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Earthquakes are one of the largest forces a building must withstand within its lifetime. Over the past 6 Through the base energy absorption equation, a range of € were calculated to achieve an energy absorption of
years, there were over 800,000 earthquake-related fatalities worldwide.! The Federal Emergency 90%, 95%, and 99%. These € values were determined for a range of 1 story building to a 10 story building. A
Management Agency states that it would take California approximately $3.3 billion to recover from a major graph plotting € vs. % energy absorbed is displayed in Figure 4.

earthquake. 2 'There are current industry solutions that are used for earthquake mitigation such as shear

walls, braced frames, and moment-frame systems. However, theses systems’ purpose is to uphold the
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Figure 1: Base Isolation System-Ohio State Capitol
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A Base Isolation System sits below a building and prevents damage in the building by converting the
earthquake energy to heat. It moves in the horizontal direction during an earthquake, and it usually made
out rubber, lead and steel. To design this system, it requires the consideration of multiple design
parameters such as the building type, shape, earthquake magnitude, etc. In addition, it requires individual €959 Of L1
simulation for each building. Due to its complexity, this system 1s not widespread. Governs
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The objective of this research is to create a simple design tool that structural engineers can use to design 0 1 2 3 4 5 6 7 8 9 10

a Base Isolation System by limiting the design parameter to energy absorption. Using the single-degree Number of Stories in a Building
freedom behavior of a building and Dr. James Kelly’s Linear Theory of Seismic Isolation’, a single Figure 5: 95% Graph

equation can be formulated to determine the required stiffness of the Base Isolation System.

Figure 5 displays a graph of the 95% energy absorption and the 1°* Mode of Vibration on a plot of building

stories vs. €. Activating 95% of the 15* Mode of Vibration using its € value will guarantee a 95% energy

absorption.

Linear Theory of Seismic Isolation’

According to Dr. James Kelly of UC Berkley, a base-isolated building has a separate mass, stiffness,

and displacement of the base and the building. With these characteristics, a building has two modes of D e Sign Energy E qu ation

vibration during an earthquake. In the 15 Mode, ¢4, the base moves a unit value (1) while the building

moves a fraction relative to the base, denoted by € (frequency ratio of the building and base). In the The final design equation was derived using the percent enetgy equation as well as the frequency ratio
2nd Mode) 0P the base moves a a unit value (1) while the buﬂdlng displaces gready relative to the base. equation. This equation 1s the dCSlgﬁ tool that structural engineers can use to dCSlgﬁ a Base Isolation
See Figure 2 for the displacement of a base-isolated buﬂdlng Dr. I{eﬂy quantiﬁed the participati()n System. It relates the percent cnergy absorbed, the mass ratio, and the stiffness of the bulldmg to determine
rati() Of the 1St M()de Of Vibration. The participati()n fact()r Of the 1St Mode can be determined using the Stifffless Of the base. ThlS fOfml,ﬂa was apphed to the dCSign Of the base SYStCm Of thlS fOllf-StOfY
the L1 equation. The target 1s to activate the 1 Mode due to its small building displacement. building below to verify its accuracy. Using the stiffness of the building and its mass ratio to achieve a target
P ——— of 95% energy absorption, a base stiffness of 2,484 kip/foot was calculated. Inputting this value into a
m It Mode of ws = frequency of the structure . . . . .
—— e L1 ibension redquency of thestruct structural modeling program, SAP 2000, and simulating an earthquake, it was determined that the base
€ 7 m = mass of base .
/ y . : Ly=1—vye M= mass of base + building absorbed 94% of the earthquake energy; a 1% error difference from the formula.
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During an earthquake, a building behaves like a spring. It has a natural circular frequency, period of i K, =220 K, 041
. . Cq . . . . . K. = 28174 — )4 0
vibration, and energy within the system. Using the spring energy equation, an energy equation was : f kip Enectoy
derived for both the base and the building using their individual stiffness, K, and displacement Leiiageis 370 K,=2,484"""/ ft Absorptio

n

according to the linear theory. From these two equation, a formula was derived to determine the
percent of energy absorbed in the base which relates the mass ratio and frequency ratio of a base-

Figure 6: Formula Application
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