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Module Objectives
I B T

1.

Understand sail proparties: Students should develop an understanding of the
physical and mechanical properties of solls, including grain size distribution,
conslstency, compaction, permeability, shear strength, and compressibifity.
Soil classification: Students should be able to classify soils based on their
partiche size distribution and other relevant properties using established soil
classification wrterﬁs siich &3 the Unified Soil Classification System (USCE] or
the AASHTD classification system

Soil-water interaction; Students should learn about the behavior of soils n
response to water, including concepts such as effective stress, pore water
pressure, capiliarity, seepage, and consalidation.

Shear strength of soils: Students should understand the factors infiuencing the
shearstrength of soffs, inciuding colesion, fnction gngle, gnd effective stress
They should be able to apply différent shear strength theories (&g, Mohr-
Coulomb theory) to analyne stability and failure of sall slopes or foundaticns.
Settlement analysis: Siudents should be able to analyre and predict soil
settlerment behavior, Including immediate settlermnent and consolicdation
settiement, wusing methods such as Terzagni's one-dimensional cansolidation
theory.

Groand Improvement fechnigues) Students should become familiar with
variouws ground limprovemeant methads to enhance soil properties; Including
compaction, stabilization, and relnforcement technigues.

Geotechnicl Rboratory testing: Students should gain praclics| experignce in
conducting laboratory tests on soil samples to determine their engineering
properties, including tests for grain size anatysis, compaction, permeability,
and shiEar strength

Geotechnical report witting: Students should develop skills In preparing
geotechnical reports that sommmarize the findings of site investigations,
labaratory testing; and analysis, They should be ahle 1o communicate tha
resilts effectively and provide recommendationsfor geotechnical design

Module Leaming
DOutcomes

Al Sl o s

Importent! Write at least & Lesming Dufromes, betler 1o be egual to the
numbrer of study wesi,

Knowledge of woll campasition and farmation: Undarstand the comiponents of
soll, tnoluding mineraly, Grgzmie matler, &, and water. Comprahend the
processes imvalved i seil formation, sueh wWeshEring. erosian, and
e ol ian

Knowledge of soil propertles: Understand the physical and mechanical
properties af soils, including:geaun sie detnbution, consstency, compacion,
pErmeapility, shear strength,and compressiblny




1. Lol ca=ifeation Clasfy soils based an thelr parfice siz= gistribution and
othier relevant properthes sing established soil classification systems such as
the Unified Soil Clissificatln System [USES) or the AASHTO clissiflcation
Fystem,

d. ‘Undertanding sod-watnr interaction: Comprohend the behavior of sgils in
response bd water, including concepts such as effective stress, pore water
preswire, caplllarity, seepags, and conssiidation

5 Abllity o analyze stress inosafl; Analyze the stress distribution In seil masses
chire 1o wuternmal (aats, npplvlng cocEnts of stress, strwin, and uhﬂ-c‘-tl,' Thl*,.
miiay Involve stress paths, sbressstrain relitionships, and ¥Mohir's ol

£ Anahysds af shear streagth: Determine the fastlors h'l'lu:ntlh,g the shear
strenggth of solls, mcluding cohesion, friction angie, and effective stress. Apply
shear strorgth thoopes (eg, Mahr-Coglomb theory) to-analyze stability and
farlure of =oil siopes or foupdations

7. ' Ragznof retapmmne structures: Desmin gnd analyrs various retamn| g strychires,
such a8 retaning Wwalli and shest piles, based on phnciples of earth pressurs
and skability anahysls

B. Settlement analysis: Analyze and predict soll seftlement behavior, Incluiting
immediate settlemant and consolidation sstt=ment, wing methodd such as
Terragh's one-dimensional comeolidation theary

8. Famuharty with:ground improvemant technigques: Understand vanous ground
improvement methods to ephance sqil properties, mcluding compaciion,
stzbilization, and renforcement techmgues

10. Preficlency in geibtechnizal Ehorstory testing: CondidcHiabaratary Tests on 5ol
samples to determing ehginsening progerted, Incluting grain size analysis,
compactian, parrmeability, and dbeéar steength.

11. Effective geotechnical report writing: Prepare cear and conciss geotechnical
reparts wunmTREEing - site Invéstigations, |sboratory: testing, analyss, snd
recommendations (os geotechricn) design

Indicative Contents.

FRCR [ FE

Indicative coptent includes the fallowing.

1. Introduction to Soil Mechanics!
= Dafinitlon and scope of Soll Mechanics
« Importance of soil mechanics in mining enginsering
2. Soll Formationane Composition: -
« Soll formation processes {weathering, transportation, deposition]
« Soil compisition and partiche size distribution
« Soll mineralogy and [dentification
3. Soil Classification and nides Properties:
« 5ol classification systems (USCS, AASHTO, etc )
s Index proparties of soil (particle size analysis, Atterberg limits)




« Interpretation and appiicafion of soil classification and index
properties
4. Saill Water Relatisnship:
o Soil molsture content and its measuremeant
s Capillary rise, permeatility, snd seepage through solls
5. Effective Stress and Pore Water Pressure
o Introduction to effective stress concept
» Total and effective stress caledlations
s Pore water pressure gnd iz significance
6. Soll Compactiarn .
#  Printiples of 2o compaction
o Compaction equipment and methads
7. Shear Strenzth of Solls;
a  Shear strength tests [direct shear, tninnal, et
s Factorsinfluencing shear strength [eohesion, frictian, sffechve strast]
8. Consolidation and Settiement:
« Terraghl's consolidation theary
s One-dimensional consolidation settiement
" S_EHIEmenl chlpubations and settlement control
9. Ground Imprevement Techniques:
o Soil stabiliration methods (chemicsl; mechamcal, and thermal)
- Ground remforcement technigues {geotextiles, gengrids)
s Ground jmprovement for different engineanng applications
10, Geotechnical Laboratory Testing;
« Sampling @nd preparation of sail samples
» Laboratory testing for soll properties (grain size analysis, compaction,
permeahility, shear strength)
a Interpretation of aboratory testresiles
11 Geotechnical Site Investigation;
« Site exploration techniqur_-':. [boring, drifling, sampling)
®  |r-situ testing methods {5PT)
o Geotechnics| report preparation based onsite investigations

Learning and Teaching Strategies
pulaill g pladll it

strategles

Lectures: Traditional lectures can be used to delver foundational knowledge and
theoretical roncepts of soll mechanics, Instructors can explatn key principles, thearies,




and equations, and provide edamples to illustrate theirapplication, Visual aids such as
slides, disgrams, and charts can enhance understanding.

| aboratory Sessions: Practical laboratory sessions play a cruclsl role in soll mechanics
education. Students can perform various |aborstory tests on soil samples to measure
properties such as grain size distribution, compaction, permeability, and shear
strength. These hands-on acthvities enable students to observe soil behavior,
understand testing procedures, and interpret experimental results.

Fieldwark and Site Visits: Fisld visits to construction sites or geotechiical engingering
prefects can privide studerits with resl world expodire 1o soll mechanics applications
They can observe soll sampling technigquees, site mvestigation methods, and
geotechmical instrumentation. Fieldwork- also allows students to see the practical
implications of soil mechancs principies and understand site-specific challenges

Protlem-Soiving Exercises) ASSIENINE protlem-soing exsrcises and case studies helps
students apply theoretical concepis to practical scenarios: These exercizes may invalva
talculating stresses or predicting settiement. Working throlgh such problems

senhances critical thinking, problem-solving skills, and the ability to apply soil mechanics

principles,

fesearch Projects and Case Studies) Assigning research projects or case studies all nws
students (o debes desper into spedilic aspects of =oil mechancs. Theycan investigate
advanced ioplcs, review research papers, and explore emerging technalogies or
technigues: This approach promates independent research skills, critical anaiysis, and
8 deeper understanding of specialized areas within soll mechanics.

