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Introduction 

This paper is meant for people studying for the ARE.  Engineers and professors may not like the way 

some of the ideas are presented.  They are meant to help understand the concepts and impacts of 

earthquake on building to be able to answer questions on the exam.  Nobody would ever use this paper to 

study for the structural engineering exam. 

I will add discussions about the differences in response to questions I see on the areforum. 

The Basics 

This first section is meant to explain earthquakes and the interaction of buildings and earthquakes. 

FEMA 303 Part 2 Commentary: “The approach adopted in these Provisions is intended to provide for a 

uniform margin against collapse at the design ground motion”.  If it doesn’t collapse the design worked.  

If the building must be torn down after the earthquake but the people inside survived the design worked. 

Some entity decided long ago that it is not economical to design a building to stay intact after an 

earthquake.  To be “intact” the building and all of the elements within the building must, after the 

earthquake, return to the state they were in prior to the earthquake.  You will see the term elastic response 

in various places.  Elastic response means the element returns to its original shape after the force is 

removed. 

Earthquakes move the ground under a building.  The result is a force on the elements of building. 

Force=Mass*Acceleration.  The acceleration of the earthquake and the mass of the building determines 

the force that the elements of the building must endure.  The building as a whole as well as each and 

every element of the building (including ceiling, glass, piping, etc) must resist a force based on it’s mass. 

The three factors that must be considered in earthquake design are the magnitude of the earthquake, the 

soil and rock at the site and the building characteristics. 

The earthquake force is a dynamic force that rocks the ground and building back and forth for a period of 

time. The length of time that the earthquake creates movement varies from very short or very long.  A site 

may experience short and long duration earthquakes over time.  So, the building must take into 

consideration the “Maximum Credible Earthquake” that may be experienced at the site. 

The soil and rock at a site react similar to a building.  Rock weighs more than soil and is stiffer.  So the 

rock will resist the movement more than soft soil and therefore will not move as much nor take as long to 

return to rest (shorter period).  Soft soil does not extend down to the epicenter of the earthquake, it is over 

rock.  The soft soil can amplify the accelerations that the rock experiences (don’t ask why, don’t need to 

know for the test).  So, how the rock and soil move impacts the movement of the building. 

The stiffness of the building is the third part of the puzzle.  A heavy (high mass) building will need to 

resist a higher force than one with a lower mass.  Think about normal versus light weight concrete, 145 vs 

110 pcf.  The lightweight would experience only 75% as much force as the normal weight building.  How 

the building responds to the earthquake is the variable that can be modified, to some extent.  A building 

that is very stiff will experience a higher force than one that is flexible.  Why?  The flexible one moves.  

The movement of the building reduces the effect of the acceleration.  Take a book hold along one edge 

and push on it.  Do the same for a piece of paper.  The same principle.  The key is that with a flexible 

building the elements must be able to accommodate the movement without collapsing, I did not say 

without damage. 

How do we know the impact of the “Maximum Credible Earthquake” on a building?  That is where all of 

the formulas come into play.   

In the absence of an earthquake there is no acceleration and therefore no force on the building elements.  

This is the basis for base isolation. 
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MSLFRS – Main Lateral Force Resisting System 

Four basic types of structural systems to resist earthquake forces, categorized by how they resist the 

forces. 

1 – Shear walls – Concrete, masonry, steel (not used much), and wood.  These systems are the stiffest, 

least amount of lateral drift (deflection) due to seismic forces.  The problem is a failure of a shear wall is 

non-ductile.  So, the codes required the system to resist a higher portion of the seismic forces using a 

lower value of R. 

2 – Axial Systems – Brace frames using members primarily in tension and compression to resist lateral 

forces.  Not as stiff as shear walls.  Connection failure can be sudden.  So, braces that are not detailed for 

seismic must resist a higher force. 

3 – Flexural systems – Primary method of resisting lateral loads is through the moment frames.  Moment 

frames are the leas stiff of the systems.  Therefore they move more in an earthquake.  The movement 

dissipates some of the earthquake energy allowing these systems to be designed for lower forces. 

4 – Hybrid systems –Uses two of the above to resist earthquake forces.  Shearwalls or braced frames 

around the core of the building and moment frames around the perimeter.   

I would but eccentric braced frames in the hybrid category since the link beams are supposed to fail in 

flexure prior to the axial members fail. 

Damping is the dissipation of energy by movement of the structure. Systems that use shear and axial 

members to resist lateral forces do not dampen earthquake forces. Systems that use flexural members 

move and some of the energy is dissipated by movement. 

Remember: 

The following are points on seismic that you should understand and be able to address in the exam: 

Weight of the building directly impacts the seismic base shear.  More weight more shear, less 

weight less base shear. 

Soils can amplify the seismic force.  Softer soils near the surface amplify the seismic force, sitting on 

rock reduces the force. 

Flexible systems are ductile; they dissipate energy by movement and therefore are allowed to be 

designed for a lower seismic base shear.   

Axial systems and shearwalls are not ductile and therefore must resist more of the seismic force and 

hence have a higher base shear. 

The “R” factor is used to modify the seismic force based on the type of system used to resist seismic 

force.  Higher values of “R” result in lower base shear.  Flexible systems have the highest values of 

“R”.  Shearwalls have the lowest value of “R”. 
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The Code 

ASCE 7-05 is the basis for the seismic provisions of IBC 2006 and 2009.  The ARE exam, as of early 

2011, uses the IBC 2006.  There are some minor differences between the IBC 2006 and 2009 but I am not 

discussing any of the differences in this paper so as not to confuse people. 

