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Rock Blasting and Explosives Engineering: Unlocking the Power Beneath the
Surface

rock blasting and explosives engineering play a pivotal role in modern
construction, mining, and infrastructure development. These disciplines
combine scientific principles with practical expertise to break and remove
rock formations efficiently and safely. Whether it’s creating tunnels for
highways or extracting valuable minerals from deep beneath the earth, rock
blasting and explosives engineering provide the controlled force necessary to
reshape the landscape and enable progress.

Understanding the fundamentals of this field not only highlights the
ingenuity behind these operations but also underscores the importance of
safety, precision, and environmental responsibility.

The Science Behind Rock Blasting and Explosives
Engineering

At its core, rock blasting is the process of using explosive materials to
fracture and displace rock. Explosives engineering takes this further by
designing the types, quantities, and placement of explosives to optimize
fragmentation while minimizing unwanted consequences such as fly rock or
excessive vibration.

How Explosives Work on Rock Formations

When explosives detonate, they produce a rapid expansion of gases and intense
pressure waves. This sudden release of energy generates stress within the
rock, causing it to crack and break apart. The effectiveness of the blast
depends on various factors including:

The type of explosive used (e.g., ANFO, dynamite, emulsions)

The geological characteristics of the rock (hardness, fractures,
moisture content)

The blast design (pattern, timing, depth, and charge size)



The goal is to create a controlled explosion that results in the desired rock
fragmentation, making it easier to transport and process.

Key Explosives Used in Rock Blasting

Several types of explosives are commonly used in rock blasting, each with
unique properties:

ANFO (Ammonium Nitrate Fuel Oil): A widely used bulk explosive known for
its cost efficiency and safety, especially in open-pit mining.

Dynamite: A high-energy explosive suitable for underground operations
and where precise blasting is required.

Emulsion Explosives: Water-resistant and versatile, emulsions are
increasingly popular due to their stability and high energy output.

Slurries: Pumpable explosives useful for wet boreholes and challenging
environments.

Choosing the right explosive is essential to balancing performance, safety,
and environmental impact.

Practical Applications of Rock Blasting and
Explosives Engineering

Rock blasting is indispensable across a variety of industries. The techniques
and engineering behind it are tailored to meet specific project requirements,
whether for construction, mining, or demolition.

Mining and Quarrying

In mining operations, rock blasting is the primary method for breaking ore
bodies and overburden. Effective blast design reduces fragmentation size,
which in turn improves material handling and processing efficiency.
Explosives engineers must consider the geology of the deposit, depth of the
blast, and environmental constraints to optimize productivity while
minimizing vibration and dust.



Construction and Infrastructure Development

Road construction, tunneling, and dam building often require excavation
through hard rock. Rock blasting accelerates these projects, enabling heavy
machinery to operate more effectively. Explosives engineering plays a
critical role in ensuring that blasts do not compromise existing structures
or create unsafe conditions. Timing and sequencing of blasts are carefully
planned to limit ground vibrations and control fly rock hazards.

Demolition and Controlled Blasting

When demolishing rock structures or old foundations, controlled blasting
techniques are applied to direct the rock collapse safely. This requires
expert knowledge of explosives properties and blast patterns, ensuring debris
falls within designated zones and minimizing impact on surrounding areas.

Designing an Effective Blast: The Role of
Explosives Engineering

Creating a successful rock blasting operation goes beyond just placing
explosives in holes. It involves meticulous planning, engineering
calculations, and adherence to safety protocols.

Blast Pattern and Hole Placement

The layout of blast holes determines how the rock will fracture. Common
patterns include:

Grid pattern: Regularly spaced holes for uniform fragmentation.

Staggered pattern: Alternating rows to improve breakage in harder rock.

Contour blasting: Holes arranged to follow a specific rock surface or
profile.

Spacing, burden (distance between the blast face and the hole), and depth are
optimized based on rock type and project goals.