Student Workload {SWL)
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Structured SWL (h/sem) Structured SWL [h/w)
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Module Evaluation

b il Bl audt
Ralavant Learni
Time/Number | Weight (Marks) | Week Due | "
Quizzes 2 10% (10} Sand 10 | LO#1, #2 and #10, #11
Formative Assignments 1 10% [10) 2and 12 | LD 3, B2 and N6, 0T
assessment | peoinets f Lab, L 10% [10) Continuous | Afl
Report 1 1086 (29) 13 LO#ES, BH and 510
Summative | Midterm Exam Zhr 1996 (10) 7 LO #1 - #7
assessmMent | rinal Exam 3hr 508 (50 T
Total assessment 10096 (100 Marks)
Delivery Plan (Weekly Syllabus)
5 paail] P :L,'.L.I]
Material Cavered

Week 1 | Intreduction in sail

Week 2 | Composition of Soils

Week3 | Determination of the Liquid, Plastic, and Shrinkage Limits

Weekd | Soil Classification

Week3 | Soil investigation

Week & | Effect of Surface water and Groundwater on soll

Week7 | Physical properties of soil

Week 8 | Chemical properties of sail




Week 9

Mechanical properties of soll

Week 10 | Soil Compaction
Week 11 | Soil Strength
Week 12 | Soil Consolidation
Week 13 | Stress distributicn and Type of stresses in soll
Week 14 | Soil excavation in mining
Week 15" | Soil Improvement
Week 16 | Preparatory week before the final Exam
Delivery Plan (Weekly Lab. Syllabus
Al ol
Material Covernd
Week 1 tab 1: Moisture Content
Wesk 2 Lab 2: Atterberg’s Limits Tast
Wesk 3 Lab 3:Specific Gravity
Waek 4 Lab 4: Sleve Analysis
Week 5 Lab 5 Hydrometer Tests
Wesk 6 Lab B: Compaction Test
Week 7 tab 7! Consolidation Test
Week 8 Lab 81 Direct Shear Box Test
Week 9 Lab 9: Unconfined Compressive Strength Test
Week 10 | Lab 10: Triaxial Compression
Week 11 | Lab 11: Permeability Test
Weak 12 | Lab 12: California Bearing Ratlo - CBR
Week 13 | Lab 13; Field Density Test
Wesl 14 | Lab 14: Standard Penetration Test [SPT)




Learning and Teaching Resources
i il g aladll pileas

Text

Available in the Library?

Reguired Texts

AASHTO T 94, Standard Method of Test for the Molsture-
Density Relations of Soils, American Association of State
Highway and Transportation Officials, 2001,

Afinual Boak of ASTM Standards. Volume (04.08), Soil

and Rock; Dimension Stone; Geotextile, 2004.

Budhu, Sail Mechanics Fundamentals, Library of Congress,
USA; 2015.

Texts

Haoltz, B. D., Shang T.0. and Bergado D.T. Soll Improvement,
Chapter 15 in Geotechnical and Gaoenviramental
Handbook, R.E. Rowe, Editor, Kluwer Academic Publisher,
pp.A259-462, 2001.

K. Head. Soll Laboratory Testing. Valume-1: Soil
Classification and Compaction Tests. Pentech Press Lid,
1982,

R. Cralg. Soll Mechanics, 2nd ed, ELBS, 1982,

Standard Specifications for Transportation Materials and
Methods of Sampling and Testing, Part Il. Methods of
Sampling and Testing. AASHTO, 19596,




Grading Scheme

Group Grade el Marks % | Definition
A~ Excellent el S0 - 100 Cutstanding Perfformance
B - Very Good lm 2 B0 - 29 Above average with some arrors
Success Group i i
. C- Good i 70-79 Sound work with notable srrors
{50 - 100) : : -
D - Satisfactory s gta &6 - B4 Falr but with major shortcomings
E - Sufficient o gia 50 - 59 Wark mests minimum criters
Fall Group FX - Fail (Aallaalt 38} oudl 5 | {45-29) Maore work required but credit awarded
{o-49) F—Fall il 4 {o-a4a) Cansiderable amaunt of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for exarmple 2 mark
of 54,5 will be rounded to 35, whereas a mark of 4.4 will be rounded to 54 The University has a palicy NOT to
condone “rear-pass fails” so the only adjustment 1o marks swarded by the ariginal marker(s] will be the sutamatic
rounding outh ned above,
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Module Aims, Learning Outcomes and Indicative Contents
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Module Dbjectives

oo 0 24 il

5.

Rock Blasting Engineering in the fizld of Mining Enginesring are as
follows:

Understanding the Fundamentals: Gain a comprehensive understanding
of the principles and fundamental concepts of rock blasting engineering,
including the mechanics of rock fragmentation; =nergy transfer, and
blast design parameters,

Blasting Techniguss and Methods: Explore various blasting technigues
and methods used in mining and clvil englnearing applications, such as
surface and underground blasting, bench blasting. tunnel blasting, and
controlled blasting.

. Blast Design and Planning: Learn how to design and plan effective

blasting operations by considering factors such as rock properties, blast
geometry, explosive selection, timing, and seguencing. Develop skills to
optimize blast designs for desired fragmentation, salety, and efficiency.
Blasting Safety and Environmental Considerations: Understand the
safety protocols and regulations assoclated with rock blasting
operations, including hazard identification, risk assessment, and
mitigation strategies. Gain awarensss of environmental impacts and
lesirn technigues for minimizing blasting-related environme ntal effects.
Explesive Materials and Detonation Theory; Famillarize yoursell with
differsnt types of sxplosives, their proparties; and behavior during
detonation, Leain tha theory and principles of detonation, incduding
shock wave propagation; Initiation, and detonation velacity.

Blast Monitoring and Vibration Control: Study technlques for monitoring
and eontrolling blast-induced vibrations, ground vibrations, and alr
averpressure, Linderstand the potential #ffects of vibrations on
structures and humizn welfare, and sxplore medsures to mimimige their
impact,

Blast Optimization and Efficiancy: Develop skills to evaluate and
optimize blasiing operations to iImprove fragmentation, MINIMIEe energy
consumption, reduce costs, and increase overall sfficiency. Explare the
use of computsr-based modeling and simulation tools in blast design
and aptimization.




By achieving these objectives, students will be equipped with the
necessary knowledge and skills to plan, design, and execute safe and
etficient rock blasting operations in various mining and civil engineering
contexts.

Module Learning
Outcomes

seiall e 2 ae
Aot il

Completing a rock blasting engingering module will provide students
with a solid foundatlon In the pringiples, tachnigues, and safety
considerations related to rock biasting operations,

1. Understanding of Rock BlEsting Frinciglss: Gain a comprehensive:
understending of the fundamental principles of rdck blasting, lncluding
the mecharics of rock fragmentation, energy transfer, and wave
propagation,

2. Knowledge of Blasting Technigues: Acguire khowledges about various
tlasiing techniglies used in different applications, such 2t wirfacs
miting, quarrying, construction, and tunneling. Learm about the
selection of explosives, initlation systems, and blasting accessoreas,

3. Salety and Environmental Considerations: Develop an awareness of
safety protocols, reguiations, and best practices associated with rock
blasting operations. Undersiand the potential environmental Impacts of
blasting and sirategies for mitigating them,

4. Blasting Design dnd Optimization: Leam the process of designing
affective blasting patterns based on rock properties, geological
conditions, and giroject reguirements. Explors optimization technigues
to Improve fragmuntation, reduce vibrations, and control flyrock.

5, Blasting Instrumentation and Monitoring: Famillarize yoursell with the
instrumentationand maomitaring tools used in rock blasting Understand
how to measise and analyze blast paramaters, such g vibration, air
overprassure, and particle velocity,

6. Risk Asséscment and Hazard Management: Develop skills tisidentily
potential risks and hazards associated with rock blasting activities. Learn
methods lor risk assessment, harard Identification, and implementation
of appropriate control measures.

7. Blzating Effects and Damags Atsessmsnl: Understand the potentizl
effects of blasting on nearby structures, Infrastructure, and the
environment. Learn technigues tor assessing and mitigating blast-
induced damage.

Typical topics covered in such & module include the following:




Al Y1y el

Introduction to Rock Blasting Overview of rock blasting as 3 technique for rock
fragmentation

Historical development and evolution of rock blasting practices.

Rock Proparties and Behavior.

Properties of different rock types and their impact on blasting.

Stress distribution In the rock mass and its effect on fragmentation.
Rock Biasting Mechanics.

Energy transler and wave propagation in rock,

Blast-inducad stress waves and their effects on rock mass.

Explosives and Intiation Systems:

Types and characteristics of commercial explosives,

Initiation systems, Including detonators, boosters; ahd datay =lements.
Blasting Techniques and Methods,

surface mining blasting technigues {e.g., bench h.lastllng; contour blasting].
Quarrying blasting methods (e.g.. presplitting, smooth blasting).
Elastlnng In construction and tunneling projects,

Blasting Design and Pattern Layourt,

Factors influencing blast design, siich as rock type, geological conditions, and
dasited fragmentation.

Blast pattern layout and drilling techmigues.

Vibration Contro! and Flyrack Management,

frediction and control of ground vibration and air overpressure.
Technigues to minimize flyrock and ensure safe blasting operations:
Blasting Safety and Repulations,

Salety protocals and regulations related to rock blasting oparations.

Personal protective-equipment |PPE) and safety procedures.




Environmental Considerations.

Envirenmental impacts of blasting and mitigation measures,
Compliance with ervironmental regulations and permits.
Blasting Instrumentation and Monitoring

Instruments for measuring blzst parameters, including vibrations, air
overpressure, and particle velozity.

