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PREFACE

Significant Changes to the Seismic Load Provisions of ASCE 7-10 An Illustrated Guide is intended to
familiarize structural engineers, architects, code officials, and others in the building construction and de-
sign industry with the changes to the seismic load requirements in the newest edition of Minimum Design
Loads for Buildings and Other Structures, Standard ASCE/SEI 7-10. This reference book is organized
into eight parts that generally follow the organization of the seismic chapters in ASCE 7-10. Each
significant change is presented using the following format:

Section(s): Here the sections affected by the significant change are listed.
Section Title or Subject: Here the subject of the significant change is identified.

Change Type: Here the significant change is described by one of the following or a combination thereof:
modification, addition, deletion, relocation, clarification.

At-a-Glance: Here the meaning of the significant change is succinctly summarized.

2010 Standard: Here the significant change is shown in strike-out and underline format, where strike-
out indicates text from ASCE 7-05 that has been deleted and underlining indicates new text added to
ASCE 7-10.

Analysis and Commentary: Here the reason for the significant change is explained. Analysis,
commentary, color photographs or other illustrations are used to enrich the reader s understanding.

Although it was not possible to discuss each and every change to the seismic provisions, the ones that
would be of most interest to or have significant impact on the industry are discussed in detail. This
reference is intended to be a companion to ASCE 7-10; it is important to have the full set of seismic
provisions in ASCE 7-10 on hand for reference when reading through this document. The commentary
and opinions provided are those of the authors and do not necessarily represent the official position of
ASCE.
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

1.3, Modification

1
-1, 12.13.6,
121411 12.14.8.1, 12.14.4.2.1

Determination of Number of Stories

At a Glance
There are several requirements in ASCE 7 that are based on the number of stories in a structure. The
determination of this number of stories is clarified.

2010 Standard

11.1.2 Scope

Every structure, and portion thereof, including nonstructural components, shall be designed and
constructed to resist the effects of earthquake motions as prescribed by the seismic requirements of this
standard. Certain non-building structures, as described in Chapter 15, are also within the scope and shall
be designed and constructed in accordance with the requirements of Chapter 15. Requirements concerning
alterations, additions, and change of use are set forth in Appendix 11B. Existing structures and alterations
to existing structures need only comply with the seismic requirements of this standard where required by
Appendix 11B. The following structures are exempt from the seismic requirements of this standard:

Various Sections & Tables | Determination of Number of Stories

1. Detached one- and two-family dwellings that are located where the mapped, short period, spectral

response acceleration parameter, S, is less than 0.4 or where the Seismic Design Category determined
n accordance with Section 11.6is A, B, or C.

2. Detached one- and two-family wood-frame dwellings not included in Exception 1 with not more than
two stories above grade plane, satisfying the limitations of and constructed in accordance with the

IRC.

3. (no change to text)

4. (no change to text)

5. (no change to text)
11.2 DEFINITIONS

The following definitions apply only to the seismic requirements of this standard.

GRADE PLANE: A horizontal reference plane representing the average of finished ground level
adjoining the structure at all exterior walls. Where the finished ground level slopes away from the exterior
walls, the grade reference plane is shaltbe established by the lowest points within the area between the
structure buttdings and the property tot line or, where the property tot line is more than 6 ft (1,829 mm)
from the structure, between the structure and points 6 ft (1,829 mm) from the structure.

2  Partl-Terminology Changes Affecting Multiple Sections & Chapters




Significant Changes to the Seismic Load Provisions of ASCE 7-10

STORY: The portion of a structure between the tops of two successive fintshed floor surfaces
and, for the topmost story, from the top of the floor surface finish to the top of the roof surface strueturat-
element.

STORY ABOVE GRADE PLANE: A story in which the floor or roof surface at the top of
the story is more than 6 ft (1,828 mm) above grade plane or is more than 12 ft (3.658 mm) above the

finished Qround level at any point on the perlmeter of the structure Any—sfory—hav-mg—rtshﬁmshed—ﬂoor

11.3 SYMBOLS
N = number of stories above the base (Section 12.8.2.1)

12.2.3.3 R, C;, and 2, Values for Horizontal Combinations

The value of the response modification coefficient, R, used for design in the direction under
consideration shall not be greater than the least value of R for any of the systems utilized in that direction.
The deflection amplification factor, C, and the overstrength factor, €, shall be consistent with R required
in that direction.

EXCEPTION: Resisting elements are permitted to be designed using the least value of R for the
different structural systems found in each independent line of resistance if the following three conditions
are met: (1) Risk Category I or Il building, (2) two stories or less above grade plane in-height, and (3) use
of light-frame construction or flexible diaphragms. The value of R used for design of diaphragms in such
structures shall not be greater than the least value for any of the systems utilized in that same direction.

$3110)S JO J3QWINN JO UOIIRUIWIRAQ | SUONI3S SnolIeA
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TABLE 12.6-1 PERMITTED ANALYTICAL PROCEDURES

Equivalent Lateral Modal Response Seismic Response
Seismic Design Force Analysis, Spectrum Analysis, History Procedures,
Category Structural Characteristics Section 12.82 Section 12.92 Chapter 162

B.C All structures P P P

Risk Category [ or I buildings

not exceeding 2 stories above P P P

the base tnhetght

Structure§ of light frame p P p

construction

Structures with no structural
irregularities and not exceeding P P P
160 ft in structural height

Structures exceeding 160 ft
D,E, F in structural height with no
structural irregularities and with
T<3.57,

Structures not exceeding 160 ft
in structural height and having
only horizontal irregularities of
Type 2, 3, 4, or 5 in Table 12.3-1
or vertical irregularities of Type
4, 5a, or 5b in Table 12.3-2

All other structures NP P P

9P : Permitted; NP: Not Permitted; 7, = Sp,,/Spg.

12.8.1.3 Maximum S Value in Determination of C,
For regular structures five stories or less above the base as defined in Section 11.2 irhetght and
with a period, T, of 0.5 s or less, C; is permitted to be calculated using a value of 1.5 for Sg.

Various Sections & Tables | Determination of Number of Stories

12.8.2.1 Approximate Fundamental Period
The approximate fundamental period (7)), in s, shall be determined from the following equation:

T, =Ch} (12.8-7)

h,, 1s the structural height as defined in Section 11.2 and the coefficients C, and x are determined from
Table 12.8-2.

Alternatively, it is permitted to determine the approximate fundamental period (T}), in s, from
the following equation for structures not exceeding 12 stories above the base as defined in Section 11.2
where inhetghttrwhich the seismic force—resisting system consists entirely of concrete or steel moment
resisting frames and the average story height is at least 10 ft (3 m):

T,=0.1N (12.8-8)

where N = number of stories above the base.

The approximate fundamental period, 7, in s for masonry or concrete shear wall structures is
permitted to be determined from Eq. 12.8-9 as follows:

r - 2009, (12.8-9)

a \/’C,‘w n

where C,, is calculated from Eq. 12.8-10 as follows:

4 Part | - Terminology Changes Affecting Multiple Sections & Chapters
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_100G (A, 4
G = A, 2(11)
' A (12.8-10)

where
Ap = area of base of structure, ft2

A; = web area of shear wall i in i

D; = length of shear wall i in ft

h; = height of shear wall i in ft

x = number of shear walls in the building effective in resisting lateral forces in the direction under

consideration.

Table 12.12-1 Allowable Story Drift, 4 %*

Risk Category

Structure Torll 11 v
Structures, other than masonry shear wall structures, 4
stories or less above the base as defined in Section 11.2,
with interior walls, partitions, ceilings, and exterior wall 0.025h,° 0.0204,, 0.015A,,
systems that have been designed to accommodate the
story drifts.
Masonry cantilever shear wall structures? 0.010h,, 0.0104,, 0.010h,,
Other masonry shear wall structures 0.007h,, 0.007h,, 0.007h,,
All other structures 0.0204,, 0.015h,, 0.010h,,

(no change to footnotes)

12.13.6 Requirements for Structures Assigned to Seismic Design Categories D through F

In addition to the requirements of Sections 11.8.2, 11.8.3, 14.1.8, and 14.2.3.2, the following
foundation design requirements shall apply to structures assigned to Seismic Design Category D, E, or F.
Design and construction of concrete foundation elements shall conform to the requirements of ACI 318,
Section 21.8, except as modified by the requirements of this section.

$3110)S JO J3qINN JO UoleUIWIRAQ | S3|qeL 7B SUOIIISS SNOLIBA

EXCEPTION: Detached one- and two-family dwellings of light-frame construction not exceed-
ing two stories nheight above grade plane need only comply with the requirements for Sections 11.8.2,
11.8.3 (Items 2 through 4), 12.13.2, and 12.13.5.

12.14.1.1 Simplified Design Procedure

The procedures of this section are permitted to be used in lieu of other analytical procedures in
Chapter 12 for the analysis and design of simple buildings with bearing wall or building frame systems,
subject to all of the limitations listed in this section. Where these procedures are used, the seismic design
category shall be determined from Table 11.6-1 using the value of Sj,¢ from Section 12.14.8.1. The
simplified design procedure is permitted to be used if the following limitations are met:

1. The structure shall qualify for Risk Category I or II in accordance with Table 1.5-1.
2. The site class, defined in Chapter 20, shall not be class E or F.
3. The structure shall not exceed three stories inheight above grade plane.

4. The seismic force-resisting system shall be either a bearing wall system or building frame system,
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as indicated in Table 12.14-1.
(no change in remainder of Section 12.14.1.1)

12.14.4.2.1 Horizontal Combination Different seismic force-resisting systems are permitted to be used
in each of the two principal orthogonal building directions. Where a combination of different structural
systems is utilized to resist lateral forces in the same direction, the value of R used for design in that di-
rection shall not be greater than the least value of R for any of the systems utilized in that direction.

EXCEPTION: For buildings of light-frame construction or having flexible diaphragms and that
are two stories or less in-hetght above grade plane, resisting elements are permitted to be designed us-
ing the least value of R of the different seismic force-resisting systems found in each independent line
of framing. The value of R used for design of diaphragms in such structures shall not be greater than the
least value for any of the systems utilized in that same direction.

12.14.8.1 Seismic Base Shear

The seismic base shear, V, in a given direction shall be determined in accordance with

Eq. 12.14-11:
y= L5 (12.14-9)
R
where:
Sps = % ESs

where F is permitted to be taken as 1.0 for rock sites, 1.4 for soil sites, or determined in accordance with
Section 11.4.3. For the purpose of this section, sites are permitted to be considered to be rock if there

is no more than 10 feet (3m) of soil between the rock surface and the bottom of spread footing or mat
foundation. In calculating Sj,q, S shall be in accordance with Section 11.4.1, but need not be taken larger
than 1.5.

Various Sections & Tables | Determination of Number of Stories

= 1.0 for ene=story buildings that are one story above grade plane
F = 1.1 for two=story buildings that are two stories above grade plane
F = 1.2 for three=story buildings that are three stories above grade plane

(Remainder of section not affected by this change)

Analysis and Commentary
Many of the revisions to the wording in the definitions and provisions are for consistency and
improvement in language.

The definition of “basement” is deleted because it serves no specific purpose in the seismic
provisions of ASCE 7.

The defined term “STORY ABOVE GRADE” is changed to “STORY ABOVE GRADE PLANE”
for consistency with the same term in the IBC and for internal consistency in ASCE 7 with the definition
of “GRADE PLANE.” The definition for STORY ABOVE GRADE PLANE now uses fewer words to
essentially provide the same definition except that the second of three conditions is deleted for consistency
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with the IBC definition. Changing “floor surface of the story immediately above” to “floor or roof surface
at the top of the story” corrects the definition so that it now specifically addresses the case where the story
above grade plane is the topmost story of the building. Also, adding “on the perimeter of the structure”
for the 12-foot limit establishes where the measurement takes places, whereas the previous definition was
silent. See figure below for illustration of the definition STORY ABOVE GRADE PLANE.

Story Above
Grade Plane Story
v'\
C ] 1
| —
3 4 | I
i i
2 3 | '

GRADE B . =T Lk
pLANE 7 T T e I - LOWEST FINISHED
"y e - : ~| ,/ GROUND LEVEL
HIGHEST FINISHED - A — = Ry
GROUND LEVEL — -
|
PRESUMPTIVE
SEISMIC BASE

STORY 2 IS THE FIRST STORY ABOVE GRADE PLANE IF THE
FLOOR (OR ROOF) SURFACE AT THE TOP OF THE STORY IS

1} 6'-0" ABOVE GRADE PLANE, OR
2}  12-0" ABOVE THE FINISHED GROUND LEVEL AT ANY
POINT ON THE PERIMETER OF THE STRUCTURE
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There are several requirements in ASCE 7 that are based on the number of stories, which would
include any basements in the structure. For example, a building with four stories above grade plane and
four basements below grade plane is an eight-story building using the definition for STORY. Many ASCE
7 provisions are not based on including the basement stories in the determination of the number of stories.
The language “above grade plane” or “above the base” is added to those ASCE 7 provisions where the
intent is to determine the number of stories beginning at the first story above the grade plane or at the base
(the level at which the horizontal seismic ground motions are considered to be imparted to the structure).
In most buildings, the floor of the first story above grade plane is at the same approximate elevation as the
base.
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New commentary on the definition of Base in Section 11.2 is added to provide guidance on how
to locate the base and to specifically address the following factors which affect the location of the seismic
base:

Location of the grade relative to floor levels

Soil conditions adjacent to the building

Openings in basement walls

Location and stiffness of vertical elements of the seismic force-resisting system
Location and extent of seismic separations

Depth of basement

Manner in which basement walls are supported

Proximity to adjacent buildings

A e AR e

Slope of grade

Language Differences for Purpose of Determining Number of Stories

ASCE 7-05 Language ASCE 7-10 Language
grade grade plane

story above grade story above grade plane
stories in height stories above grade plane OR

stories above the base OR
stories above the base as defined in Section 11.2

Various Sections & Tables | Determination of Number of Stories

stories in height above grade stories above grade plane
stories stories above grade plane OR
stories above the base
finished floor surface floor surface
floor finish floor surface
roof structural element roof surface
floor surface of the story immediately above floor or roof surface at the top of the story
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11.2,11.7.1 Modification
1

VANNN
N ==t
g
“\\

1,
.10.5,
16.2.4.2

Nonstructural Components, Structural Members, and Elements

At a Glance

A number of changes are made in various chapters so that the word “component” is consistently used to
refer to nonstructural components and the term “member” or “element” is consistently used to refer to
what was previously often described as structural component or simply component.