Timing and Sequencing

Modern blasting often uses electronic detonators to control the timing of
each hole’s explosion down to milliseconds. This reduces ground vibrations,
prevents premature detonation, and improves fragmentation quality. By
staggering blast initiation, engineers can direct the energy flow through the
rock mass more efficiently.

Safety Considerations

Safety is paramount in rock blasting. Explosives engineers must comply with
strict regulations governing storage, handling, and detonation. Risk
assessments consider potential fly rock, airblast overpressure, and vibration
impacts on nearby structures and communities. Protective barriers, clear
exclusion zones, and communication protocols help safeguard workers and the
public.

Environmental Impact and Innovations in Rock
Blasting

While rock blasting is essential for many projects, it also presents
environmental challenges. Dust, noise, ground vibrations, and potential
groundwater contamination are concerns that require careful management.

Mitigating Environmental Effects

To reduce dust, water sprays and dust collectors may be used during and after
blasting. Noise barriers and timing blasts to avoid sensitive hours can limit
disturbance to wildlife and nearby residents. Vibration monitoring ensures
that blasts remain within safe thresholds to prevent damage to ecosystems and
infrastructure.

Advancements in Explosives Technology

The industry continually evolves with new materials and techniques designed
to enhance efficiency and reduce negative impacts. Some recent innovations
include:

Electronic detonators: Offering precise timing control and improved
safety.



Emulsion explosives: Safer to handle, with customizable energy output.

Blast modeling software: Enabling engineers to simulate blasts and
predict fragmentation and environmental effects before actual
detonation.

These advancements make rock blasting more predictable, controlled, and
environmentally friendly.

Key Skills and Knowledge for Explosives
Engineers

Working in rock blasting and explosives engineering requires a unique blend
of skills:

Geotechnical Understanding: Knowing rock properties and behavior under
stress.

Explosives Chemistry: Understanding how different explosives react and
perform.

Blast Design and Simulation: Using software tools and calculations to
optimize blasts.

Safety and Regulatory Compliance: Familiarity with local and
international laws governing explosives.

Problem-Solving: Adapting plans based on site conditions and unforeseen
challenges.

Continuous learning and hands-on experience are crucial for success in this
dynamic field.

---

Rock blasting and explosives engineering remain at the heart of many
engineering feats, enabling us to carve through the earth with precision and
care. As technology advances and environmental awareness grows, these
disciplines continue to adapt, making it possible to harness the power
beneath the surface while safeguarding people and the planet. Whether you’re
a student, industry professional, or simply curious, understanding the
intricacies of rock blasting opens a window into an extraordinary blend of
science, art, and engineering.



Frequently Asked Questions

What are the primary types of explosives used in
rock blasting?
The primary types of explosives used in rock blasting include ANFO (ammonium
nitrate fuel oil), emulsions, dynamite, and slurries. The choice depends on
factors like rock type, desired fragmentation, and environmental
considerations.

How does controlled blasting improve safety and
efficiency in mining operations?
Controlled blasting uses precise timing and placement of explosives to
minimize fly rock, ground vibrations, and airblast, thereby enhancing safety
for workers and nearby structures. It also optimizes rock fragmentation,
improving loading and hauling efficiency.

What role does electronic detonator technology play
in modern rock blasting?
Electronic detonators provide precise timing control with millisecond
accuracy, allowing for better blast sequencing and improved fragmentation.
They reduce vibration and fly rock risks and enable real-time monitoring and
adjustments during blasting operations.

How is environmental impact minimized during rock
blasting activities?
Environmental impact is minimized by using controlled blasting techniques to
reduce vibrations and airblast, employing explosives with lower toxic
byproducts, implementing proper blast design to limit noise and dust, and
conducting environmental assessments prior to blasting.

What factors influence the design of a rock blasting
plan?
Designing a rock blasting plan involves considering factors such as rock type
and hardness, geological discontinuities, blast geometry, explosive type and
quantity, desired fragmentation size, safety regulations, environmental
constraints, and the proximity of structures or inhabited areas.