Rata analysis and interpreiation for biast pesformance evaluaiion

Risk Assessment and Harard Management.

idenmtification and assessment of potential risks and hazards In rock blasting.
Implementation of control measuras and safety prolocols,

Blasting Effects and Damage Assessment.

Assessment of blast-induced damage to structures and infrastructure,

Technigues for evaluating and mitigating biast effects,

Learning and Teaching Strategies
auladll y aledll sl

Strategies

The fellowing learning and teaching methodologies can be used when teaching
a Rock Blasting Engineering module to undergraduate Mining Enginesring
students;

1. lectures: Conduct comprehensive lectures to introduce key concepts,
theorles, and principles related to rock blasting engineering. Use multimedia
aids, reallife- examples, and case studies to enhance understanding and
engagement,

2, Practical Demonstrations: Organize practical demonstrations where students
«can observe the operation of blasting: equipment, explosives, and initiation
systems. This hands-on approach helps students grasp the practical aspects of
rack blasting eperations.




3. Interactive Discussions: Encourage class discussions, debates, and Q&A
sessions to facilitate the exchange of ideas, clarification of concepts, and critical
thinking. This allows students to-engage actively in the learning process.

4, Industry Collaboration: Foster collaboration with mining companies, blasting
contractors, or research institutions. This could involve joint ressarch projects,
industry-sponsored assignments, or guest lectures from industry practitioners,

5, Gnline Learning Resources; Provide online resources; including lecture notes,
supplementary readings, video tutorials, and discussion forums, to support seff-
directed |learning, revision, and knowledge consolidation,

By Intorporating a combinaticn of these learning and teaching strategies,
students can develop a strong theoretical foundation, practicai skills;, critical
thinking abilities, and an understanding of the real-world applications of rock

blasting engineering in the mining industry.

Student Workload (SWL)

.LEH..J "C'.J'.T.l_,.-:.-..,.-liu!.i’-'l_).ﬁl ._Il-l-:l-5|

Structured SWL (h/sem) Structured SWL (h/w)

48 3
Gl P D B gl el e i SR RIRI o l Lanlh
Unstructured SWL (hfsem) Unstructured SWL (h/w)

77 4
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Total SWL (h/sem)

125
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Module Evaluation
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Ralavant Learning
Time/Number | W Marks Week Due
/N eight | 1 . Gute
Quizzes 2 10% [10) Sand 10 | LO#1, #2 and #10, #11
i Assignments 2 10% [10) Zand 12 | LD #3, #4 and H6, &7
assessment | poocerts [ Lab. 1 10°% (10) Continuous | Al
Report 1 1056 (10) i3 LD #5, #8 and K10
curmmative | Midterm Exam 2hr 10% (10) 7 Lo #1-#7
pssessment  rnal Exam Ihr 50 (50) 16 Al
Total assessment 1005 (100 Marks)
Delivery Plan (Weekly Syllabus)
3 il 'I'J;j_'_-tﬂ :'q_i.lll
Material Covered
Intrizduction to Rotk Blasting Engineering
Week1 | yistarical Overview of Rock Blasting
Impartance and Applications of Rock Blasting
T Rock Fragmentation and Blastahility
Rock Mass Classification and Its Impact on Blasting
Week 3 Aok Properties Ralevant to Blasting
Rock Mechanics Printiples in Blasting Design
Wesk 4 Explosives and Explosive Praperties
Types and Characteristics of Explosives




Initiation Systems and Detonators

Weel 5
Principles of Detonation and Shock Waves
i
Week 6 Blast Design Fundamentals
Blast Design Parameters and Bench Design
Week 7 Mid-term Exarm + Blasthale Onilling Techniguss
Drill Patterns-and Hole Layout Design
Week ; Blasthole Charging and Loading Technigues
Blasthole Loading Design
FA Biast Vibration and Airblast Contral
Monitoring and Mitipation Measures
Waek 16 Flyrock and its Control Measures
Salety Precautions and Regulations in Rock Blasting
Wesk 41 Environmental Impacts of Reck Blasting
Best Practices for Environmental Management
Week 12 Blasting in Open Pil Mines
Desipn Considerations and Challanges
Week 13 Blasting In Undergraund Mines
Design Considerations and Challenges
Week18 | piacting Optimization Technicues
Week 15 Review of Key Concepts and Principles
Final Project Presentation: or Examimations
Week 16 | Preparatory week bafore the linal Exam




Learning and Teaching Resources

Text Available in the Library?

Revuelia. Manuel Busiillo. Mmem resourcns. (rom
anfildraion fo sushaimbility assessmaent, Springor, 2017

Required Tests Yes
: Ghose, Ajoy K., and Akhilesh Joshi, eds. Blasting in Mining-

Mew Trends: CRC Press, 2012,

Himanahu, Vivek iumar, et al, Blasting Technology for

Required Texts Underground Hard Rock Mining. Springer Nature, 2023, Yes
Recommended Zrang. Fong-Xian. Rock fmciure and blasting: heory and Na
Texis applications. Butterworlh-Heemann, 2016,
Websites
Grading Scheme
i il abaa

Group Grade T Marks % | Definition

A - Expellent =l o - 100 Cutstanding Performance

B-Very Good bz o 80-89 Above average with some errors:
Suncess Group

) C - Good =i 7079 Sound work with notable errors

{50-100)

D - Satistactory s s 60~ 68 Fair but with major shortcomings

E - Sufficient s 50 -59 Wark meets minimirm criteria
Faill Group FX— Fail (Rafmall 28] wal 3 | (45-49) More work required but credit awended
IB —49) F=Fail ety {044 Conserable amount of work reguired

Mote: Marks Decimal places above o below 0.5 will be rounded ta the higher ar lower full mark (for éxample a mark
of 545 will be rounded to 55, whereas a mark of 54.4 will ke rounded to 54. The University has a policy NOT to
condone “near-pass fails" so the anly adjustment to marks awarded by the original marker(s) will be the automatic
rounding outiined above. '
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[Practical
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Module Level LG Semester of Delivery 6
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5o Al all 3) gl e AL
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Co-requisites module Mame Semester




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives
g a0 Bl ilia)

Theobjectives of an Underground Minmg Enginssning module are 33 follows!

1,

11.

12,

13,

14,

Understand the fundamental principles and concapts of underground
mMining enginsering.

Identify and evaluate different underground mining methods snd their
applicability in various geolngical and operational contexts .

Analyze the geotechnical challenges and cansiderations specific to
underground mining operations.

Apply mine planning and design principles to optimize underground
mining aperations. '

Recognize the impartance of safety and risk management in
urderground mining and implement appropriate measures,

Evaluate #nd selecl underground mining equipment and technology
based on operational requirements.

Understand the enviranmental and social aspects associated with
underground mining and implement sustainable practices.

By achieving these objectives; students will be equipped with the necessary
knowledge and skills to- analyze, plan, design,-and manage underground mining
operations =fficiently and responsibly.

Module Learning
Dutcomes

ol 34 s

These learning outcomes are intended to provide a-broad overview of the
knowlzdge and skills typically coversd n an unglEground . mining
engindering module, The specific learning ollcomes for a particular module

may vary depending on the curriculum and educational institutinn offenng

the course.

L

Knowledge of Underground Mining Methods: Understand the yarious
methods used in underground mining. including conventional methods
[such as room and pillar, cut-and fill, and longwail miningj-as wel| as
advanced techniques (such as block caving and sub-devel caving)

Rock Mechanls and Ground Control; Gain an understanding of rock
rechanics principles and thewr application in underground mning
Learn about ground sopport systems, rock mass classification, stability
snalysis, and methads for mitigsting ground control hazards.

Mine Ventilation: Develop knowledg= of mihe ventilation systems,
including the design, operation, and cantrol of ventlation systems in




undegrgrouind mines Understand the importance of air quality, alrflow
managemeant. and the prevention of gas-related hazards.

&, Miné Planning and Design: Leéarn the pringiphes and technigues
Invalved in mine planning and design for underground mining
aperations. This rntludﬁ topics such as are resarve estimation, stope
oplimization, mine layout, production scheduling, and eguipment
selaction,

5 Enviranmental Impact and Sustainakility: Explore the environmenizl
Impacts associated with underground mining operations and the
strategies for sustainable mining practices. Learn about mine elosure
planning. reclimation, waste managerment, and the mitigation of
environmental impacts.

B, Minirg Equipmdnl and Technology: Giin Knowledge ol the aduipmant
and technologies used in underground mining, including drilling and
‘blasting techniques, rock excavation machlhery, material hand|ing
systems; and altomation Inmining aperations;

7. Communication and Collaboration: Enhance communization and
reamwaork skills by warking on group projects and partictpating in
diseissiong related to Undargralund mining enginsaring. Dovelog the
abllity to effectively convey technical Information and work
collaboratively In a multidisciplinary mining environmerit.

