Chy N
"0logy for Empo*®

FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA

SCHOOL OF ELECTRICAL ENGINEERING AND TECHNOLOGY &
SCHOOL OF INFRASTRUCTURE, PROCESS ENGINEERING AND TECHNOLOGY

ENGINEERING CONFERENCE

3,, 4 INTERNATIONAL
IEC 2019

=TS THE ROLE OF ENGINEERING AND
TEGHNOLOGY IN SUSTAINABLE DEVELOPMENT

BLILIKS

PROCEEDINGS

D

DATE:
24TH - 26TH
SEPTEMBER 2019

VENUE:

CHEMICAL ENGINEERING
LECTURE THEATER, FEDERAL
UNIVERSITY OF TECHNOLOGY,

MINNA, NIGER STATE

— CNUEDITED BY 7

ENGR. DR. S.M. DAUDA, ENGR. DR. A.U. USMAN, ENGR. DR. U.S. DAUDA,
ENGR. M. ABUBAKAR, ENGR. DR. E.A. AFOLABI, ENGR. DR. .M. ABDULLAHI,
ENGR. DR. (MRS) I.H. MUSTAPHA, ENGR. A.S. AHMAD, ENGR. ].G. AMBAFI,
ENGR. T.A. FOLORUNSO, ENGR. U.U. BUHARI, ENGR. DR. OPE OSANAIYE,
ENGR. A. YUSUF



SCHOOL OF ELECTRICAL ENGINEERING AND TECHNOLOGY &
SCHOOL OF INFRASTRUCTURE, PROCESS ENGINEERING AND TECHNOLOGY

31'(1

INTERNATIONAL

ENGINEERING CONFERENCE
IEC 2019

DATE: 24TH - 26TH SEPTEMBER 2019
==Y THE ROLE OF ENGINEERING AND
TECHNOLOGY IN SUSTAINABLE DEVELOPMENT

MEMBERS OF THE CONFERENCE ORGANISING COMMITTEE

Engr. Dr. S.M. Dauda
Engr. Dr. A.U. Usman

Chairman
Co-Chairman

Engr. Prof. R.A. Muriana Member
Engr. Dr. TW.E. Adejumo Member

TECHNICAL COMMITTEE

Engr. Dr. U.S. Dauda
Engr. Dr. Eyitayo Afolabi
Engr. Dr. A.l. Mohammed
Engr. Dr. (Mrs) H.l. Mustapha
Engr. A.S. Ahmad

Engr. J.G. Ambafi

Engr. T.A. Folorunso
Engr. Buhari U. Umar
Engr. Dr. Ope Osanaiye
Engr. A. Yusuf

Engr. M. Abubakar

Chairman
Member
Member
Member
Member
Member
Member
Member
Member
Member
Secretary

WELFARE COMMITTEE

Engr. Dr. M.D. Yahya
Engr. Prof. R.A. Muriana
Engr. Dr. A.J. Otaru
Engr. Dr. E.A. Afolabi
Engr. A. Yusuf

Engr. Dr. B.A. Orhevba

Chairman
Member
Member
Member
Member
Secretary

E INTERNATIONAL
I ENGINEERING CONFERENCE
IEC 2019

Engr. Dr. U.S. Dauda Member
Engr. Dr. M.D. Yahya Member
Engr. Dr. B.A. Orhevba  Member
Engr. Dr. Michael David Secretary

LOGISTIC COMMITTEE

Engr. Prof. R.A. Muriana Chairman
Engr. D.N. Kolo Member
Engr. Essien Akpan Member
Mr. Idris Akintunde Member
Mr. Mohammed Shehu Member
Engr. Dr. TW.E. Adejumo Secretary
FINANCE COMMITTEE
Engr. Dr. B.A. Orhevba Chairman
Engr. Prof. 0.A. Olugboji Member
Engr. Dr. M.D. Yahya Member
Engr. Dr. H.l. Mustapha Member
Engr. Bello Abdulkadir Member
Engr. Buhari Umar Member
Engr. Dr. M. Alhassan Secretary

ICT COMMITTEE

Engr. Dr. Bala A. Salihu Chairman
Mr Emmanuel Abba Member
Mr Alenoghena Benjamin Member




2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

CONTENTS
Content Page
Cover Page i
Table of Content ii
Forward ix
Acknowledgement X

Statistical Optimization of Biodiesel Production from Jatropha Qil Using Calcined Snail Shell Catalyst
Afangide, U. N., Olutoye, M. A, & Aberuagba, F. 1-5

Development of AgNPs-MWCNTs Adsorbent for Seawater Treatment
Mohammed, S. M., Muriana, R. A, Agboola, J. B, Abdulkareem, A. S., Kariim, I., & Yahya, M. D. 6-14

The Role of Engineering and Technology and Sustainable Development Reducing Carbon Emission
with Green and Sustainable Build Environment
Hashimu, L., Halilu, A, A., & Sani, |. 15-23

Optimization and Kinetics Study of Biodiesel Synthesis from Beef Tallow Using Calcium Oxide from Limestone
Ogunjobi, T. O., Olutoye, M. A. & Aberuagba, F. 24-33

Column Adsorption Studies of Textile Wastewater Using Iron Oxide Nanoparticles doped Zeolite A
Alaya-Ibrahim, S., Kovo, A.S., Abdulkareem, A.S., Adeniyi, O.D. & Yahya, M.D. 34-43

A Comprehensive Review on Use of Poly Electrolyte Complex PEC as an Adsorbent for the Removal
of Heavy Metals From Aqueous Solution.
Achanya, B. E. & M., Auta 44 -52

Computational Fluid Dynamics Simulation of FCC Regenerator of a Refinery
Usman, A. A., Onifade, K.R., Mohammed, I. A., & Garba, M.U. 53-60

Assessment of Factors Affecting Stakeholder Management in Nigeria Construction Projects
Okosun, B. 0., Idiake, J.E., Oyewobi, L.O., & Shittu, A.A. 61-64

