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 1.  Imagine that you live in a high-risk area for earthquakes. Complete the checklist in Table 1 to 
determine how earthquake resistant your home or school is. Then, complete the checklist in 
Table 2 to determine things you should avoid if an earthquake hits.

Table 1. Checklist for Earthquake Resistance

Items to Check Questions to Ask Yes No

Bookshelves Are they secured to the wall?

Cabinets Are they built into or fastened to the wall?

Heavy objects
If they are stored on shelves or in cabinets, are they stored low, so 
they are not above your head?

Glass
Are there any mirrors or glass near your living area or classroom 
seating area?

Television screens or 
computer monitors

Are they securely attached to a table, cabinet, or desk? If they are 
on a cart, are the wheels locked?

Picture frames and 
wall hangings

Are they securely attached to the wall?

Hanging plants Are they in lightweight pots?

Table 2. Checklist for Things to Avoid During an Earthquake

Brick chimney

Outdoor decorations and large signs

Large windows

Free-standing walls

Power lines

Large trees

 2.  Use the information on this sheet to create an earthquake-preparedness plan. What could you do 
to make your home or school more earthquake resistant? Where would you go if there were an 
earthquake? Write or draw your plan in your science notebook.

Student’s Name ______________________________________________ Date ______________ Class ___________

Student Sheet 2.R: How Earthquake Resistant Is Your Home or School? 
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Earthquake-Resistant Structure Rubric

Criterion 1. Beginning 2. Developing 3. Proficient 4. Exemplary

Height

Group designed a 
structure, but it was 
not self-supporting.

Group designed a self-
supporting structure 
with a height less than 
20 cm.

Group designed a self-
supporting structure 
with a height between 
20 and 30 cm.

Group designed a self-
supporting structure 
with a height greater 
than 30 cm.

Mass

Group designed a 
structure to support 
fewer than two bags 
of sand.

Group designed a 
structure to support 
two bags of sand.

Group designed a 
structure to support 
three bags of sand.

Group designed a 
structure to support 
four or more bags of 
sand.

Stability During 
Simulated 
Earthquake

Structure collapsed 
following magnitude 3.0 
earthquake.

Structure withstood 
magnitude 3.0 
earthquake but 
collapsed following 
magnitude 6.0 
earthquake.

Structure withstood 
magnitude 3.0 and 
6.0 earthquakes but 
collapsed following 
magnitude 9.0 
earthquake.

Structure withstood 
magnitude 3.0, 6.0, 
and 9.0 earthquakes.

Grading Rubric

Criterion 1. Beginning 2. Developing 3. Proficient 4. Exemplary

Written 
Instructions 
and Diagrams

Group did not present 
written instructions or 
diagrams pertaining to 
the design challenge.

Group presented either 
written instructions or 
diagrams that were 
unclear or incomplete 
but pertained to the 
design challenge.

Group presented either 
written instructions or 
diagrams that were 
clear and pertained to 
the design challenge.

Group presented 
written instructions 
and diagrams that 
were clear, detailed, 
and pertained to the 
design challenge.

Design 
Implementation

Group constructed a 
design that did not 
pertain to the design 
challenge.

Group constructed a 
design that somewhat 
pertained to the design 
challenge.

Group constructed a 
design that met the 
criteria of the design 
challenge.

Group constructed a 
design that exceeded 
the criteria of the 
design challenge.

Testing and 
Data Collection

Group did not test its 
design.

Group did not use 
appropriate procedures 
to test its design and 
did not collect relevant 
data.

Group used 
appropriate procedures 
to test its design but 
did not collect relevant 
data.

Group used 
appropriate procedures 
to test its design and 
collected relevant data.

Reflection 
and Presentation

Group presented 
methods and results 
in an incomplete and 
unclear manner and did 
not reflect on choices.

Group presented 
methods or results in 
an unclear manner 
or did not reflect on 
choices based on 
scientific principles.

Group presented 
methods or results 
adequately. Group 
reflected on choices 
based on scientific 
principles most of 
the time.

Group presented 
methods or results 
clearly and accurately. 
Group always reflected 
on choices based on 
scientific principles.

Lesson Master 2.3a: Design Challenge Scoring Rubrics
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Many teams of scientists and engineers work with local, state, and federal lawmakers to identify 
earthquake hazards and encourage the design and construction of structures to withstand them. 
An earthquake-resistant structure is expected to include a stable foundation, continuous load paths, 
adequate stiffness and strength, regularity, redundancy, ductility and toughness, and ruggedness. 
More information about each of these characteristics follows.

