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NOTICE: Any opinions, findings, conclusions, or recommendations expressed in this publication
do not necessarily reflect the views of the Federal Emergency Management Agency.
Additionally, neither FEMA nor any of its employees make any warranty, expressed or implied,
nor assume any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, product, or process included in this publication.

The National Institute of Building Sciences (NIBS) brings together members of the building industry,
labor and consumer interests, government representatives, and regulatory agencies to identify and
resolve problems and potential problems around the built environment. NIBS is a nonprofit, non-
governmental organization established by Congress in 1974.

The Building Seismic Safety Council (BSSC) was established in 1979 under the auspices of NIBS as
a national platform for dealing with the complex regulatory, technical, social, and economic issues
involved in developing and promulgating building earthquake hazard mitigation regulatory provisions
that are national in scope. By bringing together in the BSSC all of the needed expertise and all
relevant public and private interests, it was believed that issues related to the seismic safety of the
built environment could be resolved and jurisdictional problems overcome through authoritative
guidance and assistance backed by a broad consensus. BSSC’s mission is to enhance public safety
by providing a national forum that fosters coordination of and improvements in seismic planning,
design, construction, and regulation in the building community.

This report was prepared under Contract HSFE60-15-D-0022 between the Federal Emergency
Management Agency and the National Institute of Building Sciences.

This FEMA resource document can be obtained from the FEMA online library:
https://www.fema.gov/emergency-managers/risk-management/building-science/earthquakes.
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2020 NEHRP Recommended Seismic
Provisions: Desigh Examples, Training
Materials, and Design Flow Charts

Volume lll: Design Flow Charts

FEMA P-2092-V3 Volume Il Design Flow Charts, as one of the NEHRP Provisions’ supporting
products, contains a series of flow charts to help practicing engineers better understand the
provisions in the 2020 NEHRP Recommended Seismic Provisions for New Buildings and Other
Structures (FEMA P-2082) and ASCE/SEI 7-22 Minimum Design Loads and Associated Criteria for
Buildings and Other Structures.

Design flow charts were prepared as part of the 2015 NEHRP Provisions supporting materials.
Those flow charts were used as a starting point for updates by Bret Lizundia and Jorge Moreno of
Rutherford + Chekene. The updated flow charts incorporate revisions between the 2015 Provisions
and the 2020 NEHRP Provisions (and between ASCE/SEI 7-16 and ASCE/SEI 7-22). A general
overview of the overall design process is provided in Chart 1, with the rest of the charts focusing on
specific topics. The goal of the charts is to highlight the key steps and provisions and the
recommended order of implementation. The charts also identify the interrelationships and
dependencies of the steps and provisions on one another. To keep the charts reasonably concise,
not every step has been addressed, and the reader is cautioned to review the 2020 NEHRP
Provisions and ASCE/SEI 7-22 carefully as they apply to the specific project of interest.
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Chart 2

Scope of Seismic Design Criteria

Refer to exemptions to
determine whether structure is
within the scope of ASCE/SEI
7-22, as follows (Sec. 11.1.2).

Is structure a

detached one- and

two-family dwelling?
(Sec. 11.1.2.1)

N

No Yes

(Sec. 11.1.2.1)
Refer to Chart 3

Is S,< 0.4 or is the Seismic
Design Category is A, B, or C?

Yes

v o

Structure is not within the scope
of ASCE/SEI 7-22.

—

Is structure a wood-frame
dwelling with not more Yes
than 2 stories above

grade, and compliant with
the IRC? (Sec. 11.1.2.2)

A

o

Is structure an agricultural storage facility that is intended only
for incidental human occupancy? (Sec. 11.1.2.3)

Yes

No

A\ 4
Is structure not addressed as a nonbuilding structure (Chapter
15) and requires special consideration of their response
characteristics and environment, such as vehicular bridges,
electrical transmission towers, hydraulic structures, buried

\ Yes

/

utility lines, and nuclear reactors? (Sec. 11.1.2.4)

No

A4

Is structure a pier or wharf not accessible to the general
public? (Sec. 11.1.2.5)

Yes

<

No

A
Structure should be designed and constructed to resist the
effects of earthquake motions, as prescribed by
ASCE/SEI 7-22.

Go to Chart 3

FEMA P-2192-V3
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Chart 3

2020 NEHRP Provisions Design Flow Charts

Seismic Hazard Requirements and Seismic Design Category

No

\4

Use default site conditions,
unless Authority Having
Jurisdiction determines that Site
Class DE, E, or F are present
(Sec. 11.4.2.1).

Assign a Risk Category to
the structure (Sec. 1.5.1).

Factor, /, (Sec. 1.5.1).

Determine the Seismic Importance

Are soil properties known in
sufficient detail to determine the
site class?

>

Yes

v

Classify site as Site Class A, B,
BC, C,CD, D, DE, E,or F
(Chapter 20).

B

Ll

v

No

Is the structure on Site Class F, or
a site response analysis desired

for the project? (Sec. 11.4.7)

Yes

v

Perform a site-specific ground
motion procedure for seismic

design (Chapter 21).

v

Obtain risk-targeted maximum considered earthquake
(MCEg) spectral response acceleration parameters
Ss, Si, Sus, and Sy, from the USGS Seismic Design
Geodatabase (Sec. 11.4.3) or a site-specific ground

motion analysis (Sec. 21.4).

v

Determine design earthquake spectral response
acceleration parameters at short periods, Sy, and at

1-s period, Sp, (Sec. 11.4.4).

<

Is a design response spectrum
required by ASCE/SE| 7-22?

No

v

Yes

Develop multi-period design response
spectrum (Sec. 11.4.5.1) or two-period
design response spectrum (Sec. 11.4.5.2).

Determine Seismic Design P |
)

Category (Sec 11.6).

Continued on
Next Page
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Chart 3

Seismic Hazard Requirements and Seismic Design Category
(Continued)

Continued from
Previous Page

Is structure located where Sps< 0.167 \_ Yes
and S, < 0.067? P Assign Seismic Design
(Table 11.6-1 and Table 11.6-2) / Category A
No
Is a voluntary seismic Yes
analysis and design
preferred?

v

Is structure Risk Category |, II, or Yes
Ill and located where S, 2 0.75?

No

Is structure Risk Category IV and Yes
located where S,2 0.75?

No

Go to Chart 4.

o[ Assign Seismic Design
Category E.

o| Assign Seismic Design
d Category F.

Seismic Design Category B to D based on Risk
Category and design spectral response acceleration
parameters, Spsand Sy (Tables 11.6-1 and 11.6-2).

on the type of structure or component [¥

Determine chapter applicability based | >

v

v

v

Building structure
(Chapter 12).
Go to Chart 5.

Nonbuilding structure
(Chapter 15).
Go to Chart 22.

Seismically-isolated structure
(Chapter 17).
Go to Chart 13.

Structure with damping systems
(Chapter 18).

Go to Chart 14.

I

Nonstructural components
(Chapter 13).
Go to Chart 25.

