Simon, Lee Khai Ern, Eldawaty Madran and Rodeano Roslee

+ Open abstract ='| View article 2 PDF
This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more,
epENr Rdeaessind Cookies policy. 012(%

https://iopscience.iop.org/issue/1755-1315/1103/1 6/8


https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012032/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012032/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012033
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012033/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012033/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012034/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012034/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012035
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012035/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012035/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012036
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012036/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012036/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012037
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012037/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012037/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012038/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012038/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
http://ioppublishing.org/privacyPolicy
USER


5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

Developing the Earthquake Early Warning and Evacuation Systems (EEWES) for Schools in Ranau
District

Syed Nasirin and Suraya Miskon

+ Open abstract ='| View article A PDF

OPEN ACCESS 012040
Applying Fuzzy Contrast Enhancement on Earthquake Impact Images

Suzelawati Zenian and Rodeano Roslee

+ Open abstract ='| View article A PDF

OPEN ACCESS 012041
Nowcasting Earthquake Occurrence in Sabah

Su Na Chin, Tongkul Felix, Zaturrawiah A. Omar and Roslee Rodeano

+ Open abstract = | View article A PDF

OPEN ACCESS 012042
Seismic Interpretation and Reservoir Static Model: A Case Study in Block MFK, Riau
Province, Indonesia

Ahmad Khairul Azmi, Abdul Ghani Rafek, Ailie Sofyiana Serasa, Wan Salmi Wan Harun, Muslim Abdurrahman,
Lee Khai Ern, Nguyen Xuan Huy, Tran Van Xuan, Rodeano Roslee, Goh Thian Lai et al

+ Open abstract =] View article A PDF
JOURNAL LINKS

Journal home

Journal scope

Information for organizers

Information for authors

Contact us

Reprint services from Curran Associates

This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more, Q
see our Privacy and Cookies policy.

https://iopscience.iop.org/issue/1755-1315/1103/1

7/8


https://iopscience.iop.org/1755-1315
https://iopscience.iop.org/1755-1315/page/scope
http://conferenceseries.iop.org/content/organizers
http://conferenceseries.iop.org/content/authors
http://conferenceseries.iop.org/content/aboutus
http://www.proceedings.com/2156.html
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012039
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012039/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012039/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012040
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012040/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012040/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012041
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012041/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012041/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012042
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012042/meta
https://iopscience.iop.org/article/10.1088/1755-1315/1103/1/012042/pdf
https://iopscience.iop.org/issue/1755-1315/1103/1
http://ioppublishing.org/privacyPolicy

5/24/23, 8:51 AM IOP Conference Series: Earth and Environmental Science, Volume 1103, 2022 - IOPscience

This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out more,

see our Privacy and Cookies policy.

https://iopscience.iop.org/issue/1755-1315/1103/1

physicsworld
WEBINAR

A micro-to-nano
zoom through
a real-world
battery with
X-ray vision

Live webinar
at 6 p.m. BST/
1 p.m. EDT
on 17 May 2023

o

8/8


http://ioppublishing.org/privacyPolicy

IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

H . . ] - Interpreting ultrasonic pulse velocities an
Correlation of Dynamic and Static Young’s —u—"—'eléjnc otoperies of st s bonnet crane.
under compression

MOdUIUS for leestone M R McDonald, S N Gaines and M S

Diederichs

- Effect of microcosmic contact stiffness
heterogeneity on macroscopic mechanical

parameters of rock
Rong Luo and Yihu Zhang

To cite this article: Ailie Sofyiana Serasa et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 1103 012032

- Analysis of Research Procedures for
. h icl line f d d enh Testing Capillary Absorption Properties of
View the article online for updates and enhancements. Rock Materials with Respect to Standard
Requirements
Karol Skowera and Przemyslaw Swiercz