Stable Foundations

At the bottom of a structure sits a foundation, which is in direct contact with the ground below. 
An earthquake-resistant structure has a foundation that:

• Supports the structure above it
• Minimizes movement and damage
• Anchors the structure
• Resists sliding and overturning (See Figure 1.) 

SLIDING
    

OVERTURNING

Lesson Master 2.3b: Earthquake-Resistant Design Concepts (page 1 of 5)

a b

Figure 1
Foundations resist actions that cause sliding (a) and overturning (b).
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)
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Lesson Master 2.3b: Earthquake-Resistant Design Concepts (page 2 of 5)

Foundations must also provide stability to the structure if the shape of the ground below the structure 
changes. Foundations commonly have a large continuous piece (called a slab) and may use T-shaped 
footings or thicker edges to anchor the house to the ground. (See Figure 2.) 

 

underfloor 
grade levelfoundation

grade level

sill plate

footing

dowel

12" min.

stem wall

bar top
and bottom

stem wall

footing2" minimum
"t" maximum

12" minimum
32" maximum

"t"

"W"

6" min.

Note: Reinforcing not shown.

a

b c

Figure 2
Concrete is commonly used to construct foundations that include a stem wall and footing (a).  
Recommendations for design and construction include guidelines for both dimensions (b) and reinforcement (c).
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)
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Lesson Master 2.3b: Earthquake-Resistant Design Concepts (page 3 of 5)

Continuous Load Paths

The term “load path” is used to describe the transfer of energy through a structure (including walls, 
floors, and roof). When a structure is stable, a load applied to any part of the structure can be 
transferred down to the foundation and ground below. (See Figure 3.) If parts of the structure are 
not tied together as one system, the parts will move independently and can separate. If parts of the 
structure separate, it may partially or totally collapse. In an earthquake-resistant structure, all parts of 
the structure are tied together.

For example, a two-story structure transfers loads using:
• The roof–ceiling system and its connections to the second-story walls
• The second-story wall system and its connections to the floor–ceiling system
• The floor–ceiling system and its connections to the first-story wall system
• The first-story wall system and its connections to the foundation
• The foundation to the supporting soil

end wall
(shear wall)

roof
diaphragm

floor
diaphragm

end wall
(shear wall)

side wall

side wall

seismic
force

seismic
force

seismic
force

shear load

shear load

Figure 3
Adequate connection between systems ensures that a seismic force applied to any part of the structure can 
follow a continuous path through the building and into the foundation and ground below it.
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)

STCMS™ / Earth’s Dynamic Systems Lesson 2 / When the Earth Shakes



©
 S

m
ith

so
ni

an
 In

st
itu

tio
n

Lesson Master 2.3b: Earthquake-Resistant Design Concepts (page 4 of 5)

Adequate Stiffness and Strength

Strong earthquakes will result in both vertical and lateral seismic forces. Particularly damaging are lateral 
forces that move structures horizontally. (See Figure 4.) An earthquake-resistant structure features:

• Adequate strength in all roof–ceiling, floor, and wall systems
• Adequate stiffness to limit deformation
• Adequate connection between systems to ensure a continuous load path

load left to right

uplift relative to
first story

uplift relative to
foundation

load left to right
load right to left

wall
3

wall wall
2

wall
4

wall
2

wall
3

wall
4

wall
1

Regularity

A structure is “regular” if its parts are balanced  
in terms of mass, strength, and stiffness. A regular  
structure will respond to shaking in a uniform  
manner and dissipate energy evenly. An ideal  
earthquake-resistant structure has:

• A simple, rectangular shape
• Uniform and symmetric walls
• Even weight distribution
• Lower levels with longer bracing walls  

and upper levels with shorter bracing  
walls (See Figure 5.)

a b

shorter bracing wall 
above

longer bracing wall 
below

Figure 5
Placing bracing walls adjacent to each other reduces the 
need to transfer energy through roof and floor systems.
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to 
Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)

Figure 4
If a structure lacks adequate stiffness or strength, horizontal movement can cause instability (a).  
Adding hold-down straps helps connect walls on each story and helps resist overturning (b).
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)
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Lesson Master 2.3b: Earthquake-Resistant Design Concepts (page 5 of 5)

Redundancy

Redundancy is when something is repeated over and over again. In earthquake-resistant structures, 
critical design elements may be repeated in multiple areas. If an earthquake seriously damages a critical 
element, others may be strong enough to support the structure. (See Figure 6.)

chimney 
anchors

   

Ductility and Toughness

Ductility describes the ability of something to deform without fracturing. Both ductility and toughness 
allow structures to sustain damage without collapse. Construction materials like wood, bricks, concrete, 
or steel all have unique properties. An earthquake-resistant design combines these materials in a way 
that carefully uses one material to protect others from damage. (See Figure 7.)

