
the science of breakable things
The Science of Breakable Things: Understanding Fragility and Resilience

the science of breakable things is a fascinating journey into why objects,
materials, and even living systems crack, shatter, or fail under certain
conditions. From the delicate glassware in our kitchens to the complex
biological structures within our bodies, understanding what makes things
breakable—and conversely, what makes them durable—opens a window into the
fundamental principles of physics, chemistry, and engineering. This
exploration not only satisfies our curiosity but also informs how we design
more resilient materials and protect the fragile parts of our world.

What Makes Something Breakable?

When we consider why something breaks, we’re really asking about the limits
of its strength and structure. At its core, breakability is about how a
material responds to stress and strain—the forces applied to it and how it
deforms or fails as a result. Materials can be brittle, ductile, elastic, or
plastic, and these properties govern their behavior under pressure.

Brittle vs. Ductile Materials

Brittle materials, like glass or ceramics, tend to shatter suddenly without
much deformation. They absorb little energy before breaking, which is why a
dropped wine glass shatters instantly while a metal spoon bends. Ductile
materials, such as copper or aluminum, stretch or deform before breaking,
offering warning signs before failure.

This difference is key in engineering and manufacturing. Understanding
whether a material is brittle or ductile helps predict how it will behave
under real-world conditions—whether it will crack under impact or bend and
absorb shock.

The Role of Microstructure

Zooming in, the science of breakable things reveals that the microscopic
arrangement of atoms and molecules plays a crucial role. For example, in
metals, grain boundaries and dislocations influence strength and toughness.
In glass, the lack of a crystalline structure makes it more prone to brittle
fracture.

Tiny flaws, cracks, or impurities can act as stress concentrators,
dramatically reducing a material’s ability to withstand force. This is why



even a small chip in a windshield can cause the entire pane to crack under
pressure.

Stress, Strain, and Fracture Mechanics

To truly grasp the science of breakable things, we need to delve into
fracture mechanics—a field that studies how cracks initiate and propagate in
materials.

Stress Concentration and Crack Propagation

Stress isn’t always evenly distributed across an object. Sharp corners,
notches, or surface defects cause stress concentrations, making these spots
more likely to fail first. Once a crack starts, it can grow rapidly,
especially under repeated loading or impact.

Engineers use stress intensity factors and fracture toughness measurements to
predict when and how cracks will grow, allowing them to design safer
structures and materials.

Elastic and Plastic Deformation

When a force is applied, materials first deform elastically—they stretch or
compress but return to their original shape once the force is removed. Beyond
a certain point, plastic deformation occurs, meaning permanent change in
shape.

Materials that undergo plastic deformation can absorb more energy before
breaking, making them tougher. Understanding these deformation behaviors
helps in selecting materials for everything from building bridges to
manufacturing smartphones.

The Science Behind Everyday Breakables

We encounter breakable things daily, often without thinking about the science
behind their fragility.

Glass: Beauty and Fragility

Glass is a classic example of a brittle material. Its amorphous atomic
structure lacks the orderly arrangement that metals have, which limits its



ability to deform and absorb energy. When stressed beyond its limit, it
fractures along unpredictable paths.

However, innovations like tempered glass and laminated glass have transformed
breakability. Tempered glass is heat-treated to introduce compressive
stresses on the surface, making it stronger and causing it to crumble into
small, less dangerous pieces rather than sharp shards when broken. Laminated
glass sandwiches a plastic layer between sheets of glass, holding fragments
together upon breakage, enhancing safety.

Ceramics and Porcelain

Ceramics are widely used for their hardness and heat resistance but are
notoriously brittle. Their crystalline structures and strong ionic bonds make
them resistant to deformation but prone to sudden failure.

Modern advances, including ceramic composites and nano-engineered ceramics,
aim to improve toughness without sacrificing other beneficial properties.

Biological Breakables: Bones and Beyond

The science of breakable things extends into biology as well. Our bones,
teeth, and other tissues balance strength and flexibility to withstand daily
stresses.

Bone Structure and Strength

Bones are remarkable natural composites made of collagen (a protein) and
hydroxyapatite (a mineral). Collagen provides flexibility, while
hydroxyapatite adds hardness. This combination allows bones to absorb impact
without shattering easily.

Bone remodeling—a continuous process of breaking down and rebuilding—helps
maintain strength and repair micro-damage, which is why nutrition and
exercise are vital for bone health.

Fracture and Healing

When bones do break, the body initiates a complex healing process involving
inflammation, new tissue formation, and remodeling. Understanding the
mechanics of bone fractures helps medical professionals devise better
treatment plans and preventative measures.