FEMA-P-2192-V3
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Chart 4
Seismic Design Category A

Comply with the general structural integrity
requirements of Section 1.4 for buildings and
other structures (Sec. 11.7).

Nonstructural components assigned to
Seismic Design Category A are exempt from
seismic design force requirements (Sec. 11.7).

A 4

Provide connections to form a continuous load
path to the lateral force-resisting system.
Connections should be capable of transmitting
lateral forces induced by parts being
connected (Sec. 1.4.1).

4

Determine design lateral forces, F,, equal to

1% of the total dead load, D, of the structure at

each level. Apply them independently in two
orthogonal directions (Sec. 1.4.2).

A

Provide positive connection to beams, girders,
or trusses with a design strength of at least 5%
of the dead plus live load reaction for a
horizontal force acting parallel to the member
(Sec. 1.4.3).

v

If structure contains structural walls, anchor
structural walls to the roof and all floors and
members that provide lateral support or are

supported by the wall (Sec. 1.4.4).

2020 NEHRP Provisions Design Flow Charts
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Chart 5
Seismic Design Requirements for Building Structures

Meet the structural design basis. Overall, the building structure
includes complete lateral and vertical force-resisting systems
capable of providing adequate strength, stiffness, and energy
dissipation to withstand the design ground motions within the

prescribed limits of deformation and strength demand (Sec. 12.1.1).

v

Are limitations satisfied for the simplified
alternative design procedure and is
preferred for the project? (Sec. 12.14)

No

Select the structural system and seismic
force-resisting system in each direction and elevation
from Table 12.2-1. Meet structural system limitations

including structural height limits, based on the
Seismic Design Category (Sec. 12.2).

Select corresponding response modification
coefficient, R, overstrength factor, Q,, and deflection
amplification factor, C, (Sec. 12.2 and Table 12.2-1)

v

Refer to material-specific detailing
requirements. Go to Charts 17-21
(Table 12.2-1 and Chapter 14).

Comply with system-specific
requirements (Sec 12.2.5)

Idealize diaphragm as flexible or rigid, if conditions

are met. Otherwise, structural analysis should include

the stiffness of the diaphragm (semirigid modeling
assumption) (Sec. 12.3.1).

v

Identify horizontal irregularities and vertical
irregularities based on structural configuration (Sec.
12.3.2). Meet limitations and additional requirements
for systems with structural irregularities (Sec. 12.3.3).

\ 4
Assign a redundancy factor, p, to the seismic
force-resisting system in each of two orthogonal
directions. Go to Chart 6 (Sec. 12.3.4).

v

Determine seismic load effects and
combinations applicable to design
(Sec. 12.4).

Determine applicable direction of
loading criteria (Sec. 12.5).

Calculate effective seismic weight,
W, of the structure (Sec. 12.7.2).

Develop a structural model
(Sec. 12.7).

Select a permitted structural
analysis procedure (Sec. 12.6).

Go to Chart 7.

v

(ELF) Procedure.
Go to Chart 8.

v v v
Equivalent Lateral Force Modal Response Linear Response History Nonlinear Response
Analysis. History Analysis.

Spectrum Analysis.

Go to Chart 10. Go to Chart 11.

Go to Chart 12.

10
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Chart 6
Redundancy Factor

Is structure assigned to Seismic Design Yes
Category B or C? (Sec. 12.3.4.1.1).

No

v

Is one of these calculations or conditions applicable for the structure with Seismic

Design Category D through F? (Sec. 12.3.4.1)

- Drift calculations and P-delta effects (Sec. 12.3.4.1.2)

- Design of nonstructural components (Sec. 12.3.4.1.3)

- Design of nonbuilding structures not similar to buildings (Sec. 12.3.4.1.4) Yes

- Design of collector elements, splices and their connections with seismic load
effects including overstrength (Sec. 12.3.4.1.5)

- Design of members or connections with seismic load effects including
overstrength (Sec. 12.3.4.1.6)

- Diaphragm seismic design forces in 12.10.4 (Sec. 12.3.4.1.7.8)

- Structure with damping systems (Sec. 12.3.4.1.9)

- Design of structural walls for out-of-plane forces and anchorage (Sec. 12.3.4.1.10)

No

v
Is structure horizontally regular in direction of interest, and
has at least two bays of seismic force-resisting perimeter Yes
framing on each side at each story resisting more than
35% of the base shear? (Sec. 12.3.4.2) /

No
A4
< Structure with Type 1 Horizontal \ Yes

(Torsional) irregularity with TIR>1.4?
(Sec. 12.3.4.2.1)

No

/ Does structure consist of a lateral No
force-resisting system with elements
listed in Table 12.3-3? (Table 12.3-3) /

Yes

Identify stories where the story shear is
greater than 35% of the base shear in
the direction of interest

Select and remove a lateral force-resisting
element or connection for each story
exceeding a story shear greater than 35% of
the base shear per requirements. Perform
analysis using ELF procedure (Table 12.3-3).

Are there at least two bays of seismic \ No
force-resisting framing on each side of /

the center of mass?

Yes

A 4
Is reduction in lateral \ No
strength of the story less or
equal to 35%7? /

Yes

Is Torsional Irregularity No
Ratio (TIR) < 1.4 after /

removal?

No / Have all likely elements and \ Yes
connections to trigger /

conditions been removed?

FEMA P-2192-V3 11
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Chart 7
Simplified Design Procedure

Are limitations met for applicability of simplified design procedure? (Sec. 12.14.1.1)

1. Risk Category | or II? (Sec. 12.14.1.1.1)

2. Site class not E or F? (Sec. 12.14.1.1.2)

3. Structure does not three stories above grade? (Sec. 12.14.1.1.3)

4. Seismic force-resisting system is either a bearing wall system or a building frame
system? (Sec. 12.14.1.1.4)

5. At least two lines of lateral resistance in each of two major axis directions, at least one
on each side of center of weight? (Sec. 12.14.1.1.5)

6. Center of weight not further than 10% from geometric centroid of diaphragm?

Go back 1o No (Sec. 12.14.1.1.6)
Chart 5. 7. Overhang limitations in cast-in-place concrete diaphragms? (Sec. 12.14.1.1.7)

8. Force proportioning assuming flexible diaphragms with additional requirements?
(Sec. 12.14.1.1.8)
9. Lines of resistance oriented at no more than 15 degrees from major orthogonal
horizontal axes? (Sec. 12.14.1.1.9)
10. Simplified procedure for each major orthogonal horizontal axis? (Sec. 12.14.1.1.10)
11. No in-plane or out-of-plane offsets of lateral force-resisting elements?
(Sec. 12.14.1.1.11)
12. Lateral load resistance not less than 80% the story above? (Sec. 12.14.1.1.12)

Yes

A

Comply with design basis
(Sec. 12.14.2)

A 4
Select the structural system and seismic
force-resisting system in each direction and elevation.
Meet structural system limitations based on the
Seismic Design Category (Sec. 12.14.4 and
Table 12.14-1).

A
Select associated response
modification coefficient, R, (Sec.
12.14.4 and Table 12.14-1).