Ruggedness

Ruggedness describes the ability of a nonstructural building component to remain functional after 
strong shaking associated with an earthquake. Nonstructural components include architectural 
features (e.g., ceilings, stairs); mechanical devices (e.g., emergency generators, elevators); electrical 
components (e.g., transformers, lighting); plumbing (e.g., pipes, fixtures); and fire-suppression systems. 
The ruggedness of nonstructural components can be tested using real earthquakes or by simulating an 
earthquake using a shake table.

Figure 6
Steel straps are used to anchor a chimney at multiple 
locations. If one anchor point fails during an earthquake, 
others may remain intact and hold the chimney in place.
CREDIT: Adapted from Building Seismic Safety Council. Homebuilders’ Guide to 
Earthquake-Resistant Design and Construction. June 2006. (FEMA 232)

Figure 7
Brick walls can contain steel reinforcing bars. The addition 
of steel improves both ductility and toughness. Unreinforced 
brick walls are brittle. During a strong earthquake, 
unreinforced brick is subject to cracking and collapse.
CREDIT: Adapted from Applied Technology Council. Unreinforced Masonry Buildings and 
Earthquakes: Developing Successful Risk Reduction Programs. October 2009. (FEMA P-774).
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Learning Framework for Grades 6–8 
Make connections between the sciences and engineering at every grade 

level 

Life Science Earth and Space Science Physical Science 

Ecosystems and Their Interactions 

LS1-5, LS1-6, LS2-1, LS2-2, LS2-3, 
LS2-4, LS2-5, LS4-4, LS4-6, ESS3-3, 

ETS1-1, ETS1-2 

Weather and Climate Systems 

ESS2-4, ESS2-5, ESS2-6, ESS3-2, 
ESS3-4, ESS3-5, PS3-4, ETS1-1, 

ETS1-2 

Energy, Forces, and Motion 

PS2-1, PS2-2, PS2-3, PS2-5, PS3-1, 
PS3-2, PS3-5, ETS1-1, ETS1- 2, ETS1-3, 

ETS1-4 

Structure and Function 

LS1-1, LS1-2, LS1-3, LS1-6, LS1-7, 
LS1-8, LS4-2, LS4-3 

Earth's Dynamic Systems 

LS4-1, ESS1-4, ESS2-1, ESS2-2, 
ESS2-3, ESS3-1, ESS3-2, ETS1-1, 

ETS1-2, ETS1-3, ETS1-4 

Matter and Its Interactions 

PS1-1, PS1-2, PS1-3, PS1-4, PS1-5, 
PS1-6, PS3-4, ETS1-1, ETS1- 2, ETS1-3, 

ETS1-4 

Genes and Molecular Machines 

LS1-1, LS1-4, LS3-1, LS3-2, LS4-4, 
LS4-5, LS4-6 

Space Systems Exploration ©2018 

PS2-4, ESS1-1, ESS1-2, ESS1-3, 
ETS1-1, ETS1-2 

Electricity, Waves, and Information 
Transfer ©2018 

 

LS1-8, PS2-3, PS2-5, PS3-3, PS3-4, 
PS3-5, PS4-1, PS4-2, PS4-3, ETS1-1, 

ETS1-2, ETS1-3, ETS1-4 

Research Modules 

Why Are Honey Bees 
Disappearing? 

LS3-2, LS1-4, LS1-5, ESS3-3, ETS1-1 

What Evidence Suggests 
Similarities Among Organisms? 

LS4-1, LS4-2, LS4-3, ESS1-4 

How Can We Use Technology to 
Monitor Aquatic Ecosystems? 

PS4-1, PS4-2, PS4-3, ESS3-4 

 

https://www.carolina.com/stcms-units-and-refurbishment-sets/stc-middle-school-stc-3-edition-ecosystems-and-their-interactions/FAM_513601.pr
https://www.carolina.com/stcms-units-and-refurbishment-sets/stc-middle-schoolstc-3-edition-weather-and-climate-systems/FAM_513101.pr
https://www.carolina.com/stc-secondary-physical-science-curriculum-kit-links/stcms-stc3-edition-energy-forces-and-motion/FAM_513001.pr
https://www.carolina.com/stcms-units-and-refurbishment-sets/stc-middle-school-stc3-edition-structure-and-function/FAM_513401.pr
https://www.carolina.com/stcms-units-and-refurbishment-sets/stc-middle-school-stc3-edition%3A-earths-dynamic-systems/FAM_513501.pr
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https://www.carolina.com/stcms-units-and-refurbishment-sets/stc-middle-school-stc3-edition-electricity-waves-and-information-transfer/FAM_512821.pr
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