2010 Standard

11.2 DEFINITIONS

ATTACHMENTS: Means by which nonstructural components and-theirsappeorts are secured or
connected to the seismic force-resisting system of the structure. Such attachments include anchor
bolts, welded connections, and mechanical fasteners.

COMPONENT: A part erelement of an architectural, electrical, or mechanical;-er-straetural
system.

Component, Nonstructural Equipment: A part of an architectural, mechanical, or electrical
system within or without a building or nonbuilding structure.

SJUBWAJ puUe SIAQWIA |eiN3dNIIS ‘Sjuduodwio) |BANIONIISUON | SUOIIIDS SNOLIBA

Component, Flexible: Nonstructural Ecomponent having a fundamental period greater
than 0.06 s.

Component, Rigid: Nonstructural Ecomponent having a fundamental period less than or
equal to 0.06 s.

PILE: Deep foundation eempenrentsineluding element, which includes piers, caissons, and piles.

SHEAR PANEL: A floor, roof, or wall eempenent element sheathed to act as a shear wall or
diaphragm.

Because this code change revised numerous revisions in various places within Chapters 1, 11, 12, 14, 15
and 16, the entire code text is too lengthy to be included here.
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Analysis and Commentary

The provisions of Chapter 13 apply to nonstructural components; however, the word “nonstructural” is
frequently omitted and only the word “component” is used to mean “nonstructural component”. On the
other hand, in Chapters 11, 12, and 14-16, which apply to buildings and other structures, there are several
references to (structural) components where (structural) members or elements are intended to be referred
to. This change revises the definition of “component” to mean or refer to nonstructural components

only and in Chapters 11, 12, and 14-16, the word “component” is changed to either member or element
as appropriate. There are instances, however, where the use of the word “component” was not changed
in Chapters 11, 12, and 14-16 because the continued use of the word “component” was judged to be
appropriate.

ASCE 7-10 Chapters 12,

ASCE 7-10 Chapter 13
14, 15, and 16

These chapters use structural This chapter uses
“member” and “element” “nonstructural component”
terminology terminology

Various Sections | Nonstructural Components, Structural Members and Elements
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1;.%, 11.3, Table 12.2-1, Addition & s
12.2.5.4,12.2.5.6.1, : :
12.25.6.2,12.2.5.711, Modification
12.2.5.7.2,12.2.5.7.3,
12.3.3.2,12.8.2.1, Table 12.14-1,
12.14.8.5,15.4.1, Table 15.4-1, Table :
15.4-2,15.5.3.8,15.7.10.6,17.4.1, 2
18.1.3,18.5.2.3,19.2.1.1
Structural Height, h,, ;i_
AEaﬁG[ance . . . | %
};e;g1h:;’ ;s::;ddc:::stently throughout the provisions, rather than “building height™ or “height.”

STRUCTURAL HEIGHT: The vertical distance from the base to the highest level of the
seismic force-resisting system of the structure. For pitched or sloped roofs, the structural height is from

the base to the average height of the roof.

11.3 SYMBOLS

The unit dimensions used with the items covered by the symbols shall be consistent throughout except
where specifically noted. Notation presented in this section applies only to the seismic requirements in
this standard as indicated.

h.,h ,h. = the height above the base to Level i # or x, respectively

h = structural height as defined in Section 11.2.

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Seismic Force- ASCE 7 Section Response Overstrength Deflection Structural System
Resisting System | Where Detailing Modification Factor, 2, 8 Amplification Limitations
Requirements Are | Coefficient, R ¢ Factor, C; b Including
Specified Building
Structural
Height, &, (ft)
Limits ¢

(no change to table entries)
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a. Response modification coefficient, R, for use throughout the standard. Note R reduces forces to a
strength level, not an allowable stress level.

b. Deflection amplification factor, C,, for use in Sections 12.8.6, 12.8.7, and 12.9.2
¢. NL = Not Limited and NP =
160 ft. Het are-mea

d. See Section 12.2.5.4 for a description of seismic force-resisting systems limited to buildings with a
structural height of 240 ft (73.2 m) or less.

e. See Section 12.2.5.4 for seismic force-resisting systems limited to buildings with a structural height,
h,,, of 160 ft (48.8 m) or less.

(no change to footnotes f. through i.)

Not Permitted. For metric units use 30.5 m for 100 ft and use 48.8 m for

s =

j.  Steel ordinary concentrically braced frames are permitted in single-story buildings up to a structural
height, /1, of 60 ft (18.3 m) where the dead load of the roof does not exceed 20 psf (0.96 kN/m?2) and

in penthouse structures.

k. An increase in the structural height. /,, to 45 ft (13.7 m) is permitted for single story storage ware-
house facilities.

(no change to footnotes I. through p.)

12.2.5.4 Increased Building Structural Height Limit for Steel Eccentrically Braced Frames, Steel
Special Concentrically Braced Frames, Steel Buckling-restrained Braced Frames, Steel Special Plate
Shear Walls and Special Reinforced Concrete Shear Walls.

The hetght limits on structural height, 4, in Table 12-1 are permitted to be increased from 160 ft
(50 m) to 240 ft (75 m) for structures assigned to Seismic Design Categories D or E and from 100 ft (30
m) to 160 ft (50 m) for structures assigned to Seismic Design Category F provided the seismic force-
resisting systems are limited to steel eccentrically braced frames, steel special concentrically braced
frames, steel buckling-restrained braced frames, steel special plate shear walls, or special reinforced
concrete cast-in-place shear walls and both of the following requirements are met:
(no change in remainder of Section 12.2.5.4)

Various Sections & Tables | Structural Height, h

12.2.5.6 Steel Ordinary Moment Frames

12.2.5.6.1 Seismic Design Category D or E.

a. Single-story steel ordinary moment frames in structures assigned to Seismic Design Category D or
E are permitted up to a structural height, z,, of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m?). In addition, the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf
(0.96 kN/m?2).

EXCEPTION: (no change in text)

b. Steel ordinary moment frames in structures assigned to Seismic Design Category D or E not meeting
the limitations set forth in Section 12.2.5.6.1.a are permitted within light-frame construction up to a
structural height, 4, of 35 ft (10.6 m) where neither the roof dead load nor the dead load of any floor
above the base supported by and tributary to the moment frames exceeds 35 psf (1.68 kN/m?). In
addition, the dead load of the exterior walls tributary to the moment frames shall not exceed 20 psf
(0.96 kN/m?).
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12.2.5.6.2 Seismic Design Category F. Single-story steel ordinary moment frames in structures assigned
to Seismic Design Category F are permitted up to a structural height, %, of 65 ft (20 m) where the dead
load supported by and tributary to the roof does not exceed 20 psf (0.96 kN/m?). In addition, the dead
load of the exterior walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?).

12.2.5.7 Steel Intermediate Moment Frames

12.2.5.7.1 Seismic Design Category D

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
D are permitted up to a structural height, s, of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m?). In addition, the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf
(0.96 kN/m?).

EXCEPTION: (no change to text)

b. Steel intermediate moment frames in structures assigned to Seismic Design Category D not meeting
the limitations set forth in Section 12.2.5.7.1.a are permitted up to a structural height, , 4, of 35 ft
(10.6 m). h

12.2.5.7.2 Seismic Design Category E

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
E are permitted up to a structural height, /,, of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m?). In addition, the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf
(0.96 kN/m?).
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EXCEPTION: (no change to text)

b. Steel intermediate moment frames in structures assigned to Seismic Design Category E not meeting
the limitations set forth in Section 12.2.5.7.2.a are permitted up to a structural height, . 4, of 35 ft
(10.6 m) where neither the roof dead load nor the dead load of any floor above the base supported by
and tributary to the moment frames exceeds 35 psf (1.68 kN/m?). In addition, the dead load of the
exterior walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?).

12.2.5.7.3 Seismic Design Category F

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
F are permitted up to a structural height, #,, of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m?). In addition, the dead loads of the exterior
walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?).

b. Steel intermediate moment frames in structures assigned to Seismic Design Category F not meeting
the limitations set forth in Section 12.2.5.7.3.a are permitted within light-frame construction up to a
structural height, /2, , of 35 ft (10.6 m) where neither the roof dead load nor the dead load of any floor
above the base supported by and tributary to the moment frames exceeds 35 psf (1.68 kN/m?). In
addition, the dead load of the exterior walls tributary to the moment frames shall not exceed 20 psf
(0.96 kN/m?).
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12.3.3.2 Extreme Weak Stories
Structures with a vertical irregularity Type 5b as defined in Table 12.3-2, shall not be over two

stories or 30 ft (9 m) in structural height, 4,

EXCEPTION: The limit does not apply where the “weak” story is capable of resisting a total
seismic force equal to £, times the design force prescribed in Section 12.8.

12.8.2.1 Approximate Fundamental Period
The approximate fundamental period (7)), in s, shall be determined from the following equation:
T, = Ch> (12.8-7)

where £, is the structural height in-ft-above-the-base-to-the-highest-level-of-the-strueture as defined in

Section 11.2 and the coefficients C, and x are determined from Table 12.8-2.

Alternatively, it is permitted to determine the approximate fundamental period (7)), in s, from the
following equation for structures not exceeding 12 stories above the base as defined in Section 11.2 where
the seismic force-resisting system consists entirely of concrete or steel moment resisting frames and the
average story height is at least 10 ft (3 m);

T = 01N (12.8-8)

a

Various Sections & Tables | Structural Height, h,,

where N = number of stories above the base.

The approximate fundamental period, 7, in s for masonry or concrete shear wall structures is
permitted to be determined from Eq. 12.8-9 as follows:

T, = 0.00194 /~NC, (12.8-9)

a

where £ -is-as-defined-in-the-preceding-textand C, is calculated from Eq. 12.8-10 as follows:

(no change in remainder of Section 12.8.2.1)

Footnote d to Table 12.14-1 Design Coefficients and Factors For Seismic Force—Resisting Systems
for Simplified Design Procedure

d. Light-frame walls with shear panels of all other materials are permitted up to 35 ft (10.6 m) in
structural height, /z,, in Seismic Design Category D and are not permitted in Seismic Design Category
E. N

12.14.8.5 Drift Limits and Building Separation

Structural drift need not be caiculated. Where a drift value is needed for use in material standards,
to determine structural separations between buildings or from property lines, for design of cladding, or for
other design requirements, it shall be taken as 1 percent of building structural height, 4, unless computed
to be less. All portions of the structure shall be designed to act as an integral unit in resisting seismic
forces unless separated structurally by a distance sufficient to avoid damaging contact under the total
deflection.

15.4.1 Design Basis

Nonbuilding structures having specific seismic design criteria established in reference documents
shall be designed using the standards as amended herein. Where reference documents are not cited herein,
nonbuilding structures shall be designed in compliance with Sections 15.5 and 15.6 to resist minimum
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seismic lateral forces that are not less than the requirements of Section 12.8 with the following additions
and exceptions:

1. The seismic force-resisting system shall be selected as follows:

a. For nonbuilding structures similar to buildings, a system shall be selected from among the types
indicated in Table 12.2-1 or Table 15.4-1 subject to the system limitations and the height limits on
structural height, 4, based on the seismic design category indicated in the table. The appropriate
values of R, €, and C, indicated in the selected table shall be used in determining the base shear,
element design forces, and design story drift as indicated in this standard. Design and detailing
requirements shall comply with the sections referenced in the selected table.

b. For nonbuilding structures not similar to buildings, a system shall be selected from among the types
indicated in Table 15.4-2 subject to the system limitations and the height limits on structural height,
h,,, based on seismic design category indicated in the table. The appropriate values of R, Q,, and
C, indicated in Table 15.4-2 shall be used in determining the base shear, element design forces, and
design story drift as indicated in this standard. Design and detailing requirements shall comply with
the sections referenced in Table 15.4-2.

(no change in remainder of Section 15.4.1)
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Table 15.4-1 Seismic Coefficients For Nonbuilding Structures Similar To Buildings

Structural System and Structural
Nonbuilding Detailing Height, &, Limits (ft)
Structure Type Requirements R Q, C, B | C I D I E | F

& NL =no limit and NP = not permitted. Height-shall-be-measuredfrom-the-base:

b Steel ordinary braced frames are permitted in pipe racks up to 65 ft (20 m).

¢ Steel ordinary moment frames and intermediate moment frames are permitted in pipe racks up to a
height of 65 ft (20 m) where the moment joints of field connections are constructed of bolted end
plates.

d Steel ordinary moment frames and intermediate moment frames are permitted in pipe racks up to a
height of 35 ft (11 m).

