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Chapter 1: Seismology, Earthquake 
Characteristics, and Basic Structural Dynamics

• Attenuation can be described as a decrease in seismic energy 
• The magnitude of an EQ doesn’t decrease the amount of its energy 
• Determine the period of the EQ by Fourier analysis 
• Determine the site period by geotechnical data 
• Determine the building period by structural analysis 
• Resonance occurs when building, site, and/or EQ periods coincide 
• Resonance results in amplification of response 
• The stiffness of a building will not be affected by installation of equipment 
• As the mass increases the fundamental period also increases 
• Liquefaction implies an increase in pore water pressure, a complete loss of bearing capacity, and a 

decrease in the effective stress of a soil 
• EQ may trigger rapid consolidation of soft clay 
• Soft clay sites tend to increase the amplitude of EQ motions more than other local soil conditions 
• Maximum velocity of a structure relative to the ground is known as the spectral velocity 
• The maximum acceleration experienced by the system in response to a disturbing force is known as the 

spectral acceleration 
• The stiffer the structure, the shorter the period of vibration 
• Steel or concrete structures tend to have high periods compared with wood structures 
• Rigidity is the reciprocal of deflection 
• Force is distributed in proportion to the rigidity 
• Damping is the dissipation of energy 
• Flexibility is the total deflection of a structural system 
• The ground acceleration is an acceleration to which a building responds 
• The building acceleration is a function of its dynamic characteristics, mass, and stiffness 
• Generally the building acceleration is higher than the ground acceleration 
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Chapter 2: Codes and Regulatory Provisions 
• Code-specified forces to actual major EQ forces is in the magnitude of 1:12 

o Structures are designed to support defined loads and to resist the lateral forces within allowable 
stresses and deflections 

o The ultimate versus allowable capacities of the materials and system are substantially higher 
o To resist stronger loads, adequate factors of safety, redundancy, and higher values of R should be 

considered 
• Seismic loads are inertial in nature 
• Deformation compatibility 
• Penthouses are often not classified as part of the main structure 
• Bearing wall system is defined as a structural system without complete vertical load-carrying frame 

o Bearing walls give support for all or most of the gravity loads 
o Lateral loads are resisted by shear walls or braced frames 

• Lateral loads are resisted by flexural actions of members in moment resisting system 
• The storey drift is defined as the displacement of one level relative to the level above or below 
• Calculated drift should include torsional and translational deflections 
• In-plane discontinuity in vertical lateral force-resisting element occurs where the offset of the elements is 

greater than the length of the elements 
• Soft storey is a vertical structural irregularity where the story stiffness is either < 70% of that storey above or 

< 80% of the average stiffness of the 3 stories above 
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Chapter 3: Diaphragm Theory 
• Resisting elements: columns, shear walls, connections, structural systems (braced frames or moment-

resisting frames) 
• Base shear is the total force delivered to the structure at the base 

o PERPENDICULAR WALLS forces are Comp/Tens, transfer their own inertia forces to the base of 
the structure, contribute inertia load to the diaphragm shear 

o PARALLEL WALLS forces are Shear 
• Origin to foundation 

o Roof diaphragm transmit inertia forces from their own weight plus the weight of the perpendicular 
walls to the vertical resisting elements 

o The vertical shear-resisting elements are the parallel walls that transfer forces from the roof 
diaphragms, plus their own inertia forces to the base of structure 

• Rigid diaphragms distribute lateral forces in proportion to the rigidities of vertical resisting elements 
o Do not distribute based on tributary area 
o Do not bend due to lateral loads 
o Distribute lateral storey shears to vertical resisting elements 
o Transmit torsion to the vertical resisting elements 

• Flexible diaphragms distribute lateral forces to vertical resisting elements in proportion to the tributary area 
of the elements 

o Relatively thin structural elements 
o Lack bending strength 
o Depend on the stiffness of the PERP walls to limit overall diaphragm deflection 
o Incapable of distributing torsional moments to vertical resisting elements 

• Minimize diaphragm deflection by decreasing the nail spacing along the edges of the diaphragm. 
o Nail spacing = shear resistance 