S 3 iy gl

Thesa indicativa contents provide a general framework for an undergraduate-
level underground mining engineering module.

introduction to Underground Mining:

Overview of underground mining methods and their applications
Undzrground mining terminology and concepts

Companyon of underground and surface minmg methods

Aock Mechanics and Ground Control;

Rock properties and classificatian

Strass distribution in underground mines

Rock support systems and-ground cantrol technigues
Stability anatyss snd monitoring In undargrouhd mines
Mine Planning and Design;

Mine development and infrastructure design

Stope design and optimization
Mine ventilation and airflow management
Production scheduling and sequencing




Untferground Mins Ventitation:

Venlilation system comporents and design

Alrflow modeling and simulation

Ventilation network analysis and control

Envirenmentsl considerations and alr quiality management
Underground Mine Geology:

Gaslagical mapping and interpretation lor undergfound minés
Rock mass charactenzation and classification

Structural geology and its impaci on mining operations
Geotechnical data colléction and analysis in undergrolnd setiings
Untlerground Mining Equlpment and Methods:

Erilling and hiasting technigues and sguiprmant

Matzrial handling systems |n underground minss

Mine support and ground cantrol machinery

Mine hulﬁlmﬂ #nd Lransporbation systems

Mine Saluty and Risk Managament;

Environmental impacts of underground mining operations

Mine waste management and reclamation technigques

Water management and pollution presention in undarground mines
Sustainable mining practices and environmental regulations
Case Stuties and Practical Applications:

Field visits or virtual tours of underground mines

Group projects and presentations on underground mining topics

Learning and Teaching Strategies
miacl y plaill el fil

When it cames to teaching an undergraduate jeve| underground mining gngineering
module, & combination of various learing amd teaching strategies can be employed
Lo enibance stydent engagement and facildate effective 2aming. Here are some

common strategies used in such modules;

1. Lectures: Traditional lectures can be used to introduce key concepts, theories, and
principles refated ta underground mining enginaenng: Lectures can provide =
structured overview of the subject matier and help students bulld & foundatiohsl

understanding:




2, Interactive Discussions: Engage students in interactive discussions to encmuiage
criticzl thinking and desper underitamding of the topics. This can Involve class
ditcussions, case studies, problem-solyiing attlvities, and debates related 1o
underground mining engineering issues.

3. Field Visits: Organize-figid visits 1o operational sites: This allows students to
observe real operations, inferact with industry professionals, and gain practical
Insights into the challenges and practices.

i, Group Projects and Pressntations: Assign group projects that regulre students 1o
wiirk collaboratively on real ar hypathatical mining enpinesnng probleme This
promaotes teamwork, communlcation, and critleal thinking skills. Students can present
their findings and solutions to the cliss, fosterng presentation skills and Knowledge
sharing.

5. Guest Lectures and Indusiry Experts: Industry experts can share their experiences,
discuss current inddstry practices, and address emerging trendsand chalienges

& Chline Besources and Multimedia® Supplement classroom teaching with onlina
resources, multimedia materials, and interactive learning platforms. These can
incliude video lectures, anline tutorials, virtual simuliations, and intersctive [earming
modules, providing students with tHexible and selt-paced learming opportunities

7. Assessiments: Hse a variely of assossment miethods,; such as-oxams, qulimes,
projects; presentations; and practicsl demonstrations: This allowsstudentsto
demonstrate their understanding, problémi-solving skills, and application of
theoretical knowigdge.

Student Workload (SWL)

1.;_1_._'lul| ""-]l,l_ruhﬂ\_—'&.‘ﬂul_"u‘ﬁl_ldl

Structured SWL (h/sem) Structured SWL (h/w)

el Tt A S gt 5D e = sl ol il
Unstructured SWL (h/sem) Unstructured SWL (h/w}

Ol P il il ol ol Ll % iyt il il el 8 adl

Total SWL (h/sem)
(il I3 A ISt el

154




Module Evaluation

Ll il
Relevant Learning.
Time/Mumier Weight [Marks} Week Due:
{ Qutcome
Quizres i 10 (10) 5 and 10 LD, Rdand #10, #11
Formatics Assignments 2 10% (10} 2and 12 | 1O #3, #d and RE, #7
BESESSMEN | prolects [ Lab. 1 10% (10} Cantinuous | Al
Report 1 10% (10) 13 [ #S 4R and #10
Summative Midterm Exam Zhr 1076 (10} 7 LD H1-H#7
assessment | Enal Exam 3hr 50% (50 16 Al
Total assessment 100% {100 Marks)
Delivery Plan (Weekly Syllabus)
Material Covered
Introduction to Undefground Mining
Week 1 History and Evalution of Unterground Mining
Underground Mining Methods: Room ahd Pillar Mlniﬁg
Week 2 Underground Mining Methods: Cut and Fill Mining
Undergriodind Mining hMethods: Losgwall Mining
Week3 | Undesground Mining Methods: Sublevel Stoping
Underground Mining Methods, Block Caving
Week 4 Underground Ventilation Systems




Ground Contral and Rock Suppert in Undarground Mining
Week 5 Mine Hoisting Systems
Underground Mire Suréeying and Mapping
Week & Mine Flanning and Deslgn for Underground Operations
Mine Development and Access Methods
Week 7 Mid-term Exam + Underground Equipment Selection and Optimizn
Week 8 Mine Geglogy and Ore Deposits in Underground Mining
Week 8 Underground Mine Water Management
Updergrolind Mire Envirenmental Considerations
Week 10 Underground rilling and Blasting Techniques
Explosives and Blasting Agents in Undergreund Mining
Week 11 Underground Mine Geolechnical Emglneering
Rock Mase Characterization and Stability Analyss
Underground Ming Geotechnical Engineering
Week 12 & Bineering
Rock Mass Characterization and Stabllity Analyss
Week 13 Llope Stability Anabysis and Design o Underpround Mining
Mine Econcmics and Finaocial Analysis
Mine Closure and Reclamation
Week 14 Digitalzation-and Data Aralytics in Underground Mining
Emerging Trends and Innovations I Underground Mining
Week15 | group Projects and Presantations
Week 16 Preparatory week before the final Exam
Learning and Teaching Resources
ﬁﬁl: Pi.lﬂl J.“l.—:u.
Text Available in the Library?
. Revueia, Manusl Busiilo. AMirers resowces from
Required Tests . Yies
axplorafmn fo sustainabiily assessment. Springes, 2017




Galvin, J. M, Ground enginesting-principies and practices fai

. . Ve
J ASKE wrderground coal mining, Springesr, 2018 =
'Dr_nuh:n. S, and J. Yamatomi “Urdarground mining misthods
ant squipment Civil Enginesnng-Volums 1| 2 (2009), 170
Rzcommended
1“!. e Vex
Hustrufid, Wilkam A2 YWilkama, Hostruild, sad Riokard L
Bullcsk; eds. Lindsrground mining mzsthods: Englneering
fundzmeni=isand infEmatione case studies. SME. 2001,
Grading Scheme
Group Grade el Marks % | Definition
A - Excellent Ol a0 - 100 Cutstanding Performahce
B - Very Goned L= S Bl - B Above average with some errors
Success Group
€-Good —= 7G-79 Sound work with notable errors
{50 - 100)
D - Satisfactory dmes i ~ 68 Fair but with major shortcomings
E - Sufficient o] pjils 5059 Work MEsts mininum crteria
Fall Group FX = Fail [-E.Ju.u..i‘l ) il || [45-48) More werk reguired but eredit awarded
{o-a9) F=Fail !y (O-44) Considerable amount of work required
Note: Marks Decimal places above or below 0.5 will be rounded to the higher ar lower full mark (for example & mark
of 54.5 will be rounded to 55, whereas a mark of 54 4 will be rounded 1o 54, The University has a policy NOT to
copdone “resr-pass falls” so the only adjustment to marks swarded by the original marker(s) will be the sutomatic
rounding outiined above
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Module Information
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Madule Title Geochemistry Module Delivery
Module Typa e FETheory
FElecture
Module Coce DME324
ECTS Credlts 4 [Nutodal
[Practical
SWL {hr/sem) 100 [Beminar
Module Level LG Semester of Delivery t
Administering Department Mining Fngineering | College Petroleun & Mimng Engineering
Muodule Leader Raluma Sail Al-Auvwgdi e-mall Ralhma, ssee |memvomosil giuig
Module Leader's Acad. Title Lecturer Module Leader's Qualification Phil).
Module Tutor None e-mail
Feer Reviewer Name H"dh:; f Hnﬁd e-mail tindhoi fahomenhdFmomom Ledivig
gelecaiiic Sommitiee Appeoi [2I002025 Version Nurmber a
Date
Relation with other Modules
o5 S Al jall ) all as &SN
Prerequisite module Grenernl Geology, Minemulogy, Besic Geochemistry Semester 1