Table 15.4-2 Seismic Coefficients For Nonbuilding Structures Not Similar To Buildings

Structural
- . - A d
Nonbuilding Detailing Height, s, Limits (ft)
Structure Type Requirements® R Q, C, B | C I D | E | F

(no changes to table entries)

& NL = no limit and NP = not permitted. Height-shall be-measured-from-the-base:

15.5.3.8 Seismic Displacements

Steel storage rack installations shall accommodate the seismic displacement of the storage racks
and their contents relative to all adjacent or attached components and elements. The assumed total relative
displacement for storage racks shall be not less than 5 percent of the structural height above the base, 4,
unless a smaller value is justified by test data or analysis in accordance with Section 11.1.4. -
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15.7.10.6 Welded Steel Water Storage Structures _
Welded steel elevated water storage structures shall be designed and detailed in accordance with

the seismic requirements of AWWA D100 with the structural height limits imposed by Table 15.4-2.

17.4.1 Equivalent Lateral Force Procedure
The equivalent lateral force procedure of Section 17.5 is permitted to be used for design of a

seismically isolated structure provided that:
1. The structure is located at a Site with S less than 0.60g.
2. The structure is located on a Site Class A, B, C, or D.
3. The structure above the isolation interface is less than or equal to four stories or 65 ft (19.8 m) in
structural height, /& _, measured from the base as defined in Section 11.2.

cRA7E]

(no change in remainder of Section 17.4.1)

18.1.3 Notation
The following notations apply to the provisions of this chapter.

# ——height-ofthe structure-above-the-base-to-the roof-evelSeetion18-523

18.5.2.3 Fundamental Mode Properties*
The fundamental mode shape, ¢;;, and participation factor, I';, shall be determined by either

dynamic analysis using the elastic structural properties and deformational characteristics of the resisting
elements or using Egs. 18.5-3 and 18.5-4:

Various Sections & Tables | Structural Height, h,,

© = hi/h.h, (18.5-3)
(no change to Equation 18.5-4) (18.5-4)
where
h; = the height ef-the-strueture above the base to Level /
k. h, = the structural height ef-the-strueture-above-the-baseto-thereofHevel as defined in Section
11.2
w; = the portion of the total effective seismic weight, W, located at or assigned to Level i

(no change in remainder of Section 18.5.2.3)
*See ASCE 7-10 Errata for corrected text

19.2.1.1 Effective Building Period.
The effective period (7) shall be determined as follows:

(no change to Equation 19.2-3) (19.2-3)
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where
T = the fundamental period of the structure as determined in Section 12.8.2
k = the stiffness of the structure where fixed at the base, defined by the following:
(no change to Equation 19.2-4) (19.2-4)
where
h = the effective height of the structure, which shall be taken as 0.7 times the total structural

height (4,), except for structures where the gravity load is effectively concentrated at a
single level, the effective height of the structure shall be taken as the height to that level

(no change in remainder of Section 19.2.1.1)

Analysis and Commentary

References were made to the height of the structure (e.g., building height, height, etc.) in several
provisions of ASCE 7-05 but it was not clear how to measure the height of the structure. ASCE 7-05
Footnote (¢) of Table 12.2-1 stated that it was to be measured from the base of the structure but was silent
on where to complete the measurement above the base. ASCE 7-05 Footnote (a) of Tables 15.4-1 and
15-4.2 made a similar statement. Other ASCE 7-05 provisions were typically silent on how to measure it,
whether from the base or to a point further up the structure. ASCE 7-05 Footnote (e) in Table 15.4-1 and
Footnote (d) in Table 15.4-2 stated that it was to be measured to the top of the structural frame making up
the primary seismic force-resisting system. These different ways of addressing the height of a structure
are shown in the table below.
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A new definition is added for “structural height” which provides clear direction on how to
make this measurement. With the addition of the definition to Section 11.2, many revisions are made
throughout the provisions for consistency and to eliminate confusion regarding how to measure the
structural height.

In addition, the symbol “4,” is assigned to the term structural height so that 4, is no longer
available for general purposes. A symbol for “/,” as the structural height is added to Section 11.3.

The “highest level of the seismic force-resisting system” rather than the roof or roof structural
element is specified in the definition of “structural height” to prevent measurement of the structural
height to the top of a penthouse or other rooftop structure, which are typically designed as separate
seismic force-resisting systems or as nonstructural components (see Table 13.5-1). Where a penthouse is
included in the seismic force-resisting system of the building structure, structural height would typically
be measured to the roof of the penthouse due to the presence of a horizontal level of the seismic force-
resisting system.
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18
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Language Differences for Height of Structure

ASCE 7-05 Language

ASCE 7-10 Language

building height
height
height of the structure above the base

height-inftabove-the-baseto-the-highestievetof
the-structure

structural height or
structural height as defined in Section 11.2.

height limits

limits on structural height

Table 12.2-1 footnote ¢: Heights are measured
from the base of the structure as defined in
Section 11.2.

Tables 15.4-1 footnote a and 15.4-2 footnote a:
Height shall be measured from the base.

Tables 15.4-1 footnote e and 15.4-2 footnote d:
For the purpose of height limit determination,
the height of the structure shall be taken as the
height to the top of the structural frame making
up the primary seismic force—resisting system.

Section 18.5.2.3:
h, = height of the structure above the base to
the roof level

STRUCTURAL HEIGHT: The vertical distance
from the base of the structure to the highest level
of the seismic force-resisting system. For pitched
or sloped roofs, the structural height is the average
height of the roof.

and

h, = structural height as defined in Section 11.2.
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.1, Table 12.2-1 Modification
1

Overstrength Factor

At a Glance
This change brings consistency in the use of the term “overstrength factor” throughout ASCE 7-10.

2010 Standard

12.2.1 Selection and Limitations

The basic lateral and vertical seismic force-resisting system shall conform to one of the types
indicated in Table 12.2-1 or a combination of systems as permitted in Sections 12.2.2, 12.2.3, and
12.2.4. Each type is subdivided by the types of vertical elements used to resist lateral seismic forces.
The structural system used shall be in accordance with the structural system limitations and the limits
on structural height, 4,, contained in Table 12.2-1. The appropriate response modification coefficient, R,
system overstrength factor, Q, and the deflection amplification factor, C, indicated in Table 12.2-1 shall
be used in determining the base shear, element design forces, and design story drift.
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Each selected seismic force-resisting system shall be designed and detailed in accordance with
the specific requirements for the system as set forth in the applicable reference document listed in Table
12.2-1 and the additional requirements set forth in Chapter 14.

Seismic force-resisting systems not contained in Table 12.2-1 are permitted provided analytical
and test data are submitted to the authority having jurisdiction for approval that establish their dynamic
characteristics and demonstrate their lateral force resistance and energy dissipation capacity to be
equivalent to the structural systems listed in Table 12.2-1 for equivalent values of response modification
cocfficient, R, system overstrength factor eeeffietent, (), and deflection amplification factor, C,.

Table 12.2-1 Design Coefficients And Factors For Seismic Force-Resisting Systems

Structural
System
Limitations
ASCE 7 Section Including
Where Detailing Response System Deflection Structural
Seismic Force- Requirements Modification Overstrength Amplification Height, #,, (ft)
Resisting System Are Specified Coefficient, R? Factor, Q8 Factor, Cd” Limits¢
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12.4.1 Applicability

All members of the structure, including those not part of the seismic force-resisting system, shall
be designed using the seismic load effects of Section 12.4 unless otherwise exempted by this standard.
Seismic load effects are the axial, shear, and flexural member forces resulting from application of
horizontal and vertical seismic forces as set forth in Section 12.4.2. Where specifically required, seismic
load effects shall be modified to account for system overstrength, as set forth in Section 12.4.3.

12.4.3 Seismic Load Effect Including Overstrength Factor
Where specifically required, conditions requiring overstrength factor applications shall be
determined in accordance with the following:

1. For use in load combination 5 in Section 2.3.2 or load combinations 5 and 6 in Section 2.4.1, E shall
be taken equal to £,, as determined in accordance with Eq. 12.4-5 as follows:

E =E  +E (12.4-5)
m mh v

2. For use in load combination 7 in Section 2.3.2 or load combination 8 in Section 2.4.1, £ shall be taken
equal to £, as determined in accordance with Eq. 12.4-6 as follows:
E,=E,,—E (12.4-6)

v
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where

S|
Il

seismic load effect including overstrength factor

E,,= effect of horizontal seismic forces including straetural overstrength factor as defined in
Section 12.4.3.1

E_ = vertical seismic load effect as defined in Section 12.4.2.2

12.4.3.2 Load Combinations with Overstrength Factor

Where the seismic load effect with overstrength factor, £, , defined in Section 12.4.3, is
combined with the effects of other loads as set forth in Chapter 2, the following seismic load combination
for structures not subject to flood or atmospheric ice loads shall be used in lieu of the seismic load
combinations in either Section 2.3.2 or 2.4.1:
(no change in remainder of Section 12.4.3.2)

12.14.3 Seismic Load Effects and Combinations

All members of the structure, including those not part of the seismic force-resisting system,
shall be designed using the seismic load effects of Section 12.14.3 unless otherwise exempted by this
standard. Seismic load effects are the axial, shear, and flexural member forces resulting from application
of horizontal and vertical seismic forces as set forth in Section 12.14.3.1. Where specifically required,
seismic load effects shall be modified to account for system overstrength, as set forth in Section 12.14.3.2

12.14.3.2 Seismic Load Effect Including a 2.5 Overstrength Factor
Where specifically required, conditions requiring overstrength factor applications shall be
determined in accordance with the following:
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1. For use in load combination 5 in Section 2.3.2 or load combinations 5 and 6 in Section 2.4.1, E shall
be taken equal to £, as determined in accordance with Eq. 12.14-7 as follows:

E,=E,,+E, (12.14-7)

2. For use in load combination 7 in Section 2.3.2 or load combination 8 in Section 2.4.1, E shall be taken
equal to £, as determined in accordance with Eq. 12.14-8 as follows:

E, =E,,—F

m v

(12.14-8)

where

E,, = seismic load effect including overstrength factor

E,, = effect of horizontal seismic forces including struetural overstrength factor as defined in Section
12.14.3.2.1

E, = vertical seismic load effect as defined in Section 12.14.3.1.2

12.14.3.2.2  Load Combinations with Overstrength Factor Where the seismic load effect with over-
strength factor, £, , defined in Section 12.14.3.2, is combined with the effects of other loads as set forth in
Chapter 2, the following seismic load combinations for structures not subject to flood or atmospheric ice
loads shall be used in lieu of the seismic load combinations in Section 2.3.2 or 2.4.1:

(no change in remainder of Section 12.14.3.2.2)
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18.6.3 Effective Ductility Demand

The effective ductility demand on the seismic force-resisting system due to the design earthquake,
Wy, and due to the maximum considered earthquake ground motion, p,,, shall be calculated using Egs.
18.6-8, 18.6-9, and 18.6-10:

HD:%Z 1.0 (18.6-8)
Y
= %’M >1.0 (18.6-9)
Y
QC
Dyz(z—i?)(—%a—i)rlcmﬂz (18.6-10)

where

D, ;, = fundamental mode design displacement at the center of rigidity of the roof level of the structure in
the direction under consideration, Section 18.4.3.2 or 18.5.3.2

D, ,,= fundamental mode maximum displacement at the center of rigidity of the roof level of the
structure in the direction under consideration, Section 18.4.3.5 or 18.5.3.5

Dy = displacement at the center of rigidity of the roof level of the structure at the effective yield point of
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the seismic force-resisting system

=
Il

response modification coefficient from Table 12.2-1
C, = deflection amplification factor from Table 12.2-1
Q

(o]

system overstrength factor from Table 12.2-1

(no change in remainder of Section 18.6.3)

18.7.1.3 Combination of Load Effects

The effects on the damping system due to gravity loads and seismic forces shall be combined in
accordance with Section 12.4 using the effect of horizontal seismic forces, O, determined in accordance
with the analysis. The redundancy factor, p, shall be taken equal to 1.0 in all cases, and the seismic load
effect with overstrength factor of Section 12.4.3 need not apply to the design of the damping system.

18.7.2.3 Combination of Load Effects

The effects on the damping system and its components due to gravity loads and seismic forces
shall be combined in accordance with Section 12.4 using the effect of horizontal seismic forces, O,
determined in accordance with Section 18.7.2.5. The redundancy factor, p, shall be taken as equal to 1.0
in all cases, and the seismic load eftect with overstrength factor of Section 12.4.3 need not apply to the
design of the damping system.

Various Sections & Tables | Overstrength Factor

Analysis and Commentary

The changes are intended to bring consistency in the use of the term “overstrength factor” throughout
ASCE 7-10. Section 12.2.1 contained the only instance of “system overstrength coefficient” in ASCE
7-05. Sections 12.4.3 and 12.14.3.2 contained the only instances of “structural overstrength” in ASCE
7-05. In Sections 12.4.3,12.4.3.2,12.14.3.2,12.14.3.2.2, 18.7.1.3 and 18.7.2.3, “factor” is added after
“overstrength” for consistency with Sections 12.4.3.1 and 12.14.3.2.1. The change in Section 12.14.3 is
because of an incorrect section reference.

Language Differences for Overstrength Factor

ASCE 7-05 Language ASCE 7-10 Language
structural overstrength

overstrength factor

system overstrength coefficient overstrength factor

system overstrength factor

overstrength
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.2.5.2,12.3.3.3, Modification
3.3.4,12.3.4.1,

.10.2.1, 12.13.6.5,

12.13.6.6, 14.1.7, 14.2.3.2.2,

16.1.4, 16.2.4.1

Seismic Load Effects Including Overstrength Factor

— ) )
NNN
— )

At a Glance

“Load combinations with overstrength factor” is changed consistently to “seismic load effects including
overstrength factor.” References are revised so that the exception which permits design for the maximum
load that can be delivered by an element applies.

