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Executive Summary

Throughout North America there are numerous fault lines that cross through the
United States with probably the most famous one being the San Andreas Fault in
California. We were very interested in this area and decided to try determining which
type of structural material for houses would withstand an earthquake better. Our
interest became more important to us as we discovered Los Alamos sits on an active
fault line called the Pajarito Fault Line. A large amount of our town was built during the

1940’s when building codes did not seem to cover earthquake resistant materials.

By using StarLogo TNG we constructed a program in an attempt to demonstrate
the amount of damage a house could withstand during an earthquake. We limited our

research and programming to two different structural materials — wood and adobe.

Through our research and programming efforts we have learned there are many
factors that can affect the amount of damage a house could withstand. Not only does
the strength of an earthquake affect the houses, but also the distance the epicenter is
from towns, the depth of the epicenter, and the surrounding terrain. Our programming
model supports our research in that wood houses will withstand an earthquake better

than adobe houses.




Statement of Problem Investigated:

We have been studying the effects of an earthquake using two different types of
structural materials used in houses in our area. The two types of materials that we
studied were wood and adobe. We understand that there are many factors that could
affect the amount of damage done to the houses. Our main problem that we
researched was which material, wood or adobe, is stronger and can resist some of the
damage that might occur during an earthquake. The research we have conducted and

the programming we have developed has helped us to answer this question.

Description of the Method Used to Solve the Problem:

We began solving our problem by conducting research on earthquakes and
learning about the scales for measuring the magnitudes. The U.S. Geological Survey
(USGS) web site provided many facts about the earthquakes and the different factors
that could determine the amount of damage to a house. These factors are magnitudes,
the epicenter’s distance from a town, the epicenter’s depth, the type of terrain, and the
two types of waves (primary and secondary waves). We also understand that many
wood and adobe houses of today have some type of reinforcements to them than in

earlier times and in less developed countries.

Once we obtained this information, we started our programming in StarLogo TNG
and decided what kind of logic we would use. We initially decided to set limits for our
programming by focusing only on the magnitude and distance of an earthquake as

shown in the table below:

) ) ) Damage Damage
Epicenter Magnitude Date Affected Places Distance
Wood Adobe
15 miles WSW of 7.0 Tuesday, Port-Au-Prince About 15 mi Yes Yes
PORT-AU- January 12, [and surrounding 95% 99%
PRINCE, Haiti 2010 towns




Epicenter

Magnitude

Date

Affected Places

Distance

Damage
Wood

Damage
Adobe

Vanuatu

Pacific Ocean 2 [Around 7.8 |April 18, 1906 [San Francisco About 2 mi Yes ?

miles W of San 88.6%

Francisco

Borah Peak, 7.3 Friday Challis, and 37 mi and Yes, small Yes

Idaho October 28, |Mackay 23.6 mi 15% 85%
1983

Goshen, Utah 3.0 Saturday, Elberta, UT 4 mi ? ?
January 23, [Provo, UT 24 mi
2010 Salt Lake City, UT |56 mi

15 miles SSE of (4.7 Tuesday, Golfito, Costa 35 mi No No

Golfito, Costa January 19, [Rica 20 mi

Rica 2010 David, Panama

15 miles) ENE of |5.6 Sunday, PORT-VILA, 140 mi No No

Isangel, Tanna, January 24, |[Efate, Vanuatu 15 mi

Vanuatu 2010 Isangel, Tanna,

We developed blocks to represent non-reinforced wood and adobe interior walls;

however, when we began trying to create an agent we made some minor changes to

our original programming.

The use of the Modified Mercalli Intensity Scale, Richter Scale, and the shake

maps helped us to understand at what point damage could be identified. This helped us

to set our magnitudes in our program.

Our Results:

Our initial results took on a logic based program, but we soon discovered that

this type of program was overwhelming and began looking at it in a simpler form. We

soon developed an agent based model using the logic program we had already

developed.