Additional Resources
Rock Blasting and Explosives Engineering: A Professional Review



rock blasting and explosives engineering form the backbone of modern mining,
construction, and infrastructure development. This specialized field combines
geological understanding with advanced engineering principles to safely and
efficiently fragment rock masses using controlled explosives. The intricacies
of rock blasting and explosives engineering extend beyond mere detonation;
they encompass careful planning, material selection, environmental
considerations, and risk management. This article delves into the technical,
practical, and safety aspects of this engineering discipline, offering a
comprehensive analysis for professionals and stakeholders.

Understanding Rock Blasting and Its Engineering
Fundamentals

At its core, rock blasting involves the use of explosives to break rock
formations into manageable sizes. This process is essential in various
industries, including mining, quarrying, tunneling, and large-scale civil
works such as dam construction and highway development. Explosives
engineering in this context refers to the science and technology behind
selecting appropriate explosive materials, devising optimal blast patterns,
and managing the energy release to achieve desired fragmentation with minimal
adverse effects.

The engineering principles governing rock blasting are grounded in rock
mechanics, detonation physics, and material science. Engineers must consider
rock properties such as hardness, density, fracture patterns, and in-situ
stresses. These parameters influence the choice of explosives and the design
of blast holes, including their depth, diameter, and spacing. Additionally,
the timing of detonations—using delay detonators or electronic blasting
systems—plays a critical role in controlling the blast's effectiveness and
mitigating vibration and flyrock hazards.

Types of Explosives Used in Rock Blasting

The selection of explosives is a pivotal decision in rock blasting and
explosives engineering. Explosives can be broadly categorized into:

ANFO (Ammonium Nitrate Fuel Oil): Widely utilized due to cost-
effectiveness and ease of handling, ANFO is a bulk industrial explosive
suitable for dry, well-ventilated blast holes.

Emulsion Explosives: These water-resistant explosives feature a high
detonation velocity and are favored in wet conditions or where precise
energy control is necessary.

Slurries and Gels: These explosives are pumpable and adaptable to



various hole conditions, offering flexibility in challenging geological
settings.

Detonating Cord and Primers: Used to initiate the main charge, these
components ensure reliable and synchronized detonation sequences.

The choice depends on factors such as rock type, moisture conditions,
economic considerations, and environmental regulations.

Blast Design and Optimization Techniques

Effective blast design is crucial for maximizing fragmentation while
minimizing environmental impacts and operational costs. Modern explosives
engineering employs advanced modeling and simulation tools to predict blast
outcomes, allowing engineers to tweak parameters for optimal results.

Key Elements of Blast Design

Blast Pattern Layout: The arrangement of blast holes in rows and
columns, influencing fragmentation uniformity.

Charge Weight and Distribution: Determining the amount of explosive per
hole to balance energy and avoid overbreak.

Timing and Delays: Sequencing detonations to control the direction of
rock breakage and reduce ground vibrations.

Stemming Length: The inert material placed above the explosive column in
a blast hole to contain gases and direct energy into the rock.

Sophisticated software allows for 3D modeling of rock masses and virtual
blast testing, significantly reducing trial-and-error in the field.

Environmental and Safety Considerations

Rock blasting inherently involves risks such as flyrock, ground vibration,
noise pollution, and dust generation. Explosives engineering protocols
mandate rigorous risk assessments and safety measures, including:

Pre-blast surveys and structural assessments of nearby buildings.



Establishing exclusion zones and clear communication with site personnel
and the public.

Use of blast mats and other containment methods to control flyrock.

Monitoring vibration levels with seismographs to comply with regulatory
thresholds.

Additionally, environmental considerations have led to innovations like low-
emission explosives and controlled blasting techniques to minimize ecological
disturbance.