• Center of rigidity is the point through which the resultant of the resistance to the applied lateral force acts 
• Center of mass is the point through which the applied lateral force acts 
• Eccentricity is distance between COR and COM measured PERP to direction of the lateral load 
• Accidental eccentricity is equal to 5% of the building dimension that is PERP to the direction of the lateral 

load 
• Torsional moment equals the applied lateral force multiplied by the sum of the eccentricity and the 

accidental eccentricity 
• Chords are boundary members of a diaphragm that are PERP to the direction of the lateral load 

o Designed to carry moment and provide all the resistance to the flexural stresses 
o Chord forces at the chord ends are zero 

• Drag struts collect and drag the horizontal diaphragm shear to the supporting vertical resisting element 
o Occur over points of discontinuity 
o The strut force is T/C 
o The strut force changes along the length of the drag strut 
o Max force occurs at the point where the drag strut attaches to the PARA wall 
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Chapter 4: Details of Structures 
• In designing wood structural panel shear walls (and also horizontal diaphragms), it is necessary to account 

for horizontal and vertical diaphragm shears, chords, struts, diaphragm ratios, blocking, and connectors 
• The 32/16 span rating: 32 = max recommended span for roofing (inches) and 16 specifies the max 

recommended span for sub-flooring (inches) 
• Standard wood panel is 4ft x 8ft 
• Blocking is to produce lateral support and prevent joists from buckling 
• The direction of the wood structural panel does not determine the type of load case 

o The orientation of the continuous panel joint determines the load case 
• Standard length of 10d box nails is 3” (76mm) 
• Wood diaphragms used to laterally support concrete or masonry walls should not specify anchorage using 

toenails or nails subject to withdrawal 
• Design yield hinging should occur in beams only; special reinforcement is required at points where the 

yielding is expected 
• Seismic hoops should be placed where yielding is expected 
• Flexural reinforcement lap splices should be allowed only if hoop or spiral reinforcement is furnished over 

the lap length 
o Do not use within the joint, within a distance of twice the member depth from the face of joint or 

at locations where analysis indicates flexural yielding caused by inelastic lateral displacements of 
the frame 

• Ductility is the ability of a material to deform or yield without undergoing some sort of failure 
• In non-uniform L-shaped buildings, local stresses develop and concentrate through or into the heel of the L 
• Structures with eccentric braced frames undergo small drifts in low to modest EQ 

o Perform as braced frames rather than as moment frames 
o In large EQ, special sections of the girders are designed to yield, making these structures highly 

ductile 
• In an eccentric braced frame a diagonal braced frame where at least one end of each bracing member is 

attached to a beam a short distance from a beam-to-column connection or from another beam-to-brace 
connection 

o The part of a beam between the brace end and the column is known as the link beam 
o Its function is to yield in shear and/or bending, thus preventing the buckling of the bracing 

members 
o EBF can absorb great amounts of seismic energy 

• Minimum weld size depends on the thicker plate 
• Base isolation allows for the ground to move independently WRT the building which lowers the 

acceleration 
o Acceleration decreases while the structure’s natural period increases 
o Not suitable where the soil is soft because the long period of soft soil may coincide with the 

increased period of the structure and produce resonance 
o RIGID ANCHORING IS NOT BASE ISOLATION 

• Rigid frame analysis can be performed by either the portal method or the cantilever method 
o Cantilever method assumes the floors remain plane and the entire structure functions as a 

cantilever beam 
o Portal method assumes that the horizontal diaphragms remain horizontal when subjected to lateral 

forces 
• Path of the lateral force is from the edge nail to the ledger and then to the anchor bolt 
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Chapter 5: Design Problems 
• Determine the base shear 
• What is the allowable inter story displacement (drift) based on building period 
• Determine the force at level n 
• Determine the force for penthouse 
• Determine the maximum building height (and storey height) without creating additional force at the roof 

level 
• Determine the overturning moment 
• Determine the design uplift 
• Determine the strut load for the shear wall 
• Determine the maximum drag strut force 
• Determine the relative rigidity of a wall. 
• Determine the location of the COM and COR 
• Determine the torsional moment 