Co-requisites moduls

Mate




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives
]l Bl atand

To plovide Minlng Englueering students with o theoteticn] understanding  of
sedimentury rock peochemistry, focusing on ¢hemical processes controlling sediment
copositlon, weathering, diagenesis, and their applications o mimeral  resources
evaluation and minig geology. '

Mudule Learning
Outenmis

Rl Sl il s e

1. Undersuand the fundamental principles of sedimensary rock geochetmistry.
2. Explan the geochermcat bebavior of major, trace, and mre esrth elements.
3. Interpret geochemical daln relaled 1o sedimeninry processes.

a, Rlentify sedimanury amviroaments dssocizied with mimeralizutjon,

5, Apply sedimentary geochemistry convepts 1o mingml exploration and mining
wiulies,

Indicarive Contents

St 531 ot gl

Intrusduction ro Sedimentary Rock' 5 hus
o hemstry

Chemical Wearherng and Element Moty 10 fus

Majir Elemwenis in Sedimentory Rocks 10 s
Trace Elonenes and REE 20 Tars
15 hrs
Clay Mimemls und Geocliemisal Indientors
Phugenesis and Geochenical Alerations 10 lars
Corbomate Rock Creochenmustry 10 s
Ailiciclashc Kook Geochemisity 14 hrs:
Bﬂﬂm.émur;r Ermvitonmenis and 10 hrs
Minerahiyation

Applled Sedimentary Creochemustry {Mining 143 hurs
Case Studies)




Learning and Teaching Strategics

aitadll 3 a3l Silia gl Gl

The course is delivered througl theoreticsl leclures supporied. by présentstions,
SErt diggranes, ond seleciéd mimmpg-reloied come studies. Emphosis s placed on conoepioal
Stvnbeghs understuniding and fnterpretation ol peochemical dats wied in mineral exploration wmd
sedfimint-hosted ore systems.
Student Workload (SWL)
le gl V' Jpyima ol ol il lasl
Structured SWL (h/sem) i Structured SWL (h/w) 3
el T E N o il Laal EPp B TR LSS T
Unstructured SWL (h/sem) = Unstructured SWL (h/w) 3
Mhﬁiﬁm:u|_ﬂﬁr|ﬂdﬂf 'up,._lu'-m#id|ﬁ4.nlﬂ.lﬂhli
Total SWL (h/sem) i00
ol A& LB IS ] el )
Module Evaluation
Lol il B8l auils
Relevant Learning
Wi Marks Week Due-
Time,/Number eight | ) o
Quizias 2 10% (10 2and8 | LO#3, B4 and #5
fisiive PR ] 10% (10) Zand 12 | LD #3, 854 and 45
assessment melr Lab, 1 109 (14} Cantinuoos | All
Repoct 1 10% (10) 13 LD #3, #4 and #5
assessment | ginal Exam Fhr 50 (50) 16 All
Total assessment 100% {100 Marks)




Delivery Plan (Weekly Syllabus)

sl e ) sl

Week 1 Intraduction 1o Seadimentary Geochemiatry

Week 2 Fundamentals of Chemical Elementzin Er_edlmént:w Rocks

Week 3 | Chemical Weathering and Elemsnt Movement

Week a4 | Grochemical Processesin Sedirmentary Environmaents

Week 5 | Major Elements in Sedimentary Rocks

Week'6 | Trace Elements and Ther Geochemical Behawior

Weoeal 7 Traee Elements In Sedimentary Bocks

Week &8 | Clay Minerals and Geochemical Indicators

Week 8 | Geochemical Changes During Lithification

Weelk 10 Enﬂrhén"thgr.' of Carbormate Rocks

Week 11 | Geochemistry of Clastic Rocks

Week12 | Advanced Application of Trace Elements in Sedimentary Environm

Week 13 | Rare Earth Elermants (REE|Prinoples and Geochemical Behawor

Week 14 | Applications of Geochemistry in Mineral Exploration

Week 15 | Projects and Presentations

Week 16 | General Review




Learning and Teaching Resources
il g pladll s
Text Available in the Library?

= Tucker, M. (2001}, Sedimentary Petrology. Blackwell
Required Texts Publishing. e

« Bogps, S.(2002). Prinviples of Sedimentology and
Stratigraphy. Pearson,

ne
Recommended ] = a
Vexis * Fuure, G. (1998, Principles and Applications ol
Creochemisty, Preatice Hall, .
* horse, 1W. & Mockenzie, F'T, (19900, Ceochemisiny of .
Sedimootary Carbonntes
Grading Scheme
Group Grade: ' gl Marks% | Befinition
A- Excellent sl 90-100 | Outstanding Performance
B - Very Good la 32 80 -89 Above average with some errors
Success Group
C - Good i= 70-73 Sound work with nofable srmors
{50-100) '
b - Satisfactory oY il - 69 Fair but with major shortoomings
E = Sufficient o sela 5054 Wark meets minimum criterta
Fail Group FX —Fail (Aadlaall 28) usl 4 | |45-49) More work required but credit awarded
(D =48} F= Fall ol (0-a4) Considerable amount of work required
Note: Marks Decimal places above or below 0.5 will be rounded to the higher ar lowsr full mark (for example a mark
of 545 will be rounded o 55, whereas 3 mark of 544 will be rounded to 54. The Lniversity hzs a policy NOT to
condané "near-pass falls" 4o the only adjustment 1o marks awarded by the original markers) will be theé automatic
rounding outiined above.
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Module Information
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Nodule Tite Numerical Analysis Progrnmang Madule Delivery

Module Typa B &= Theary

. [ Lecture

Miodule Code BME32S & lLab

ECTS Credits 4 ElTutorial

[ Practical

SWL {br/sem) 100 [0 Seminar

Moduie Level il Semester of Delivery i
Administering Department Wiminz Engineening | College Petroleum and Minine Engimeering
Module Leader Ao mithamed Youns l-i"n!ﬂ il ferhernieean | ool g
Module Llid-lr'l-ﬂ_tld. Title Assistun Lecturer Module Leader’s Qualification MLSc
Module Tutor e-mall

- f{LL‘I'.l.IJ.u.Li LI.I. Pbiad T Fif birt ios ST 1

Peer Reviawer Nams b | egmall Sibim b fal b dum sy aeea) | ] eelidmg
iR ECoRmBIN Appr ES/0I2035 Version Number

Date

Relation with other Modules
.J_P.."j'l ;".'-'I'J:'.H 2l gal! e aEall
Prerequisite module Moné Semester
Co-requisites module Murmerical ard Engineering Analyses Semester &




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives
Agud ) AL Cilaal

p

This course @ims to prepare students to understand and develop the skills of
programming in the MATLAB language

The ahility to implement applications in the MATLAB programming language
The student should be ready to learn & higher level In the MATLAB
programming language

Develpping his technical ability to solve problems that he may face nthe
labor markat

Prowide them with imformation related to programs with numencal analysis
Devetoping their awareness of what 15 related to the subiect of analynis and
how o spply the MATLABE program on the computer

Get acquaint=d with the famous engingermg and mathematical analyss
program [MATLAB) and abtain sufficient information sbout the use of the
program  mathematical analgsis and progrimming, the use of matrices, as
whell as solving and drawing complen mathematical equations.

This course aims to provide stisdents with Infarmation on how to use the
MATLAB program in numencal analyss problems, This program contans a
hugelibrary of funchions to solve a variety of mathematical problems, |n this
course; 3 group of these functiens were presented, including the sofutlon of
thenonlinear equation with one vanable, finding the maximum and
minimurn limits of the-function, solving the Integrals numericatly, and solving
differential eguations of the first order.

Module Learning

) o) Bl Baih s s

(o

A Copnithve goals
After completing the coursa, the student will beable to:

Understand the nature of numerical analysis work

KErcwing the types of numerlcdl analysis

Famiiliarity with the well-known mathematical analysis program (MATLAB).
Statistical applications on MATLAB

Using the MATLAB programming language and |mplement and solve various
enginesring applications in the MATLABR programaming fanguage

Enowing how (o spply the MATLAB prograim to numerical analysis methods
Gaiting practical skills on how to deal with modetn programs, software
simulation methods, and haw to deal with variables

Controlling the practical aspects of the coursa through laboratary sessions.
Acguiring MATLAB programming skills and lnowing how to deal with
variables and how to caleulate them effectively and skillfully.