Engineering Resilience: Designing Against
Breakage

Recognizing the science of breakable things has profound implications in
engineering and design. Creating materials and structures that resist
breaking—or fail safely—is a cornerstone of modern technology.

Material Selection and Testing

Engineers test materials extensively for tensile strength, impact resistance,
fatigue life, and fracture toughness. These tests inform choices for
everything from aircraft components to smartphone cases.

Designing for Failure

Sometimes, failure is inevitable, so designing for controlled failure is
essential. For instance, crumple zones in cars absorb impact energy during
crashes, protecting occupants by sacrificing parts of the vehicle in a
controlled manner.

Similarly, breakaway bolts and shear pins in machinery fail under excessive
load to prevent catastrophic damage to more expensive components.

Future Directions: Smart Materials and Self-
Healing Technologies

The cutting edge in the science of breakable things involves developing
materials that can sense stress, adapt, or even repair themselves.

Self-Healing Materials

Researchers are creating polymers and composites that can autonomously repair
cracks or damage. These materials incorporate microcapsules filled with
healing agents or use reversible chemical bonds that reform after breakage.

Such innovations promise longer-lasting products and reduced waste,
revolutionizing industries from aerospace to consumer electronics.



Smart Sensors and Monitoring

Embedding sensors within materials allows real-time monitoring of stress and
damage, enabling preventative maintenance before catastrophic failures occur.
This approach enhances safety and extends the lifespan of critical
infrastructure.

Exploring the science of breakable things reveals a delicate balance between
fragility and resilience. Whether in everyday objects, biological systems, or
advanced engineering, understanding why and how things break empowers us to
create safer, smarter, and more durable solutions. It’s a dance between
forces and structures, a continuous quest to harness nature’s principles for
human benefit.

Frequently Asked Questions

What is 'The Science of Breakable Things' about?
'The Science of Breakable Things' is a novel by Tae Keller that follows a
young girl named Natalie who uses science experiments to cope with her
mother's depression and personal challenges.

Who is the main character in 'The Science of
Breakable Things'?
The main character is Natalie, a middle school student passionate about
science and trying to help her mother recover from depression.

What themes are explored in 'The Science of
Breakable Things'?
The novel explores themes such as mental health, family dynamics, resilience,
the power of science, and personal growth.

How does science play a role in 'The Science of
Breakable Things'?
Science serves as a coping mechanism and a way for Natalie to understand and
deal with her family’s struggles, particularly through her science fair
project.

Is 'The Science of Breakable Things' based on true
events?
No, it is a work of fiction, though it realistically portrays issues related



to mental health and family relationships.

What age group is 'The Science of Breakable Things'
suitable for?
The book is generally aimed at middle grade readers, typically ages 9-12, but
its themes resonate with older readers as well.

What role does mental health play in 'The Science of
Breakable Things'?
Mental health is a central theme, highlighting the impact of a family
member's depression on children and emphasizing empathy and understanding.

Has 'The Science of Breakable Things' won any
awards?
Yes, the book has received critical acclaim and won the 2019 Asian/Pacific
American Award for Literature.

How does Natalie’s science project relate to the
story’s message?
Natalie’s science project symbolizes experimentation, resilience, and the
willingness to try and fail, reflecting the broader emotional struggles in
the story.

What lessons can readers learn from 'The Science of
Breakable Things'?
Readers learn about compassion, the importance of mental health awareness,
perseverance in the face of difficulties, and the value of science as a tool
for understanding the world and oneself.

Additional Resources
The Science of Breakable Things: Understanding Fragility Through a Scientific
Lens

the science of breakable things delves into the fundamental principles behind
why certain materials, objects, and structures succumb to fracture, shatter,
or failure under stress. This field intersects physics, materials science,
engineering, and even psychology, providing insight into how and why things
break, the conditions that exacerbate fragility, and how to mitigate or
exploit these properties in practical applications. From delicate glassware
to complex composite materials, exploring the science of breakable things



reveals a nuanced understanding of strength, resilience, and vulnerability.

Fundamental Concepts in Material Fragility

At the heart of the science of breakable things lies the study of material
properties — elasticity, toughness, brittleness, and ductility. While
elasticity describes a material’s ability to return to its original shape
after deformation, brittleness refers to its tendency to break without
significant plastic deformation. Materials like glass and ceramics are
typically brittle, shattering when stressed beyond their limits, whereas
metals such as steel exhibit ductility, deforming extensively before failure.

