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“.. Earthquake engineering is a 
cartoon. . . Earthquakes 

systematically bring out the mistakes
made in design and construction.”

“In dealing with earthquakes, we 
must contend with appreciable 

probabilities that failure will occur... 
Otherwise, all the wealth of the world 

would prove insufficient.. the most 
modest structures would be 
fortresses. We must also face 

uncertainty on a large scale, for it is 
our task to design engineering 

systems – about whose pertinent 
properties we know little – to resist 

future earthquakes– whose 
characteristics we know even less...”

Fundamentals of Earthquake Engineering, Newmark and Rosenblueth (1971): 
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Response Modification Coefficient, R

• Red line is the force vs. displacement if 
the structure responded elastically.

• Green line is the actual force vs. 
displacement of the structure.

• Blue line is the code force per ASCE 7.

Illustrates design parameters:

– Response modification coefficient, R

– Deflection amplification factor, Cd

– System overstrength factor, Ωo.
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In ASCE 7, seismic design forces are calculated by dividing the force from a 
linear response when subjected to the design ground motion by the 
response modification coefficient, R.

“In dealing with earthquakes, we must contend 
with appreciable probabilities that failure will 
occur in the near future. Otherwise, all the 
wealth of the world would prove insufficient to 
fill our needs: the most modest structures 
would be fortresses.”
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New Systems (ASCE 7-22): 
• Composite shear walls 

• Coupled special concrete

• CLT shear walls 

New Systems (ASCE 7-28): 
• CLT Rocking Shear Walls

• Damped Steel Moment Frame
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In ASCE 7, the elastic deformations (ΔS) calculated under reduced 
forces are multiplied by Cd to estimate the actual inelastic 
deflections.

Deflection amplification factor, Cd
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Overstrength Factor, Ωo

The Ωo coefficient approximates the inherent overstrength and can be broken down into 
several components:

Ωo = ΩDΩMΩS
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DESIGN OVERSTRENGTH

• ΩD is the overstrength provided by the 
design engineer and/ or code.

EXAMPLES:

• Load and resistance factors.  

• Design controlled by stiffness.

• Architectural requirements.
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MATERIAL OVERSTRENGTH
•ΩM represents material overstrength. 
EXAMPLES:
Reinforced masonry, concrete, and steel 
provisions have historically used a factor 
of ~1.25 to account for the ratio of mean 
to specified strengths. 

•A survey of WF steel: Ratios = 1.37 
and 1.15 for A36 and A572 Gr. 50. 

Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Overstrength Factor, Ωo



SYSTEM OVERSTRENGTH

• ΩS represents the system overstrength. 

EXAMPLES:

• Redundancy. 

• The degree to which non-LFRS elements 
provide resistance after LFRS has yielded.
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ASCE 7 Section 12.4.3.2 

Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Overstrength Factor, Ωo



12.2.5.2: Cantilever Column Systems, SDC B-F

Foundations and other elements used to provide overturning resistance at the base of 
cantilever column elements shall have the strength to resist the load combinations with 
overstrength factors of Section 12.4.3.2.
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12.3.3.3: Elements Supporting Discontinuous Walls or Frames, SDC B-F

Columns, beams, trusses, or slabs supporting discontinuous walls or frames shall have the strength to resist the 
maximum axial force that can develop in accordance with the load combinations with overstrength factors of Section 
12.4.3.2.

MASONRY 

SHEAR WALL

ELEMENTS SUPPORTING 

DISCONTINOUS WALL
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12.10.2.1: Collector Elements, SDC C-F
Collector elements, splices, and their connections to resisting elements shall resist the load 
combinations of Section 12.4.3.2.

“In a way, earthquake engineering is a cartoon . . . 
Earthquake effects on structures systematically bring out 
the mistakes made in design and construction, even the 
minutest mistakes.”
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• Code provisions developed for regular buildings.

• Earthquakes show that irregular configurations lead to greater damage.

• Irregularity code provisions first introduced in 1988 UBC.
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Redundancy Factor, ρ

• 1994 Northridge earthquake damage higher in low redundancy structures. 

• Code updated to encourage redundancy (SDC D, E, F). 

• For structures with low redundancy, design forces amplified 

→ increase strength and resistance to damage.
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12.3.4.1: Conditions Where ρ = 1.0.