During our testing, if we picked one hundred random magnitudes between 0 and
8 and one hundred random distances between 0 and 100, the damage count to an
adobe house would be much higher than wood. In most cases adobe houses would
have a likelihood of being damaged 2 to 3 times more often than wood. Our wood
houses would have a probability of either receiving none or slight damage in most of our

tests.
Our Conclusions:

Overall, the research that we conducted and the testing of our programming
efforts revealed that wood is more durable during an earthquake than adobe. We also

believe that adobe will not withstand large earthquakes.

It also proved to us that our subject or problem to research and program was

much more complex than we could have ever imagined.

Software:

The software we used for our programming is StarLogo TNG. Shown below are

screenshots of our program’s logic.
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File Edit
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Other Tables Used:

To help us in setting our magnitudes we viewed several shake maps from the USGS
web site. Below is a sample of a shake map:

USGS ShakeMap : NEW MEXICO
Sun Mar2s, 2010 00:03:55 GMT M41 N3250W104.53 Depth: 5.0km 1D:2010uiba

335" g

325"

105" _104°
Map Verzion 3 Processed Mon Mar 22, 2010 02:50:28 PM MDOT — NOT REVIEWED BY HUMAN
FEPCENED | |jatielf Weak | Light |Modemte| Strang |Very stong| Severs Violent | Extrame
I nore | none rmome | Very il | Light Moderate |Moderate/Heavy Heavy |Wery Heawy
PEAK ACC.{%g) | <17 | .17-1.4| 14-3.9 | J.8-82 | 9.2-18 18-34 34-65 G5-124 =124
PEAK VEL{jomis)| <0.7 [0.1-1.7( 1.1-3.4 | 3.4-81 B.7-18 18-31 31-80 B3-118 =118

e 1w | W | v | v || v
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Two additional tools we used with our programming were the Modified Mercalli Intensity
Scale which has 12 levels of intensity and the Richter Scale. Both were used by us for
identifying the strength of an earthquake and the potential damage it could cause.

Modified Mercalli Intensity Scale

Level Description

I Not felt except by a very few under especially favorable conditions.

Il Felt only by a few persons at rest, especially on upper floors of buildings.

" Felt quite noticeably by persons indoors, especially on upper floors of buildings.
Many people do not recognize it as an earthquake.

" Felt indoors by many, outdoors by few during the day. Sensation like heavy truck
striking building.

Felt by nearly everyone, many awakened. Some dishes, windows broken.

Pendulum clocks may stop.

Vi Felt by all, many frightened. Some heavy furniture moved; a few instances of
fallen plaster. Damage slight.

Damage negligible in buildings of good design and construction; slight to
Vi moderate in well-built ordinary structures. Considerable damage in poorly built or

badly designed structures.

Damage slight is specially designed structures. Considerable damage in ordinary
VIl substantial building with partial collapse. Damage great in poorly built or

designed structures.

Damage considerable in specially designed structures; well-designed frame
IX structures thrown out of plum. Damage great in substantial buildings, with partial

collapse. Buildings shifted off foundations.

Some well-built wooden structures destroyed; most masonry and frame structures

destroyed with foundations.

I Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent
greatly.

Xl Damage total. Lines of sight and level are distorted. Objects thrown into the air.

Whose Fault is it? Page 11




Richter Scale

Magnitude Earthquake Effects
25t05.4 Often felt, but only causes minor damage.
5.5t06.0 Slight damage to buildings and other structures.
6.1t06.9 May cause a lot of damage in very populated areas.
7.0t07.9 Major earthquake. Serious damage.

8.0 or greater | Great earthquake. Can totally destroy communities near the epicenter.

Magnitude Magnitude Class
"~ Gorgreater |  Geat |
7-79 Major
6-6.9 Strong
5-59 Moderate
4-49 Light
3-3.9 Minor

Most Significant Original Achievement:

Overall our greatest achievement that we have accomplished is learning to work
as a team. This was often difficult for us but allowed all of us to contribute to this
project. Most importantly we learned that not only can wood houses do better in an
earthquake, but.........

“Earthquakes have never caused a death,
but it was the poorly designed buildings that did.”
Mike Salmon, Team Leader
Probablistic Structural Mechanics

Los Alamos National Laboratory
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