Effect of Partial Replacement of Fine Aggregate with Sawdust in Light Weight Concrete
Production using Blda Natural Stone as Coarse Aggregate
Alhqji B., Abubakar M., Yusuf A., Oritola S. F, Mohammed S. & Kolo D. N. 65 -69

Quality Assessment of Locally Available Selected Cements in Nigeria
Muftau, O. S., Abdullahi, M., & Aguwa, J. I. 70-76

Development of Mix Design Guide for Normal Weight Concrete using Locally Available Materials
Okoh S. O.; Abdullahi M.; & Alhaji, B. 77 -82

Comparative Evaluation of Strength of Compacted Lateritic Soil Improved with Microbial-Induced
Calcite Precipitate
K. J. Osinubi, E.W. Gadzama, A. O. Eberemu, & T. S. ljimdiya 83-91

Effects of Urban Growth on Surface Temperature in Parts of Katsina State, Nigeria
Abdulsamad Isah & Abubakar A.S. 92 -98



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Kinetic Modelling and Error Analysis of the Bioremediation of Used Motor Qil Contaminated Soil Using Palm Bunch
Ash as Stimulant
Abdulyekeen, K. A., Aliyu, A, Abdulkarim, A. Y, Salis, A., & Abdulkarim, A. S. 99-103

Quantitative Risk Analysis for Communication Satellite Payload
Babadoko, D . M, & lkechukwu, A. D. 104 -113

Characterization and Grading of South Eastern Nigerian Grown Mangifera Indica Timber in
Accordance with British Standard 5268
Mbakwe C.C., Aguwa J.l., & Oritola S.F. 114-120

Characterization of Palm Kernel Shell as Lightweight Aggregate in Concrete Production
Sunday 1.0., Aguwa J.I. & Auta S.M. 121-125

Integrated Geophysical Investigation of the Failed Portion of Minna-Zungeru Road,
Minna Niger State
Osheku, G. A., Salako, K. A, & Adetona, A. A 126 -132

Partial Replacement of Fine Aggregate with Waste glass in Concrete made from Bida
Natural Aggregate
Alhdgji B., Kolo, D. N., Abubakar M., Yusuf A., Abdullahi, A. and Shehu, M. 133 -137

Assessment of the Compressive Strength of Concrete Produced with Fine Aggregate
from Different Locations in Minna
Aminulai, H. O., Abdullahi, A., Abdulrahman, H. S., Alhdgji, B., Joseph, O. F., Aliyu, S. Y. 138 - 143

Response Surface Optimisation of the Adsorption of Cu (Il) from Aqueous Solution by Crab Shell Chitosan
Babatunde E. 0., Akolo S. A., Ighalo J. O. & Kovo A. S. 144 - 151

The Linear Transformation of a Block Hybrid Runge-Kutta type Method for Direct
Integration of First and Second Order Initial Value Problem
Muhammad, R., Yahaya, Y.A., & Abdulkareem, A.S. 152 -154

Groundwater Potential Mapping in Bosso Local Government Area, Niger State, Nigeria
Abubakar, U.B. & Muhammed, M. 155-159

Optimization of Synthesis Parameters of Silica from Bentonite Clay Using Acid Leaching
Ogwuche, A. S., Auta, M., & Kovo, A. S. 160-163

Chemical and Mineralogical Characterization of Locally Sourced Nigerian Clay
Sumanu, 0. M., Dim, P.E. & Okafor, J. O. 164 - 167

Production and Optimization of Bioethanol from Watermelon Rind using
Saccharomyces Cerevisiae

Igbonekwu, C. A., Afolabi, E. A., Nwachukwu, F.O. 168 - 173

Use of Carbide Waste as a Mineral Filler in Hot Mix Asphalt
Murana, A.A. & Musa, Y. 174 - 182

Review of Bio Qil Upgrading from Biomass Pyrolysis
Abdullahi, M. A, Garba, M. U, Eterigho E. J, & Alhassan, M. 183 -192



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Optimization study of Deacetylation Process in the Synthesis of Chitosan from Red Shrimp
Using Response Surface Method
Atanda, A. S, Jimoh, A. & Ibrahim, A.A.

Optimisation Study on the removal Pb(ll), Cd(Il) and Ni(ll) from Pharmaceutical Wastewater
using Carbonized African Giant Snail Shell (Archachatina marginata) as an Adsorbent.
Olanipekun, O., Aboje, A. A, Auta, M.

Ground Electromagnetic Prospecting for Potential Ore Mineralisation Zones in
Tsohon- Gurusu Area of Minna, North Central Nigeria
Ogale, O. D, Rdfiu, A. A., Alhassan, D. U., Salako K. A., Adetona A. A. & Unuevho C.

Magnetic and Geoelectrical Prospecting for Gold Mineralisation Within Tsohon-Gurusu Area,
Part of Sheet 164 Minna, North-Central Nigeria
Omugbe, L. E, Salako, K. A, Unuevho, C.1, Rdfiu, A. A, Alhassan, D. U, Ejepu, J. S, & Adetona, A. A.

Road Stabilization Using Cold Bitumen for Low Traffic Road
Kolo S. S., Jimoh, Y. A., Alhaji, M.M, Olayemi, J. & Shehu, M.

Sawdust Ash Stabilization of Weak Lateritic Soil
Kolo S. S., Jimoh Y. A., Yusuf I. T, Adeleke O. O., Balarebe, F. & M. Shehu

Radio Refractive Index and Refractive Index Gradients Variation in a Tropical Environment
.M. Tukur, K.C. Igwe & J.O. Eichie

Vocational and Technology Education: A Viable Entrepreurship Tool for Rapid Economic Growth
Kareem, W.B., Abubakar, H.O. (Mrs.), Onuh, J., Abdulrahaman, T.S., Abdullahi S.M.

A 2-Step Hybrid Block Backward Differentiation Formula for the Approximation of Initial
Value Problems of Ordinary Differential Equations
Akintububo, Ben.G & Umaru Mohammed

Significant Delay Factors Affecting Completion Time of Public Sector Construction Projects in Niger State
Mamman, J. E., Abdullahi, A. H., Isah, L. M.