Refer to material-specific design requirements
(Sec. 12.14.7)

A
Idealize diaphragm as flexible or rigid, if
conditions are met. (Sec. 12.14.5).

Determine seismic load effects and
combinations applicable to design
(Sec. 12.14.3).

v

Determine applicable direction of
loading criteria (Sec. 12.14.6).

A4
Perform simplified lateral force
analysis procedure (Sec. 12.14.8).

v

Comply with the detailing requirements (Sec.
12.14.7). Go to Charts 17-21 (Table 12.1-2
and Chapter 14).

v

Satisfy deformation requirements
(Sec. 12.14.8.5).

12 FEMA P-2192-V3
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Equivalent Lateral Force (ELF) Analysis

Calculate the approximate
fundamental period, T, in direction
under consideration (Sec. 12.8.2.1).

v

Determine the fundamental period of
the structure, T, in direction under
consideration (Sec. 12.8.2).

v

Is analysis using structural properties
and deformational characteristics of
the resisting system preferred to
determine T? (Sec. 12.8.2)

No | Yes
The fundamental period, T, is Use fundamental period, T
permitted to use the from analysis. T should not
approximate building exceed C,T, (Sec. 12.8.2).
period, T..
Csand E, are permitted to be calculated using Sy equal to 1.0
/ Consider S, reduction? Yes but not less than 70% of Sy, if the following criteria are met
(Sec 12.8.1.3) (Sec. 12.8.1.3):
- No irregularities (Sec. 12.8.1.3.1)
No - Structure does not exceed five stories above the base,
where mezzanines are considered stories (Sec. 12.8.1.3.2)
- T<0.5s(Sec. 12.8.1.3.3)
- Redundancy factor meets requirements for p=1.0
- Not Site Class E nor F (Sec. 12.8.1.3.5)
- Risk Category | or Il (Sec. 12.8.1.3.6)
- Response modification coefficient, R, is 3 or greater
(Sec. 12.8.1.3.7)
A
Is multi-period design response spectrum from
the USGS Seismic Design Geodatabase (Sec '\
11.4.5.1) or site-specific response analysis )
(Chapter 21) available? /
No | Yes
Use Method 2 to determine the Use either Method 1 or Method 2 to
seismic response coefficient, C.. determine the seismic response coefficient,
Check lower bounds (Sec. 12.8.1.1). C.. Check lower bounds (Sec. 12.8.1.1).

Continued on
Next Page

FEMA P-2192-V3
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14

Chart 8
Equivalent Lateral Force (ELF) Analysis
(Continued)

Continued from
Previous Page

Calculate the seismic base shear, V,
in direction under consideration
(Sec. 12.8.1).

Consider soil-structure Optional
interaction reduction?

No
v

Compute the vertical distribution of

each level (Sec. 12.8.3).

v

Compute the horizontal distribution of forces based
on relative lateral stiffness of the vertical resisting
elements and the diaphragm (Sec. 12.8.4).

diaphragms flexible? (Sec. 12.8.4)
No [ Yes

l v

< Consider torsional moments. Are >

lateral seismic force, £, induced at [g--------------

Does structure have no horizontal
irregularities, or is assigned to Seismic
Design Category B with Type 1

Do not apply Inherent
torsion, M, and accidental
torsion, M,, to structure.

horizontal structural irregularity with
TIR<1.47? (Sec. 12.8.4.2.1)

No | Yes

Is structure assigned to Seismic | Apply only inherent torsion,
Design Category C, D, E, or F, M, to structure.
where Type 1 horizontal structural
irregularity exists?

No [ Yes

v

Apply inherent torsion, M,
and accidental torsion, M,,

(Sec. 12.8.4.2.2).

Apply inherent torsion, M, and
accidental torsion, M, with
torsional amplification factor, A,,
to structure (Sec. 12.8.4.2.2).

to structure

l |

Calculate the overturning
effects caused by seismic
forces (Sec. 12.8.5).

Determine
displacements and story
drift (Sec. 12.8.6).

v

Calculate stability coefficient, 6.
Consider P-delta effects if
6 > 0.1. Redesign structure if
6> 6, (Sec. 12.8.7).

v
Go to Chart 15.

FEMA P-2192-V3
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Chart 9
Soil-Structure Interaction (SSI)

Include foundation flexibility in analysis
procedures with upper and lower bounds per
Sec. 12.13.3.

procedure or a linear
dynamic analysis performed?

Is an equivalent lateral force \ No

Yes 0 - -
v s nonlinear response history
Only foundation damping effects are permitted in the No z;:)fgﬂlrjgeispﬁ)r;g;emdeg:v gﬁg
mathematical model of the structure. Inclusion of Class C. CD. D, DE. or E?
kinematic interaction effects, i.e. base slab averaging (S:ac. 19.4.1 .1’) '
and embedment, is not permitted to account for the
effects of SSI (Sec.19.1.1 and 19.3.1). Yes
Site is located on
Site Class A or B,
i.e. hard rock or
Foundation damping effects are permitted to be considered in linear analysis, rock. Soil-structure
unless any of the following foundation conditions occur (Sec. 19.3.1): interaction is not
- Discrete footings not interconnected and spaced less than larger dimension applicable.
of supported lateral force-resisting element (Sec. 19.3.1.1)
- Deep foundations such as piles or piers (Sec. 19.3.1.2)
- Mats interconnected by concrete slabs that are characterized as flexible, or

that are not continuously connected to grade beams or other foundation Is there a mat foundation or

elements (Sec. 19.3.1.3) No are foundation elements

—( connected by a slab or grade
beams not considered
flexible? (Sec. 19.4.1.1)

Determine fundamental period of structure based on a
model using a fixed base, T, and fundamental period using Yes
a model with a flexible base, T (Sec.19.1.3).

A 4
Soil-structure : = -
Determine effective period lengthening ratio, (?7 7)., based interaction is not Kflfnemat.lc w;)teractllog

on expected ductility demand, 1 (Sec.19.3.2. applicable. e e;:\t/::rléginga:ﬁ; 2
¢ embedment, are permitted
to account for the effects

Determine the radiation damping ratio, B., for rectangular of SSI. (Sec.19.4).

foundations (Sec.19.3.3) or for circular foundations
(Sec.19.3.4).

Continued on
Next Page
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16

Chart 9

Soil-Structure Interaction (SSI)
(Continued)

Continued from
Previous Page

v

Determine the soil hysteretic damping ratio, B,, based on a
site-specific study or Table 19.3-3 (Sec.19.3.5).

A

< Uniform soft soil over a stiff Yes‘

deposit? (Sec.19.3.2)

No

Calculate foundation damping ratio
caused by soil hysteretic damping and

Replace B, with B’
»|from Equation 19.3-4.

radiation damping, B, from Eq. 19.3-3.
(Sec. 19.3.2)

v

Calculate effective damping ratio of the

be more than 20% (Sec. 19.3.2)

soil-structure system, B, from Eq. 19.3-1. B, cannot

v

Is a linear dynamic analysis \ Yes
used? (Sec.19.3.2)

No

A

Calculate base shear adjusted for
SSI, V, per Eq. 19.2-1. V cannot be
less than 70% of the fixed-base
structure base shear, V (Sec. 19.2.1).

v
A\

Is a site-specific response Yes

spectrum used
(Chapter 21)?