@The Electrochemical Society Learn More & Register

243rd Meeting with SOFC-XVIII

Boston, MA » May 28 - June 2, 2023

This content was downloaded from IP address 103.148.198.139 on 16/05/2023 at 04:54


https://doi.org/10.1088/1755-1315/1103/1/012032
https://iopscience.iop.org/article/10.1088/1755-1315/1124/1/012035
https://iopscience.iop.org/article/10.1088/1755-1315/1124/1/012035
https://iopscience.iop.org/article/10.1088/1755-1315/1124/1/012035
https://iopscience.iop.org/article/10.1088/1755-1315/861/2/022064
https://iopscience.iop.org/article/10.1088/1755-1315/861/2/022064
https://iopscience.iop.org/article/10.1088/1755-1315/861/2/022064
https://iopscience.iop.org/article/10.1088/1757-899X/471/3/032070
https://iopscience.iop.org/article/10.1088/1757-899X/471/3/032070
https://iopscience.iop.org/article/10.1088/1757-899X/471/3/032070
https://iopscience.iop.org/article/10.1088/1757-899X/471/3/032070
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsto05_IG0mNXkPno4fP2LzNSEs2xfBp1aPwPIiaR61jDI078EGChBMEcFhJ1OSoaJnO-RERlooEjNVw0I6syJcQcFzzozQbb8aMDAeNDVJobRjt27ec1_IgD14ayMkoxCQ-TuIMAgupUytxxQ9tX4S_9JUA9MrQGvk8-YhhfXXza6kwiUCSgpfBCSrMfcuCnA1MrzlKlA6u93UEZgNLQD-t8dLxkL7nYI1qRT-KouyY0P_dRWxCEA3fCkovhJzbzJHhfIKL0LimfQIlR1xYQyzWOer25aStXo1RnJnM3D1Zsg&sai=AMfl-YTtQZJQa9onv1tFxnDdk_YS8mk1uBxbYPkglWLbsfR3GD_E2cr12WslpBFBqKLzO6i0u-HLjLviKbhjcVk&sig=Cg0ArKJSzK-cIR7FBblz&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/243/registration%3Futm_source%3DIOP%26utm_medium%3Dbanners%26utm_campaign%3D243REG

Natural Disaster Seminar 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1103 (2022) 012032 doi:10.1088/1755-1315/1103/1/012032

Correlation of Dynamic and Static Young’s Modulus for
Limestone

Ailie Sofyiana Serasa'?, Abdul Ghani Rafek®, Wan Salmi Wan Harun?,
Muslim Abdurrahman®, Lee Khai Ern®, Nguyen Xuan Huy’, Tran Van
Xuan’, Rodeano Roslee®?, Mingwei Zhang'® and Goh Thian Lai81%"

*Corresponding author e-mail: gdsbgoh@gmail.com

!Department of Earth Sciences and Environment, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor Darul Ehsan,
Malaysia

2School of Engineering (Petroleum), Asia Pacific University of Technology &
Innovation (APU), Technology Park Malaysia, Bukit Jalil, 57000, Kuala Lumpur,
Malaysia

3Engineering Geology Advisory, 11, SS21/12, Damansara Utama, 47400, Petaling
Jaya, Selangor D.E., Malaysia

“Jabatan Mineral dan Geosains Malaysia

°Department of Petroleum Engineering, Universitas Islam Riau, Indonesia

®Institute for Environment and Development (LESTARI), Universiti Kebangsaan
Malaysia,43600 UKM Bangi, Selangor Darul Ehsan, Malaysia

"Faculty of Geology and Petroleum Engineering, Ho Chi Minh University of
Technology, VNU-HCM, 268 Ly Thuong Kiet Street, District 10, Ho Chi Minh City
700000, Vietnam

8Natural Disaster Research Centre (NDRC), Universiti Malaysia Sabah,88400 Kota
Kinabalu, Sabah, Malaysia

°Faculty of Sciences and Natural Resources (FSSA), Universiti Malaysia Sabah,88400
Kota Kinabalu, Sabah, Malaysia

OState key Laboratory for Geomechanics & Deep Underground Engineering, China
University of Mining and Technology, Xuzhou 221116, China

