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I. Introduction: How do we build a giant dome? Start with play!

If you visit a playground- especially one with a sandbox- and you’ll see many budding
architects. While they squat in the sand building “toad houses,” their play time surprisingly
mirrors the same architectural principles that have contributed to some of the world’s most
stunning- and enduring- monuments. As the children scoop the damp sand into mounds, shape
it, perhaps poke holes in the top, they are mimicking (albeit unintentionally) both ancient and
modern builders. They ensure their toad houses hold, smooth the cracks, and innately explore
concepts of balance, structure and load distribution. This essay explores how simple acts of play
connect to the engineering behind giant domes, answering the question: How do you build a
giant dome?

(Photo of children building ‘toad houses’ at a playground. Image source:
https://m.blog.naver.com/jenitho622/221814129020)

I1. Early Attempts: Humanity’s First Dome-Like Structures
i. Corbelled Domes: Stacking Toward the Sky

Without AutoCAD software, mathematical understanding of arches and scientifically
formulated concrete, ancient builders relied on their intuition and the oldest teacher of all: trial
and error. When they wanted to cover spaces without flat beams that might collapse, they solved
the problem by stacking stones inward until they met at the top. Called corbelling, these are the
earliest creations of dome-like structures (Younan et al., 2024). Much like the intense focus of a


https://m.blog.naver.com/jenith0622/221814129020

child balancing blocks or shaping sand, ancient workers had to learn the precise limits of stone
placement- if stones leaned in too far, the dome would fall. If the stones were too vertical, the
roof would never close.

(Photo of Late Minoan tomb at Stylos. Image source:

http://www.minoancrete.com los%20tom

e Minoan Civilization (Crete, ~2700-2400 BC): Builders formed tholos tombs like the one
at Apesokari. Stones leaned inward, layer by layer, creating circular burial chambers
(Hassan & Ali, 2023).

e Mycenaean Greece (Treasury of Atreus, ~1250 BC): Overlapping stones formed
beehive-shaped tombs. These structures, massive yet stable, stand even today (Younan et
al., 2024).

e Umm an-Nar Culture (Oman, ~2500 BC): Builders constructed circular tombs with
similar corbelled roofs, showing how different cultures solved the same problem
(Younan et al., 2024).

ii. Parallels to Playground Domes

A child’s toad house, whether made on the beach or sandbox, unknowingly uses ancient
techniques: a wide base, taper the dome’s top, and smooth the cracks to reduce the weak spots.
The wide base helps support the weight above, it’s how engineers manage load distribution and
structural integrity (Akdemir, 2019). And whether a young child or sophisticated architect,
whether making a sand dome or stone tomb, seeing the structure hold soundly gives a universal
thrill of success.


http://www.minoancrete.com/stylos%20tomb003b.jpg

II1. The First True Domes: Roman Ingenuity and Ambition
i. Roman Breakthroughs: Concrete and Arches

The Romans were an innovative civilization in many aspects, especially in their
buildings. Far beyond just stacking stones, they understood arches and were able to create true
domes that rose above city rooflines. (Lancaster, 2005). By mixing volcanic ash into their
concrete, Roman builders were able to make the mixture lighter and stronger. A technique called
coffering (recessed panels) also reduced weight without sacrificing integrity or beauty. Like the
ancient Greeks who built the Parthenon, Roman builders defined their work through ingenuity,
not just brute force.

e Stabian Baths (Pompeii, ~120—100 BC): Early Roman domes covered spaces
without internal supports. Concrete allowed for smooth curves, transforming ceilings
into architectural art (Usanmaz, 2022).

e Pantheon (Rome, completed ~126 AD): With a 43.3-meter dome, the Pantheon
remains the world’s largest unreinforced concrete dome. Its central oculus lightens the
load and lets sunlight flood in (Usanmaz, 2022).

(Photo of Late Pantheon in Rome. Image source:
https://www.google.com/url?sa=i1&url=https%3A%2F%2Fsmarthistory.org%2Fthe-pantheon % 2F&psig=

ii. Childhood Play Revisited


https://smarthistory.org/the-pantheon/
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A child building their sand houses might poke holes in the dome for ventilation, or “to let
the air in” for whatever imaginary creature who inhabit the houses. Unbeknownst to them, their
playful creations also mirror the Pantheon’s oculus: less weight at the top increases structural
stability. Children competing to see which dome survives the best, poking holes in the top and
testing their own design ingenuity are a perennial echo of ancient Rome- and the deliberate
choices of their architects (Younan et al., 2024).

IV. The Shape That Holds It All: Hooke’s Hanging Chain Principle

i. Simple Tools, Profound Insights

Is there an ideal shape for a dome? How do you find the perfect dome shape? In the
seventeenth century, physicist Robert Hooke used a chain. He held it at both ends, parallel to
the ground, letting it hang in the middle. He took that curve and flipped it upside down to create
the ideal arch shape, letting gravity and observation do the decision making (Block et al., 2006).
The natural curves seen in clothesline and necklaces are common sites, belying their important
structural secrets.

ii. Mathematics of the Catenary

The catenary curve follows the equation:
Wi
y = acosh (—)
a
where:

e yyy represents the height of the curve at any given point xxx.
e aaais a constant that determines the steepness.
e cosh(x)\cosh(x)cosh(x) describes the shape of the hanging chain.