No
v A 4

Adjust general design
response spectrum for factor,
Bss,, to obtain response

spectral accelerations __
including the effects of SSI, S,
(Sec. 19.2.2.1).

response spectral

Adjust site-specific response
spectrum for effective viscous
damping ratio, B, to obtain

including the effects of SSI, S,
(Sec. 19.2.2.2).

acceleratiops

v

Calculate base shear adjusted for SSI
determined through modal response
spectrum analysis, A per modified
Eq. 19.2-1. V,cannot be less than
70% of the fixed-base structure base
shear, V (Sec. 19.2.2).

v

For scaling of lateral forces, the
calcylated base shear, V, is replaced
with V; and the mgodal base shear V, is

replaced with V; (Sec. 12.9.1.4).

FEMA P-2192-V3
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Chart 10
Modal Response Spectrum Analysis

Conduct analysis to determine periods and natural modes
of vibration of the structure. Include sufficient numbers of
modes to obtained a combined modal mass participation of
100% the structure's mass. Alternatively, include a
minimum number of modes to obtain a combined modal
participation of at least 90% of actual mass in each
orthogonal horizontal direction (Sec. 12.9.1.1).

Determine the fundamental period of
the structure, T, in direction under
consideration (Sec. 12.8).

v

Combine response parameters for the
various modes. Use SRSS, CQC, or
CQC-4 method, as appropriate
(Sec. 12.9.1.3).

v

Divide the values for each force-related
parameters by the A//,. Multiply the
values for displacement and drift values
by CJI. (Sec. 12.9.1.2).

Calculate the seismic base shear
from the required modal combination,
V, in direction under consideration
(Sec. 12.9.1.4).

v

Perform equivalent lateral force (ELF)
procedure and calculate the seismic
base shear, V, in direction under
consideration (Sec. 12.8).

Conaid 0 Optional
Consider soil-structure  \ GotoChart 9.
interaction reduction?

No H

v

Scale forces. Where T exceeds C,T,, C,T. H

should be used in direction of analysis. ‘

Where V;is less than 100% of V, the

forces should be multiplied by V/V,
(Sec. 12.9.1.4.1).

Continued on
Next Page
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Chart 10
Modal Response Spectrum Analysis
(Continued)

Continued from
Previous Page

Scale drifts. Where V,is less than C.W, the
displacements should be multiplied by
CWV, (Sec. 12.9.1.4.2).

v

Compute the horizontal distribution of forces based
on relative lateral stiffness of the vertical resisting
elements and the diaphragm (Sec. 12.8.4).

Consider torsional moments,
Are diaphragms flexible?
No (Sec. 1|2.8.4)

Yes

v

Does structure have no horizontal
irregularities, or is assigned to Seismic
Design Category B with Type 1 horizontal
structural irregularity with TIR < 1.4?
(Section 12.8.4.2.1)

Do not apply Inherent
torsion, M, and accidental
torsion, M,, to structure.

No

| Yes

v

v

Is structure without horizontal

irregularity Type 1, or with
horizontal irregularity with
TIR<1.67 (Sec. 12.9.1.5)

Consider inherent torsion,
M, to structure.

o |

Yes

Consider inherent torsion, M,
and include accidental torsion
in dynamic analysis model
without torsional amplification

Consider inherent torsion, M,
and include accidental torsion
with torsional amplification
factor,

A,, as a static load case.

factor, A,, to structure.

18

Calculate stability
coefficient, 6. Consider
P-delta effects if 6 > 0.1.
Redesign structure if
0 > 0, (Sec. 12.9.1.6).

V%
Go to Chart 15.
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Chart 11
Linear Response History Analysis

2020 NEHRP Provisions Design Flow Charts

Meet general modeling requirements (Sec. 12.9.2):

- Three-dimensional (3D model) model (Sec. 12.9.2.2)

- Adequate distribution of stiffness and mass throughout the structure's lateral load-resisting system and
diaphragms (Sec. 12.9.2.2)

- Include P-delta effects (Sec. 12.9.2.2.1)

- Include accidental torsion, where required (Sec. 12.9.2.2.2)

- Adequate foundation flexibility modeling, where required (Sec. 129.2.2.3)

- Same number of modes to include as provisions for modal response spectrum analysis (Sec. 12.9.2.2.4)

- Damping not exceeding 5% critical for any mode with vibration period 2 T, (Sec. 12.9.2.2.5)

11.3).

recovered in each of the two orthogonal directions.

Determine T and T,,.. The mathematical models to compute these periods
should not include accidental torsion but should include P-delta effects (Sec.

Tower IS the period of vibration at which 90% of the actual mass has been

T.xer 18 the larger of the two orthogonal fundamental periods of vibration.

Select a suite of at least three pairs of ground
acceleration histories derived from artificial or
recorded ground motion events (Sec. 12.9.2.3).

v

Match spectrally each component of ground
motion over the period range 0.8 T 10 1.2 Tippe..
Over the same period range, the average of 5%

damped S, ordinates should not fall above or

below the target spectrum by more than 10%

(Sec. 12.9.2.3.1).

v

Apply ground motion acceleration histories to two
orthogonal directions independently, designated
as Xand Y (Sec. 12.9.2.4).

v

For each ground motion analyzed, determine the
maximum elastic base shear in the X and Y
directions, V& and V., respectively
(Sec. 12.9.2.5.1).

v

For each ground motion analyzed, determine the
maximum inelastic base shear in the X and Y
directions, Vx and V,, respectively, by
multiplying Ve by I/Ry, and Ve, by I/R,

(Sec. 12.9.2.5.1).

Consider soil-structure Optional GotoOhano
interaction reduction? .

No

A

Calculate base shear scale factors in each
direction of response, 1y and 1, (Sec. 12.9.2.5.2).

Combine the force response to account for
the elastic and inelastic contribution
(Sec. 12.9.2.5.3).

v

Combine the displacement response to
account for the elastic and inelastic
contribution (Sec. 12.9.2.5.4).

v

Envelope the combined force response
quantities in both orthogonal directions for
all ground motions (Sec. 12.9.2.6).

Determine the story drift for each ground
motion analyzed in each direction using
the combined displacement responses

(Sec. 12.9.2.7).

Go to Chart 15.
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Chart 12
Nonlinear Response History Analysis

Prepare documentation and get approval by
independent structural design reviewer(s) and the
Authority Having Jurisdiction before performing
nonlinear response history analysis (Sec. 16.1.4).