Abstract. The application of rock mechanics in the area of geotechnical engineering is
important especially, in describing the strength of rock material for essessing the stability of
excavations, foundations and slopes in rock. In this study, the characterization of the rock
material was investigated through the Young’s modulus parameter, which describes the
relationship between the stress applied to the rock material and the resulting strain. For an
elastic and homogeneous solid, the measurement of Young’s modulus can be determined either
from the static or dynamic measurements. Numerous studies outline the differences between
the Young's modulus obtained from static and dynamic measurement in the laboratory.
Comparatively, the measurement using static methods are more direct and realistic, as it
describes the behaviour of rock deformation until failure occurs. The dynamic methods are
more versatile and continuous, as they rely solely on the measurement of elastic wave
velocities. However, one of the most notable disadvantages of rock material characterization by
means of dynamic methods is that it overestimates the failure of rock material when compared
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to its actual value. With this in mind, the aim of this study is to obtain the measurements of
Young’s modulus using both the static and dynamic methods. Based on the comparison made,
an empirical equation of Es = 0.9264 (Eqy) + 0.4976 with coefficient of determination, R? of
0.8 is obtained for estimating the static Young’s modulus for limestone. The equation is
applicable in situation where static measurement could not be carried out, and also serves as
reliable estimation of Young’s modulus from dynamic measurement.

1. Introduction

Information on the mechanical properties of rock is of paramount importance in the study of rock
mechanics, and it has been applied in several aspects of the geotechnical filed which includes rock
slope stability and strength of foundations [1-5]. The Young’s modulus describes the deformation
stiffness of rock material under applied load. Two methods can be used to measure Young’s modulus;
i.e. static and dynamic methods. The static method involves direct measurement on the deformation of
rock material under monotonically increasing axial load at confining pressures ranging from 1MPa
and 15MPa.

[6] recommends three methods (Figure 1) to calculate the Young’s modulus which are the tangent,
average and secant method. The tangent Young’s modulus, E: is measured at stress level at some fixed
percentage of the ultimate strength, generally taken at a stress level equal to 50% of the ultimate
uniaxial compressive strength. Average Young’s modulus, Eay is determined from the average slopes
of the approximately straight line portion of the axial stress-axial strain curve, while secant Young’s
modulus Es is usually measured from zero stress to some fixed percentage of the ultimate strength,
generally at 50%. The selection of which calculation method to use, depends on design conditions. For
example when design of rock engineering structure is associated with earthquake, secant Young's
modulus (at 100 % ultimate stress) is normally used.

Percent, |

Figure 1.Three methods for calculating Young’s modulus; tangent, average and secant method (after

[7])

The dynamic measurement is an empirical method which involves measurement of the velocity of
propagating elastic waves through rock sample (time taken for the elastic waves to travel from one end
to the other end of the sample). [6] recommends three approach; high frequency, low frequency
ultrasonic pulse, and resonant method. Selection of dynamic measurement depends on several factors
such as length, shape and average grain size of the sample. To calculate the Young’s modulus, 1- or 3-
dimensional equations of wave propagations are used, as shown in the following equations:

Vp=d. tp? Equation (1)
Vs=d. tst Equation (2)
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where, V, is the P-wave velocity, Vs is the S-wave velocity, t, and ts are the time taken by P- and S-
wave to travel through a distance d (length of sample), respectively.