Technological Advancements in Explosives
Engineering

The evolution of rock blasting and explosives engineering is closely tied to
technological progress. Recent trends include:

Electronic Blasting Systems

Replacing traditional pyrotechnic delay detonators, electronic detonators
offer millisecond precision in timing, enhancing blast control and reducing
vibration and flyrock. This precision enables engineers to tailor the blast
sequence for maximum efficiency and safety.

Blast Monitoring and Data Analytics

Integration of sensors, drones, and real-time monitoring devices provides
critical data on blast performance and environmental impact. Data analytics
platforms enable predictive maintenance and continuous improvement in
blasting operations.

Automation and Robotics

Automation in drilling and loading processes, combined with remotely
controlled blasting, reduces human exposure to hazardous environments,
increasing operational safety.



Challenges and Future Directions

Despite technological advancements, rock blasting and explosives engineering
face ongoing challenges:

Regulatory Compliance: Stringent environmental and safety regulations
require continuous adaptation and innovation.

Complex Geologies: Variable rock conditions demand flexible and often
customized blasting solutions.

Cost Management: Balancing the costs of advanced explosives and
equipment with project budgets remains a critical concern.

Looking ahead, research into nano-explosives, greener blasting agents, and
AI-driven blast design promises to reshape the field further. Enhanced
understanding of rock fragmentation mechanics at micro and macro scales will
contribute to more efficient and sustainable blasting practices.

Rock blasting and explosives engineering stand as a testament to the synergy
between science and practical application. Through continual innovation and
strict adherence to safety and environmental standards, this field will
continue to underpin vital infrastructure and resource extraction projects
worldwide.
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combined textbook and handbook provides students, practitioners, and researchers in mining,
mechanical, building construction, geological, and petroleum engineering with a source from which
to gain a thorough understanding of the constructive use of explosives.
  rock blasting and explosives engineering: Tunnels and Underground Structures:
Proceedings Tunnels & Underground Structures, Singapore 2000 Rahan Krishnan, Jian Zhao,
J. Nicholas Shirlaw, 2017-10-02 This text describes topics discussed at the conference, including:
tunnelling and construction in soft ground and rocks; geological investigations; tunnelling machines;
planning for underground infrastructure; safety issues and environmental and social aspects of
underground development.
  rock blasting and explosives engineering: Explosives and Blasting Technique R.
Holmberg, 2000-01-01 This work covers such topics as: EU directives and harmonization work;
health, safety and environment; recent technical development - products and processes; shot hole
development; and management of blasting operations.
  rock blasting and explosives engineering: Rock Fragmentation by Blasting B. Mohanty,
2020-12-18 This collection of symposium papers covers a wide range of topics on rock
fragmentation, from carefully documented case studies to attempts, for example, at fractal
representation of the fracture process itself.
  rock blasting and explosives engineering: Principles and Practices of Rock Blasting
Vivek Kumar Himanshu, Narayan Kumar Bhagat, Ashish Kumar Vishwakarma, Arvind Kumar Mishra,
2024-11-28 This book enriches the readers with the advances in rock blasting techniques for mining
and civil construction rock excavation projects, including the need for and importance of rock
blasting, related theories, challenges in rock blasting operations, and rock blasting methodology for
excavation of coal and overburden benches of opencast coal mines. It also discusses methods to
estimate charge factors and dimensional parameters for different rock types of iron ore mines,
blasting methodology for rock strata and the blasting technologies for civil construction projects.
The book: Provides comprehensive review of the prediction methodologies of blasting results.
Reviews insights into advanced blasting methodologies for rock excavation near sensitive structures.
Includes case studies of coal mining, iron ore mining, limestone mining and civil construction
projects. Explores the detailed theoretical background of rock blasting. Discusses methodologies of
secondary blasting. This book is aimed at graduate students and researchers in mining,
geotechnical, and rock engineering.
  rock blasting and explosives engineering: Rock Blasting Pijush Pal Roy, 2005-06-23 This
book is a unique supplement to contemporary scientific literature on rock blasting technology. It
encapsulates theoretical and practical aspects of drilling and blasting techniques used in both
surface and subterranean excavations connected with civil as well as mining activities. Case studies
are presented to illustrate correlations between theoretical calculations and empirical findings. It
also summarizes the results of research carried out by the Blasting Department of the Central
Mining Research Institute since its inception in the year 1970. It contains fifteen extensive chapters
covering statistical methods, design parameters, rock breakage mechanism, structural damage,
fragmentation, emerging techniques, surface and sub-surface blasting methodologies, safety and
environmental aspects, explosive characteristics and modern initiating devices.
  rock blasting and explosives engineering: Industrial Explosives and their Applications
for Rock Excavation Marilena Cardu, Daniele Martinelli, Carmine Todaro, 2024-06-28 Industrial
Explosives and their Applications for Rock Excavation focuses on applications of industrial
explosives in civil and mining engineering works. Explosives and their actions are explained in terms
of basics, principles, and related chemistry. Explosives and initiation devices are described,
including their characteristics, geometry, and timing aspects of the blast design. Designing blasts for
rock excavation works is explained, including devices for obtaining large-sized blocks, construction
of yards, and excavation of big foundations. Finally, criteria for the mitigation of the associated
seismic disturbances are summarized. The book: provides an updated vision of industrial explosives,
including the best technical advice for rock excavation; contains harmonized preliminary modules