2010 Standard

12.2,5.2 Cantilever Column Systems

Cantilever column systems are permitted as indicated in Table 12.2-1 and as follows. The
required axial strength of individual cantilever column elements, considering only the load combinations
that include seismic load effects, shall not exceed 15 percent of the available axial strength, including
slenderness effects.

Foundation and other elements used to provide overturning resistance at the base of cantilever
column elements shall be designed have-thestreagth to resist the seismic load effects including tead-
combinations-with overstrength factor of Section 12.4.3 12432.

12.3.3.3 Elements Supporting Discontinuous Walls or Frames

Columns, beams, trusses, or slabs supporting discontinuous walls or frames of structures having
horizontal irregularity Type 4 of Table 12.3-1 or vertical irregularity Type 4 of Table 12.3-2 shall be_
designed have-the-design-strength to resist the seismic load effects including maxirmam-foree-that-ean-
develop-in-aceordance-with-the load-combinations-with overstrength factor of Section 12.4.3 42432, The
connections of such discontinuous elements to the supporting members shall be adequate to transmit the
forces for which the discontinuous elements were required to be designed.
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12.3.3.4 Increase in Forces Due to Irregularities for Seismic Design Categories D through F

For structures assigned to Seismic Design Category D, E, or F and having a horizontal structural
irregularity of Type 1a, 1b, 2, 3, or 4 in Table 12.3-1 or a vertical structural irregularity of Type 4 in
Table 12.3-2, the design forces determined from Section 12.10.1.1 shall be increased 25 percent for the
following elements of the seismic force-resisting system:

1. Connections of diaphragms to vertical elements and to collectors.

2. Collectors and their connections, including connections to vertical elements, of the seismic force-
resisting system.
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EXCEPTION:

Forces calculated using the seismic load effects including lead-eombinations-with overstrength
factor of Section 12.4.3 +2:4:3-2 need not be increased.

12.3.4.1 Conditions Where Value of p is 1.0
The value of p is permitted to equal 1.0 for the following:

Structures assigned to Seismic Design Category B or C.
Drift calculation and P-delta effects.
Design of nonstructural components.

Design of nonbuilding structures that are not similar to buildings.

A e e

Design of collector elements, splices, and their connections for which the seismic load effects
including lead-combinations-with overstrength factor of Section 12.4.3 +2-4-3-2 are used.

6. Design of members or connections where seismic load effects including lead-combinations-with
overstrength factor of Section 12.4.3 $2-4-3-2 are required for design.

7. Diaphragm loads determined using Eq. 12.10-1.
8. Structures with damping systems designed in accordance with Chapter 18.

9. Design of structural walls for out-of-plane forces, including their anchorage.

12.10.2.1 Collector Elements Requiring Load Combinations with Overstrength Factor for Seismic
Design Categories C through FF

In structures assigned to Seismic Design Category C, D, E, or F, collector elements (see Fig.
12.10-1) and their connections including connections to vertical elements shall be designed to resist the
maximum of the following:

1. Forces calculated using the seismic load effects including lead-combinations-with overstrength factor
of Section 12.4.3 +2:4-3-2 with seismic forces determined by the Equivalent Lateral Force procedure of
Section 12.8 or the Modal Response Spectrum Analysis procedure of Section 12.9.

Various Sections | Seismic Load Effects Including Overstrength Factor

2. Forces calculated using the seismic load effects including lead-combinations—with overstrength factor
of Section 12.4.3 +2-4-3-2 with seismic forces determined by Equation 12.10-1.

3. Forces calculated using the load combinations of Section 12.4.2.3 with seismic forces determined by
Equation 12.10-2.

Transfer forces as described in Section 12.10.1.1 shall be considered.

EXCEPTIONS:

(no change in text)

12.13.6.5 Pile Anchorage Requirements

In addition to the requirements of Section 12.13.5.3, anchorage of piles shall comply with this
section. Design of anchorage of piles into the pile cap shall consider the combined effect of axial forces
due to uplift and bending moments due to fixity to the pile cap. For piles required to resist uplift forces or

provide rotational restraint, anchorage into the pile cap shall comply with be-eapable-of- developing the
following:
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1. In the case of uplift, the anchorage shall be capable of developing the least lesser of the nominal tensile
strength of the longitudinal reinforcement in a concrete pile, e the nominal tensile strength of a steel
pile, and er 1.3 times the pile pullout resistance, or shall be designed to resist the axial tension force
resulting from the seismic load effects including lead-combinations-with overstrength factor of Section
12.4.3 2432 or 12.14.3.2 1244322, The pile pullout resistance shall be taken as the ultimate
frictional or adhesive force that can be developed between the soil and the pile plus the pile and pile
cap weight.

2. In the case of rotational restraint, the anchorage shall be designed to resist the tesser-of-the axial
and shear forces and moments resulting from the seismic load effects including load-combinations-
with overstrength factor of Section 12.4.3 42.4.3:2 or 12.14.3.2 1244322 or shall be capable of
developing develepment-of the full axial, bending, and shear nominal strength of the pile.

12.13.6.6 Splices of Pile Segments
Splices of pile segments shall develop the nominal strength of the pile section.

EXCEPTION: Splices

shearand-bending-where-ithas-been d651gned to resist the ax1a1 and shear forces and moments from the
seismic load effects including lead-cembinations—with overstrength factor of Section 12.4.3 +2-432 or

12.14.3.2 1214322

14.1.7 Additional Detailing Requirements for Steel Piles in Seismic Design Categories
D through F

In addition to the foundation requirements set forth in Sections 12.1.5 and 12.13, design and
detailing of H-piles shall conform to the requirements of AISC 341, and the connection between the pile
cap and steel piles or unfilled steel pipe piles in structures assigned to Seismic Design Category D, E, or F
shall be designed for a tensile force not less than 10 percent of the pile compression capacity.

EXCEPTION: Connection tensile capacity need not exceed the strength required to resist seis-
mic load effects including lead-combinations-with overstrength factor of Section 12.4.3 42432 or Sec-
tion 12.14.3.2 4244222 Connections need not be provided where the foundation or supported structure
does not rely on the tensile capacity of the piles for stability under the design seismic forces.

14.2.3.2.2 Nonapplicable ACI 318 Sections for Grade Beam and Piles Section 21.12.3.3 of ACI 318
need not apply to where grade beams designed have-therequired-strength to resist the seismic load ef-
fects including fereesfremthe-load-combinations-with overstrength factor of Section 12.4.3 12:432
or12.14.3.2 1244322 Section 21.12.4.4(a) of ACI 318 need not apply to concrete piles. Section
21.12.4.4(b) of ACI 318 need not apply to precast, prestressed concrete piles.
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16.1.4 Response Parameters
For each ground motion analyzed, the individual response parameters shall be multiplied by the
following scalar quantities:

a. Force response parameters shall be multiplied by /,/R, where I, is the importance factor determined in
accordance with Section 11.5.1 and R is the Response Modification Coefficient selected in accordance
with Section 12.2.1.

b. Drift quantities shall be multiplied by C /R, where C,, is the deflection amplification factor specified in
Table 12.2-1.
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For each ground motion i, where / is the designation assigned to each ground motion, the
maximum value of the base shear, ¥, member forces, Q;, scaled as indicated in the preceding text and
story drifts, A, at each story as defined in Section 12.8.6 shall be determined. Where the maximum scaled
base shear predicted by the analysis, V), is less than 85 percent of the value of V' determined using the
minimum value of C; set forth in Eq. 12.8-5 or when Jocated where S is equal to or greater than 0.6g,
the minimum value of C, set forth in Eq. 12.8-6, the scaled member forces, O, shall be additionally
multiplied by V where V is the minimum base shear that has been determined using the minimum value
of C, set forth in Eq. 12.8-5, or when located where S| is equal to or greater than 0.6¢, the minimum value
of C set forth in Eq. 12.8-6. Where the maximum scaled base shear predlcted by the analysis, V), is less
than 0 85C W, where C is from Eq. 12.8-6, drifts shall be multiplied by 0. 85

If at least seven ground motions are analyzed, the design member forces used in the load
combinations of Section 12.4.2.1 and the design story drift used in the evaluation of drift in accordance
with Section 12.12.1 are permitted to be taken respectively as the average of the scaled O, and A, values
determined from the analyses and scaled as indicated in the preceding text. If fewer than seven ground
motions are analyzed, the design member forces and the design story drift shall be taken as the maximum
value of the scaled O, and A, values determined from the analyses.

Where this standard requires the consideration of the seismic load effects including lead-
combinations-with overstrength factor of Section 12.4.3 +2:4:3:2, the value of Q0 need not be taken
larger than the maximum of the unscaled value, O, obtained from the analyses.

16.2.4.1 Member Strength
The adequacy of members to resist the combination of load effects of Section 12.4 need not be
evaluated.

EXCEPTION: Where this standard requires the consideration of the seismic load effects includ-
ing lead-eombinations-with overstrength factor of Section 12.4.3 +2:4:3-2, the maximum value of O,
obtained from the suite of analyses shall be taken in place of the quantity Q0O

Analysis and Commentary

The phrase “load combinations with overstrength factor” is changed to “seismic load effects including
overstrength factor” throughout ASCE 7-10 for consistency with the title of Section 12.4.3. In the process
of doing this, additional editorial changes that will improve the standard were identified and made.

Various Sections | Seismic Load Effects Including Overstrength Factor

The references to Section 12.4.3.2 in conjunction with load combinations with overstrength factor
were being interpreted by designers as prohibiting use of the exception to Section 12.4.3.1, which permits
design to the maximum load that can be developed by an element. Changing the reference section to
12.4.3 clarifies that this exception may be used.

The same exception to Section 12.4.3.1 is also an exception to Section 12.14.3.2.1. Because of
this, references to Section 12.14.3.2.2 are changed in all applicable sections of ASCE 7-10 to Section
12.14.3.2.
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Olive View Memorial Hospital following the San Fernando earthquake of 1971.
The columns supporting the discontinued shear walls are required by ASCE 7-10
to be designed for seismic load effects including overstrength factor.

Courtesy: Earthquake Engineering Research Institute
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11.2,11.8.2, Modification

11.8.3,21.5.1, and Addition
21.5.2,21.5.3,

Chapter 22

MCE Peak Ground Acceleration, Liquefaction Potential Evaluation

At a Glance

The term, “maximum considered earthquake geometric mean (MCE,) peak ground acceleration” is
defined. The MCE; peak ground acceleration adjusted for site effects (PGA,,) is used in this standard for
evaluation of liquefaction, lateral spreading, seismic settlements, and other soil related issues.

2010 Standard

11.2 DEFINITIONS
The following definitions apply only to the seismic requirements of this standard.

MAXIMUM CONSIDERED EARTHQUAKE (MCE) GROUND MOTION: The most
severe earthquake effects considered by this standard more specifically as defined in the following two
terms in-SeetienH-4.

MAXIMUM CONSIDERED EARTHQUAKE GEOMETRIC MEAN (MCE ) PEAK

GROUND ACCELERATION: The most severe earthquake effects considered by this standard
determined for geometric mean peak ground acceleration and without adjustment for targeted risk. The

MCEg peak ground acceleration adjusted for site effects ( PGAM) is used in this standard for evaluation of
liquefaction, lateral spreading, seismic settlements, and other soil related issues. In this standard, general

procedures for determining PGAM are provided in Section 11.8.3; site-specific procedures are provided in
Section 21.5.

RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE,) GROUND
MOTION RESPONSE ACCELERATION: The most severe earthquake effects considered by this
standard determined for the orientation that results in the largest maximum response to horizontal ground
motions and with adjustment for targeted risk. In this standard, general procedures for determining the
MCE; Ground Motion values are provided in Section 11.4.3; site-specific procedures are provided in
Sections 21.1 and 21.2.
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11.8 GEOLOGIC HAZARDS AND GEOTECHNICAL INVESTIGATION

11.8.1 Site Limitation for Seismic Design Categories E and F
A structure assigned to Seismic Design Category E or F shall not be located where there is a
known potential for an active fault to cause rupture of the ground surface at the structure.

11.8.2 Geotechnical Investigation Report Requirements for Seismic Design Categories C through F
A geotechnical investigation report shall be provided for a structure assigned to Seismic Design

Category C, D, E, or F in accordance with this section. An investigation shall be conducted and a report

shall be submitted that includes an evaluation of the following potential geologic and seismic hazards:
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a. Slope instability,
b. Liquefaction,

. Total and differential settlement, and

o

. Surface displacement due to faulting or seismically induced lateral spreading or lateral flow.

o

The report shall contain recommendations for apprepriate foundation designs or other measures
to mitigate the effects of the previously mentioned hazards.

EXCEPTION: Where approved deemed-apprepriate by the authority having jurisdiction, a
site-specific geotechnical report is not required where prior evaluations of nearby sites with similar soil
conditions provide suffietent direction relative to the proposed construction.

11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design Categories

D through F
The geotechnical investigation report for a structure assigned to Seismic Design Category D, E,

or F shall include all of the following, as applicable:

1. The determination of dynamic seismic lateral earth pressures on basement and retaining walls due to
design earthquake ground motions.

2. The potential for liquefaction and soil strength loss evaluated for site peak ground accelerations,
earthquake magnitudes, and source characteristics consistent with the MCE ; peak ground acceleration

design-earthquake ground-metions. Peak ground acceleration shall is-permitted-to-be determined based

on either (1) a site-specific study taking into account soil amplification effects as specified in Section

11.4.7, or, in-the-absenee-ofsuchastady; (2) the peak ground accelerationsshall-be-assumed-equal-te-
$/25, PGA, . from Eq. 11.8-1.