Meet general modeling requirements (Sec. 16.3):

- Three-dimensional (3D model) model (Sec. 16.3.1)

- Structural model extended to the foundation level (Sec. 16.3.1)

- Ground motions input at the foundation level (Sec. 16.3.1)

- Include all elements that significantly affect seismic response when subjected to MCEx ground motions (Sec. 16.3.1)

- Modeling of element nonlinear hysteretic behavior consistent with ASCE 41 or applicable laboratory test data (Sec. 16.3.1)
- Include degradation in element strength and stiffness in hysteretic models when expected (Sec. 16.3.1)

- Consider flexibility of floor diaphragms where it is significant to response (Sec. 16.3.1)

- Capture force transfer and resulting deformations for diaphragms at horizontal and vertical discontinuities (Sec. 16.3.1)

- Include gravity loads in modeling and demand of elements (Sec. 16.3.2)

- Include P-delta effects (16.3.3)

- Include accidental torsion, where required (Sec. 16.3.4)

- Hysteretic energy dissipation of structural members modeled directly. Limitations for additional inherent damping (16.3.5)
- Explicit foundation modeling with soil springs and/or dashpot elements applied to the horizontal soil elements (16.3.6)

A 4

Perform linear analysis in addition to the nonlinear

response history analysis in accordance with one

of the applicable procedures of Chapter 12. Refer
to applicable exceptions (Sec. 16.1.2).

A\ 4

Do any of these conditions occur? (Sec 16.1.3)

1. Vertical elements of the gravity
force-resisting system are discontinuous

2. Chapter 15 (nonbuilding structures) requires
consideration of vertical earthquake effects

No Yes
Effects of vertical Include explicitly effects
response are not of vertical response in
required in analysis analysis

Develop a target, 5%-damped, MCE; response
spectrum using either a single response spectrum
(Method 1), or two or more site-specific response

spectra (Method 2) (Sec. 16.2.1).

Continued on
Next Page
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Chart 12
Nonlinear Response History Analysis
(Continued)

Continued from
Previous Page

- - Optional
Consider soil-structure ~ \ ______“7 7 Go to Chart 9.
interaction reduction? -

No :

Select a suite of at least 11 recorded ground acceleration :
histories. Ground motions shall consist of pairs of orthogonal H
horizontal ground motions components, and vertical
component, if applicable. Ground motions shall be selected
from events within the same general tectonic regime and
having generally consistent magnitudes and fault distances,
as those controlling the target spectrum. Moreover, they
should have a similar spectral shape. Simulated ground
motions are permitted where the required number of recorded
ground motions is not available (Sec. 16.2.2).

v

Determine the period range corresponding to
vibration periods that significantly contribute to the
building's lateral dynamic response (Sec. 16.2.3.1).

v

Modify the ground motions to be either amplitude-scaled
(Sec. 16.2.3.2) or spectrally matched (Sec. 16.2.3.3).

v

| Apply ground motions to the supports of the structural

model. (Sec. 16.2.4).

v
Meet the global acceptance criteria: acceptable response
to ground motion and story drift limits (Sec. 16.4.1).

A 4
Meet the element-level acceptance criteria for force- and
deformation-controlled actions (Sec. 16.4.2).

Force-controlled actions shall be evaluated per Sec. Deformation-controlled should be modeled for a valid
16.4.2.1. Seismic demand is amplified based on member range, as established in the applicable material design
classification of critical, ordinary, and noncritical (Sec. standard or by capability observed in laboratory testing of
16.4.2.1). similar elements (Sec. 16.4.2.2).

| |
v

Demonstrate that elements not part of the seismic
force-resisting system are capable of supporting
gravity loads using the mean building
displacements (Sec. 16.4.2.3).

v

Prepare and present documentation to independent
structural design reviewer(s) and the Authority
Having Jurisdiction following completion of
nonlinear response history analysis (Sec. 16.5).

Go to Chart 15.
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Chart 13
Seismically-Isolated Structures

Select isolation system to be used, and
determine properties based on testing (Sec 17.8).

Meet general design requirements (Sec. 17.2):

- Assign an Importance Factor, /, of 1.0 for seismically isolated structure, regardless of its risk category assignment (Sec. 17.2.1)

- Design as having a structural irregularity if configuration above isolation system has a Type 1 horizontal irregularity with a
TIR > 1.4, or Type 1a, 1b, 4a, or 4b vertical irregularity (Sec. 17.2.2)

- Assign a redundancy factor, r, of 1.0 unless having a structural irregularity (Sec. 17.2.3)

- Meet isolation system requirements for environmental conditions, wind forces, fire resistance, lateral restoring force, displacement
restraint, vertical-load stability, overturning, inspection and replacement, and quality control (Sec. 17.2.4)

- Structural system requirements, including a horizontal diaphragm or other element to provide continuity above the isolation
interface with enough strength and ductility to transmit forces from one part of the structure to another, minimum building
separations, and requisites for specific seismic force-resisting systems (Sec. 17.2.5)

- Design seismic forces and displacements for elements of structures and nonstructural components depending on their location: at
or above the isolation interface, crossing the isolation interface, and below the isolation interface (Sec. 17.2.6)

- Applicable seismic load effects and load combinations for all members of the isolated structure (Sec. 17.2.7)

- Isolation system properties, including identification of isolation system component type, isolator unit nominal properties, bounding
properties, property modification factors, force-deflection behavior, and maximum displacements (Sec. 17.2.8)

Is response history analysis Yes Use Sec. 16.2 for response history
preferred? (Sec. 17.3.1). analysis with modified period range

(Sec. 17.3.2).
No

Determine the MCEg spectral response
acceleration parameters and spectrum
in accordance with Sec. 11.4.

Are supplementary viscous \ YeS
dampers used? (Sec. 17.4). /

No

A 4
Are the following items satisfied for the seismically isolated structure and the Equivalent Lateral
Force Procedure is preferred? (Sec. 17.4.1)

1. Structure on Site Class A, B, C, or D (Sec. 17.4.1.1)

2. effective period of the isolated structure < 5.0 s at maximum displacement, D, (Sec. 17.4.1.2)
3. Structure above isolation interface is less or equal to four stories, or 65 ft from the base level.

Limits can be exceeded if there is no tension or uplift on isolators (Sec. 17.4.1.3)

4. The effective damping of the isolation system at maximum displacement, D,,, is < 30%

(Sec. 17.4.1.4)

The effective period of the isolated structure, T, is greater than three times the elastic
fixed-base period of the structure above the isolation system (Sec. 17.4.1.5)

Structure above isolation system does not have structural irregularity (Sec 17.4.1.6)

The effective stiffness of the isolation system at D, is greater than one-third of the effective
stiffness at 0.2D,,, the isolation system is capable of producing a restoring force, and does

not limit maximum earthquake displacement to less than the total maximum displacement, Dy,
(Sec.17.4.1.7)

o

No

Yes No

Does the seismically isolated
structure still meet ltems 1, 2, No
3, 4, and 6, and the response
spectrum analysis procedure
is preferred? (Sec. 17.4.2.1)

v Yes

Perform equivalent Perform modal response
lateral force procedure. spectrum analysis. v
Go to Chart 8. Go to Chart 10. Perform response

+ history analysis. Go

to Charts 11 or 12.
Satisfy requirements for seismic ]

isolated structures where ¢
equivalent lateral force
procedure is used (Sec. 17.5).