2. Material and Methods

Limestone samples were collected from Gua Kandu, and Gunung Rapat in Ipoh, Perak (Figure 2).
Core samples with height to diameter of 2 : 1 were cored with both end surfaces lapped to the required
conditions. The static measurements were conducted by using the multistage triaxial compressive
strength test which were carried out in the Rock Mechanics and Rock Physics Laboratory, Universiti
Teknologi PETRONAS (UTP). The multistage triaxial compression test provides a measure of the
compressive strength and stress-strain characteristics by simulating in-situ confining pressures, and
measuring the corresponding deformation characteristics of the samples. The test was performed over
a range of confining pressures between 1 MPa and 15 MPa to define the limestone material strength
envelope according to the recommendation of [8]. The apparatus used for the triaxial test is IPC
Global RT-1000 (Figure 3). During the test, the confining pressures were set constant while the axial
stress were increased gradually until the sample approached its maximum peak strength and failed.
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Figure 2.Location of study area is in Ipoh, Perak

The dynamic measurement was conducted by using the Autolab 500 manufactured by Coretest
Systems, Inc. (Figure 4) which were carried out at Rock Mechanics and Rock Physics Laboratory,
Universiti Teknologi PETRONAS (UTP). The Autolab 500 is an automated triaxial compression test
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intended to measure P-wave velocity and S-wave velocities of rock samples under simulated pressure.
The core sample dimensions were measured at 2 inch x 1 inch (height: diameter). The ends of core
samples were trimmed to smooth and flat surfaces to permit maximum transmission of wavelength
from the transducers. Samples were placed inside two pressure vessels that was separated by a
moveable piston. The pressure in each chamber was controlled with high pressure, servo hydraulic
intensifiers. Overburden pressures on the rock were developed in the lower chamber. A differential
stress was exerted on the sample when pressure in the top chamber is greater. Data was displayed in
waveform, and propagation time were read out from the waveform with a high degree of accuracy.

Figure 4. Autolab 500 to measure P-wave and S-wave velocity under simulated pressure

3. Results and Discussion
A total of 15 static and dynamic tests were conducted. The multistage triaxial compression test were
conducted over the range of confining pressures of 1 MPa to 15 MPa. The axial stress-axial strain
curve were plotted and Young’s modulus were calculated by using all three methods. Table 1
summarizes the values of Young’s modulus obtained from static and dynamic methods.

In overall, the minimum, maximum, median, standard deviation and average dynamic Young’s
modulus (Eq) were 6.6 GPa, 9.9 GPa, 9.6 GPa, 0.9 GPa and 9.2 + 0.5 GPa respectively. The
minimum, maximum, median, standard deviation and average Young’s modulus obtained using the
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tangent method were 6.6 GPa, 11.7 GPa, 10.1 GPa, 1.3 GPa and 9.9 + 0.7 GPa respectively. The
minimum, maximum, median, standard deviation and average Young’s modulus obtained using the
average method were 6.8 GPa, 10.4 GPa, 9.2 GPa, 0.9 GPa and 9.0 + 0.6 GPa, while the minimum,
maximum, median, standard deviation and average Young’s modulus obtained using the secant
method were 5.0 GPa, 10.2 GPa, 8.1 GPa, 1.4 GPa and 8.0 £ 0.8 GPa respectively. Table 2
summarized the statistical analysis results of dynamic Young’s modulus (Eqy) and static Young’s
modulus using tangent, average and secant method.

Figure 5 shows the boxplots of dynamic Young’s modulus and static Young’s modulus based on the
tangent, average and secant method. By looking at the boxplot, the skewness for all the modulus data
is negative. This means that more data at the study area has a higher value of Young’s modulus than
the average value.

Table 1.Summary of Young’s modulus values obtained from static and dynamic methods

Static
Sample Dynamic (GPa) Tangent (GPa) A(‘gézge ?gcsgt
GK 5-5(1) 8.8 10.1 8.5 7.2
GK 5-5(2) 9.8 11.7 9.8 8.4
GL-K3 (1) 9.9 9.1 9.3 8.9
GL-K3 (2) 9.6 10.3 9.9 10.2
GL-K3 (3) 9.9 11.7 104 9.8
GL-K5 (1) 6.6 8.4 6.8 6.6
GL-K5 (2) 7.6 6.6 7.2 8.1
GL-K®6 (4) 9.3 9.3 8.8 6.6
GL-K5 (4) 9.5 95 9.2 5.0
GL-KS5 (6) 8.7 9.9 8.5 7.2
GL-K6 (1) 9.0 10.4 9.6 7.5
GL-K®6 (2) 9.6 10.8 8.6 9.0
GL-K®6 (3) 9.8 9.5 9.4 9.5
GR-K1 (1) 9.8 11.2 9.1 8.4
GR-K1 (2) 9.9 10.5 10.1 7.9