The microscopic structure of materials plays a crucial role in determining
their breakability. Crystalline materials, with their ordered atomic
arrangements, often possess cleavage planes along which cracks can propagate
rapidly. Amorphous materials, such as certain polymers, lack such ordered
structures but may still exhibit breakage due to chain scission or molecular
weaknesses.

Stress concentration is another critical factor. Imperfections, scratches, or
micro-cracks in a material can amplify localized stress, accelerating
fracture. This explains why a small chip on a glass surface can lead to
catastrophic failure under relatively mild impact.

Fracture Mechanics and Crack Propagation

A pivotal area within the science of breakable things is fracture mechanics —
the study of how cracks initiate and grow within materials. The concept of
stress intensity factors and energy release rates helps engineers predict
when a crack will propagate uncontrollably, leading to failure.

Fatigue fracture, occurring after repeated cyclic loading below a material’s
ultimate tensile strength, is particularly relevant in engineering
applications. Aircraft wings, bridges, and mechanical gears must be designed
with fatigue life in mind, as microscopic cracks can slowly expand over
millions of cycles, eventually causing sudden collapse.

Applications and Implications of Breakable
Materials

Understanding the science of breakable things is not merely academic; it has
profound implications in manufacturing, safety, and design innovation. The
balance between material strength and weight, cost, and manufacturability
hinges upon a deep understanding of how and why materials fail.



Glass and Ceramics: Beauty and Fragility

Glass is emblematic of breakability. Its amorphous molecular structure
confers transparency but also brittleness. Despite advances such as tempered
glass and laminated safety glass, the challenge remains to enhance toughness
without compromising clarity. Innovations in chemical strengthening, where
ion exchange processes create compressive stress layers on the surface, have
improved resistance to scratches and impacts, yet glass remains vulnerable to
sharp blows or stress concentrators.

Ceramics, used in applications ranging from dental implants to aerospace
components, possess high hardness but low toughness. Researchers are actively
developing composite ceramics embedded with fibers or whiskers to arrest
crack propagation, improving durability while retaining desirable thermal and
chemical properties.

Polymers and Composites: The New Frontier

Polymers offer a wide range of mechanical behaviors, from flexible elastomers
to rigid thermoplastics. Their breakability is strongly influenced by
molecular weight, cross-linking density, and environmental factors such as
temperature and UV exposure.

Composite materials, combining reinforcing fibers with polymer matrices,
exemplify engineering efforts to mitigate breakability. Carbon fiber
reinforced polymers (CFRP), for instance, exhibit high strength-to-weight
ratios but may fail catastrophically when fibers delaminate or matrix
cracking occurs. Understanding the failure modes of composites is key to
extending their lifespan in automotive and aerospace industries.

Environmental and External Factors Influencing
Breakage

The science of breakable things also encompasses how external conditions and
use patterns contribute to material failure. Temperature extremes, humidity,
chemical exposure, and mechanical loading all affect breakability.

Thermal Stress and Material Fatigue

Rapid temperature changes can induce thermal stress, particularly in
materials with low thermal expansion coefficients. Glass windows cracking
during sudden cold snaps or metal components warping under fluctuating heat
exemplify this phenomenon. Thermal cycling can exacerbate micro-crack
formation, leading to eventual failure.



Corrosion and Chemical Degradation

Chemical exposure can weaken materials at a molecular level, making them more
susceptible to breakage. Metals corroded by acids or saltwater lose cross-
sectional area and develop pits that act as stress concentrators. Polymers
exposed to UV radiation may undergo chain scission, reducing tensile
strength.

Design Strategies to Manage and Exploit
Breakability

Engineers and designers often face the paradoxical challenge of managing
breakability—either to prevent failure or to harness controlled breakage for
safety and functionality.

Fail-Safe and Fail-Soft Designs

In critical infrastructure, fail-safe designs ensure that when materials
break, they do so in a predictable manner that prevents catastrophic
outcomes. For example, tunnels and bridges incorporate redundancies and
fracture arrestors so that a crack in one component does not lead to total
collapse.

Fail-soft systems accept some degree of damage but maintain partial
functionality. For instance, certain electronic devices use breakable fuses
to protect circuits, sacrificing a single component to safeguard the entire
system.

Controlled Breakage in Consumer Products

The science of breakable things also informs the design of products like
safety glass in car windshields, which shatters into small, blunt pieces to
minimize injury. Packaging materials are engineered to break open cleanly,
facilitating user experience.