Satisfy requirements for seismic
isolated structures where
dynamic analysis procedures
are used (Sec. 17.6).

l

%V
Go to Chart 25.

A 4
| Perform design review |

(Sec. 17.7).
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Chart 14
Structures with Damping Systems

Select damping system to be used and determine
properties based on testing (Sec 18.6).

v

Meet general design requirements (Sec. 18.2):

- Structures with damping system have a seismic force-resisting system in each lateral
direction per Table 12.2-1 and satisfy the minimum base shear requirements (Sec. 18.2.1.1)

- Design damping devices and connecting components to remain elastic for MCE loads
(Sec. 18.2.1.2)

- Meet damping system requisites associated with damping device design, multiaxis
movement, inspection and periodic testing, nominal design properties, maximum and
minimum damper properties, and damping system redundancy (Sec. 18.2.4)

A
Is response history analysis \_YeS o | Use Sec. 16.2 for response history
< preferred? (Sec. 18.2.2) / P | analysis with modified period range
assuming nominal properties of
No damping devices at the MCEx
(Sec. 18.2.2.2).

Determine the design earthquake and MCEx
spectral response acceleration parameters
and spectra in accordance with Sec.11.4.

A4

Are the following items satisfied for the structure with a damping system and the

Equivalent Lateral Force Procedure is preferred? (Sec 18.2.3.2)

1. In each direction, the damping system has at least two damping devices in each
story, configured to resist torsion (Sec. 18.2.3.2.1)

2. The total effective damping of the fundamental mode, BmD (m=1), of the structure in
the direction of interest is not greater than 35% of critical (Sec. 18.2.3.2.2)

3. The seismic force-resisting system does not have horizontal irregularity Type 1a or
1b or vertical irregularity Type 1 or 2 (Sec. 18.2.3.2.3)

4. Floor diaphragms are rigid (Sec. 18.2.3.2.4)

5. Height of structure above the base does not exceed 100 ft (Sec. 18.2.3.2.5)

Yes No

Does the structure with a

damping system still meet ltems No
1 and 2, and the response

spectrum analysis procedure is
preferred? (Sec. 18.2.3.1).

Yes
A 4 A 4 -
Perform equivalent Perform modal response Perform nonlinear
lateral force procedure. spectrum analysis. Go to response history
Go to Chart 8. Chart 10. analysis. Go to
Chart 12.
— v ¥
Satisfy requirements for Satisfy requirements for Satisfy requirements for
structures with a damping structures with a damping structures with a damping
system where equivalent lateral system where response system where nonlinear
force procedure is used (Sec. spectrum procedure is used response history procedure is
| (Sec. 18.7.1) used (Sec. 18.3).
|
v

Modify response of the structure

to account for the effects of the

damping system (Sec. 18.7.3).

A 4
- — Comply with seismic load

Comply with seismic load conditions and acceptance
conditions and acceptance criteria for nonlinear response
criteria for RSA and ELF history procedure (Sec. 18.4).
procedures (Sec. 18.7.4).

Go to Chart 25.

Perform design review
(Sec. 18.5).
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Chart 15

Drift and Deformation Requirements for Building Structures

Is a nonlinear response
history analysis performed?

No |

Yes

Is seismic force-resisting system
solely comprised of moment frames
in structure assigned to Seismic
Design Category D, E or F?

Meet requirements for transient
story drift, and residual story drift
(Sec. 16.4.1.2 and 16.4.1.3).

No Yes
Design story drift, A, should not Design story drift, A, should not
exceed A,/p for any story (Sec. exceed A, for any story (Sec.
12.12.1.1 and Table 12.12-12). 12.12.1 and Table 12.12-12).
\4

Are all portions of the structure
designed and constructed to act
as an integral unit in resisting
forces? (Sec. 12.12.2)

No

A

Adjacent structures should be separated by
at least, dss, the square root of the sum of the
squares of the Design Earthquake
Displacements of the adjacent structures, or

justified by rational analysis.

d

al

A4
< Are there members spanning

between structures?
(Sec. 12.12.3) /

No

Yes

A

Design gravity connections or supports for
members spanning between structures or
seismically separated portions of structures
to accommodate maximum anticipated

relative displacements

Consider deformation compatibility for
components not included in the
seismic force-resisting system for
structures assigned to Seismic Design
Category D through F (Sec. 12.12.4).

Go to Chart 16.
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Design and Detailing Requirements for Building Structures

Identify diaphragms, chords and collectors. |

Is simplified procedure preferred for \ v
diaphragm design in one-story structures es

with flexible diaphragms and rigid vertical
elements? (Sec. 12.10.4)

No

Are precast concrete diaphragm,
chords, and collectors in structure
assigned to Seismic Design
Category C, D, E or F?

No Yes

Is alternative design preferred for structure having v
precast diaphragms in Seismic Design Category B,

Use alternative design provisions
for diaphragms including chords

diaphragms, wood-sheathed diaphragms supported and collectors (Sec. 12.10.3).

cast-in-place concrete diaphragms, equivalent precast Yes
\ by wood diaphragm framing, bare deck diaphragms,

or/and concrete-filled steel deck diaphragms?
No

A4

Refer to sections for diaphragm
design and collector elements
(Sec. 12.10.1 and 12.10.2).

Calculate diaphragm design forces,
F, (Sec. 12.10.3.2).

A 4

v

Meet limitations and use alternative
diaphragm design provisions for
one-story structures with flexible

diaphragms and rigid vertical (Sec.

12.10.4).

v

Calculate diaphragm design forces,
F,.(Sec. 12.10.4.2.1).

A

Calculate diaphragm design forces,

Design diaphragms, chords and
F.« (Sec. 12.10.1).

collectors to resist the maximum of
seismic load effects, and diaphragm
design forces. For collectors in
Seismic Design Categories C
through F, design for 1.5 times the
diaphragm inertial forces plus 1.5
times the design transfer forces.

Design diaphragms, chords and collectors to resist the
maximum of seismic load effects, and diaphragm design
forces. Apply overstrength factor to collectors in Seismic

Design Categories C through F. (Sec. 12.10.2)

Design diaphragms, chords and
collectors to resist the maximum of
seismic load effects, and diaphragm
design forces. Apply overstrength
factor to collectors in Seismic Design
Categories C through F.

Calculate and design
structural walls for
out-of-plane forces, F,
(Sec 12.11.1).

v

Design anchorage to structural

walls to resist design forces, F,.

Refer to minimum values for F,
(Sec 12.11.2.1).

Meet additional requirements for
anchorage of concrete or masonry
structural walls to diaphragms in
structures assigned to Seismic Design

Categories C through F (Sec 12.11.2.2).

Goto Chart25. |
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Chart 17
Steel Structures

Steel (Sec. 14.1).

Reference documents: ANSI/AISC 341, ANSI/AISC 360,
ANSI/AISI S100, ANSI/AISI S230, ANSI/AISI S240,
ANSVI/AISI S310, ANSI/AISI S400, ANSI/SDI-QA/QC,
ANSI/SDI-SD, ANSI/SJI-100, ANSI/SJI-200, ASCE 8,
and ASCE 19, as amended (Sec. 14.1.1).