Communication Frequency and Effectiveness on Construction Sites in Abuja, Nigeria
Mamman, J.E., Abdullahi, A.H. & Isah, M.L.

Contribution of Quality Management Practices towards Building Collapse in Nigeria
Yunusa, H., Makinde, J. K., & Oke, A. A.

Assessment of Ethical Practices at Different Stages of Public Housing Delivery in Nigeria
Oluwadare, D. O. & Idiake, J. E.

Participation of Female Quantity Surveyors in the Nigerian Construction Industry
Nnamoko, C. E

Performance Evaluation of WUPA Wastewater Treatment Plant Idu-Industrial Area, Abuja
Saidu, M., Adesiji, A. R., Asogwa, E.O., Jiya, A.M. & Haruna, S.1.

Evaluation of Strength Characteristics of Compacted Deltaic Chikoko Clay Stabilized with Rice Husk Ash
T.W.E. Adejumo & B. B. Olanipekun

193 -204
205 -215
216 -222
223-228

229-233
234-238
239 - 243
244 -249
250 — 254
255 - 260
261-269
270-277
278 -285
286 — 292
293 - 296
297 -303



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Empirical Impact Evaluation of Sales Promotional Mix on Sachet -Water Product Distribution
on Enterprise Performance: A Survey of Selected Sachet- Water Outfits in Niger State
Adima Julius Osaremen

Assessing the Level of Readiness to Adopt Building Information Modelling (BIM)
Amongst Built Environment Professionals In Selected Northern Nigerian States
Abubakar, I. T. & Oyewobi, L. O.

Design and Implementation of an SMS-based dynamic matrix LED Display Board
Habibu, H., Chukwu, E . C., Latifa, Y., Haris, M. Y.& Okosun, O. E.

An Improved User Pairing, Subchanneling, and Power Allocation Algorithm For 5G Noma System.
Muhammad Z.2Z., Tekanyi A.M.S., Abubilal K.A., Usman A. D., Abdulkareem H. A. & Kassim A. Y.

Automation of Agricultural Machinery Operation Systems; An Imperative for Sustainable Development
Bala Ibrahim

Electricity Generation using Locust Bean Waste and Coal in a Molten Carbonate Direct Carbon Fuel Cell
Yakubu E., Adeniyi, O.D., Alhassan M., Adeniyi, M.I., Uthman H., and Usman A.A.

Design of a Programmable Solid State Circuit Breaker
Ajagun, A. S., Abubakar, I. N., Yusuf, L. & Udochukwu P. C.

Design of an Arduino Based RFID Line Switching Using Solid State Relay with Individual Phase Selection
Ajagun, A. S., Yusuf, L., Abubakar, I. N. & Yusuff, S. D.

Development of an Improved Adaptive Hybrid Technique to Mitigate Cross-Tier Interference
in a Femto-Macro Heterogeneous Network
Kassim, A. Y., Tekanyi, A. M. S., Sani, S. M., Usman, A. D., Abdulkareem, H. A. & Muhammad, Z. Z.

The Level of Awareness of Electrical Safety Among Energy Users in Sokoto State
Umar, A., Abubakar, I. N., Yusuf, H. M. & Okosun, O. E.

Phytoremediation of Soil Contaminated with Brewery and Beverage Effluents using Cynodon dactylon
Mustapha, H., Ehichoya, C. S & Musa, J. J

Application of Dreyfus Model of Skills Acquisitionin Curbing Youth Unemployment Among
the Motor vehicle Mechanic Students’ in Nigeria
Aliyu Mustapha, Abdulkadir Mohammed, Abubakar Mohammed Idris & Benjamin Oke

A Numerical Analysis of Convective Heat Transfer Rate from A Wavy Fin Projecting Horizontally
From A Rectangular Base
Okon, J. O.

Towards A Hybrid MQTT-COAP Protocol for Data Communications In Wireless Sensor Networks
Nwankwo, E. I, Onwuka, E. N& Michael, D.

Toward a Hybrid Technique for Friends Recommendation System in Social Tagging
Usman Bukar Usman

Towards A Model for Aspect Based Sentiment Analysis of Online Product Review
Abdulganiyu, O. H. & Kabiru, U.

304 - 312
313-323
324-329
330337
338-343
344 349
350 — 354
355 - 361
362 - 370
371-376
377384
385 -390
391 - 396
397 — 403
404 - 410
411-418



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Parametric Oscillations in Electric Oscillatory System
Enesi A.Y., Ejiogu. E. C. 419 -423

Fenestration Effect on the Adequacy of Classroom UDD
Azodo, A. P., Onwubalili, C. & Mezue T. C. 424 - 431

Prediction of Upper Limb Functional Ability in Post-Traumatic Patients Using Machine Learning.
Zaiyanu Nuhu, Yeong Che Fai, Elijah David Kure, Ibrahim B. Shehu, Mahmoud Mustapha,
Rabiu Al-Tanko & Khor Kang Xiang 432-441

Arduino Based Automatic Irrigation System
Ibrahim Bashir Shehu, Zayyan Nuhu & Rbiu Altanko Ummaisha 442 — 448

Production and Application Potentials of Sugarcane Bagasse Reinforced Polymer
Composites for Acoustic Control
Sanda Askira Damboama 449 - 456

Electromagnetic Field analysis of a Single-phase Induction Motor based on Finite Element Method
Omokhafe J. Tola, Edwin A. Umoh, Enesi A. Yahaya, Chika Idoko, Ayo Imoru 457 — 463

Parameter Investigation and Analysis for Elite Opposition Bacterial Foraging Optimization Algorithm
Moaliki, D, Muazu, M.B, Kolo, J.G, & Olaniyi, O.M. 464 - 471

Multi-Access Edge Computing Deployments for 5G Networks
Mosudi, I. O, Abolarinwa, J, & Zubair, S. 472-479