aimed at introducing basic concepts of chemistry and physics applied to the drilling and blasting
technique; defines balanced mix of theory capable of providing skills to design an efficient blasting;
covers excavation problems from different points of view and in different contexts; and addresses
issues of drilling and loading blast-holes. Industrial Explosives and their Applications for Rock
Excavation is aimed at graduate students, researchers, and professionals in mining engineering and
explosives technology.
  rock blasting and explosives engineering: Rock Fracture and Blasting Zong-Xian Zhang,
2016-04-26 Rock Fracture and Blasting: Theory and Applications provides the latest on stress waves,
shock waves, and rock fracture, all necessary components that must be critically analyzed to
maximize results in rock blasting. The positioning of charges and their capacity and sequencing are
covered in this book, and must be carefully modeled to minimize impact in the surrounding
environment. Through an explanation of these topics, author Professor Zhang’s experience in the
field, and his theoretical knowledge, users will find a thorough guide that is not only up-to-date, but
complete with a unique perspective on the field. Includes a rigorous exposition of Stress Waves and
Shock Waves, as well as Rock Fracture and Fragmentation Provides both Empirical and Hybrid
Stress Blasting Modeling tools and techniques for designing effective blast plans Offers advanced
knowledge that enables users to choose better blast techniques Includes exercises for learning and
training in each chapter
  rock blasting and explosives engineering: Rock Blasting Terms and Symbols Agne
Rustan, 1998-01-01 This dictionary represents today the most extensive rock blasting dictionary
available and it is therefore a valuable tool and essential for research and writing reports, papers to
international journals. Terminology is important in the process of development of a science because
it is the language for communication between students, teachers, technicians, scientists and
practitioners in the field of blasting. This dictionary contains 1,980 terms, 316 symbols, ninety-three
acronyms, abbreviations and shortened forms, 221 references, thirty-one figures, thity-two formulas
and twenty-eight tables. In this book, not only short definitions of the terms are presented, but also a
quantification of some terms is included, and their relationship to other parameters in blasting is
highlighted. All students, teachers, technicians, engineers, scientists and practioners in the field of
blasting should get a copy as a desk reference book. If we all use the same symbols for example, the
reading of blasting papers is speeded up and facilitated a lot.
  rock blasting and explosives engineering: Software and Intelligent Sciences: New
Transdisciplinary Findings Wang, Yingxu, 2012-03-31 The junction of software development and
engineering combined with the study of intelligence has created a bustling intersection of theory,
design, engineering, and conceptual thought.Software and Intelligent Sciences: New
Transdisciplinary Findings sits at a crossroads and informs advanced researchers, students, and
practitioners on the developments in computer science, theoretical software engineering, cognitive
science, cognitive informatics, and intelligence science. The crystallization of accumulated
knowledge by the fertilization of these areas, have led to the emergence of a transdisciplinary field
known as software and intelligence sciences, to which this book is an important contribution and a
resource for both fields alike.
  rock blasting and explosives engineering: Mine Health and Safety Management Michael
Karmis, 2001 This book focuses on instilling a safety culture and fostering the ability to recognize
and manage health and safety responsibilities and requirements. It details effective and safety
management systems and concentrates on safety and health hazard anticipation, identification,
evaluation, and control.
  rock blasting and explosives engineering: Energy Efficiency in the Minerals Industry Kwame
Awuah-Offei, 2017-10-31 This book presents a state-of-the-art analysis of energy efficiency as
applied to mining processes. From ground fragmentation to mineral processing and extractive
metallurgy, experts discuss the current state of knowledge and the nagging questions that call for
further research. It offers an excellent resource for all mine managers and engineers who want to
improve energy efficiency to boost both production efficiency and sustainability. It will also benefit