Structural steel

(Sec. 14.1.2).

Is structural steel structure assigned
to Seismic Design Category B or C?

No

Yes

A

v

Design and detail in
accordance with AISC 341
for structures assigned to
Seismic Design Category D,
E,or F (Sec. 14.1.2.2.2).

Design and detail in
accordance with AISC 341
when response modification
coefficient, R, is used (Sec.
14.1.2.2.1).

No

Cold-formed steel

(Sec. 14.1.3).

Design and detail in accordance with
AISI S100, ASCE 8 and AISI S400
when response modification
coefficient, R, is used (Sec.
14.1.3.2).

Is cold-formed steel light-frame
structure a prescriptive construction

for one- and two-family dwelling?

| Yes

structure assigned to Seismic

v

< Is cold-formed steel light-frame

Design Category B or C?

No

Design and detail in
accordance with AISI
S230 (Sec. 14.1.4.3).
Yes

v

v

Design and detail in
accordance with AISI S400
for structures assigned to
Seismic Design Category D,
E,or F (Sec. 14.1.4.2.2).

Design and detail in
accordance with AISI
S400 when response

modification coefficient, R,
isused (Sec. 14.1.4.2.1).

v

If applicable, refer to requirements for:
Cold-formed steel deck diaphragms (Sec.14.1.5)
Concrete-filled steel deck diaphragms (Sec.14.1.6)
Open web steel joists and joists girders (Sec.14.1.7) [«
Steel cables (Sec.14.1.8)

Additional requirements for steel piles (Sec.14.1.9)

FEMA P-2192-V3
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Chart 18
Concrete Structures

Concrete (Sec. 14.2).

Reference document: ACI 318 (Sec. 14.2.1).

A\ 4
Modify the following sections of ACI 318:

- Definitions (Sec. 14.2.2.1)

- Section 10.7.6 for column reinforcement detailing (Sec. 14.2.2.2)

- Section 18.2.1.2 for scope of earthquake-resistant structures (Sec. 14.2.2.3)
- Intermediate precast structural walls (Sec. 14.2.2.4)

- Special precast structural walls (Sec. 14.2.2.5)

- Foundations (Sec. 14.2.2.6)

- Detailed plain concrete shear walls (Sec. 14.2.2.7)

Chart 19
Composite Steel and Concrete Structures

Composite Steel and
Concrete (Sec. 14.3).

Reference documents: AISC 341,
AISC 360, and ACI 318, excluding
Chapter 14 (Sec. 14.3.1).

A\ 4
Design and detail in accordance
with AISC 341 when response
modification coefficient, R, is used
(Sec. 14.3.3).

N
If applicable, design and detail
metal-cased concrete piles in
accordance with ACI 318
(Sec. 14.3.4).
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Chart 20
Masonry Structures

Masonry (Sec. 14.4).

Reference documents: TMS 402 and
TMS 602 (Sec. 14.4.1).

A

Modify to the following sections of TMS 402 to qualify for the response
modification coefficients, R, and comply with additional requirements for
special reinforced masonry shear wall design:
- Chapter 7 of TMS 402, separation joints (Sec. 14.4.3).
- Chapter 6 of TMS 402, reinforcement requirements and details
(Sec. 14.4.4).
- Chapter 9 of TMS 402, anchoring to masonry and coupling beams
(Sec. 14.4.5).

- Chapter 12 of TMS 402, corrugated sheet metal anchors (Sec. 14.4.6).

Chart 21
Wood Structures

Wood (Sec. 14.5).

Reference documents:
AWC NDS and AWC
SDPWS (Sec. 14.5.1).
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Chart 22
Seismic Design Requirements for Nonbuilding Structures

Meet the structural design basis. Overall, the nonbuilding structure
should provide adequate strength, stiffness, and ductility to resist
the effect of seismic ground motions as represent by design forces
(Sec. 15.1.2).

motions, i.e. tanks, vessels, hanging structures and

Is nonbuilding structure sensitive to vertical ground
structures incorporating cantilevers? (Sec. 15.1.4)

Yes

w 1

Incorporate vertical seismic
design ground motion to design,
per Section 11.9 (Sec. 15.1.4).

v

Refer to requirements for nonbuilding structures
connected by nonstructural components to |
other adjacent structures (Sec. 15.2).

Is nonbuilding structure similar to\
buildings? (Sec. 15.4.1)

No Yes

v

No / Is nonbuilding structure not similar to building supported by
other structures, and nonbuilding structure is not part of the
primary seismic force-resisting system? (Sec. 15.3)

Yes

Is weight of supported structure
greater than or equal to 20% of the

combined effective seismic weight?

No I Yes
Design nonbuilding structure Perform analysis combining the structural
as nonstructural component characteristics of both the nonbuilding
per Chapter 13. Go to Chart 25 structure and the supporting structure.
(Sec. 15.3.1). Design combined structure using the R
value from Section 15.5 (Sec. 15.3.2).

v

Refer to specific provisions for nonbuilding structures not similar to buildings: v
|| <hictures: speoial nycrauiicsiructures. sscondary conainment aystome Refer to specifioprovisions for nonbuding siructures
telecommimication towers; steel tubula‘r support for wind turbines; grounld similar o bu'ld"-]gs: p|p§_racks, storage racks, electrical
supported cantilever walls ’and fences; reinforced concrete tabletép structure power-generating fam_htles, structural towers for tanks
N " g . - and vessels, and piers and wharves (Sec. 15.5).
for rotating equipment and process vessels or drums; steel lighting system
support poles; and tanks and vessels (Sec. 15.6 and 15.7).

v

Select the structural system and seismic force-resisting Select the structural system and seismic force-resisting system in
system in each direction and elevation from Table 15.4-2. each direction and elevation from Table 12.2-1 or Table 15.4-1. Meet
Meet structural system limitations including structural height structural system limitations including structural height limits, based
limits, based on the Seismic Design Category. (Sec. 15.4.2) on the Seismic Design Category. (Sec. 15.4.1)

Select associated response modification coefficient,
P R, overstrength factor, Q., and deflection amplification |-
factor, C, (Sec. 15.4).

Continued on
Next Page
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Chart 22

Seismic Design Requirements for Nonbuilding Structures

(Continued)

Continued from
Previous Page

Refer to material-specific and
nonbuilding structure types detailing
requirements. Go to Charts 17-21
(Sec. 15.4.11, and Tables 15.4-1 and
15.4-2).

y
Calculate effective seismic weight,
W, of the structure (Sec. 15.4.3).

v

Update importance factor, /,, if
specified in Chapter 15 for specific
nonbuilding structure condition

(Sec. 15.4.1.1).

Develop a
structural model.

Select a permitted structural
analysis procedure (Sec. 15.1.3).

A

Equivalent Lateral Force
(ELF) Procedure.
Go to Chart 8.

N A 4
Modal Response Linear Response History
Spectrum Analysis. Analysis.

Go to Chart 10.

Go to Chart 11.