Suitable Propagation Models for 2.4 GHz Wireless Networks: Case Study of Gidan Kwano
Campus, FUT MINNA.
Ogunijide, S. B., Usman, A. U., & Henry, O. O. 480 — 488

A Survey on Mobile Edge Computing: Focus on MEC Deployment,
Site Selection Problems and Application Scenarios.
Atolagbe, M. I, Osanaiye, O. 489 — 496

Influence of Processing Techniques and Packaging Materials on Anti- Nutritional Properties of Soybean Flour
Orhevba, B. A., Anehi, A. & Obasa, P. A. 497 - 503

Prospects and Challenges of Off-Grid Power Generation For Rural Communities in Nigeria — Theoretical Perspective
Dangana Audu & lkechuku A. Diugwu 504 - 509

Spectrum Occupancy Measurement in the VHF Band- Results and Evaluation in the Context of Cognitive Radio
Ajiboye, J.A, Adegboye, B.A, Aibinu, A.M, Kolo, J.G 510-514

Modelling and Simulation of Adaptive Fuzzy-PID Controller for Speed Control of DC Motor
Timothy Onyechokwa, Adegboye B. A. & A.S. Mohammed 515-520

Implementation of Remote Patient Monitoring System using GSM/GPS Technology
Umar Abdullahi, Salihu Aliyu Oladimeji, Waheed Moses Audu, Muslim Saidu, Manasseh Wayo 521-527

Comparism of Adaptive Neuro Fuzzy Inference System and Support Vector Machine for the Prediction of

Immunotherapy Warts Disease
Abisoye,B.0, Abisoye, O.A, Kehinde Lawal, Ogunwede E mmanuel 528 —536

Vi



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Prediction of Epileptic Seizure using Support Vector Machine and Genetic Algorithm
Abisoye, O. A, Abisoye, B.O, Ekundayo Ayobami, & Ogunwede Emmanuel

The Prediction of Cervical Cancer Occurence Using Genectic Algorithm and Support Vector Machine
Abisoye, O. A, Abisoye, B.O, Ekundayo Ayobami & Kehinde Lawal

Performance Evaluation of Ant Lion Optimization and Particle Swarm Optimization for Uncapacitated
Facility Location Problem (UFLP)
Shehu Hussaina & Morufu Olalere

Potential, Barriers and Prospects of Biogas Production in North- Central Nigeria
Ahonle Jennifer Eferi & Adeoye Peter Aderemi

Design Analysis of Manually Operated Machine for On-Row Transplanting of Paddy Rice
Ibrahim, T. M., Ndagi, A., Katun. I. M. & Anurika, U. A.

Investigation of Vulnerability of Oil and Gas Critical Infrastructures and Developing a Tracking
Algorithm to track Malicious Attacks on the Streams
Isah, A.O., Alhassan, J.K, Idris, I., Adebayo, O.S., Onuja, A. M.

Optimization of Process Variables in Bio-Waste Based Activated Carbon Preparation Using Response
Surface Methodology.
Onuoha, D. C., Egbe, E. A. P., Abdulrahman, A. S. & Abdulkareem, A. S.

Development of a Petroleum Pipeline Monitoring System for Detection, Location and Characterization
of Damages in Pipes
Aba, E. N, Olugbaji, O. A, Nasir, A, Oyewole, A, & Olutoye, M. A.

Analysis of Maximum Power Point Tracking (MPPT) Techniques under Different Atmospheric Conditions:

Technical Review
Dania, D. E, Tsado, J, Nwohu, M, & Olatomiwa, L.

Development OF Briquette-Powered Water Distiller
Muhammadu M. M, Unugbai, J. A, Bako M. D., Abubakar J. A.

Impact of SVC and DG Coordination on Voltage Constrained Available Transfer Capability (VSATC)
Sadiq A. A, Adamu S. S, Abubakar I. N. & Yusuf L.

Construction of a Solar Powered Battery Forge
Adimula, M. G., Abubakre, O. K., Muriana, R. A.

Financial Assessment of the Flood Risk Preparedness of Some Selected States in Nigeria
Idachaba , A, Makinde, J & Oke, A.

Development of Spin Dryer Machine
Alhassan T. Yahaya & Muhammadu M. M.

Assessement of Quality Control Management in Sachet Water Packaging
T.J Bolaji and A.A. Abdullahi

Survey of Tractor Usage and Parts Breakdown in Niger State, Nigeria
Dauda, S. M., Abdulmalik M.K., | syaku M. I., Fr ancis A.A. & Ahmad D.

vii

537 -542

543 - 549

550 -558

559 -564

565-572

573 -580

581 -589

590 -598

599 - 608

609 -614

615-619

620 -625

626 — 631

632 - 641

642 — 648

649 — 654



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

Development of an Inspection Methodology for Peugeot 508
Bala Dauda & James Oseni Abu

Design and Fabrication of Banana Fiber Extractor machine and Performance Evaluation
for the Reinforcement of Composites
Odii Kinsley Chika & Ademoh N.A.

Optimisation of Biodiesel Production from Sandbox (Hura Crepitans) Seed Qil
Usman M., Adebayo S., Aliyu M. & Dauda, S. M.

A Multi-source Broadband Radio Frequency Energy Harvester with Cascaded Diversity
Combiner for Mobile Devices
lhemelandu, J. C., Onwuka, E. N., David, M., Zubair, S. & Ojerinde O. A.

Artificial Neural Network (ANN), a Formidable Tool for Atmospheric Forecasting. A Review
Usman M.N., Aku I.G. & Oyedum O.D.

Development of a Model for Generation of Examination Timetable Using Genetic Algorithm
Ahmed A., Umar B. U., Abdullahi I. M., Maliki. D., Anda I. & Kamaldeen J. A.