This equation defines a curve that naturally forms under its own weight, minimizing bending
forces and ensuring structural efficiency. Unlike parabolic structures, which experience lateral
forces, the catenary distributes weight directly downward, making it ideal for domes and arches.
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Figure 1: Comparison of a catenary curve (blue) and a parabolic curve (red). The catenary minimizes
lateral forces, while the parabolic shape requires additional supports to prevent collapse.

iii. Force Distribution and Curvature
To analyze how forces act along the curve, we calculate:
1. First derivative (Slope):

()

This describes how steep the curve is at any point.
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2. Second derivative (Curvature):
2
d“y _ cosh (%)
dx? a

This determines how weight is distributed along the curve.

Since cosh(x/a)\cosh(x/a)cosh(x/a) is always positive, the curvature is always directed
downward. This means that forces naturally flow toward the ground without exerting outward
pressure, ensuring stability without additional reinforcements.

iv. Practical Example: A Catenary Arch

Consider a catenary arch that is 10 meters wide and 5 meters tall. If we approximate a = 5, we
observe:
e At x = 0 (the center of the arch), the curvature is relatively gentle, keeping forces nearly
vertical.
e At x=5 (the edges), the curvature increases, directing weight downward toward the
supports.

This structural efficiency is why catenary curves are commonly used in architecture.
According to Block et al. (2006), adjusting the parameter aaa changes the steepness, influencing
load distribution in domes, bridges, and even power lines.



By relying on pure compression rather than lateral forces, catenary structures achieve
remarkable stability. This principle, seen in grand cathedrals and simple playground domes
alike, ensures that weight is transferred efficiently, preventing collapse.

According to Block and colleagues (2006), the letter a determines the steepness of the
curve. The curve used in bridges, arches and power lines enables the even distribution of forces
to prevent structural collapse. A suspension bridge holds several tons of vehicles. The catenary
prevents tension from tearing apart the structure. With it, the structure stands firm. Children
naturally understand engineering principles through equations and explicit knowledge which
they then demonstrate in their sand structures.

v. Applications in Architecture

e St. Paul’s Cathedral (London): Christopher Wren incorporated Hooke’s principle
into the cathedral's construction process. He built a triple-dome system: The cathedral
features an outer dome for aesthetic purposes alongside an interior dome designed for
interior beauty and a concealed catenary-shaped dome that provides structural strength
(Lancaster, 2005).

e Children’s Sand Domes: Kids can create stable domes by applying gentle pats and
precise shaping. They unintentionally apply the same structural distribution methods
architects use to construct buildings.

V. From Sandboxes to Skylines: Modern Dome Innovations

i. Geodesic Domes: Triangles Everywhere

The triangular construction of geodesic domes requires few materials yet achieves
maximum structural strength (Solloso, 2023). Buckminster Fuller introduced his dome system
in the 1950s which demonstrated strength through interconnected smaller segments. Fuller's
designs for the UK's Eden Project domes show how basic geometric shapes address major
challenges. When children press wet sand together they naturally form connections between
smaller segments.

ii. Tensegrity and Adaptive Architecture

Contemporary architects take architectural limits to new heights while they emulate the
way children build structures with sand. The way tensegrity structures distribute load between



tension and compression elements replicates children's intuitive understanding of when their
sand dome structure becomes unstable. Adaptive architecture functions like children who adjust
to different sand conditions by altering building materials in response to weather changes (Zosh
et al., 2017). Singapore’s Gardens By The Bay features monumental domes which control their
internal climate through advanced technology and natural design elements.

iii. Children’s Games as Inspiration

Play time is fun, and it’s experimental, implicit learning. Kids test ideas with every
mound and pat of sand- undesired results are feedback. Engineers do the same with models and
simulations. Both groups—children and professionals—explore, fail, and try again (Goldstein,
2023).

VI. Why Play Builds More Than Domes

Children playing in sandboxes aren’t passive, and they aren’t engaged in meaningless
distraction. They naturally experiment with things we grow up to call physics, engineering, and
creativity (Parker & Thomsen, 2019). Stacking blocks tests balance, digging tunnels explores
structure, stretching rubber bands examines tension. These playful acts activate
problem-solving areas in the brain. Hooke’s chain experiment and a child’s sand dome may
seem worlds apart, but both stem from curiosity and observation (Block et al., 2006).

Play can foster lifelong learning through positive associations with creativity, cause and
effect, and trial and error. Textbooks can explain things, but the lived experiences are arguably a
deeper kind of learning, ones that are best nurtured through natural play (Zosh et al., 2017).

VII. Conclusion: Building More Than Structures

The construction of a giant dome begins with curiosity whether you look at a Roman
forum, a London cathedral or a neighborhood sandbox. By experimenting and trusting their
instincts ancient builders transformed whatever materials they found into sturdy structures.
Children demonstrate similar creative processes during play when they utilize materials like
blocks and sand. Engineers improve these foundational principles through the application of
mathematics and advanced technology. The progression from children’s games to architectural
masterpieces demonstrates the enduring and ubiquitous nature of these foundational concepts
(Younan et al., 2024).



A basic playful activity holds potential to inspire future architectural discoveries. Our
sense of wonder motivates our efforts to construct new things while seeking exploration and
innovation. Zosh et al. (2017) found that children's imaginative play with sand can lead to
groundbreaking ideas.
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