The following information relates to the next two questions.

A scale model was used to explore the response of a building during a
simulated earthquake as described in the diagram below. The magnitude of
acceleration is represented by the gradient of a speed-time graph.
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1. Which of the following tests would be most likely to cause the collapse of
the model building? Q4321

Speed of platform

By experiment, researchers found a distance and time setting that would
consistently cause the building to collapse. When these settings were applied
without gluing the model building to the platform, it did not collapse.

2. Based on your studies of Newton’s laws in this course, which option best
explains why the lack of glue caused this outcome? Q4325

A The lack of glue increased the sideways inertia of the building, allowing
it to remain in place.

B The lack of glue reduced the strength of the building and allowed it to
sway instead of collapsing.

C The lack of glue reduced the sideways force on the base of the building
and resulted in lower sideways acceleration of the building.



D The lack of glue reduced the sideways acceleration of the base of the
building and resulted in lower sideways force on the building.

Q4321

Since the building is glued to the platform, a force is transmitted by the glue to cause
the building to follow the platform — this force is related to acceleration, F=ma

To find the greatest acceleration, we use Newton’s model;

change in velocity
a =

time taken

This is saying that acceleration is the rate of change of velocity.

Since the Investigating Science syllabus only explicitly mentions speed (not velocity),
we can say that:
magnitude of acceleration = rate of change of speed.

The rate of change of any quantity is the gradient of the curve, when that quantity is
graphed against time. So in this case, you are looking for the curve with the steepest
gradient where it is a maximum (can be positive or negative gradient).

Visually, you can see that A has the steepest maximum gradient of all the options.

It is the sideways force which can cause the building to fail. Inertia is the tendency of
objects to remain at rest. To make the upper parts of the building also acceleration like
the foundations, requires a force to be transferred via the building. Where this force
exceeds the strength of the building, the building components (floors) become
separated or flex. This results in the upper part of the building no longer above the
lower part and this causes the building to collapse.

Actually, a lot more physics is in play and understanding of resonance is vital in
earthquake proof design. Think of resonance as how, when you blow across the top of
a bottle, one note emerges from the noise — this is the resonant frequency. Another
example is that when pushing someone on a swing, you have to push at the resonant
frequency of that system in order for the amplitude of the swing to increase.

When an object has a resonant frequency, it will start to resonate (vibrate) at this
frequency. It is the violent shaking of the upper parts of a building at resonance that
causes a lot of the failure — and the root science of this is found in Newton’s Laws.

The Japanese have a long history of building Earthquake buildings. They have
identified the three features for earthquake resistant buildings:



The 3 shin-taishin Earthquake Resistance Construction Methods

Basic
Vibration Control Base Isolation Earthquake Resistance
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Source: https://japanpropertycentral.com/real-estate-fag/earthquake-building-codes-
in-japan/

Vibration control uses dampers to cancel out the natural resonance of the buildings
(tuned dampeners). These can be hanging masses or tanks of water which “slosh”
against the vibrations, dampening their effect

Base Isolation is to allow the ground to move and the building to remain in the same
place. It reduces the sideways force on the base of the building and hence the sideways
acceleration of the base is less.

Basic strategy is to provide triangles to brace the building and allow the sideways
force to be transferred to the upper floors so they move with the foundations.
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The photo above shows inter-floor shearing off due to poor building earthquake design
(mainly a failing of no using base isolation and insufficient bracing between the floors



Q4325

Acceleration results from a force (Newton’s first and second laws). Only C gets the
causation correct — D is appealing but gets this causation wrong. Acceleration does
not cause force, force causes acceleration.