Smart Protection of Vehicle using Multifactor Authentication (MFA) Technique
S. Aliyu , Umar Abdullahi, Majeedat Pomam, Mustapha Hadfiz, Adeiza Sanusi, & Sodiq Akanmu

Development of Production Frame Work to Mitigate Corrosion in Under Groung Tanks
Emenuwe Vincent & Aliyu Abdullahi

Physical Property Modification of Vegetable Bio-Cutting Oil Using Garlic as EP Additive
Sanni John

Soil Moisture and Nutrients Control: An Automated Design Proposal
Mustapha Mohammed, Elijah David Kure & Yusuf Mubarak

viii

655 - 660

661 - 667

668 — 676

677 — 683

684 — 692

693 - 700

701-710

711-715

716 -719

720-727



2" International Engineering Conference (IEC 2017)
Federal University of Technology, Minna, Nigeria

FORWARD

The School of Engineering and Engineering Technology, Federal University of Technology, Minna, organized the 1st
and 2" International Engineering Conference in 2015 and 2017 respectively. With the emergence of the new School
of Electrical Engineering and Technology and the School of Infrastructure, Process Engineering and Technology, the
two schools came together to organize this 3™ International Engineering Conference (IEC 2019) with the theme:
“The Role of Engineering and Technology in Sustainable Development” considering the remarkable attendance and
successes recorded at the previous conferences. The conference isaimed at offering opportunities for researchers,
engineers, captains of industries, scientists, academics, security personnel and others who are interested in
sustainable solutions to socio-economic challenges in developing countries; to participate and brainstorm on ideas
and come out with a communiqué, that will give the way forward. In this regard, the following sub-themes were
carefully selected to guide the authors’ submissions to come up with this communiqué.

Engineering Entrepreneurship for Rapid Economic Growth.

Regulation, Standardization and Quality Assurance in Engineering Education and Practice for Sustainable

Development.

Solutions to the Challenges in Emerging Renewable Energy Technologies for Sustainable Development.

Electrical Power System and Electronic as a Panacea for Rapid Sustainable Development

Promoting Green Engineering in Information and Communication Technology

Reducing Carbon Emission with Green and Sustainable Built Environment

Acrtificial Intelligence and Robotics as a Panacea for Rapid Sustainable Development in Biomedical

Engineering

. Petrochemicals, Petroleum Refining and Biochemical Technology for Sustainable Economic Development.

9. Advances and Emerging Applications in Embedded Computing.

10. Traditional and Additive Manufacturing for Sustainable Industrial Development.

11. Emerging and Smart Materials for Sustainable Development.

12. Big Data Analytics and Opportunity for Development.

13. Building Information Modeling (BIM) for Sustainable Development in Engineering Infrastructure and
Highway Engineering.

14. Autonomous Systems for Agricultural and Bioresources Technology.

N =

No g k~ow

The conference editorial and Technical Board have members from the United Kingdom, Saudi Arabia, South
Africa, Malaysia, Australia and Nigeria. The conference received submissions from 4 countries namely: Malaysia,
South Africa, the Gambia and Nigeria. It is with great joy to mention that 123 papers were received in total, with 0.9
acceptable rate as a result of the high quality of articles received. Each of the paper was reviewed by two personalities
who have in-depth knowledge of the subject discussed on the paper. At the end of the review process, the accepted
papers were recommended for presentation and publication in the conference proceedings. The conference proceedings
will be indexed in Scopus.

On behalf of the conference organizing committee, we would like to seize this opportunity to thank you all for
participating in the conference. To our dedicated reviewers, we sincerely appreciate you for finding time to do a
thorough review. Thank you all and we hope to see you inthe 4" International Engineering Conference (IEC
2021).

Engr. Dr. S. M. Dauda
Chairman, Conference Organizing Committee
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ABSTRACT

The paper is aimed at characterization and grading of South Eastern Nigeria grown mangifera indica in accordance
with British Standard 5268 (2002). The specimens used in the experiment were obtained from Oluluofo in Alor
Anambra State, South Eastern Nigeria. The samples were carefully selected, personally sliced into 600mm length and
300mm width for easy transportation in its green state. Samples were seasoned naturally for six months and prepared
in accordance with British Standard 373(1957). The following laboratory test were carried out: bending parallel to the
grain, tension parallel to the grain, tension perpendicular to the grain, compression parallel to the grain, compression
perpendicular to the grain, shear parallel to the grain, moisture content and density. In accordance with British
Standard 5268 the moisture content of 12% values were determined by adjusting the laboratory experiment of physical
and mechanical properties of the timber specie. The analyses of the result were done statistically and computation of
basic and grade stresses were done using experimental failure stresses. The result obtained from grade bending stress,
density and mean modulus of elasticity shows that, mangifera indica can be graded and assigned to strength class C24
(softwood) . It can be used for cladding, decking, flooring, panelling, furniture and cabinets but cannot be used for

load bearing structures.

Keywords: Characterization, Grading, Nigeria grown timber, Soft wood, and Three point bending.

1. INTRODUCTION

. The use of timber as a structural material has been dated
over centuries ago, due to its availability in nature. Timber
refers to wood in the form that is suitable for construction
of carpentry, joinery or for reconversion for
manufacturing purposes (Aguwa, 2010). There is high
demand for timber as a building material. From building
construction to furniture making, timbers have numerous
uses. These uses have made timber an important building
material.

Timber as a structural material serves various purposes
which include bridge construction, beam, trusses, girder,
piles, deck member, retaining structures and railways
slippers.

Different wood species have different strength
characteristics. And also within a species these
characteristics may vary. Therefore, in practice, a
classification system of strength classes is used (Jamala,
et al., 2013). The strength of a timber depends on its
species and the effects of certain growth characteristics
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(Yeomans, 2003) therefore there is need to determine the
physical and mechanical properties of each timber before
it is used as structural materials in construction.