PGA,, = Fp PGA (Eq. 11.8-1)

where

PGAM = MCEQ peak ground acceleration adjusted for Site Class effects.
PGA = Mapped MCEQ peak ground acceleration shown in Figs. 22-7 through 22-11.
E@ = Site coefficient from Table 11.8-1.

3. Assessment of potential consequences of liquefaction and soil strength loss, including, but not
limited to. estimation of total and differential settlement, lateral soil movement, lateral soil loads on
foundations, reduction in foundation soil-bearing capacity and lateral soil reaction, soil downdrag and
reduction in axial and lateral soil reaction for pile foundations, increases in soil lateral pressures on
retaining walls, and flotation of buried structures.

4. Discussion of mitigation measures such as, but not limited to, ground-stabilizatien selection of
appropriate foundation type and depths, selection of appropriate structural systems to accommodate
anticipated displacements and forces, ground stabilization, or any combination of these measures and
how they shall be considered in the design of the structure.

11.2,11.8.2,11.8.3, 21.5.1, 21.5.2, 21.5.3, Chapter 22 | MCE_ Peak Ground Acceleration
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Table 11.8-1 Site Coefficient F, .,

Mapped Maximum Considered Geometric Mean (MCE ) Peak Ground
Acceleration, PGA
Site Class PGA <0.1 PGA=0.2 PGA =03 PGA=04 PGA>0.5

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 12 12 L1 1.0 1.0
D 1.6 14 12 L1 1.0
E 2.5 L7 12 0.9 0.9
F See Section 11.4.7

Note: Use straight-line interpolation for intermediate values of PGA.

21.5 MAXIMUM CONSIDERED EARTHOUAKE GEOMETRIC MEAN (MCE ) PEAK
GROUND ACCELERATION B

21.5.1 Probabilistic MCE . Peak Ground Acceleration
The probabilistic geometric mean peak ground acceleration shall be taken as the geometric mean
peak ground acceleration with a 2 percent probability of exceedance within a 50-year period.

21.5.2 Deterministic MCE_G Peak Ground Acceleration

The deterministic geometric mean peak ground acceleration shall be calculated as the largest 84th-
percentile geometric mean peak ground acceleration for characteristic earthquakes on all known active

faults within the site region. The deterministic geometric mean peak ground acceleration shall not be

taken as lower than 0.5 7, ,. where FY, ., is determined using Table 11.8-1 with the value of PGA taken as
0.5g.

21.5.3 Site-Specific MCE . Peak Ground Acceleration
The site-specific MCE,; peak ground acceleration, PGA,,. shall be taken as the lesser of the

probabilistic geometric mean peak ground acceleration of Section 21.5.1 and the deterministic geometric
mean peak ground acceleration of Section 21.5.2. The site-specific MCEg peak ground acceleration shall
not be taken less than 80 percent of PGAM determined from Eqg. 11.8-1.

Note: For brevity, Chapter 22 is not included here. For the text of Chapter 22, see ASCE 7-10 or page
41. It is in this chapter that the MCE ; peak ground acceleration maps are found (see Figures 22-7
through 22-11).
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Analysis and Commentary

Section 11.8.3 Item 2 is modified to require that evaluations of liquefaction potential be made for
maximum considered earthquake (MCE) ground motions rather than design earthquake ground motions
to assure that the potential occurrence and effects of liquefaction during the MCE are considered in
geotechnical and structural design. This change is consistent with the adoption of a risk-based target
for collapse prevention as a performance goal as well as with other evaluations for the MCE required by

the NEHRP Provisions when judged necessary to meet the collapse-prevention performance goal during
MCE loading.
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11.2,11.8.2, 11.8.3, 21.5.1, 21.5.2, 21.5.3, Chapter 22 | MCE Peak Ground Acceleration

The provision also requires that liquefaction potential evaluations be conducted using mapped
peak ground acceleration values (maps provided in Figures 22-7 through 22-11) adjusted for site effects,
rather than using the current approximation for peak ground acceleration of short-period spectral
acceleration multiplied by a factor of 0.4. The new maps provide substantially more accurate values for
PGA, since they are based on PGA attenuation relationships. PGA is modified for site class effects using
Eq. 11.8-1, where the site coefficient F},;, is obtained from Table 11.8-1. Values of /7, in the table
are identical to those of F in Table 11.4-1 but are a function of PGA rather than S;. Because PGA is a
short-period parameter (equal to zero-period spectral acceleration), it is appropriate and consistent with
current practice to use the same site coefficients for PGA and Sg. It is also consistent with the original
development of F, as a function of PGA.

The mapped peak ground accelerations in Figure 22-7 through 22-11 are geomean values and not
risk-targeted values. Thus these are designated as MCE, peak ground accelerations, unlike the spectral
accelerations in Figures 22-1 through 22-6, which represent risk-targeted MCE or MCE, ground motion.

The newly added Sections 21.5.1 (Probabilistic MCE, Peak Ground Acceleration), 21.5.2
(Deterministic MCE, Peak Ground Acceleration), and 21.5.3 (Site-Specific MCE, Peak Ground
Acceleration) parallel Sections 21.2.1 (Probabilistic (MCER) Ground Motions), 21.2.2 (Deterministic
(MCEy) Ground Motions), and 21.2.3 (Site-Specific MCE), respectively. In Section 21.5.2,0.5 F,;, 18
the deterministic lower limit on PGA, where 0.5g is the bedrock PGA and F,, is the site coefficient. A
bedrock PGA of 0.6g would have been the exact equivalent of the lower-bound limits of 1.5¢ and 0.6g
on S, and §|, respectively in Section 21.2.2. There was some objection to the 0.6g lower limit as putting
a constraint on liquefaction analysis, where there had previously been no limit. Some felt that the lower
bounds on §; and S, had their origin in structural behavior and should not apply to liquefaction. The 0.5g
(rather than 0.6g) was considered more appropriate as the lower limit on bedrock acceleration, based on
discussions within the Seismic Subcommittee of ASCE 7.
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Figure 22-7 (Partial) Maximum Considered Earthquake Geometric Mean (MCE) PGA,
%g, Site Class B for the Western United States.
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1.4.2,1.4.3,1.4.4,1.4.5,11.7.1-11.7.5 | Design Requirements for Seismic Design Category A

1.4.2,1.4.3,1.4.4, Modification
1 0405; 1 1 .7.1 —1 1 .7.5 and Relocation

Design Requirements for Seismic Design Category A

At a Glance
Much of the contents of Section 11.7 has been transferred to Section 1.4, General Structural Integrity.

2010 Standard

11.7 DESIGN REQUIREMENTS FOR SEISMIC DESIGN CATEGORY A

Buildings and other sStructures and-their-compenents Struetures assigned to Seismic Design Category
A need only comply with the requirements of Section H-7 1.4. Nonstructural components in SDC A are
exempt from seismic design requirements. In addition, tanks assigned to Risk Category IV, shall satisfy
the freeboard requirement in Section 15.7.6.1.2. The-effects-on-the-structure-and-Hs-components-due-to-

Delete Sections 11.7.2 through 11.7.5 (text not shown here)

1.4.2 L.oad Path Connections

All parts of the structure between separation joints shall be interconnected to form a continuous
path to the lateral force-resisting system, and the connections shall be capable of transmitting the lateral
forces induced by the parts being connected. Any smaller portion of the structure shall be tied to the
remainder of the structure with elements having strength to resist a force of not less than 5% of the
portion’s weight.

1.4.3 Lateral Forces

Each structure shall be analyzed for the effects of static lateral forces applied independently in
each of two orthogonal directions. In each direction, the static lateral forces at all levels shall be applied
simultaneously. For purposes of analysis, the force at each level shall be determined using Eq. 1.4-1 as
follows:

F=001W 1.4-1
where

F = the design lateral force applied at story x and

_VZ)_C = the portion of the total dead load of the structure, D, located or assigned to level x.

Structures explicitly designed for stability, including second-order effects, shall be deemed to comply
with the requirements of this section.
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1.4.4 Connection to Supports

.. . . . - . d

A positive connection for resisting a horizontal force acting parallel to the member shall be B
provided for each beam, girder, or truss either directly to its supporting elements, or to slabs designed to ‘!u
act as diaphragms. Where the connection is through a diaphragm, the member’s supporting element shall ot
also be connected to the diaphragm. The connection shall have the strength to resist a force of 5 percent of =
the unfactored dead plus live load reaction imposed by the supported member on the supporting member., L
.

S

1.4.5 Anchorage of Structural Walls B
Walls that provide vertical load bearing or lateral shear resistance for a portion of the structure B

shall be anchored to the roof and all floors and members that provide lateral support for the wall or that -h
are supported by the wall. The anchorage shall provide a direct connection between the walls and the W
roof or floor construction. The connections shall be capable of resisting a strength level horizontal force =
perpendicular to the plane of the wall equal to 0.2 times the weight of the wall tributary to the connection, Y
but not less than 5 psf (0.24 kN/m2). Tl
=1

Analysis and Commentary 3
Much of the contents of Section 11.7, Design Requirements for Seismic Design Category A, has been Y
transferred in modified form to Section 1.4, General Structural Integrity. The latter was considered to —_
be a more logical location. The modifications are beyond the scope here. The seismic modifications are g
discussed as part of other changes. v
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Illustration of Section 1.4.5 Anchorage of Structural Walls
Courtesy: International Code Council
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11.1.3 Clarification

What Qualifies as a Nonbuilding Structure?

At a Glance
Language is added to clarify types of buildings that may be classified as nonbuilding structures in certain
situations.

2010 Standard

11.1.3 Applicability
Structures and their nonstructural components shall be designed and constructed in accordance
with the requirement of the following sections based on the type of structure or component:

a. Buildings: Chapter 12

b. Nonbuilding Structures: Chapter 15

¢. Nonstructural Components: Chapter 13

d. Seismically Isolated Structures: Chapter 17

e. Structures with Damping Systems: Chapter 18

Buildings whose purpose is to enclose equipment or machinery and whose occupants are engaged in
maintenance or monitoring of that equipment., machinery or their associated processes shall be permitted
to be classified as nonbuilding structures designed and detailed in accordance with Section 15.5 of this
standard.

11.1.3 | What Qualifies as a Nonbuilding Structure?

Analysis and Commentary

This change was initiated at an AISC- sponsored Industrial Building and Seismic Design Summit Meeting
held in January 2009. The purpose of the meeting was to find safe and suitable solutions to address the
problems industrial buildings faced in meeting the system and height limitations set forth in Table 12.2-1.

This particular change permits industrial buildings to be designed by the nonbuilding structures
requirements in Chapter 15. Contrary to its appearance, the last paragraph of Section 11.1.3 is not a
substantive change to previous requirements, but rather a clarification as to which structures can be
classified as nonbuilding structures.

Language has been added to Section 11.1.3 of the ASCE 7-10 Commentary, which states that
examples of such structures include, but are not limited to, boiler buildings, aircraft hangars, steel mills,
aluminum smelting facilities, and other automated manufacturing facilities. The occupancy restrictions for
such facilities should be uniquely reviewed in each case.
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These types of buildings are permitted to be classified as nonbuilding structures.

Part Il - Chapter 11 Seismic Design Criteria 37




Significant Changes to the Seismic Load Provisions of ASCE 7-10

4.1, Modification
1.

2.1.2,
21.2.2,21.2.3, Chapter 22,
Figures 22-1 through 22-6

New Seismic Ground Motion Maps and Related Technical Changes

At a Glance

Seismic ground motion maps have been changed to include: (1) new information on earthquake source
and ground motion prediction equations, (2) risk-targeted ground motions, (3) maximum direction ground
motions, and (4) near-source 84 percentile ground motions.

2010 Standard
11.2 DEFINTIONS

DESIGN EARTHQUAKE: The earthquake effects that are two-thirds of the corresponding
Maximum Considered Earthquake (MCE) effects.

DESIGN EARTHQUAKE GROUND MOTION: The earthquake ground motions that are two-
thirds of the corresponding MCE;, ground motions.

MAXIMUM CONSIDERED EARTHQUAKE (MCE) GROUND MOTION: The most
severe earthquake effects considered by this standard more specifically as defined in the following two
terms n-SeetionH-4.

New Seismic Ground Motion Maps and Related Technical Changes

MAXIMUM CONSIDERED EARTHQUAKE GEOMETRIC MEAN (MCE_) PEAK
GROUND ACCELERATION: The most severe earthquake effects considered by this standard
determined for geometric mean peak ground acceleration and without adjustment for targeted risk. The
MCE, peak ground acceleration adjusted for site effects (PGA,,) is used in this standard for evaluation of
liquefaction, lateral spreading, seismic settlements, and other soil related issues. In this standard, general
procedures for determining PGA,, are provided in Section 11.8.3; site-specific procedures are provided in
Section 21.5.

RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCE_.) GROUND

MOTION RESPONSE ACCELERATION: The most severe earthquake effects considered by this
standard determined for the orientation that results in the largest maximum response to horizontal ground

motions and with adjustment for targeted risk. In this standard, general procedures for determining the
MCE2 Ground Motion values are provided in Section11.4.3; site-specific procedures are provided in
Sections 21.1 and 21.2.
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11.3 SYMBOLS

The unit dimensions used with the items covered by the symbols shall be consistent throughout except
where specifically noted. Symbols presented in this section apply only to the seismic requirements in this
standard as indicated.