12.3.4.2: Redundancy Factor, ρ, for SDC D, E, F
•ρ = 1.0 or 1.3 
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1. Structures assigned to Seismic Design Category B or C. 

2. Drift calculation and P-delta effects.

3. Design of nonstructural components (Chapter 13).

4. Design of non-building structures that are not similar to buildings (Chapter 15).

Examples: Tanks, amusement structures/ 
monuments, signs and billboards, cooling towers.

Examples: Mechanical/ electrical components, ceilings, cabinets.
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6. Design of members or connections when overstrength of 12.4.3.2 is required.

7. Diaphragm loads determined using Eq. 12.10-1.

8. Structures with damping systems designed in 
accordance with Chapter 18.

5. Design of collector elements, splices and their connections when overstrength factor is used.

9. Out-of-plane wall anchorage (including connections).
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REDUNDANCY (12.3.4)

SDC D-F SDC A-C

 = 1.0Other ItemsItems in 12.3.4.1: Drift, items w/ overstrength, 
diaphragm forces, wall OOP forces 

 = 1.0 TIR > 1.4 (both 
direction)

 = 1.3

STORY Fx/Vx > 0.35 & 
meets items a, b and c

12.3.4.2 Option 212.3.4.2 Option 1

STORY Fx/Vx < 0.35

 = 1.0

No Irregularities at all levels in 
direction of interest & min two 

bays of SFRS at perimeter

 = 1.0 = 1.3

YN

 = 1.0

Y

 = 1.3

N
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ASCE 7 12.3.4.2

ρ = 1.0 or 1.3
ρ = 1.3 unless ONE of the following conditions is met:

Condition 1: Can an individual element be removed from the lateral 
force resisting system without:

• Causing the remaining structure to suffer a reduction in story 
strength > 33%, or
• Creating an extreme torsional irregularity?
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Condition 1:
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ρ = 1.0 or 1.3
ρ = 1.3 unless ONE of the following conditions is met:

Condition 2: If a structure is regular in plan and there are at least 2 bays of 
seismic force resisting perimeter framing on each side of the structure in each 
orthogonal direction at each story resisting > 35% of the base shear.

Condition 2:
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ASCE 7-16

ASCE 7-22
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OLD RP

OLD aP

SAME

FUNCTION OF SUPPORTING 
STRUCTURE - REPLACES (Z/H)

SOME MODIFICATIONS TO IP

FROM 7-16
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New factor Hf = height amplification 

Requires fundamental 
period of structure
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New factor R = Structure ductility reduction 
factor

Requires “R” and o of 
building LFRS

(Taken as 1.3 if LFRS is not known)

18
41

19Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Nonstructural



18
42

20Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Functional Recovery



ASCE 
7-16

Wind Loads

Chapter 27:

MWFRS

Directional 
Procedure

Chapter 28:

MWFRS

Envelope 
Procedure

Chapter 29:

MWFRS

Other Structure/ 
Building 

Appurtenances

Part 1:

Enclosed, 
Partially 

Enclosed,  Open 
Buildings All 

Heights

Part 1:

Enclosed and 
Partially 

Enclosed Low-
Rise Buildings

Part 2:

Enclosed Simple 
Diaphragm Low-

Rise Buildings

Part 2:

Enclosed Simple 
Diaphragm 

Buildings With h 
≤160 ft

Chapter 30:

C&C
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Buildings
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Structures, 
Equipment
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Wind Tunnel 
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Analysis Procedures
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Question: What’s the difference between Chapter 27 and Chapter 28?

Answer:

Chapter 27:
Directional

Chapter 28:
Envelope

Pressure coefficients reflect actual
loading on each surface as a function of 

wind direction.

Pressure coefficients represent
“pseudo” loading that envelope the 

desired moment, shear…

Analysis Procedures

1848
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Chapter 28

Pressure coefficients represent
“pseudo” loading that 

envelope the desired moment, 
shear…

Analysis Procedures
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ASCE 
7-22/ 28

Wind 
Loads

Chapter 
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Directional 
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Chapter 
32:

Tornado 
Provisions
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PHASE III (began September 1, 2021):

3. Extend the aerodynamic database to include rectangular plan building shapes with
gable and hip-roofed buildings. This will include plan dimensions consistent with the
sizes of residential buildings, warehouse-type buildings, and mid-rise buildings.
Deliverable: Wind tunnel database for gable and hip buildings
Completion: December 31, 2021
NOTE: Testing for one configuration was completed in December 2021. The second will
be completed this month.
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• Drift limits in common usage for building 
~1/600 to 1/400 of the building or story height.