The purpose of the following portion of the paper is to provide the information in the codes.  In my 

opinion it is not necessary to memorize all of the following information.  The levity I use in certain 

portions is an attempt to provide a method of remembering the intent of that portion of the code. 

Definitions 

Base: “The level at which the horizontal seismic ground motions are considered to be imparted to 

the structure” 

Cs = Seismic Response Coefficient 

I: Importance factor.  The factor is based on the occupancy category.  Increases the design force 

based on how important the building is for post-earthquake occupancy. 

MSLFRS: Main Seismic Lateral Force Resisting System 

R: Response modification coefficient reduces the earthquake force based on the flexibility of the 

MSLFRS.  Systems with more ductility have higher values because they move more and the energy 

of the earthquake is dissipated through the movement. 

V: Seismic base shear = “Total design lateral force or shear at the base” 

W: “effective seismic weight of the building…” 

Self weight of structure 

Weight of permanently attached items: HVAC, electrical, plumbing, roofing and similar 

25% of live load for areas used for storage 

Partitions: If partition loading is included in the design use actual partition weight or a 

minimum of 10 psf whichever is greater 

Snow load: include 20% of the uniform design snow load when the flat roof snow loads, Pf 

exceeds 30 psf 

Seismic Base Shear 

The seismic base shear, V, in a given direction…” 

V=Cs * W 

Cs= Sds/(R/I) 

Site Categories 

A: HARD Rock (not the café) 

B: Rock but not hard rock (soft rock, rockabilly) BASIS for the values on maps 

C: Soft rock and dense soil (carol king and engineers (dense) most soils in the Midwest  

D: Stiff soil: (guy that doesn’t leave a tip) Default if you don't know what the composition of the soil 

E: Soft clay, Play Doh, soft clay in Houston area, moves a lot in an earthquake 

F: liquefiable soils sensitive clays, peat, organic clays think pudding or watered down oatmeal.  Non-

cohesive soils are prone to liquefaction 

All formulas, maps, etc, are based on site category B material.  Factors used in determining Sd1, 

Sds, Cs are adjustment to account for the difference in the way the soils will react to an 

earthquake.   
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Site categories DO NOT relate to proximity to a fault line, only the amount of movement of the 

soil due to an earthquake. 

Seismic Design Categories: 

A: There are not earthquakes here. Part of Minnesota, Florida, Texas 

B: There are only minor tremors here: “What was that?’; “An earthquake” 

C: You will feel earthquakes here and there may be minor damage 

D: Time to get serious; there will be serious damage from a quake 

E & F: You are basically on top of a fault line and only special systems are allowed for construction 

Occupancy Category 

Occupancy category I: who cares if it falls down? 

Occupancy category II:  normal buildings 

Occupancy category III: schools, hospitals, water and sewer plants, power generation stations.  

Buildings and areas of buildings where a lot of people congregate.  Buildings that would make 

life very difficult if we did not have them after an earthquake or where a large number of 

people could be in one room and hurt or trapped. 

Occupancy category IV: Essential for life safety immediately after an earthquake. Designed to 

take the impact from a quake and keep going, like the energizer rabbit. Hospitals with ER and 

surgery suites, police and fire stations.  The building must be designated as an essential facility 

to be IV, if not designated it should be III. 

In ASCE 7-10 occupancy category is changed to Risk Category.   7-10 is referenced by IBC 2012 

but not 2009. 

Drift  

Allowable drift (δx) of a building under earthquake load varies from 0.025h to .007h.   

δx =Cd*δxe/I  

Cd is the "Reflection amplification factor" which for most cases equals R 

δxe is the deflection of the structure caused by the Seismic shear V 

I is the importance factor. 

In layman's terms: We do not design buildings for the full force of the earthquake.  We design for only a 

portion (1/R) of the expected force.  We also increase the design force if the building is important.  So to 

determine the actual movement we take the deflection based on the design seismic shear, INCREASE it 

by Cd and REDUCE it by I.  This provides an estimate of the actual movement in an earthquake. 

For a 36 foot tall building (2-stories plus roof) that translates to 10.8 inches to 3.02 inches. 

The code also requires a separation of adjacent buildings so they do not hit each other and make the 

damage worse.  The code states "...separated structurally by a distance sufficient to avoid damaging 

contact under total deflection δx as determined in section 12.8.6". 

Take δx for the building to the left plus δx for the building to the right and that is the minimum structural 

separation.  Structures cannot touch.  For the 36 foot tall building the separation would need to be 21.6 to 

6.04 inches if the buildings moves the max allowed. 

Yet to come: 

Ss, S1, Fa, Fv, flexible diaphragms, torsion and????  Let me know what items I should add to help pass 

the exam. 
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From kacaku on 6 May 2011 after taking the exam: 

Earthquake, earthquake, earthquake… Did I mention lateral forces very important; not only basic 

concepts but more than e few moderate difficulty calc. questions. Know lateral inside and out. I don’t 

think you can pass this exam without a clear understanding of lateral forces; not so much on irritating 

formulas, more in the behavior of the structure. In other words, visualization of the structural behavior of 

the structure under lateral loads, compression and tension members, base shear and torsion. Know the 

basics of shear and moment diagrams; again don’t look at them as pretty pictures but understand their 

substance. I had 30 min left on MC and spent it on one earthquake calc. question which I never seen it 

before and after all that time I had to guess. 