Indicative Contents

Indiestive content Includes the Fallowlng.




s Yok e d

¥  COpen the program and get acquainted with the interfaces and
Windows of the program, the command window, the wolkspace
wandow. ; Vanables Rules for introducing. varlables and types af
wvariables [mumerical wanables) and constants {mumerical and real
constanis and symbolic constants) and the rule of precedenoe n
arithmetic spression

«  Seript flle editor window, Input #nd out put command nunthers,
arithmetic operations and speelal characters | intepers | real and
complex. numbier)  refaticnal  operations reporting | format
Jmiathematical functian | trigonometnc functions | repanential

¥  Comrmands | closihg Matlab , wha, whas ¢lear, chear ﬁ.. el

While statement for statement it statement

o Eoter matrig Transpose matnx opecation | multiphcetion  divison,
atdition and subtraction | colon operator ,matrix inverse predsfined

<

fmeatriv, matiy-algebrs

o MNTLAB Numepics! Analysis Applications {Bisection method for finding
roots . MNewton-Raphson mathod &nd B variations | Gaussian
glimination and lterative methods [eg, lscabl Gauss-Seidel),
Interpolation technijues {eg, Laprangs, Newton] and Polynomial
mterpolation Least squares regression and curve fitting Numerical
infegration technigue: (eg, trepemnidal rdle, Simpzon't rube)
JOrdinary Oifferential Equations iﬂDE:i Jmitial value: problems and
Eutar's method | Tunge-Kutta methods for solving 00

« CApplication of pumeric#l @nelvss programming o0 reswiord
Ngineenng problems

Learming and Teaching Strategiss
el ) S i

The mazin strategy that will be adopted in delvering this module is ta éncourage
students' participation in the exerdises, while at the same time refining and expanding
their eritical thinking skills, This will be achieved through classes, interactive tutorials
and by considering types of simple lab expariments mvolving tome sampling activities
that are -inm-re.'tinﬁ to the studentz




Student Workload (SWL)
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Structured SWL (h/sem) Structured SWL (h/w)
ol (1858, Y il ) o fand # g sl il el s ’
Unstructured SWL (h/sem) Unstructured SWL (h/w)
P G ERNE TRTBL =0 e e B P . b e !
Total SWL (hfsem)
100
el Joa el SN ) el
Module Evaluation
I I | LI (R
Time/Number | Weight (Marks) | Week Due bl
Dutcorme
Quizzes 5 10% [10) Sand 10 | LO#I, 52 and #4, #5
Formative Assignments 2 105 (10 2and 12 |ILOH3, #4 and #6,#7
assessment  [proiacis [ Lab. 1 1408 [ 10) Continuoas | Al
Report
summative | Midterm Exam 2hr 20 (20) 7 LD #1 . 47
assassment  rinal Exam Ihr 50% (50) 16 Al
Total assessment 100% (100 Marks)




Delivery Plan (Weekly Syllabus)

gl o Y gl

Week L | pastiah Enviranment, Basic syntax, Variables
Week 2 Commands, M-files, Data types, Operstors
Week 3 Decision mzlong, Loop types, Commandgs
Week 4 Vectors, Matrix
Week 5 | Working with vectors and matrices in MATUAR
Weak & | Error analysis in numenoal computations
Wealk 7 Mid-term Exam + Blséction ' method for finding roots
Week8 | Newton-Raphson method and its varistions
Week & | Gaussian slimination and ferative methods (e.g., Jacob), Gauss-Seidel]
Week 10 | Interpolation techniques (e-g., Lagrange, Newton) and Polynomial intespolation
Week 11 | Least squares regression and curve fitting
Weelk12 | Murner|cal integration technigues {e.g., traperaldal rule, Simpson's ruls] using Matiak
Wesk 13 Ordinary Differential Equations (ODES)

Initial value problems and Eulers method
Week 14 | Runge-Kaitta methods forsolving ODEs
Week 15 | Application of numerical onalysis programming to real-warld engineenng probigms
Week 16 | Preparatory week before the final Exam




Delivery Plan (Weekly Lab. Syllabus)

__!.E."i..ull#l:n _1.._I.u‘f'| Ell.i.l.-i!l

‘Material Covered

Week 1 | Lsb 1 Introduction to MATLAB environment and |t features.

Week 2 L=b 27 Basic programming coreepts in MATLAB.

Week3 | L=b 3 MATLAB syntax and data types

Week 4 | Lab 4: MATLAS applications about Vectors, Matrix

Week5 | Lab 5 Warking with vectors and matnices in MATLAR

Wesk & | Lab & Error analysis in numerical computations

Week 7 Lab T:'Mid4erm Exam + Bisection methiod for finding roots

Week 8 | Lab 8 Newton-Raphson method and its variations

Week 9 | Lab 9 Gaussizn elimination and Ilerative methods (e g., Jacob), Gauss-Seidel)
Week 10 | Lab 10! Interpalation tEchnigues (.8, Lagrange, Newtan) and Polynomidl interpalation
Week 11 | Lab 11: Least sguares regression and curve fitting
Wesk 12 | Lab 12 Numerical integration technigues {e.g, trapezoidal rule, Simpson's ruls)

o Lab 13: Ordinary Differential Equations [CHEES)
Week 13

Imitinl value prablems and Euter's method

o Lab 14: Runge-Kitta methods for solving OUEs

Week 14
Systems of GDEs and higher -n.rder ODEs
Lab 15 Review and Applications

Waeek 15

Application of numencal analysis programming o real-world enginéering problems




Learning and Teaching Resources
g sl g el yileas
Text Available in the Library?

1= Bpphied Nunencal Methods with BATLAE for Enginesrs and
Reguired Texts | Soentiste by furer Stavan Chapra, 4" edjton Feo &, 2017 No

; ) 2+ MATLAB Programmung for Enginesrs by Author Stephen &
Chapman, &thedition, 2015

Recommended
Nia
Texis
Websites hittors /e Tathwo ks, comy/
Grading Scheme
i 1l aliis
Group Grade =l Marks % | Definition
A - Excellent el 50-100 | Qutstanding Performance
) B - Very Good e 8088 Above average with someerrors
Success Group
) C- Gosd - 7078 sound work with notable grrors
{50 - 100)
D = Satisfactory de e B0~ 68 Falr but with major shortoomings
E - Sufficiant Jada 50- 59 Wark meets minmum eritaria
Fail Group FX—Eail (Aadadd f) o | (4549) | More work required but credit awarded
(0—49) F- Fail S (0-44) Considerable amaunt of work reguired

Note: Marks Decimal places shove or below 0.5 will be rounded to the ngher or lower full mark (for example s mark
of 545 will be meunded to 55, whereas a mark of 54,4 will be rounded to 54. The University has a policy HDT 0
condong "nesr-pass fals" so the anly adjustmant to marks awarded by the original marker{s) will b2 the automatic
rounding cutlined abave.
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Madule Title Cement Technalogy Module Delivery
Module Typa e ETheory
- FBlecture
Module Code DME326 Rhab
ECTS Credits 3 Oirutarial
[CPractical
SWL {hrfsem) 125 [(Beminar
Module Level LG Semester of Delivery t
Administering Department Mining enginesting | College Sining and petroleun enginseting
H!'Iuduli Leader Eng Knssim Yk l—nﬁll il atie e L s
Module Leader's Acad. Title lectirer Module Leader’s Qualification Phlx
Module Tutor Yasir Fans Ghanym E=miail yapsseer olyumese o] oedn g
Peer Reviewer Name H"dh:; f H:'l:d e-mail il hoifnharmen hie soomoss ] edu g
SRt Somiee Apnocuet 15092025 Version Number |
Date :
Relation with other Modules
5 ) Al pall ) gl e A5
Prerequisite moduie None Semester
Co-requisites module Mone Semester




Module Aims, Learning Outcomes and Indicative Contents
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Module Objectives

) ol 3 il

The obiectives of cement technology may vary depending on the specific course or
curriculum. However, here are some common objectives often covered in these
modules|

1

Understanding and Evalusting Raw Materials: Erabling the student to identify
the primary @nd additive mining raw matenats vsed inocement manufacturing
(such as limestone; clay, silica, and gypsum) and to eviluate their guality and
chemical suitability.

Comprehanding Raw Mix Design Chemical Calcuiations: Equipping the student
with the skills to calculate and model raw material proportions and prepare
the"raw mix hased on standard chemical moduli to ensure the production of
gh-guality clinker

Studying the Mining Aspect and Quarry Management: Introducing the student
to the planning of cement Rw material extraction from guarries, controiling
the homogeneity of the excavated matarials, and securing & sustalnable feed
for the plant:

Analyring Thermal Procossés Inside the Kilm Studying the complex
physicochemical reactions that ocour in raw materials asthey pass through the
drying, caleination, and sintering stages inside the rotary kain

Mastering Crushing and Preparstion Technology: Understanding the
oparatienal mechanisms of criushers, mw matenal mills, and final cement mills
(nall and vertical raller milis), and becoming familiar with finenass separation
and classification technolagy.