In artistic domains, controlled breakability is embraced for aesthetic and
functional purposes, such as in ceramics that are designed to crack in
decorative patterns or in glass sculptures engineered to fracture safely.

Future Directions and Emerging Research



Advances in nanotechnology and materials engineering are reshaping the
landscape of breakability. Self-healing materials, which can autonomously
repair cracks through embedded microcapsules or reversible bonds, promise to
extend product lifespans and reduce waste.

Additive manufacturing techniques allow for microstructural control
unprecedented in traditional manufacturing, enabling the design of materials
with tailored fracture properties. Meanwhile, computational modeling and
machine learning are improving predictions of when and how breakage will
occur, optimizing maintenance schedules and safety protocols.

The science of breakable things continues to evolve, bridging fundamental
research and practical innovation. By deepening our understanding of
fragility, resilience, and failure, society can better design safer, more
durable, and sometimes more intentionally breakable materials to meet diverse
needs.
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  the science of breakable things: The Science of Breakable Things Tae Keller, 2018-03-06
Middle schooler Natalie's year-long assignment to answer a question using the scientific method
leads to truths about her mother's depression and her own cultural identity.
  the science of breakable things: The Science of Breakable Things Tae Keller, 2019-05-21
Natalie's uplifting story of using the scientific process to save her mother from depression is what
Booklist calls a winning story full of heart and action. Eggs are breakable. Hope is not. When
Natalie's science teacher suggests that she enter an egg drop competition, Natalie thinks that this
might be the perfect solution to all of her problems. There's prize money, and if she and her friends
wins, then she can fly her botanist mother to see the miraculous Cobalt Blue Orchids--flowers that
survive against impossible odds. Natalie's mother has been suffering from depression, and Natalie is
sure that the flowers' magic will inspire her mom to love life again. Which means it's time for
Natalie's friends to step up and show her that talking about a problem is like taking a plant out of a
dark cupboard and giving it light. With their help, Natalie begins an uplifting journey to discover the
science of hope, love, and miracles. A vibrant, loving debut about the coming-of-age moment when
kids realize that parents are people, too. Think THE FOURTEENTH GOLDFISH meets THE THING
ABOUT JELLYFISH. NAMED ONE OF THE BEST BOOKS OF THE YEAR BY NPR * KIRKUS
REVIEWS * THE CHICAGO PUBLIC LIBRARY * Natalie's Korean heritage is sensitively explored, as
is the central issue of depression. --Publishers Weekly A compassionate glimpse of mental illness
accessible to a broad audience. --Kirkus Reviews, STARRED REVIEW Holy moly!!! This book made
me feel. --Colby Sharp, editor of The Creativity Project, teacher, and cofounder of Nerdy Book Club
  the science of breakable things: The Science of Breakable Things Turtleback Books
Publishing, Limited, 2019-05-21
  the science of breakable things: When You Trap a Tiger - Literature Kit Gr. 3-4 Jacquelyn
Austin, 2023-05-12 Use your imagination to help work through difficult things and grow as a person
in the process. The questions in this resource helps to keep students engaged while reading the
novel. Put yourself in the mind of Lily’s halmoni to imagine an alternative ending to the tiger story.
Speculate how Sam feels about being in Halmoni’s house. Put events that take place the night Lily
meets with the tiger in the correct order. Come up with two ways that Lily could help her halmoni.
Create a mini-book about the Korean tradition of the kosa. Make connections between scenes from
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the novel and your own life. Aligned to your State Standards and written to Bloom's Taxonomy, our
worksheets incorporate a variety of scaffolding strategies along with additional crossword, word
search, comprehension quiz and answer key. About the Novel: When You Trap a Tiger is told from
the point of view of an eight-year-old third generation Korean-American. Lily lives with her older
sister and their mother. After learning of their grandmother’s illness, Lily’s mother moves the family
back to her childhood home to be closer to their halmoni, a Korean word for grandmother. Lily loves
visiting her halmoni. They make delicious Korean dishes and listen to her Korean folklore stories. On
their way, Lily sees a magical tiger in the road. When she tells her halmoni of what she sees, Lily is
warned to stay away from the tiger. Long ago, back in Korea, Lily’s halmoni stole stories from the
tiger, and now it’s back to collect. The story follows Lily’s struggle to break out of her shell as she
deals with the impending reality of her grandmother’s death.
  the science of breakable things: Attachment Theory, The Science of Successful Relationships,
Authentic Love, Romance and Connection Darcy Carter, Discover The Secrets To Building Healthy,
Happy and Rewarding Relationships We all want that special 'someone' who's going to love us
unconditionally, honour us and accept us for just being who we are. Authentic love and connection
are enormously powerful bonds between two people. Unfortunately though, if we've had more than
our fair share of bad relationships through our lifetime. Then it can become easy to suspect there's
no right person, just many different alternatives of wrong. We have a staggering divorce rate which
causes untold damage to the partners and even more so to their children. It is common, perhaps
expected, for relationships to suffer from maladaptive patterns over time (it's like a car that needs
maintenance) and these are fixable when both partners do the work. Our interpersonal relationships
start forming as soon as we're born, and psychologists have studied how those early connections can
set the stage for the other relationships we form later in life. The attachment theory argues that a
strong emotional and physical bond to one primary caregiver in our first years of life, is critical to
our development. Change the way you view every type of relationship you have ever had, and will
ever have. Make healthier choices in choosing who to date, and discover a new dimension of
connection, where relationships can become an institution for unlimited creativity, fulfilment,
intimacy, and love. If you are in a relationship, this book will show you how to examine the unknown
path that you'll travel with your spouse, and carefully evaluate the strengths and weaknesses of your
relationship. If you are single, this book will help you to become clear and define what you want in
your ideal future partner - and also what you don't want! The key ingredient to happy and fulfilled
people is the quality of their intimate, social, family and professional relationships - nothing else in
life comes even remotely close. Go Ahead, Transform The Quality of Your Relationships and Make
Love Work For You, Just Scroll Up and Click Add to Cart
  the science of breakable things: Illinois Reading Council Journal , 2018
  the science of breakable things: The Science of Earthquakes KidCaps, 2013-08-08
Earthquakes are one of the most destructive natural disasters known to man--but what makes them
tick? In this book (just for kids), you will learn about how Earthquakes start, and the different types.
This easy to understand book will help you understand Earthquakes in no time at all. KidCaps is an
imprint of BookCaps; each month we are adding more history books (just for kids!) to our library.
Stop by our website to learn more.
  the science of breakable things: The Science of Things about Us Charles Everett Rush, Amy
Winslow, 1926
  the science of breakable things: Growing with Science and Health 2 Teacher's Manual1st Ed.
1997 ,
  the science of breakable things: Amazing Science Experiments E. Richard Churchill, 2005
The remarkable activities in this no-sweat science guide will help you take a closer look at how our
lives are affected by everything from light and heat to air and wind.
  the science of breakable things: Chambers's Journal of Popular Literature, Science and
Arts , 1918
  the science of breakable things: Smash It! Crash It! Launch It! Rain Newcomb, Bobby