C. = site-specific risk coefficient at any period; see Section 21.2.1.1
C_C = mapped value of the risk coefficient at short periods as given by Fig. 22-17
C RI mapped value of the risk coefficient at a period of 1 s as given by Fig. 22-18

"

S = mapped MCE,, 5 percent damped, spectral response acceleration parameter at
short periods as defined in Section 11.4.1

S, = mapped MCE,, 5 percent damped, spectral response acceleration parameter at a
period of 1 s as defined in Section 11.4.1

S,y = thesite-specific MCE, spectral response acceleration parameter at any period

S,s = the MCE,, 5 percent damped, spectral response acceleration parameter at short
periods adjusted for site class effects as defined in Section 11.4.3

S,n = the MCE,, 5 percent damped, spectral response acceleration parameter at a period of 1

s adjusted for site class effects as defined in Section 11.4.3

11.4.1 Mapped Acceleration Parameters.

The parameters Sg and S, shall be determined from the User Note: Electronic values
0.2 and 1 s spectral response accelerations shown on Figs. 22-1 of mapped acceleration
22-3,22-5, and 22-6 for S_and Figs. 22-2, 22-4, 22-5, and 22-6 parameters, and other seismic
for S, Figures22-+ %hfeug_h 2214 respeetively. Where S, is design parameters, are provided

less than or equal to 0.04 and S is less than or equal to 0.15, the | atthe USGS Web site at _h“ﬂi-”
structure is permitted to be assigned to Seismic Design Category | earthquake.usgs.gov/designmaps.

A and is only required to comply with Section 11.7. or through the SET Web site at
http://content.seinstitute.org.

11.4.3 Site Coefficients and Risk-Targeted Adjusted
Maximum Considered Earthquake (MCE[) Spectral
Response Acceleration Parameters B

The MCE,, spectral response acceleration parameter for short periods (S,,) and at 1 s (§,,),
adjusted for Site Class effects, shall be determined by Eqs. 11.4-1 and 11.4-2, respectively.
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Sus = F.Ss (11.4-1)
S = FS, (11.4-2)
where
Sg = the mapped MCEj spectral response acceleration parameter at short periods as determined in
accordance with Section 11.4.1, and
S, = the mapped MCEj; spectral response acceleration parameter at a period of 1 s as determined in

accordance with Section 11.4.1
where site coefficients F, and F are defined in Tables 11.4-1 and 11.4-2, respectively. Where the
simplified design procedure of Section 12.14 is used, the value of /' shall be determined in accordance

with Section 12.14.8.1, and the values for F, S, ., and §,,, need not be determined.
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11.4.5 Design Response Spectrum.

Where a design response spectrum is required by this standard and site-specific ground motion
procedures are not used, the design response spectrum curve shall be developed as indicated in Fig. 11.4-1
and as follows:

1. For periods less than T}, the design spectral response acceleration, S, shall be taken as given by Eq.
11.4-5:

0

T
S, = Sus(0-4+0-6—) (11.4-5)

2. For periods greater than or equal to 7, and less than or equal to T, the design spectral response
acceleration, S, shall be taken equal to S .

3. For periods greater than T, and less than or equal to T, the design spectral response acceleration, S,
shall be taken as given by Eq. 11.4-6:

New Seismic Ground Motion Maps and Related Technical Changes

S
S, =2 11.4-6
«=77 ( )
4. For periods greater than 7, S, shall be taken as given by Eq. 11.4-7:
ST,
S, = % (11.4-7)
where
S,s = the design spectral response acceleration parameter at short periods
S, = the design spectral response acceleration parameter at 1-s period
T = the fundamental period of the structure, s
T, = 02°m
Sps
T, = =2 and
DS
T =

11.4.6 Risk-Targeted Maximum Considered (MCE) Response Spectrum
Where an MCE;, response spectrum is required, it shall be determined by multiplying the design
response spectrum by 1.5.

21.2.1 Probabilistic MCE_) Ground Motions MCE

The probabilistic MCE spectral response accelerations shall be taken as the spectral response
accelerations in the direction of maximum horizontal response represented by a 5 percent damped
acceleration response spectrum that is expected to achieve a 1 percent probability of collapse havinga-
2-percentprobability-of exeeedanee within a 50-year period. For the purpose of this standard, ordinates
of the probabilistic ground motion response spectrum shall be determined by either Method 1 of Section
21.2.1.1 or Method 2 of Section 21.2.1.2.
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21.2.1.1 Method 1

At each spectral response period for which the acceleration is computed, ordinates of the
probabilistic ground motion response spectrum shall be determined as the product of the risk coefficient.
C R and the spectral response acceleration from a 5 percent damped acceleration response spectrum
having a 2 percent probability of exceedance within a 50-year period. The value of the risk coefficient,
C Cps shall be determined using values of C rs-and C AL from Figs. 22-17 and 22-18, respectively. At spectral
response periods less than or equal to 0.2 s, Cshall be taken as equal to C,.. At spectral response periods
greater than or equal to 1.0 s, C,, shall be taken as equal to C, . At response e spectral periods greater than
0.2 s and less than 1.0 s, C,, shall be based on linear interpolation of C,. and C,,.

21.2.1.2 Method 2

At each spectral response period for which the acceleration is computed. ordinates of the
probabilistic ground motion response spectrum shall be determined from iterative integration of a site-
specific hazard curve with a lognormal probability density function representing the collapse fragility (i.c..
probability of collapse as a function of spectral response acceleration). The ordinate of the probabilistic
ground motion response spectrum at each period shall achieve a 1 percent probability of collapse within a
50-vear period for a collapse fragility having (i) a 10 percent probability of collapse at said ordinate of the
robabilistic ground motion response spectrum and (ii) a logarithmic standard deviation value of 0.6.

21.2.2 Deterministic (MCE_) Ground Motions MCE.

The deterministic spectral MCE response acceleration at each period shall be calculated as an.
84th-percentile +50-pereent-of thelargest median 5 percent damped spectral response acceleration in
the direction of maximum horizontal response computed at that period, The largest such acceleration
calculated for the characteristic earthquakes on all known active faults within the region_shall be used. For
the purposes of this standard, the ordinates of the deterministic MEE ground motion response spectrum
shall not be taken as lower than the corresponding ordinates of the response spectrum determined in
accordance with Fig. 21.2-1, where F_ and F, are determined using Tables 11.4-1 and 11.4-2, respectively,
with the value of S taken as 1.5 and the value of §, taken as 0.6.
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21.2.3 Site-Specific MCE.

The site-specific MCE, spectral response acceleration at any period, S,,,, shall be taken as the
lesser of the spectral response accelerations from the probabilistic ground motions MEE of Section 21.2.1
and the deterministic ground motions MEE of Section 21.2.2.

For clarity, Chapter 22 is not shown in strikeout and underline format. The following is ASCE 7-10
language. The terms “risk-adjusted” and ‘mapped MCE,” as used in ASCE 7-10 are corrected to
“risk-targeted” and “risk-targeted MCE”, respectively, per ASCE 7-10 Errata. For brevity, the new
MCE ; peak ground acceleration maps are not reprinted here.

See ASCE 7-10 Chapter 22 or the USGS website.

Chapter 22
SEISMIC GROUND MOTION LONG-PERIOD
TRANSITION AND RISK COEFFICIENT MAPS

Contained in this chapter are Figs. 22-1 through 22-6, which provide the risk-targeted maximum
considered earthquake (MCE) ground motion parameters S¢ and S,; Figs. 22-17 and 22-18 which provide
the risk coefficients C,¢ and C,,, and Figs. 22-12 through 22-15, which provide the long-period transition
periods T for use in applylng the seismic provisions of this standard. S is the risk-targeted MCEg, 5
percent damped spectral response acceleration parameter at short perlods as defined in Section 11.4.1.

S, is the risk-targeted MCE, ground motion, 5 percent damped, spectral response acceleration parameter
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at a period of 1 s as defined in Section 11.4.1. C, is the mapped risk coefficient at short periods used in
Section 21.2.1.1. C,, is the mapped risk coefficient at a period of 1 s used in Section 21.2.1.1. T} is the
mapped long-period transition period used in Section 11.4.5.

These maps were prepared by the United States Geological Survey (USGS) in collaboration with
the Building Seismic Safety Council (BSSC) Seismic Design Procedures Reassessment Group and the
American Society of Civil Engineers (ASCE) 7 Seismic Subcommittee and have been updated for the
2010 edition of this standard.

Maps of the MCE,, ground motion parameters, S; and S|, for Guam and American Samoa are not
provided because parameters have not yet been developed for those islands. Therefore, as in the 2005
edition of this standard, the parameters S, and S| shall be, respectively, 1.5 and 0.6 for Guam and 1.0 and
0.4 for American Samoa. Maps of the mapped risk coefficients, Cg and Cy,, are also not provided.

Also contained in this chapter are Figs. 22-7 through 22-11, which provide the maximum
considered earthquake geometric mean (MCE ) peak ground acceleration as a percentage of g for Site
Class B.

Analysis and Commentary

Incorporated through this change are new seismic hazard data developed by the United States Geological
Survey (USGS) National Seismic Hazard Mapping Project and related technical changes developed by the
Seismic Design Procedures Reassessment Group (SDPRG) of the Provisions Update Committee (PUC) of
the Building Seismic Safety Council (BSSC).

The USGS and the SDPRG worked together to update the seismic design maps and procedures
for the 2009 NEHRP Provisions. Four significant changes are made. 1) USGS has updated some source
zone models, have used Next Generation Attenuation (NGA) relationships, to the exclusion of the old
attenuation relationships, in the western United States, and have used new attenuation relationships in
addition to the old relationships in the central and eastern United States. The new relationships apparently
show that eastern earthquakes are much more like western earthquakes than was thought earlier, with
ground motion intensity dropping off more steeply with distance from the source than indicated by earlier
attenuation curves. As a result of all of this, ground motion— particularly long-period ground motion— has
decreased significantly (by 50% or more) in many parts of the United States. 2) Uniform-hazard ground
motion has now been replaced by risk-targeted ground motion. This switch from a 2% in 50-year hazard
level to a 1% in 50-year collapse risk target has resulted in up to 30% decreases in ground motion in high-
hazard areas of the central and eastern United States and in coastal Oregon. 3) A switch has been made
from “geo-mean” ground motions (square root of the product of ground motions in any two orthogonal
directions) to maximum direction ground motions. This has resulted in increases in short-period ground
motion by a factor of 1.1 and in long-period ground motion by a factor of 1.3. 4) Finally, deterministic
ground motions have been changed from 150% of median ground motions to 84" percentile ground
motions, which are 180% of median ground motions. The net result of these four major changes has been
that short-period ground motions have gone down rather substantially in the central and eastern United
States; elsewhere, status quo has by and large been maintained.

New Seismic Ground Motion Maps and Related Technical Changes

Two additional changes were made by the BSSC PUC for the 2009 NEHRP Provisions: (1)
renaming Maximum Considered Earthquake (MCE) ground motions as Risk-Targeted Earthquake (RTE)
ground motions and (2) using formulas that added transparency to the development of RTE ground
motions. The first change is incorporated in a modified form. The abbreviation RTE is not used in
ASCE 7-10. The term “ Risk-Targeted Maximum Considered Earthquake Ground Motion Response
Acceleration” is defined; however, the notation used to represent this term is MCE, The second change
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is not incorporated into ASCE 7-10. The equations added for transparency and the related maps are

consolidated or removed, so that users would continue to use the same equations in Section 11.4 as those
of ASCE 7-05.

STEPS INVOLVED IN THE CREATION OF ASCE 7-10 SEISMIC MAPS

Step 1 - Adjust ASCE 7-05 map which is based on uniform-hazard ground motions (Site Class B)
for target risk of collapse

Cr1S1un -- Map of

S1un - Uniform-hazard e
(21‘:2{4“'50)!73) map Crs ~ Risk coefficient ;r:t? a: Ihsttl:?sgi;o: nl:iivalent
(ASCE 7-05 Figure 22-2) map (ASCE 7-10 Fig. 22-18) ons (this is eq

to ASCE 7-10 Fig. 22-2, but

without deterministic cap)

Step 2 - Take minimum of probabilistic and deterministic ground motions (Site Class B) and create map

S -- Deterministic

Cr1Stun -~ Map of map (this map is not found §1 - Map of Site Class B
probabilistic ground in ASCE 7, but it is found in ground motions
motions (result of Step1) 2009 NEHRP Provisions Fig. 22-4 (ASCE 7-10 Fig. 22-2)

on www.bssconline.org)
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Step 3 - Adjust Site Class B ground motions for site conditions (e.g. Site Class D)

S1-- Map of Site Class B

: Fv - Site coefficient Sw -~ Site-adjusted risk-targeted
?Arglg;idm%tﬁgs 22:2) (Table 11-2) ground motions (Site Class D)
Site Sy
Class | <0.1 | 205 | ___
B 1.0 | 1.0 | =

D 24 | 15
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Part il

Chapter 12 Seismic Design
Requirements for Building
Structures

Design Coefficients and Factors for Seismic Force-Resisting

Systems of Steel and Wood
TABLE 12.2-Terrveoorvenieuosessessasssesssssssssensssssssssessssesssssenss e assessas st sas stsnssssssesssses et essssbsasessetsesessssensassssssnss

Design Coefficients and Factors for Autoclaved Aerated
Concrete (AAC) Masonry Seismic Force-Resisting Systems
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Seismic Design of Cold-Formed Steel - Special Bolted Moment

Frames
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R, C,,and Q, Values for Vertical Combinations
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Two-Stage Analysis Procedure
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Steel Cantilever Column Systems
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Steel Ordinary Moment Frames and Steel Intermediate Moment

Frames
5.7.3, I.’.E%H

12.2.5.6,12.2.5.6.1, 12.2.5.6.2, 12.2.5.7, 12.2.5.7.1, 12.2.5.7.2, 12.

(2]

Flexible Diaphragm Condition
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Horizontal Structural Irregularities
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Vertical Structural Irregularities
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Redundancy Provisions
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Increase in Forces Due to Irregularities for Seismic Design

v

Categories D through F g
LB R rmonnsronts sxosonioianic o i O B S R SRS s R AN R R 79 o
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De5|gn for Out-of-Plane Forces

!