The differences between the static and the dynamic values were determined by analyzing the
percentage difference between the two methods. It can be concluded that the percentage difference
between dynamic Young’s modulus and static Young’s modulus calculated using tangent, average and
secant method were 6.6%, 2.1% and 17.7%, respectively. The results show that the values of static
Young’s modulus calculated using the average method has higher similarities with dynamic Young’s
modulus values. Table 3 summarized the percentage difference between dynamic and static Young’s
modulus calculated using tangent, average and secant method.

Table 2.Summary of statistical analysis results of dynamic and static Young’s modulus

. . Standard
Young’s Min. Median - Average
Modulus No. (GPa) Max. (GPa) (GPa) D((eg;;l)on Mode (GPa) (GPa)
Dynamic 15 6.6 9.9 9.6 0.9 9.5-10.0 9.2+05
Tangent 15 6.6 11.7 10.1 13 9.0-11.0 9.9+0.7
Average 15 6.8 10.4 9.2 0.9 85-95 9.0+0.6
Secant 15 5.0 10.2 8.1 14 70-9.0 8.0%0.8
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Based on the percentage difference, the value of the Young’s modulus derived from the average
method was chosen as the static modulus (Es) value since the value does not deviates much from the
dynamic modulus value (Eay). A linear equation of Es = 0.9264 (Eqy) + 0.4976 with the determination
of coefficient, R? of 0.8 is proposed to estimate the value of static Young’s modulus from dynamic
measurement. Figure 6 shows the proposed correlation.

Table 3.Summary of percentage difference between dynamic and static Young’s modulus
Percentage difference between dynamic and static

Sample Young’s modulus
Tangent (%) Average (%) Secant (%)
GK-5-5 (1) -13.0 3.2 22.4
GK-5-5 (2) -16.5 -0.5 16.1
GL-K3 (1) 9.7 7.4 11.9
GL-K3 (2) -7.5 -3.3 -5.8
GL-K3 (3) -15.1 -4.3 2.0
GL-K5 (1) -20.8 -2.8 0.0
GL-K5 (2) 15.3 5.4 -6.0
GL-K6 (4) -0.1 5.9 40.5
GL-K5 (4) 0.8 3.7 90.6
GL-K5 (6) -12.8 1.9 21.1
GL-K®6 (1) -13.4 -5.7 20.1
GL-K6 (2) -11.5 11.4 6.6
GL-K6 (3) 3.8 4.0 3.5
GR-K1 (1) -12.6 7.7 17.5
GR-K1 (2) -54 -1.7 25.2
TOTAL -6.6 2.1 17.7

Methods of Determination

12.07

10.07

Young's
Modulus

(GPa) 8.0

6.0

4.0 T T T T

Dynamic Tangent Average Secant

Figure 5. Boxplots of dynamic Young’s modulus and static Young’s modulus based on the tangent,
average and secant method.
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Figure 6. Proposed linear equation Es; = 0.9264 (Eqy) + 0.4976 (with R? = 0.8) for estimating static
Young’s modulus from dynamic measurement.

4. Conclusions

A total of 15 sets of multistage triaxial compression test and ultrasonic velocity test were conducted on
limestone samples. From the analysis of the axial stress-axial strain curves, the static Young’s
modulus (calculated based on the average method) relates more reliably with the dynamic values as
compared to the tangent and secant method. Correlation equation Es = 0.9264 (Eqy) + 0.4976 has been
proposed for estimating the value of static Young’s modulus from dynamic measurement. This study
presents a useful and reliable approach for estimating static Young's modulus without the need for
carrying out static measurement in the lab.
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