Mercer, 2009 Science.
  the science of breakable things: The Best American Science Fiction and Fantasy 2023 R.
F. Kuang, John Joseph Adams, 2023-10-17 “Short stories have to accomplish a nearly impossible
magic trick: to introduce a world often much stranger than our own and make you care about it in a
matter of pages,” writes R. F. Kuang in her introduction. “The most important part of this magic
trick is just a willingness to get weird.” The stories in The Best American Science Fiction and
Fantasy 2023 are brimming with bizarre and otherworldly premises. Women can’t lie or fall in love.
Fathers feed their children ghost preserves. Souls chase one another through animal incarnations.
Yet these stories are grounded deeply in our reality. Out of these stories’ weirdness emerges the
cruelty of border enforcement, the horror of legislation restricting reproductive freedom, the
frightening pace of AI. The result is a stunning, immersive, intensely felt experience, showing us less
of what the world is, and more of what it could be. The Best American Science Fiction and Fantasy
2023 includes Nathan Ballingrud • KT Bryski • Isabel Cañas • Maria Dong • Kim Fu • Theodora
Goss • Alix E. Harrow • S. L. Huang • Stephen Graham Jones • Shingai Njeri Kagunda • Isabel J.
Kim • Samantha Mills • MKRNYILGLD • Malka Older • Susan Palwick • Linda Raquel Nieves Pérez
• Sofia Samatar • Kristina Ten • Catherynne M. Valente • Chris Willrich
  the science of breakable things: The Science of Society William Graham Sumner, Albert
Galloway Keller, Maurice Rea Davie, 1927 Vols. 1-3 paged continuously. Vol. 4 by W.G. Sumner, A.G.
Keller, and M.R. Davie.Published under the auspices of the Sumner Club on the foundation
established in memory of Philip Hamilton McMillan of the class of 1894, Yale College.
Bibliographical note: v. 4, p. [1193]-1268.
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