Cuality Contral and Enginesnng Testing: Training the student to conduct and
analyre sandard cement tests snd to understand the lmpact of clinker
mineralogical compazition (C_358, C_25, C_3A, C_4AF) an its physical and
mechanical properties.

Productivity and Efficiency Calcalations: Ensbling the student to calculate the
production capacities of vanous plant wnits: (crushers, mills, kilns} and to
evaluate operationadl performance efficiency.

Understanding Cement Types-and Standard Specifications: Studying the

different types of cement [Ordinsry Portisnd Cement, sulfate-resistant
comert, and biended cemeant) and chocking their compliance with apprioved
standard specifications

Module Learning
Outcomes

Rl ol 2l il iz, e

Upon successful completion of this module; students will be able to achieve
the following leaining outcomes:

Classitying and Evaluating Mining Raw Materials: |dentifying the geolagical and
chemical properties of quarry rew materals snd evaluating their suitability for
olinker production in accordance with standard specifications

Caleulating and Designing the Raw Mix Performing the necessary
mathematical and chemical caleulations to determing the propartions of kin
feed components based on quality moduli such as (L5F, 5M, ARM).




%, Planning Baw Materinl Baraction: Linking rock sstraction operations |0 the
quarry with the qusfity requirements of the plant, along with the ability to
rchadule raw materia!l blending ratios to smsure chemical homogeneity

4, Trackingand Analyzing Thermal Reactions: nterpreting the physical, chemical,
and mineralogical changes that occur within the materials inside the rotary kiln
At various temperatures to form the four primary olinker phases,

5. Operating and Evaluating Crushing and Preparation Equipment: Comparing the
efficiency and operating systams of different mills (ball and vartical rotler rmills)
and selecting the optimum operational conditions to achieve the required
cemant fineress

fi. Conducting laboratory Testing and Quality Control; Exscuting standard
physical and mechanical tests for cement (such as fineness, setting time, and
compressive strength) and analyzing the reslts to check compliance with
approved specifications,

7. Estimating and Calculsting Production Capacities: Calculating the annual and
daify production rates and productivity of the production line based on feed
data and equrpment efficiency

B Differentiating 2nd Utiliding Coement Types: Selecting the approgriate type af
eement for wvarous snginesring applications bassed on = thorough
understanding of Ik mineralogical composition and resistance to Surmounding
enwvirprmental condition,

indicative Contents
Al M el

This indicative comtent provides a general framewark far the Cemeant Technalagy

trodule. Covered toples and depth of coverage may vary depending oh the academic

inatitution, course tevel, and duration

1. Introduction to Cement Industry and Mining Raw Materials

Historical develapment of the cément industry and [ts main Lypes.

Prmary mining faw materiale calolum sources [limestane), and sources of silica,
aluminum, and won [clay, shale, sand, wron orel.

Additives, carreckive materfals, and gypsum a3 8 setting Hime retasder.

2 Qusrrying and Mining Oparations

Planning and desgning comaent raw matedial guarr|es and extraction melbods (drilling
and blayting).

Quarry quality control and controlling the chemical properties of the excavated rocks.

Pre-hompgenmation processes and raw matenal blending in stockplles,

3. Raw Mix Design and Proportioning
Governing chemical modulifor cement quality:
Litne Saturation Factor (LSF)

Sillea Modulus {5M)

Aluming Modulus [AM)

‘Mathematical and chemical caléulations for biending raw feed lines |betwesn wo,

three, of four raw materials).
. Crushing 2nd Baw Milling Technology




Typz: of crushers used in plants (jaw, gyratory, and hammer crushers), along with
calculating their efficiency and particle size distribution

Raw mix grinding-and drying: ball mills versus modem Vertical Roller Mills [VRM)

Air separation and classification systems (separatons) and controlling raw meal
fineness,

5. Mhyroprocessing and CHnkerization

Prehzating systems (preheaters) and pre-caliination technology (precalciners),

The rotary kilne operatinal parts, matarial kinstice, and thermal 2ones [hside the kiln

Thermachemistry; physicocremical resctions from evaporation, caltination (CaCl_3
Yrightarrow T30+ COy), leading up ta the liguid sintering stage and the formation
of tlinker phases.

Clinker codling technology and Its iImportance in stabilizing mineral phases.

b. Clinker Mineralogy and Chemistry

Thiefour primary mineral compounds (sccording (o Bogue Equations):

Alite [C,5) and Belite [C,5),

Aluminate [C5A) and Ferrite {CLAF)

The effect of mineralogical mmpusitr't:n and micrpstrugtune on the final properties of
cEment

7. Cement Grinding amd Sios

Adding gypsum to clinker: proportians, operational abjectives, and phiysical purpase.

Fimal pement g:in_d-mg circuit and controliing the specific surface area |Blaine Fineness),

Cement storage (silos), packaging, and shipping systems.

8 Technieal Cement Propertiesand Laboratory Cuality Controd

The hydratiaon process and the chemistry of cement réaction with water.

Standard physical and mechanicza| testing setting time [initial and final)| soundness,
and proficiency Ih compressive strength catoulations at 3, 7, and 28 days.

M comparative study of standard specheations (lragl 105, British 85, and Amearican
ASTM),

Learning and Teaching Strategies
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Strategles

A cambination of various teaching and l=a rning strategies can be utilized to dellver the
Cement Technalogy module effectively. The lollowing strategies are designed o
enfance student engagement and pramote active lBaming




Interactive Lectures; Presenting theoreticy! and foundational concepts (such as
clinker chemistry and pymoprocessing] wsing. multimediz presentations and
producticn-llhe flowcharts, while facilitating bralnstorming sesslons #6d apen
discussions to address complex enginesring problems.

Problem-Based Learming {PHL): Assigning students {individually or in groups) to
solve: real-warld practical probiems, such as raw mik design calculations and
madeling based on actual chemical analyses of guarry raw materials.

Laboratory and Practical Weork: Enga'ginng sturents in conducting hands-on phiysical
and mechanical tests on cement (such as finentss, setting time, and compressive
strength) within the labaratory to bridge the gap betwesn theoretical know|edgse
and standard specificaliong.

Tutarials and Seminars: Dedicating specific howrs- to revlew mathematical
calculations related to production capacities and the efficiency of crushess and
mills; alongside discussing studsnt reports and companng laboratory outoomes:
Cooperative Learming and Mini-Projects: Dividing students into teamwiork groups
b prepare technical reports evaluating the sutability of specific mining raw
materals for cement production, thereby fostenng teamwork and amilyiica!
thinking skills.

Visual Analysls and Simulation: Utilizing 3D engineering. videos and illustrative
diagrams to demonstrate the ntermnal operations of heavy machinery that are
otherwise difficult to view internally [such a: matena! kinetics and temperature
gistribution inside the rotary kiln and bali mills),

Independent teaming: Guiding stodonts to research scemiific (ferature g@nd
standard codes (both local ragl and Internstional staindards| to corduct technical
comparative studies Gn the properties and engingering applications of various
cement Lypes.

Student Workload [SWL)
e gl V' d iy gt Bl S
Structured SWL [h/sem) Structured SWL (h/w)
IR EOR LI JUR T > e = P S
Unstructured SWL (h/sem) Unstructured SWL (h/w)
om0 A B g jall L P | o i ot

Total SWL (h/sem)
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Module Evaluation
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Relavant Learning
Time/Number | Welght (Marks) | Week Due
' Qutcome
Quizzes 2 10% [10) 5 arud 10 LO 1, #2 and H10, #11
Eormatiie Assignments . 1086 [10) 2and 12 LD #3, 44 and 86, #7
assessment | poocerts [ Lab. 1 100 (10) Continuous | All
Report 1 1056 (10) i3 LD #5, #8 and K10
Summative Midtarm Exam Zhr 10 (10) 7 LD #1 -87
pssessment | rinal Exam 3hr 50% (50) 16 Al
Total assessment 1003 | 100 Marks)
Delivery Plan (Weekly Syllabus)
Gradll m gl mlgiad
Material Covered
Introduction fo Cemeant Technology®*
A ® Histoncal development of 1he cement industry and (1 economic and snginesring dgnilicante.
* General concept of hydraulic and non-hydraulic cement
* General fiowchart of a tlryspriooess pement plant
Primary and Additive Mining Raw Materials**
sk * Study of calcaresus rocks (imestone, marl] 85 2 source of caltium oxkde (Ca0),
. * Study of argillaceous rocks (thale, clay, sand) & sources of sllica, alumina, and Fomn.
* Carrectlve materials and natural gypsum,
Week 3 [ Mining Aspect and Quarry Managément®®




* Planning and designing cement raw material quarries and extraction methods

* Controlling the chemical homogenaity of extracted mw materials from the quarry (Quarry
Quality Control),

* Pre-homagenization and blending operations in stockpiles.