Structural Separatlon and Property Line Setback
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Table 12.2-1

Design Coefficients and Factors for Seismic Force-Resisting Systems
of Steel and Wood other than 1) Cold-Formed Steel - Special Bolted
Moment Frames and 2)Cantilevered Column Systems (both discussed
separately in subsequent items)

At a Glance

Modification

Several modifications have been made in the entries for seismic force-resisting systems of steel and wood in
Table 12.2-1. The changes are sometimes in the system descriptions, sometimes in the detailing requirements
section references, and other times in the design coefficients and factors.

2010 Standard

Table 12.2-1: Design Coefficients and Factors for Seismic Force-Resisting Systems

Structural System Limitations

ASCE 7 R including Structural Height, /_(ft)
A esponse : RN n
S S Section Where : : Deflection Limits¢
Seismic Force-Resisting Detaili Modification | Overstrength Neoolifidat:
System s Coefficient Factor, Q¢ fpaicaon y ;
Requirements Ra 2 2l Factor, C Seismic Design Category
are Specified
B | c | b | e | F

(only entries with revisions are shown)
A. BEARING WALL SYSTEMS
13 Lighi-framed walls
‘.h Ea‘h !!i “.ilh “'!‘HEJ

b2 , - "
truetural-pan dlis 6% 4 NE [ NE 65 65 | 65
15. Light-frame
(wood) walls sheathed
with wood structural 14.5 6% 3 4 NL NL 65 65 65
panels rated for shear
resistance
16. Light-frame (cold-
formed steel) walls
sheathed with wood 141 6% 3 4 NL NL 65 65 65
structural panels rated SRS
for shear resistance or
steel sheets
17 H4. Light-fram ed ; wE
walls with shear panels | %13 o= 2 2} 2 NL | N | 35 [ ~e | NP
of all other materials ‘ -
18. 15 Light-framed
(cold-formed steel) wall | 14.1, H442- 5 4 ; " & <
systems using flat strap ated 143 4 - e NL NL 63 03 e
bracing
B. BUILDING FRAME SYSTEMS
1. Steel eccentrically
braced frames; mement-
FEsESHIE COPeCHORY 14.1 8 2 4 NL NL 160 160 100

POOM pue [231s JO swdisAs Busisay-23104 d1WSIAS 10) S10}de4 pue sjuapyao) ubisaqg | L-z'zL 3|qelL
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Systems of Steel and Wood

ing

Force-Resist

ismic

Table 12.2-1 | Design Coefficients and Factors for Se

Structural System Limitations

ASCE 7 including Structural Height, A (ft)
Lm g Section Where Res_pons_e Deflection Limits® i
Seismic Force-Resisting Detailing Modification | Overstrength Amplification
fici g " !
Sysem Requirements Coefgfwm, Raston &y Factor, C ? Seismic Design Category
are Specified
B € D4 E4 ke
PRI Fesint S Rt e 2 4 NE NL 160 160 100
E‘-}HH !E‘Iil;‘q.- ,!l i'ﬂlllHJH.'
‘d“»ﬂj‘l—m' ¥ H—LH'}LI -h‘.l‘
2.3. Steel special Steel
concentrically braced 14.1 6 2 5 NL NL 160 160 100
frames
3.4- Steel ordinary
Steel-concentrically 14.1 3% 2 3 NL NL 3514 35/ NPi
braced frames
22 23 Light-frame
(wood) walls sheathed 141 14142
with wood structural &nel I-1-‘i = 7 2 Vi 4 NL NL 635 65 65
panels rated for shear -
resistance er-steel-sheets
23. Light-frame (cold-
formed steel) walls
sheathed with wood
pRYA 4 14 g
structural panels rated 14.1 z — 4% NL NL 65 65 65
for shear resistance or
steel sheets
24, Light-framed walls _ =
with shear panels of all | 141 H=H4=2 2% 2% 2y NL [ NL | 35 | e | NP
L and 14.5
other materials
F4 F 2 Sla - el RRALS! RR o
25. Steel buckling-
restrained braced
frames—moment- 14.1 8 2 5 NL NL 160 160 100
eelaﬂ ;-'E.‘iBH.‘
26. Steel special steel- x
plate shear walls 14.1 7 2 6 NL NL 160 160 100
C. MOMENT-RESISTING FRAME SYSTEMS
1. Steel special steel 14.1 and - : )
moment frames 12:2:5:5 8 3 5% NL NL NL NL NL
2. Steel special steel ; s ;
truss moment frames 14.] ! 3 3% NL NL 160 100 NP
3. Steel int diat 12'2: 2 T3
- eel mtermediate "
steel moment I‘ramc: 2:2:5-%; 47 3 4 NL NL 35t NP | NPA!
) +22:5:9; and
14.1
12.2.5.6;
4. Steel ordinary steel 2257 . N ' 4 _— ;
moment frames 12258 and 3% . 3 NL NL NP | NP*L | NP
14,1
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Seismic Force-Resisting
System

ASCE 7
Section Where
Detailing
Requirements
are Specified

Response
Modification
Coefficient,
th

Overstrength
Factor, ¢

Deflection
Amplification
Factor, C

including Structural Height, A, (ft)

Limits®

Seismic Design Category

C D E"‘

hE

8. Steel and concrete
composite special
eonerete moment
frames

12.2.5.5 and
14.3

NL

NL NL NL

NL

9. Steel and concrete
composite intermediate
compeosite moment

frames

14.3

W

NL

NP

10. Steel and concrete
composite partially
restrained moment
frames

14.3

6

160

160 100 NP

NP

11. Steel and concrete

composite ordinary
eempesie moment

frames

e

NL

NP NP NP

NP

D. DUAL SYSTEMS
WITH SPECIAL
MOMENT FRAMES
CAPABLE OF
RESISTING AT
LEAST 25% OF
PRESCRIBED
SEISMIC FORCES

2. Steel special
concentrically braced
frames

14.1

NL

NL NL NL

NL

5. Steel and concrete
composite steel-and-
conerete eccentrically
braced frames

NL

NL NL NL

NL

6. Compesite Steel and
concrete composite
special concentrically
braced frames

6

NL

NL NL NL

NL

7. Steel and concrete
composite steel plate
shear walls

7Y

6

NL

NL NL NL

NL

8. Steel and concrete
composite special

conerete shear walls
with-steelelements

2%

6

NL

NL NL NL

NL

9. Steel and concrete
composite ordinary
i'ii!-ﬁpﬁ." i‘ ! FGIIH{QFi‘Ed
conerete shear walls
et stecheiomichis

14.3

(B
e

NL

NL NP NP

NP

12. Steel buckling-
restrained braced frames

14.1

NL

NL NL NL

NL

13. Steel special steel
plate shear walls

14.1

2%

6

NL

NL NL NL

NL
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Seismic Force-Resisting

ASCE 7
Section Where
Detailing

Response
Modification

Overstrength

Deflection
Amplification

Structural System Limitations
including Structural Height, & (ft)

Limits®

Coefficient,
Ra

System Factor, Q#

Requirements Factor, C} Seismic Design Category

are Specified

B C D4 E4 B

E. DUAL

SYSTEMS WITH
INTERMEDIATE
MOMENT FRAMES
CAPABLE OF 12.2.5.1
RESISTING AT
LEAST 25% OF
PRESCRIBED
SEISMIC FORCES
1. Steel special steel
concentrically braced 14.1 6 2% 3 NL NL 35 NP
frames/

\!I)nk

5. Steel and concrete
composite steel-and-
eenerete-special
concentrically braced
frames

14.3 5% 2 4% NL NL 160 100 NP

6. Steel and concrete
composite ordinary
compeosite braced

frames

14.3 3% 2% 3 NL NL NP NP NP

7. Steel and concrete
composite ordinary
conecrete shear walls

14.3

N
'
E oY

NL NL NP NP NP

Analysis and Commentary
The following describes the significant changes:

1. The material of construction now is almost always at the beginning of the description of a seismic force-
resisting system. For instance, it is now “Steel special concentrically braced frames,” rather than “Special
steel concentrically braced frames.”

2. Under Bearing Wall Systems and Building Frame Systems, “Light-frame walls sheathed with wood structural
panels rated for shear resistance or steel sheets” are now divided into two items — one, wood; the other, cold-
formed steel. The design coefficients and factors are not different for the two systems, but the referenced
Chapter 14 section numbers (Column 2) are different. Also, “Light-frame wall systems using flat strap
bracing” are now specifically indicated to be of cold-formed steel under Bearing Wall Systems.

3. Under Building Frame Systems, ASCE 7-05 included two different types of systems for both Eccentrically
Braced Frames (EBF) and Buckling Restrained Braced Frames (BRBF). The primary distinction between these
two subsystems was whether or not there were moment resisting beam-column connections within the braced
bays. Testing at UC Berkeley (Uriz and Mahin, 2004) has indicated that designs that do not properly account
for the stiffness and distribution of forces in braced frame connections may produce undesirable performance.
ASCE 7-10 consolidates the EBF and BRBF building frame systems into a single designation, with proper
consideration of the beam-column connection demands. The change allows the engineer to either provide a
fully restrained moment connection meeting the requirements for ordinary moment connections in AISC 341,
thereby directly providing a load path to resist the connection force and deformation demands, or to provide
a connection with the ability to accommodate the potential rotation demands. An example of this would be a
configuration tested at Lehigh University (Fahnestock et al., 2006), shown in Figure 1 of the cited reference
that effectivelv formed a pinned condition in the beam iust bevond the beam-column-brace connection.

Table 12.2-1 | Design Coefficients and Factors for Seismic Force-Resisting Systems of Steel and Wood
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References: i
Uriz, P. and Mabhin, S. A., “Seismic Performance Assessment of Concentrically Braced Steel Frames,” g_
Proceedings of the 13th World Conference on Earthquake Engineering; Vancouver, B.C., Canada, August Y
1-6, 2004, Paper No. 1639. -N-'
. . . N
Fahnestock, L. A., Ricles, J. M., and Sause, R., “Experimental Study of a Large-Scale Buckling -
Restrained Frame Using the Psudo-Dynamic Testing Method,” Proceedings of the 8th National —
Conference on Earthquake Engineering, San Francisco, CA, April, 2006. E
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Table 12.2-1

At a Glance

Addition

Design Coefficients and Factors for Autoclaved Aerated Concrete (AAC)
Masonry Seismic Force-Resisting Systems

Bearing wall systems consisting of ordinary reinforced and ordinary plain autoclaved aerated concrete
(AAC) masonry shear walls are added to Table 12.2-1.

2010 Standard
Table 12.2-1: Design Coefficients and Factors for Seismic Force-Resisting Systems
ASCE 7 Structural System Limitations and
Seismic Force-Resisting Section Re‘spom.e Deflection Building Height, & (ft) Limits
System Whees Modinesion Overstrength | Amplification ismi ien C
Detailing Coefficient, : Seismic Design Category
: Factor, Q¢ Factor, C
Requirements R° ‘ 7 7 A
PR B & D ES Fe
are Specified
A. Bearing Wall Systems
13. Ordinary
reinforced AAC 144 2 25 2 NL 35 NP NP NP
masonry shear walls
14. Ordinary plain
AAC masonry 144 1% 2l 1% NL NP NP NP NP
shear walls

Analysis and Commentary

Seismic design factors and height restrictions for masonry structural systems made of autoclaved aerated

concrete (AAC) are introduced in Table 12.2-1. The values and restrictions are consistent with those in
2009 IBC Section 1613.6.4.

The technical basis for AAC masonry shear wall systems includes system-level testing as well

as component testing; it includes the precursor of today’s ATC-63 approach (based on a 10% probability
of collapse under MCE); and it includes comparison with values for similar current systems. That basis
has been published in theses, dissertations, reports, and refereed journal publications. Three of the most

accessible references are:

Table 12.2-1 | Design Coefficients and Factors for Autoclaved Aerated Concrete (AAC)

Tanner, J.E., Varela, J.L., and Klingner, R.E., “Design and Seismic Testing of a Two-story Full-scale
Autoclaved Aerated Concrete (AAC) Assemblage Specimen,” Structural Journal, American Concrete
Institute, Farmington Hills, Michigan, Vol. 102, No. 1, January - February 2005, pp. 114-119.

Tanner, J.E., Varela, J.L., Klingner, R.E., Brightman M. J., and Cancino, U., “Seismic Testing of
Autoclaved Aerated Concrete (AAC) Shear Walls: A Comprehensive Review,” Structural Journal,
American Concrete Institute, Farmington Hills, Michigan, Vol. 102, No. 3, May - June 2005, pp. 374-382.

Varela, J. L., Tanner, J. E., and Klingner, R. E., “Development of Seismic Force Reduction and
Displacement Amplification Factors for Autoclaved Aerated Concrete Structures,” Earthquake Spectra,
Vol. 22, No.1, February 2006, pp. 267-286.
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Laying AAC masonry units using thin-bed mortar and toothed trowel
www.masonrymagazine.com
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An AAC masonry hotel in Las Palmas, Mexico, where AAC masonry
elements are used as structural members as well as cladding
Courtesy: Autoclaved Aerated Concrete Products Association
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

At a Glance

2010 Standard

Copyrighted Materials

Copyright © 2011 American Society of Civil Engineers

(ASCE) Retrieved from www.knovel.com

Table 12.2-1

Seismic Design of Cold-Formed Steel - Special Bolted Moment Frames

Addition

A new moment-resisting frame system, cold-formed steel - special bolted moment frame, is added to
Table 12.2-1 and modifications are made to the new referenced standard for the system.