Nonlinear Response
History Analysis.
Go to Chart 12.
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Chart 23
Foundations and Geotechnical Investigation

Comply with foundation design basis. The foundation should
be designed to resist the forces developed and to
accommodate the movements imparted to the structure and
foundation by the design ground motion (Sec. 12.1.5).

No

Is foundation flexibility preferred to be
included for linear analysis?

Yes

Model the load-deformation
characteristics of the foundation-soil
system. The linear load-deformation

behavior of foundation is represented by
an equivalent linear stiffness using soil
properties compatible with the soil strain
levels associated with the design
earthquake motion (Sec. 12.13.3).
>v

/ Is reduction of foundation overturning >

desired for ELF and spectral modal
analysis procedures?

Yes
A\ 4
Reduce overturning effects at the soil-foundation
interface by 25% for ELF procedures when
structure is not an inverted pendulum or
cantilevered column type structure. Similarly,
reduce by 10% when spectral modal analysis is
performed (Sec. 12.13.4).

Check foundation geotechnical capacity using
either the strength design basic combinations
(Sec. 12.13.5) or the allowable stress basic
combinations (Sec. 12.13.6).

v

Is structure assigned to Seismic Design >

Category C?

No l Yes

No

echnical investigation
Category D, E or F?

y
Is structure assigned to Seismic Design Comply with the geot
report requirements (Sec. 11.8.2).

Yes

Comply with the geotechnical investigation
report with additional requirements (Sec.
11.8.2and 11.8.3).

Refer to additional requirements for pole-type
structures, foundation ties, and pile
anchorage requirements (Sec. 12.13.7).

Refer to additional requirements for pole-type

structures, foundation ties, pile design, batter

piles, pile anchorage requirements, splice of

pile segments, pile-soil interactions, and pile
group effects (Sec. 12.13.8).

No Is structure on a site with potential for >

liquefaction and soil strength loss?
\ (Sec. 12.13.9)

Yes

v

Go to Chart 24.

| Goto Charts 17-21. | ¢
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Chart 24
Requirements for Foundations on Liquifiable Sites

Design structures to accommodate effects of liquefaction and
to resist the seismic load effects presuming liquefaction does
not occur (Sec. 12.13.9).

v

Design foundations to support gravity and design earthquake
loads using the reduced soil bearing capacity considered in
the geotechnical report. It is permitted to include mitigating

effects, if implemented (Sec. 12.13.9.1).

v

According to geotechnical report, does the site satisfy
conditions for seismically induced permanent horizontal
ground displacements, and differential settlements to

permit shallow foundations? (Sec. 12.13.9.2)

No |

Yes

v

v

Shallow foundations are permitted |

Use deep foundations |

Design to support vertical loads in combination
with moments and shears due to lateral
deformation. Axial capacity and lateral

resistance reduced to account for liquefaction

Does the geotechnical report indicate
seismically induced permanent horizontal
ground displacement exceeding 3 in. due

to MCE; earthquake motions? /

and reduced soil strength (Sec. 12.13.9.3). No

Yes

v

Incorporate effects of downdrag in piles
caused by seismically induced settlement
(Sec. 12.13.9.3.1).

v

Use reduced values of passive pressure and

v

Are requirements met for ties having a design
strength at least equal to the design tie force,
F., and a slab-on-grade, at least 5 in. thick
(Sec. 12.13.9.2.1.1).

Yes | No

friction mobilized against walls, pile caps, and
grade beams due to liquefaction and reduced
soil strength to resist lateral inertial loads in
combination with piles (Sec. 12.13.9.3.2).

< Are cast-in-place or precast piles used? >

No Yes

v

Detail piles to comply with Section 18.13.5.5
of ACI 318 from the top to a depth exceeding
the deepest liquefiable soil plus 7 times
cross-sectional dimension (Sec. 12.13.9.3.3).

v

Design piles incorporating permanent horizontal
ground displacements in analysis, when indicated ¢
in geotechnical report (Sec. 12.13.9.3.4).

v

Design foundation ties to accommodate
permanent horizontal ground displacement by

including additional pressure (Sec. 12.13.9.3.5)

N
L

y v

Use foundation ties. Use mat foundation.

Accommodate the expected
vertical differential settlements
considering an increased load

induced by differential
settlements of adjacent columns
(Sec. 12.13.9.2.1.2).

v

Goto Charts 17-21. | g— |
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Chart 25
Nonstructural Components

Determine applicability of
Chapter 13 for component
(Sec. 13.1.1).

Assign Seismic importance factor, I, (Sec.
1.5.1) and component importance factor, /,
(Sec. 13.1.3).

v

Note component exemptions
(Sec. 13.1.4).

v

Satisfy applicable requirements for components, support and attachments (Table 13.2-1) by
project-specific design and documentation or by manufacturer certification (Sec. 13.2.1).

v

Special certification requirements for designated seismic systems assigned to Seismic
Design Categories C through F (Sec. 13.2.3).

v

Determine equipment support per definition: equipment support structure and platforms,
distribution system support, and integral equipment support (Sec. 11.2).

v
NO: Seismic force-resisting system and/or height of supporting >

building or nonbuilding structure known?

¢ Yes

Obtain R, €, and T, associated with seismic force-resisting
system (Chapter 12 and 15).

Calculate amplification with
> height, H, (Sec. 13.3.1.1) and
structure ductility reduction
factor, Ru
(Sec. 13.3.1.2)
| Architectural components | Mechanical and electrical
components
v

Select Cus, R. and Q,, for component,
and support, if applicable (Table 13.5-1).

Select Cas, Ro and Q,, for component,
and support, if applicable (Table 13.6-1).

Refer to specific provisions for: exterior Refer to specific provisions for: mechanical
nonstructural wall elements and connections; components; HVACR equipment; electrical
glass; out-of-plane bending; suspended components; equipment support structures; distribution
ceilings; access floors; partitions; glass in systems; utility and service lines; boilers and pressure
glazed curtain walls, glazed storefronts and vessels; escalators, elevators, and hoistways; rooftop
glazed partitions; egress stairs and ramps; and solar panels; and other mechanical and electrical
penthouses and rooftop structures (Sec. 13.5). components (Sec. 13.6).

Continued on
Next Page
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Chart 25
Nonstructural Components

Continued from
Previous Page

<

determine floor accelel

Is the use of nonlinear response history analysis preferred to Optional
rations? (Sec 13.3.1.5)

No

No
4

Calculate seismic design forces, F,
(Sec. 13.3.1)

v

Calculate horizontal seismic load
effect, E,, and vertical seismic load
effect, E,, due to component (Sec.

12.4) and use load combinations

(Se. 13.2.2)

seismic design forces, F,

| Use Sec. 13.3.1.5 to calculate

(Sec. 13.4.2)

Nonstructural component anchors in concrete or masonry? >

Yes

Include component overstrength factor,

Q,,, in the seismic load effects for
anchorage to concrete and masonry
(Sec. 13.4)

Calculate seismic relative
displacements, D,, and accomodate

such displacements (Sec. 13.3.2)
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