Grading of timber species is the process of grouping a
timber with similar properties. Different species of timber
used in construction can be grouped into two, softwood
and hardwood. Softwood is the timber from conferral
trees, they are gymnosperms, its leaves are needle like in
shape, less dense, light in color, create more branches or
shoots, they are usually wood from cones and
occasionally nuts. Soft wood are used for home wood
working projects , used for cladding, decking, flooring,
paneling, structural framing, beams poles, bench tops,
furniture and cabinets. Hardwoods are obtained from
deciduous trees. They are basically angiosperms; the
fibers are quite close and dense, normally these are dark
coloured woods, durable and last for several decades.
They are used for load bearing structures like railway
sleepers and bridge beam.
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Timbers as a natural product are not excluded from defect.
A defect is any irregularity occurring in or on the timber
which may lower its strength, durability, utility value or
diminish its appearance. Defects may be 'natural’ which
occur whilst the tree is growing, or ‘artificial' as a result of
poor conversion, seasoning or handling after felling.
Natural defects like Knots occur where branches have
grown out of the tree trunk. Seasoning is the process of
adjusting the moisture content of the wood, which can be
achieved through exposing the felling timber to dryness
within a given period of time or by the use of kiln to
achieve its reduction in moisture content, during
seasoning of timber, exterior or surface layer of the timber
dries before the interior surface. So, stress is developed
due to the difference in shrinkage. In a perfect seasoning
process, stress is kept minimum by controlling the
shrinkage. The process of cutting a fell timber into
different market sizes is known as conversion of timber.
Artificial defects can occur in a timber as a result
improper cutting or machine notches during conversion.

Nigeria is one of the countries that have timber in surplus
quantity (Jimoh and Aina, 2017). There is need to
determine the strength properties and grading of our
locally grown timber species so as to aid in choosing a
timber that is free from defect and suitable for a specific
construction, and also reduce the high rate of demand of
concrete and steel in construction. Construction activities
based on these locally available raw materials are major
steps  towards industrialization and  economic
independence for developing countries. This explains
huge interest and considerable intellectual resources being
invested in understanding the mechanical or structural
properties of the Nigerian timber (Aguwa and Sadiku,
2011). The demand for timber is unlimited as it continues
to increase rapidly in Nigeria.

Mangifera indica is a large, evergreen tree with a dark
green, umbrella-shaped crown; it can grow from 11-46
metres tall. The long bole can be 0.7-1.5 metres in
diameter. Mostly planted in south eastern part of Nigeria,
and north central. There is need to determine the physical
and mechanical properties of mangifera indica since it is
locally grown and used as structural materials in
construction. Some timber strength properties listed in
British Standard or European code were based on timber
obtained from trees in those areas and the laboratory tests
were conducted there (Aguwa, 2010). The determined
properties like density, grade bending stress and mean
modulus of elasticity were used for grading and assigning
strength class according to international code (British
Standard 5268 part 2, 2002).

The aim of this study was to characterize and grade South
Eastern Nigeria grown mangifera indica timber in
accordance with British Standard 5268 (2002).The
specific objectives were to collect, season, prepare
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samples of mangifera indica, determine its physical and
mechanical properties according to British Standard 373
(1957) and to grade mangifera indica timber specie in
accordance with British Standard 5268 (2002).

2. METHODOLOGY

The materials used in this study were obtained from
mangifera indica tree at its green condition sawn to size
200mm x 450mm x 4500mm and were reduced to 100mm
X 300mm x 600mm for easy transportation to university
of llorin for seasoning, preparation and testing.

PREPARATION OF TEST SPECIMENS IN ACCORDANCE WITH
B.S 373 (1957)

Test specimens were seasoned for six months to attain
equilibrium moisture condition at Department of Civil
Engineering Laboratory, University of llorin, Nigeria.
Natural seasoning method was adopted in line with
Aguwa (2010). Thirty (30) samples each were prepared
for six different laboratory tests which include three point
bending strength parallel to the grain, shear strength
parallel to the grain, tension strength parallel to the grain,
tension strength perpendicular to the grain, compressive
strength parallel to the grain, compressive strength
perpendicular to the grain, natural moisture content and
density according to BS 373 (1957).

DETERMINATION OF PHYsicAL AND MECHANICAL
PROPERTIES.

Physical and mechanical properties were determined on
the prepared samples in the Laboratory of university of
llorin, Kwara State using Universal Testing Machine
(UTM), Testometric M500-100AC of 300kN capacity.
Thirty (30) samples of each of the following test were
carried out three point bending strength parallel to the
grain, shear strength parallel to the grain, tension strength
parallel to the grain, tension strength perpendicular to the
grain, compressive strength parallel to the grain,
compressive strength perpendicular to the grain, total of
one hundred and eighty (180) samples were carried out
according to BS 373 (1957) including natural moisture
content and density. In each set of the tests, failure loads
were recorded for computation of failure stresses, mean
failure stress, standard deviation and coefficient of
variation. The corresponding load deformation graphs
were plotted automatically.

STRESSES AT 12% MOISTURE CONTENT.

Failure stresses for bending parallel to the grain,
tension parallel to the grain, compression parallel to the
grain, compression perpendicular to the grain and shear
parallel to the grain were adjusted to values at 12%
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moisture content in accordance with BS 5268 (2002).
Equation (1) was used for the adjustment.

FM12 = FW + o(W — 12) (1)
Thus
FM12= failure stress at 12% moisture content,

w=experimental moisture content in (%), FW =
experimental failure stress, ¢ = correction factor (Bending
= 0.05, compression = 0.04 and shear = 0.03).

MODULUS OF ELASTICITY AT 12% MOISTURE CONTENT

Based on three points bending test, Equation (2) from
the strength of materials applied to straight beams was
used, in conformity with lzekor et al. (2010).

L3
Thus
ELS3 is the three point bending modulus of elasticity, £ is
the distance between the two supports (280mm), e is the
width of the beam (20mm), h is the height of the beam
(20mm) and k is the slope of load deformation graph that

. P - .. .
is — . Minimum modulus of elasticity was determined

with Equation (3) which shows the relationship between
mean modulus of elasticity, Emean and the minimum
modulus of elasticity, Emin.

Emini £ 2.330 3)
mnimum = cmean —
VN

Thus
N is the number of specimens, o is the standard deviation.