• Absolute limit on story drift may be needed to 
reduce damage (nonstructural partitions, 
cladding, and glazing) which may occur if the 
story drift > 3/8 in.

Drift
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Drift
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Drift
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Risk Category I

300-year return 

period
700-year return 

period

1,700-year return 

period

3,000-year return 

period

Risk Category II Risk Category III Risk Category IV

Drift
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10-year return 

period

25-year return 

period

50-year return 

period

100-year return 

period

Drift
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1857

“Wind load 

0.42 C&C 

for 

deflection”

Drift
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Main Wind-Force Resisting System (MWFRS)
An assemblage of structural elements assigned to provide support and stability for the overall 
building or other structure.  The system generally receives wind loading from more than one 
surface

• Examples: Moment frames, braced frames, shear walls, diaphragms.

Components and Cladding (C&C)
Elements of the building envelope or elements of building appurtenances and rooftop 
structures and equipment that do not qualify as part of the MWFRS.

Elements of the structure that support local peak loads.

The magnitude of the force is dependent on the wind area.

tributary to the component.

• The smaller the tributary area of a component the more 

likely to see relatively high pressures on their tributary areas.

• Examples: Metal studs, fasteners, purlins, girts.

MWFRS or C&C
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Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design



ASCE 
7-16

Wind Loads

Chapter 27:

MWFRS

Directional 
Procedure

Chapter 28:

MWFRS

Envelope 
Procedure

Chapter 29:

MWFRS

Other Structure/ 
Building 

Appurtenances

Part 1:

Enclosed, 
Partially 

Enclosed,  Open 
Buildings All 

Heights

Part 1:

Enclosed and 
Partially 

Enclosed Low-
Rise Buildings

Part 2:

Enclosed Simple 
Diaphragm Low-

Rise Buildings

Part 2:

Enclosed Simple 
Diaphragm 

Buildings With h 
≤160 ft

Chapter 30:

C&C

Part 1:

Low-Rise 
Buildings

Part 2:

Low-Rise 
Buildings 

(Simplified)

Part 3:

Buildings with 
h>60 ft

Part 4:

Buildings with 
h≤160 ft 

(Simplified)

Part 5:

Open Buildings

Part 6:

Building 
Appurtenances 

Rooftop 
Structures, 
Equipment

Chapter 31:

Wind Tunnel 
Procedure

MWFRS or C&C
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Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design
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Tornados

Two tornadoes over the Great Plains. 
(NOAA Legacy Photo; OAR/ERL/Wave Propagation Laboratory)

- Joplin tornado → NIST research
- EF 2 intensity or less.
- Not for storm shelters, safe room
- Tornado loads ≠ Straight line wind loads

- Vertical updrafts
- Atmospheric pressure changes
- Rate of change of wind direction 
- Combine differently with other environmental 

loads
- Dependent on the plan size
- Glazing protection

Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design



Risk Category I and II structures.

ASCE 7-22: Chapter 32
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Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Tornados



Outside tornado-prone region?

ASCE 7-22: Chapter 32
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Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Tornados



50

93

50

107

VT <60 mph (function of location, RC, plan area).

ASCE 7-22: Chapter 32

Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Tornados



• Exp. B: VT < 0.5V

• Exp. C: VT < 0.6V

• Exp. D: VT < 0.67V

Compare VT to V.

ASCE 7-22: Chapter 32
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Agenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Tornados



• Tornado velocity pressure

• MWFRS loads

ASCE 7-22: Chapter 32
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Seismic:
- Basic Principles
- Irregularities
- Redundancy
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- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design

Tornados



Performance Based DesignAgenda:

Seismic:
- Basic Principles
- Irregularities
- Redundancy
- Nonstructural
- Functional Recovery

Wind:
- Analysis Procedures
- Drift
- MWFRS v C&C
- Tornados
- Performance Based Design
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