Raw Mix Design and Moduli = Part 1**

* Governing chemical indicators and modufi for the raw mix:

Week 4 * Lime Saturation Factor |LSF).
* Silica Madulus (SM).
* Alurminag Modulis [AM).
Raw Mix Design Calcuiations — Fart 11**
* Mathematioal and chemital methods for calculating raw matenial blending proporticns |bwo and
Week5 | thrpe.material blending).
* Prattical applications and caloulation prabiléms for adjusting the mix to achieve target standard
rodill,
Crushing and Transport Technology®®
*Types of crushars usedin phﬂ_f.i {Faw, gyratory, and hammer crushers).
Veeehf * Calculaling crusher production capacity, ctushing efficiency, and partlcle size distribution of raw
materials
*Transport systems for transferring mining raw matethils to storage silos
Raw Meal Grinding and Drpng Technology®*
Wesk 7 * Operational mechanisms of mw material mills: Ball Mills.
* Madern Vertical Roller Mills (VRM) and their mining-specific advantages
Air Separation and Raw Meal Fineress Control®*
Week 8 * Alr separation and classification systems (Separators)
* Controlling and adjusting the fineness of raw meal.
Midt=rm Exam and Review* *
Week 3 * Evaluation of the first half of the semester.
* Discustion and review seslon for raw miv design calculations and erusher capacities
Week 10 Theermal Processing and Preheating Systems (Pyroprocessing)**

* Concept of caldnation and the technology of hemogenization and ldin-leed silos,




* hiulti-stage suspannion praheater rower systems.

* Pre-calcimation technology (Precalciners) and it= praductivity benefits

Week 11

The Ratary Kilr and Phisicochemical Processes®®
* Engineering and mechantcal structure of the rptary kilnand its refractory lnlrga
* Thermal zones inside thie kiln and materia| kinglios

* Chermicai and physical reactions of the raw mix from 100-C to 1450-C

Weelk 12

Clinker Chemistry and Cooling Stage [Clinkerization]**
* Sintering reaction, Hguld phase appearance, and clinker nadule formation.

* Clinker cooling systems [Clinker Coolers) and the importzance of rmpid cooling in stabllizing
milneral phases.

* Productien capacity ealculations for both the kiln and the oaler

Week 13

Clinker Minsralogy**
* The four primary Bogue compounds [Cs5, G5, GA, CAF],

* Crystalline properties of each phase and its contribution to the development of cement's
mechanical strangth,

Weel 14

Final Cement Grinding Technology**
* Gypsum addition: calculating its percentage and controlling the false set phenomenan,

* final cement grinding circult 2nd cooling systems inside mills to prevent gypsum dehydeation.

Eement Types and Standard Specilications®*
* Ordinary Portiznd Cement [Type |] and Sulfate-Resstant Cement [Type "u".l.
* Rapid-hardaning cement, low-heat cement, apd blended (pogzolsmic) cement
* Comparative study between locai and international stendard specifications (ASTM, RS},

Week 15

Cement Hydration antd Technical Quality Contral®®
* Chemistry of cement reaction with water and the formation of hydration produects (C-5-H gel).
* Evolution of mechanical strength and setting time

* Final Course Evaluation




Delivery Plan (Weekly Lab. Syllabus)
Haaall e :Ll..ull

‘Material Covered

Introduction to Cement Technology Labaratory

Week1 | oyaryiew of health and safety reguiations inside the cement laboratory and industrial plants
Review of basic laboratory eguipment, measuring tools, and analytical balances.
Vitual and Physical Inspection of Miming Raw Materials
Waeek 2 Hand-specimen study of raly matérials extracied from quarres |limestane, clay, gypsim, shala).
Methods of laboralory sample preparation; primary crushing, grinding, and quartering to obtain a
representstive ssmple
Determination of Bensity, Specific Gravity, znd Maisture Content
Wikl Experiment to measure surface and absorbed moisture content In mining raw materials
Calculating the bulk density of imestone and loose bulk matariais,
Raw Mix Design and Modull (Practical/Computer Lab) = Part |
weeka | Manual application of caleulations for Lime Saturation Factor {L5F), Silica Modulus {3M}, and Alumina
Modulus {AM)
Salving practical examples for blending two materials [limestone and clay) to achleve the target mix.
Raw Mix Design and Maduli {Practical/Computer Lab}— Part ||
Week 5 Caleulating blending proportions for three and four saw miatenals when adding corrective materlals
{iron ore orsand).
Utllizing spreadsheets (Eicel) to model and calculate kiln-feed components.
Fineness Analysis by Mechanleal Methods (Sieve Analysis)
Wesk§ | Fnenesstesiing of raw m=al and final cemant using standard sieves (20 muktextim}and
45 mu\text{m) meshes).
Calculating the percentage of residue and evaluating mechanical grinding sfficiency.
Week 7; Fmeness Measurement by Blaine Air Permeability- Apparatus
Week 7 Operating the Blalne air permesability apparatus.
Conducting the experiment to catculate the specific surface area of cement (em2g or m'/ kgl and
understanding [tz effect on resction rates.
Week 8 Week B: Practical Midterm Exam
Evaluation of students’ skills in previous experiments, raw mix calculations, and fineness tests.
Week 9

Week 9 Determinztion of Sandard Consistency of Cement Faste




Operating the Vicat apparatus with the .':_tand:lrd plunger
Detarmining the optimum water conient (asa percentage of cement welght) reguired to prepars 8

cement paste of standard consistahcy,

Week 10

Week 10 Meaiurément of Inltial and Final SEtting Time

Utilizing the Vicat spperatus o monitor the sefting and hardening process of standard consistency
cement paste over time.

Recording the initial setiing time (onset of plasticity loss)and final setting time (complats
hardeningl.

Week 11

Week 11: Soundness Testing of Cement

Utilizing the Le Chatelier appamatus

Mezsuring expansion catised by free lime (Free~Cald} or magnesia (Mg0) after curing specimens in
bolling water toensure future concrete durshility 2gainst cracking.

Week 12

Week 12: Bogue Equations for Clinker Mineralogical Composition
Leboratory calculation session to convert chinker oxide chemical analysiy results (Ca0, 5i0_2,
Al_20_3, Fe_20_3) into the percentages of man mineml compounds |€_35, €_25, C_24, C_4AF).

Week 13

Week 13: Preparation of Standard Martar Prisms for Mechanical Testing

Blending cement, standard sand, and water at specificratios according to standand specifications.
Molding the mivture into standard steel molds (40 \times 40 \times 160\text] mm}), using a
vibrating table for compaction, and glacing prisms i waler curing tanks.

Week 14

Week 18; Compressive and Flezural Strength Testing

Testing cement prismis at the ages of (3 and 7 days) using a standand hydraullc compression testing
machine.

Caltulating mechanical stréss in (MPa or N/mm2) and comparing results with standard codes to

verify cement classification and grade.

Week 15

Week 15: Dlscussion of Comprehensive Lab Reports and Specifications Review

Reviewing graphical curves of strength development over time-and the impact of fineness and
mineralogical composition on it

Comparing students’ laboratary reslits with the limits specified by the Iragl Quality Standard (105
Mo, 5] for Portiand Cement,

Week 16

Weeﬁ 16: Firsal Pracilcal Evaluation and Comprehensive Report Submission
Submissign of the final int=grated |aboratory report and comprehensive practical evaluation,




Learning and Teaching Resources
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Text Available in the Library?

»  Hewlett, P.C, & Liska, M. [Eds.). {2019). Lea's

chemistry of cement and concrete [Sth ed.).
Required Texts Butterworth- Heinemann Yes
Alsop, P. A, (2020), The cement plant operations handbook
{Pthed ). Tradeship Publications.

Required Texts Yes
Recommended Jptika (2 Juf REatl 3k il Caiall 23 [J018) F ol 5 "
e, fa
Texts iy B
Website
Grading Scheme
Group Grade. il Marks% | Definition
A - Excellent el g0~ 104 Outstanding Pérformance
B - Very Good g B - 89 Ahove average with some errars
Success Group i i
C—Good La 70- 78 Sound work with notable errors
{50 - 100}
D - satisfactary —— G0 - 69 Falr but with major shortcomings
E - Sulficient e 50 - 59 Wark meets minimum criteria
Fall Group FX = Fail I:iq-l'i-l-il 18} il (a5-29) hMare work reguired but eredit awarded
{o—49) F—Fail il {o-44) Considerable amaunt of work requirsd

Neta: Marks Decirmal places above of below 0.5 will be rounded to the Righer or lewer tull mark (for example 3 mark
of 545 will be rounded o 55, wheress 5 mark of S04 will be rounded to 54 The Unieersily has a palicy NOT to
condone "near-pass fails” 9o the anly adjustment to marks awarded by the original marker(s) will be the automatic
rounding outlined above,