MODULUS OF ELASTICITY AT 12% MOISTURE CONTENT

Moduli of elasticity at experimental moisture content
were adjusted to values at 12% moisture content in
conformity with BS 5268 (2002). The adjusted values
were computed with Equation (4).

Emiz — Emeasured 4
M = 14 00143(12 — ), )
Thus
E measured = the modulus of elasticity at experimental

moisture content, Em12 = Modulus of elasticity at 12%
moisture content and U = experimental moisture content.

DETERMINATION OF MOISTURE CONTENT

The pieces used for moisture content determination
were from failed tested specimens. The samples were
weighed and initial mass were recorded as M; which
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represent masses of wood pieces before the oven dried.
The samples were reweighed after oven dried at a
temperature of 103+ 2°C to a stable mass which were
recorded as M, (final mass). The average mass of the
species were recorded to determine the masses (M, and
M,) used for moisture content value.

c=ML-MZ ooy 5)
T M2 ”

Thus

M, (kg) =initial mass (mass of timber and moisture
content)

M, (kg) = final mass (mass of timber alone) that is mass
after oven dried.

DETERMINATION OF DENSITY

Five samples of the timber with size
20mmx20mmx20mm were used for the determination of
the density in accordance with BS 373 (1957). Density
was calculated using Equation (6).

p= ;; (6)

Thus

m= the mass of the specimen, v = volume of the specimen

DENSITY AT 12% MOISTURE CONTENT

The densities computed from test results in kg/m?
were adjusted to values at 12% moisture content in
accordance with BS 5268 (2002). Equation (7) was used
for the adjustment.

3 (1-05wWw-12)

12 = 1 7
p pw 100 , (7)
Thus

pl2= density at 12% moisture content in kg/m3, pw =
density at experimental moisture content, w=

experimental moisture content in percentage (%).

BASIC AND GRADE STRESSES

Basic stresses for bending, tensile, compressive, shear
parallel to the grain, compressive stress perpendicular to
the grain, were calculated from failure stresses. Equations
(8) were used for the computation. Various grades
stresses at 80%, 63%, 50% and 40% values respectively
were calculated according to BS 5268 (2002).
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®

Thus

fb = Basic stress, fm = mean failure stress at 12%
moisture content , 6 = standard deviation of failure stress,
kr =reduction factor and kp = modification factor= 2.33,
Kr for bending , tension and shear parallel to the grain =
2.25. Kr for compression parallel to the grain = 1.4 while
Kr for compression perpendicular to the grain = 1.2.
fg80= fb80%, fg63=th63%, fg50=fh50%, fh40=fh40%.

3. RESULTS AND DISCUSSION

Table 1 shows the mass of five samples of size
20mmx20mmx20mm for mangifera indica, the mean
mass and mean density at experimental moisture content
are equally shown in the Table 1.

TABLE 1: SAMPLES MASS AND MEAN DENSITY

SAMPLE NUMBER MASS(g)  DENSITY (kg/m®)
1 6.6 825

2 6.7 8375

3 76 950

4 6.9 862.5

5 6.8 850

MEAN 6.92 865

Table 2 presents moisture content results of five (5)
samples each of the following test: Bending parallel to
the grain, tension parallel to the grain, compression
parallel to the grain, compression perpendicular to the
grain and shear parallel to the grain on mangifera indica
samples and the average moisture content of the
experiments.

TABLE 2: NATURAL MOISTURE CONTENT OF MAGINERFA
INDICA

Test M1 M2 MC
specimen initial mass of  final mass of ~_ M2 — mlo/
timber before timber after T om2 0
oven oven
drying(g) drying(g)
Compression 40.6 36.2 12.154
parallel to the
grain
Compression 342.7 272.9 25.577
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perp. to the

grain

Tension 62.7 53.4
parallel to the

grain

Tension 94.7 69.4 36.45
perpendicular

to the grain

Bending

parallel to the 337.8
grain

Shear 20.9 19 10
parallel to the
grain

MEAN

17.415

280.6 20.38

20.330

Table 3 shows modulus of elasticity of five (30) samples
at experimental moisture content, sample 12 have the least
modulus of elasticity 8292.802 N/mm? while sample 22
with the highest value 15473.257 N/mm? The summary
graph of bending test that was used for modulus of
elasticity computation was used to confirm the samples
with the values.

TABLE 3: MODULUS OF ELASTICITY AT NATURAL MOISTURE
CONTENT

SAMPLE NO M.O.E. (N/mm?)
1 10100.617
2 13702.312
3 13391.999
4 10095.912
5 10413.145
6 13218.253
7 12011.994
8 12070.981
9 11147.251
10 8337.247
11 9381.749
12 8292.802
13 8953.258
14 13877.897
15 9451.386
16 14345.333
17 9282.586
18 11784.363
19 9929.698
20 9342.541
21 10881.638
22 15473.257
23 11223.954
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24 9670.227
25 11437.090
26 9847.927
27 13313.685
28 8814.105
29 7013.942
30 3856.050
MINIMUM 3856.050
MEAN 10688.773
MEDIAN 10256.881
MAXIMUM 15473.257
STANDARD DEVIATION 2422.420
C.ORV. 22.663

Figure 1 (graph of Load on Y- Axis against Deflection on
X-Axis).The graph shows the relationship between load
and deflection of Timber beams (mangifera indica) under
static bending load. Loads were applied at a constant
speed of 0.11mm/s until the materials failed. These graphs
confirm timber as an elastic structural material which does
not undergo plastic stage of deformation (Aguwa, 2012).
It was observed that deformation increased as load on the
beam increased until elastic limits were reached.

100
90
80 -
70 -
60
50 == Series2

40 =¢=—>Seriesl
30

20

10
O __‘I T T T T 1

DEFLECTION (mm?)

LOAD (N/mm?)

Table 4 shows modulus of elasticity and density of
mangifera indica timber at 12% moisture content.
mangifera indica properties are comparable with those
timbers in strength class C24 because it has density of
865kg/m*®, mean modulus of elasticity 10688.773N/mm?
that is within the range of C24 in BS 5268 (2002). Based
on these results mangifera indica belongs to timber
strength class C24.