graduate students and experienced researchers looking for a comprehensive review of the current
state of knowledge concerning energy efficiency in the minerals industry.
  rock blasting and explosives engineering: Measurement of Blast Fragmentation John A.
Franklin, 2018-12-19 A collection of workshop papers providing state-of-the-art reviews on all
aspects of fragmentation, including photographic requirements, image enhancement, statistical
treatment, and applications in quarrying, mining and minerals processing industries.
  rock blasting and explosives engineering: Flyrock in Surface Mining Autar K. Raina,
2023-07-24 This book provides a comprehensive understanding of historical and recent research,
with a critical review of several aspects of the flyrock phenomenon, along with classification of
pertinent literature. This puts flyrock into proper perspective and develops a comprehensive regime
for flyrock prediction and control. It also addresses the blast danger zone demarcation based on
scientific understanding in comparison to the consequence-based approach supported by pertinent
case studies. Features: Discusses exclusive material on flyrock in surface mining Presents
comprehensive and critical review of the flyrock phenomenon Reviews prediction and control
mechanisms in vogue with scientific and risk-based definitions of blast danger zone Provides new
insights into the flyrock definitions, prediction, and prevention along with the research approach to
the problem Includes Indian case studies and summarize global data available in the published
domain This book is aimed at researchers and graduate students in mining and civil engineering,
engineering geology, and blasting.
  rock blasting and explosives engineering: Proceedings of Geotechnical Challenges in
Mining, Tunneling and Underground Infrastructures Amit Kumar Verma, Edy Tonnizam Mohamad,
Ramesh Murlidhar Bhatawdekar, Avtar Krishen Raina, Manoj Khandelwal, Danial Armaghani,
Kripamoy Sarkar, 2022-06-03 This book consists of selected papers presented at the International
Conference on Geotechnical Challenges in Mining, Tunneling and Underground Infrastructures
(ICGMTU), held as a virtual conference on December 20, 2021. The papers represent the research
work in the related fields of underground mining, ground control, mining geotechnics,
geo-instrumentation, mine tunnelling, and underground structures. It focuses on the latest
technology being implemented including artificial intelligence and machine learning applications to
solve challenges in mining tunneling and geotechnical structure engineering. It also highlights the
state-of-the-art technologies adopted by the civil and mining industry for their commercial as well as
environmental benefits. The papers are presented by an international pool of academics, research
scientist, and industrial experts and therefore cater to the global audience from the field of
underground engineering.
  rock blasting and explosives engineering: Explosivstoffe Josef Köhler, Rudolf Meyer,
2009-06-01 This world-famous reference work has been enlarged and updated without tampering
with its tried and tested format. Around 550 alphabetically ordered, monographic entries consider
the physicochemical properties, production methods and safe applications of over 120 explosive
chemicals; discuss 70 fuels, additives and oxidizing agents; and describe test methods. The extensive
thermodynamic data have been thoroughly updated. Other key features include: the 1500-entry
combined index and glossary (comprising terms and abbreviations in English, French and German),
the conversion tables and the many literature references. This book is suitable for explosive experts
and also for indirectly interested parties - such as translators, public authorities and patent lawyers.
From reviews of previous editions: 'This wealth of information and an index that comprises some
1500 keywords and several conversion tables make this a unique source of knowledge for anybody
working with explosives.' (Propellants, Explosives, Pyrotechnics)
  rock blasting and explosives engineering: Rock Fragmentation by Blasting Jose A.
Sanchidrian, 2009-08-20 This volume contains the papers presented at the 9th International
Symposium on Rock Fragmentation by Blasting, held in Granada, Spain, 13-17 August 2009. A
state-of-the-art collection of articles on developments in rock blasting and explosives engineering,
with contributions on rock characterization, explosives and initiation systems, blast design and
monitoring, fragmentation assessment, numerical modeling, vibrations from blasting, environmental



and economical aspects of rock blasting, and more. Containing unique knowledge, case studies,
ideas and insights, this volume is must-have literature for researchers and practitioners in the field
of explosives and blasting.
  rock blasting and explosives engineering: Dynamic Web Programming and HTML5 Paul
S. Wang, 2012-11-21 With organizations and individuals increasingly dependent on the Web, the
need for competent, well-trained Web developers and maintainers is growing. Helping readers
master Web development, Dynamic Web Programming and HTML5 covers specific Web
programming languages, APIs, and coding techniques and provides an in-depth understanding of the
underlying concepts, theory, and principles. The author leads readers through page structuring,
page layout/styling, user input processing, dynamic user interfaces, database-driven websites, and
mobile website development. After an overview of the Web and Internet, the book focuses on the
new HTML5 and its associated open Web platform standards. It covers the HTML5 markup language
and DOM, new elements for structuring Web documents and forms, CSS3, and important JavaScript
APIs associated with HTML5. Moving on to dynamic page generation and server-side programming
with PHP, the text discusses page templates, form processing, session control, user login, database
access, and server-side HTTP requests. It also explores more advanced topics such as XML and
PHP/MySQL. Suitable for a one- or two-semester course at the advanced undergraduate or
beginning graduate level, this comprehensive and up-to-date guide helps readers learn modern Web
technologies and their practical applications. Numerous examples illustrate how the programming
techniques and other elements work together to achieve practical goals. Online Resource
Encouraging hands-on practice, the book’s companion website at http://dwp.sofpower.com helps
readers gain experience with the technologies and techniques involved in building good sites.
Maintained by the author, the site offers: Live examples organized by chapter and cross-referenced
in the text Programs from the text bundled in a downloadable code package Searchable index and
appendices Ample resource listings and information updates
  rock blasting and explosives engineering: Explosive Effects and Applications Jonas A.
Zukas, William Walters, 2013-12-01 This is a broad-based text on the fundamentals of explosive
behavior and the application of explosives in civil engineering, industrial processes, aerospace
applications, and military uses.
  rock blasting and explosives engineering: Advances in Spatio-Temporal Analysis
Xinming Tang, Yaolin Liu, Jixian Zhang, Wolfgang Kainz, 2007-08-23 Developments in Geographic
Information Technology have raised the expectations of users. A static map is no longer enough;
there is now demand for a dynamic representation. Time is of great importance when operating on
real world geographical phenomena, especially when these are dynamic. Researchers in the field of
Temporal Geographical Information Systems (TGIS) have been developing methods of incorporating
time into geographical information systems. Spatio-temporal analysis embodies spatial modelling,
spatio-temporal modelling and spatial reasoning and data mining. Advances in Spatio-Temporal
Analysis contributes to the field of spatio-temporal analysis, presenting innovative ideas and
examples that reflect current progress and achievements.
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