118

TABLE 4: MODULUS OF ELASTICITY AND DENSITY OF
MANGIFERA INDICA AT 12% MOISTURE CONTENT

MODULUS OF ELASTICITY ~ VALUE
(N/mm?)

EMINIMUM (N/mm?) 3856.050
EMEAN (N/mm?) 10688.773
DENSITY (Kg/m®) 865

table 5 shows basic stresses of mangifera indica at 12%
moisture content calculated from mean failure stresses and
standard deviation of failure stresses. basic stresses
calculated were basic bending stress parallel to the grain,
basic tensile stress parallel to the grain, basic compressive
stress parallel to the grain, basic shear stress parallel to the
grain and basic compressive stress perpendicular to the
grain.

TABLE 5: VALUES GOTTEN FROM BASIC STRESSES OF
MANGIFER INDICA AT 12 % MOITURE CONTENT.

TYPE OF STRESS VALUE
BENDING PARALLEL TO 70.6685
THE GRAIN (N/MM?)

TENSION PARALLEL TO 51.2605
THE GRAIN (N/MM?)

COMPRESSION PARALLEL 21.1435
TO THE GRAIN

COMPRESSION 226.1115
PERPENDICULAR TO THE

GRAIN

SHEAR PARALLEL TO THE 9.8349
GRAIN

Table 6 shows basic stresses parallel and perpendicular to
the grain as well as grade stresses at 12% moisture
content. mangifera indica has grade bending stress of
18.096N/mm? which is comparable to range of grade
bending stress of strength class C24 listed in Table 8 of
BS 5268 (2002).

TABLE 6: VARIOUS STRESS FOR MANGIFERA INDICA AT 12%
MOISTURE CONTENT.

TYPE OF STRESS VALUE (N/mm?)
MEAN FAILURES BENDING ~ 70.252

STRESS PARALLEL TO THE

GRAIN

BASIC BENDING STRESS 18.09
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF  12.676

FAILURE BENDING STRESS

PAR. TO GRAIN

GRADE BENDING STRESS 14.477

(80%) PARALLEL TO THE
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GRAIN

GRADE BENDING STRESS
(63%) PARALLEL TO THE
GRAIN

GRADE BENDING STRESS
(50%) PARALLEL TO THE
GRAIN

GRADE BENDING STRESS
(40%) PARALLEL TO THE
GRAIN

MEAN FAILURES TENSILE
STRESS PARALLEL TO THE
GRAIN

BASIC TENSILE STRESS
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF
FAILURE TENSILE STRESS
PAR.

TO GRAIN

GRADE TENSILE STRESS
(80%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(63%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(50%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(40%) PARALLEL TO THE
GRAIN

MEAN FAILURES COMP.
STRESS PARALLEL TO THE
GRAIN

BASIC COMPRESSIVE
STRESS PARALLEL TO THE
GRAIN

STANDARD DEVIATION OF
FAILURE COMP. STRESS
PAR. TO GRAIN

GRADE COMPRESSIVE
STRESS (80%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (63%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (50%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (40%) PARALLEL TO
THE GRAIN

MEAN FAILURES COMP.
STRESS PERPENDICULAR
TO THE GRAIN

BASIC COMPRESSIVE
STRESS PERPENDICULAR
TO THE GRAIN

11.40

9.048

7.2384

50.844

4.625

17.355

3.7

2.915

2.3125

1.85

20.727

9.098

3.429

7.27

5.73

4.55

3.64

225.695

-3.536
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STANDARD DEVIATION OF 98.686
FAILURE COMP. STRESS
PERP. TO GRAIN

GRADE COMPRESSIVE -2.8288
STRESS (80%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -2.227
STRESS (63%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -1.768
STRESS (50%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -1.4144
STRESS (40%) PERP. TO THE
GRAIN

MEAN FAILURES SHEAR 9.585
STRESS PARALLEL TO THE
GRAIN

BASIC SHEAR STRESS 0.1501
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF 3.968
FAILURE SHEAR STRESS
PAR. TO GRAIN

GRADE SHEAR STRESS 0.121
(80%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.094
(63%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.075
(50%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.060
(40%) PARALLEL TO THE
GRAIN

Table 7: shows the summary results of the experiment for
grading of maginfera indica in accordance with BS 5268
(2002). According to BS 5268 (2002), strength class may
be assigned to a specie, if its characteristic value of grade
bending stress and mean density equal or exceed the value
for that class giving in Table 8 of BS 5268-2 (2002) and
its mean modulus of elasticity in bending equal or exceed
95% of the value given in that strength class. Based on
these criteria, maginfera indica was assigned to strength
class C24 due to its grade bending stress parallel to the
grain of 14.477N/mm? mean density of 865kg/m* and
mean modulus of elasticity of 10688.773N/mm-. This is
in agreement with strength class C24 listed in BS 5268-2
(2002) of grade bending stress of 7.5N/mm? and above,
mean density of 420kg/m®.

TABLE 7: STRENGTH CLASS FOR MAGINFERA INDICA
ACCORDING TO TABLE 8 BS 5268-2 (2002) .

GRADE STRESS OF BASIC 14.477
BENDING PARALLEL TO
THE GRAIN (80%) (N/mm?)
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DENSITY (kg/m®) 865
MEAN MODULUS OF 10688.773
ELASTICITY (N/mm?)

MINIMUM MODULUS OF 3856.050
ELASTICITY

STRENGTH CLASS C24

4. CONCLUSION

Maginfera indica is softwood (C Class) of C24 strength
class according to BS 5268 (2002) with poor Engineering
properties and cannot be used for a load bearing
structures.

RECOMMENDATION

Having successfully characterized and grade this specie,
maginfera indica timber can be compared with other
species on international basis; hence this timber is
recommended to engineers to be used according to its
strength class. Further research can be carried out on
characterization and grading of mangifera indica by
comparing Euro code and British code.
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