Table 12.2-1: Design Coefficients and Factors for Seismic Force-Resisting Systems

ASCE 7 Structural System Limitations and
Seismic Force-Resisting Section Respone Deflection Building Height, /4, (ft) Limits®
System Where Modification : e e -
Detailing Coefficient Overstrength | Amplification Seismic Design Category
Reaiinrents Ra > | Factor, Q8 Factor, C*
2 B ef d e
are Specified < B B ¥
C. Moment-Resisting Frame Systems
12. Cold-formed steel —
special bolted moment 14.1 3% 3¢ 3.5 35 35 35 35 35
frame?

o Alternately, the seismic load effect with overstrength, £ ,. can be based on the expected strength

determined in accordance with AISI S1190.

rrrrr

2 Cold-formed steel — special bolted moment frames shall be limited to one-story in height in

accordance with AISI S110.

1. AISC 360
. AISC 341
. AISI S100
. AISTS110
. AISI S230
. AISI S213
. ASCE 19
. ASCE 8
. SJI-K-1.1
. SJI-LH/DLH-1.1
. SJI-JG-1.1
. SJI-CJ-1.0

Table 12.2-1 | Seismic Design of Cold-Formed - Steel Special Bolted Moment Frames
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14.1.1 Reference Documents
The design, construction, and quality of steel members that resist seismic forces shall conform to
the applicable requirements, as amended herein, of the following:
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14.1.3 1412 Cold-Formed Steel

14.1.3.1 General

The design of cold-formed carbon or low-alloy steel structural members to-resist-seismie loads
shall be in accordance with the requirements of AISI S100 and the design of cold-formed stainless
steel structural members te-resist-seismiedoads shall be in accordance with the requirements of ASCE
8. Where required, the seismic design of cold-formed steel structures shall be in accordance with the

additional provisions of Section 14.1.3.2.

14.1.3.2 Seismic Requirements for Cold-Formed Steel Structures

Where a response modification coefficient, R, in accordance with Table 12.2-1 is used for the
design of cold-formed steel structures, the structures shall be designed and detailed in accordance with
the requirements of AISI S100. ASCE 8. and AISI S110 as modified in Section 14.1.3.3.

14.1.3.3 Modifications to AISI S110

The text of AISI S110 shall be modified as indicated in Sections 14.1.3.3.1 through 14.1.3.3.5.
Italics are used for text within Sections 14.1.3.3.1 through 14.1.3.3.5 to indicate requirements that differ
from AISI S110.

14.1.3.3.1 AISI 5110, Section D1 Modify Section D1to read as follows:

DI Cold-Formed Steel Special Bolted Moment Frames (CFS-SBMF)

Cold-formed steel-special bolted moment frame (CFS-SBMF) systems shall withstand significant
inelastic deformations through friction and bearing at their bolted connections. Beams, columns, and
connections shall satisfy the requirements in this section. CFS-SBMF systems shall be limited to one
story structures, no greater than 35 feet in height, without column splices and satisfying the requirements
in this section. The CFS-SBMEF shall engage all columns supporting the roof or floor above. The single
size beam and single size column with the same bolted moment connection detail shall be used for each
frame. The frame shall be supported on a level floor or foundation.

14.1.3.3.2 AISI S110, Section D1.].1 Modify Section D1.1.1 to read as follows:

DI1.1.1 Connection Limitations

Beam-to-column connections in CFS-SBMF systems shall be bolted connections with snug-tight
high-strength bolts. The bolt spacing and edge distance shall be in accordance with the limits of AISI
S100, Section E3. The 8-bolt configuration shown in Table D1-1 shall be used. The faving surfaces of the
beam and column in the bolted moment connection region shall be free of lubricants or debris.

sawel4 Juawoyy pajjog jenads |231S - pawio4-p|o) jo ubisag dwsias | L-z'ZL 3|qel

14.1.3.3.3 AISI S110, Section D1.2.1 Modify Section D1.2.1 and add new Section D1.2.1.1 to read as
follows:

DI1.2.1 Beam Limitations

In addition to the requirements of Section D1.2.3, beams in CFS-SBMF systems shall be ASTM
A653 galvanized 55 ksi (374 MPa) yield stress cold-formed steel C-section members with lips, and
designed in accordance with Chapter C of AISI S100. The beams shall have a minimum design thickness
of0.105 in. (2.67 mm). The beam depth shall be not less than 12 in. (305 mm) or greater than 20 in. (508

mm). The flat depth-to-thickness ratio of the web shall not exceed 6-18\/E/F,
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D1.2.1.1 Single-Channel Beam Limitations
When single-channel beams are used, torsional effects shall be accounted for in the design.

14.1.3.3.4 AISI S110, Section D1.2.2 Modify Section D1.2.2 to read as follows:

DI1.2.2 Column Limitations

In addition to the requirements of D1.2.3, columns in CFS-SBMF systems shall be 4ASTM A500
Grade B cold-formed steel hollow structural section (HSS) members painted with a standard industrial
finished surface, and designed in accordance with Chapter C of AISI S100. The column depth shall be not
less than 8 in. (203 mm) or greater than 12 in.(305 mm). The flat depth-to-thickness ratio shall not exceed

140\/E/F, .

14.1.3.3.5 AISI S110, Section D1.3 Delete text in Section D1.3 to read as follows:

D1.3 Design Story Drift

Where the applicable building code does not contain design coefficients for CSF-SBMF systems.
the provisions of Appendix 1 shall apply.
For structures having a period less than T, as defined in the applicable building code, alternate

methods of computing A shall be permitted, provided such alternate methods are acceptable to the
authority having jurisdiction.

Chapter 23
SEISMIC DESIGN REFERENCE DOCUMENTS

ANSI/AISI S110

Sections 14.1.1, 14.1.3.2, 14.1.3.3, Table 12.2-1

Standard for Seismic Design of Cold-Formed Steel Structural Systems —
Special Bolted Moment Frames, 2007

Analysis and Commentary

A newly defined seismic force-resisting system entitled “Cold-formed Steel — Special Bolted Moment
Frame” or CFS-SBMF is introduced in Table 12.2-1. Also, the first edition of AISI S110, Standard for
Seismic Design of Cold-Formed Steel Structural Systems — Special Bolted Moment Frames, which is
based upon research conducted by Uang and Sato at UCSD (2007), is adopted. The standard provides
design provisions for the new system, which is expected to experience substantial inelastic deformations
during significant seismic events. [t is intended that most of the inelastic deformations will take place

at the bolted connections, due to slip and bearing. In order to develop the designated mechanism,
requirements based on capacity design principles are provided for the design of the beams, the columns,
and the associated connections. Additionally, the document has specific requirements for the application
of quality assurance and quality control procedures.

Table 12.2-1 | Seismic Design of Cold-Formed - Steel Special Bolted Moment Frames

In Appendix 1, AIST S110 makes recommendations for the seismic design coefficients of the
CFS-SBMF system. Cyclic testing has shown that CFS-SBMFs have very large ductility and significant
hardening. Thus, R is set at 3.5. The derivation of the deflection amplification factor, C,, can be found in
AISI S110 Commentary Section D1.3. A capacity design procedure has been provided in Section D1.5
of AISI S110 Commentary such that the designer can explicitly calculate the seismic load effect with
overstrength, £, at the design story drift level. Alternatively, a conservative system overstrength factor,
€2, is also provided to be compatible with the conventional approach to computing £,, in ASCE 7.
Finally the height limitation of 35 ft for all SDCs is based on practical use only and not from any limits
on the CFS-SBMF system strength.
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The modifications to AISI S110 (2007 edition) are explained below:

* In Section 14.1.3.3.1, the language was modified to reflect that CFS-SBMF needs to use same-
size beams and same-size columns throughout. In addition, the system needs to engage all
primary columns, which support the roof or floor above, and those columns need to be supported
on a level floor or foundation.

* In Section 14.1.3.3.2, the modifications were made for consistency with the test database.

* In Section 14.1.3.3.3, the modifications were made to be consistent with the test database (Uang
and Sato, 2007); limitations on beam depth, steel grade, and surface treatment are added in
Section D1.2.1 of AISI S110.

* In Section 14.1.3.3.4, the language was modified to be consistent with the test database (Uang
and Sato, 2007); limitations on column depth, steel grade, and surface treatment are added in
Section D1.2.2 of AISI S110. The width-thickness ratio was reduced based upon further review of
the test specimens.

* Asto Section 14.1.3.3.5, AISI S110 is intended primarily for industrial platforms; however,
the standard is not limited to these non-building structures and does not prohibit architectural
attachments (such as partition walls). Thus, the ASCE 7 Seismic Subcommittee requested that
ASCE 7 Section 12.12 not be overwritten by AISI S110. Therefore, the 0.05/4 drift limit in
Section D1.3 of AISI S110 has been eliminated in deference to the design story drift limits found
in ASCE 7 Section 12.12. In addition, the first sentence in AISI S110 Section D1.3 was deleted
because it was considered commentary.
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Example of a Cold-Formed Steel — Special Bolted Moment Frame
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12.2.3.1 Modification

R, C, and Q, Values for Vertical Combinations

At a Glance
Where a structure has a vertical combination of structural systems in the same direction, the calculation of
seismic design coefficients is clarified.

2010 Standard

12.2.3.1 R, C,, and Q, Values for Vertical Combinations
Where a structure has a vertical combination in the same direction, the following requirements shall

apply:-The-valu yshatlne

1. Where the lower system has a lower Response Modification Coefficient, R, the design coefficients

(R Q. and C ) for the upper system are permitted to be used to calculate the forces and drifts of the
upper system. For the design of the lower system, the design coefficients (R, , and C ) for the lower
system shall be used. Forces transferred from the upper system to the lower system shall be increased
by multiplying by the ratio of the higher response modification coefficient to the lower response
modification coefficient.

12.2.3.1 | R, C;, and Q, Values for Vertical Combinations

2. Where the upper system has a lower Response Modification Coefficient, the Design Coefficients (R,
_QQ, and CQ,) for the upper system shall be used for both systems.

(No change to exceptions)

Analysis and Commentary

This modification clarifies the calculation of seismic design coefficients where a lower portion of the
structure has design coefficients that differ from those for the upper portion. The change looks almost

like an editorial change. But it is in fact quite a substantive change, as indicated in the two figures on

next page. When different lateral force-resisting systems are vertically stacked, the ASCE 7-05 rules
concerning seismic design coefficients was that the R-value could not increase and that the values of Q,
and C, could not decrease as one went down a building. According to ASCE 7-10, the R-value still cannot
increase as one goes down a building. However, Q and C,now must always correspond to the R-value.

58 Partlll - Chapter 12 Seismic Design Requirements for Building Structures




Significant Changes to the Seismic Load Provisions of ASCE 7-10

—
T T T T N
R=8,C4=5.5,0,=3 8.5.5,3 5,5,2.5 R=8,C4=5.50Q,=3 8,5.5,3 'LJ
W
8,55,3 5,5,2.5 8,5.5,3 —
A . -
8,553 |5.5.25 | R=5,04=5,0=25 5,5.5,3 =
N
5.5.5.3 5.5.5,3 5,5.5,3 b
o
=3
5,5.5,3 R=8,C4=5.5,0,=3 5.5.5.3 R=8,C4=5.5 0= 3 5,5.5,3 [«
o]
(=]
5,5.5,3 5.5.5,3 5,5.5,3 <
' 1 1 4L 1 I i i L it o
=
(1]
K w
R: Cannot increase as you go down Y
C,and Q,: Cannot decrease as you go down =
>
ASCE 7-05 Vertical Combinations =
Courtesy: S.K. Ghosh Associates Inc. a
N
2
=
3
Y]
Lo
(=]
3
T T = S T T T w
R=8,C4=550,=3 8,55 3 [N N N 5.5.2.5 R=8,Cy=55,0=3 8,5.5.3
8,553 BN R-5 C,=50,=25 5,5,2.5 8,5.5,3
8,5.5,3 D R 5,525 R=5,C4=5,0,=2.5 5,5,2.5
5,525 5,5,2.5 5,5,2.5
R=5,C4=5,0=25 N 5,5,2.5 R=8,C4=55, (=3 5,5,2.5 R=8,C4=5.5, =3 5,5,2.5
5,5,2.5 L5,5.2.5 J- L

R: Cannot increase as you go down
C,and Q,: Always correspond to R

ASCE 7-10 Vertical Combinations
Courtesy: S.K. Ghosh Associates Inc.

Part Ill - Chapter 12 Seismic Design Requirements for Building Structures 59




Significant Changes to the Seismic Load Provisions of ASCE 7-10

12.2.3.2 Modification

Two-Stage Analysis Procedure

At a Glance
Two-stage analysis procedure for structures having a flexible upper portion above a rigid lower portion is
clarified.

2010 Standard

12.2.3.2 Two Stage Analysis Procedure
A two-stage equivalent lateral force procedure is permitted to be used for structures having a

flexible upper portion above a rigid lower portion, provided that-the design of the structure complies with
all of the following:

a. The stiffness of the lower portion mustshall be at least 10 times the stiffness of the upper portion.

b. The period of the entire structure shall not be greater than 1.1 times the period of the upper portion
considered as a separate structure fixed supported at the base-transition from the upper to the lower
portion.

c¢. The flexible upper portion shall be designed as a separate structure using the appropriate values of R
and p.

12.2.3.2 | Two-Stage Analysis Procedure

d. The rigid lower portion shall be designed as a separate structure using the appropriate values of R
and p. The reactions from the upper portion shall be those determined from the analysis of the upper
portion amplified by the ratio of the R/p of the upper portion over R/p of the lower portion. This ratio
shall not be less than 1.0.

e. The upper portion is analyzed with the equivalent lateral force or modal response spectrum procedure
and the lower portion is analyzed with the equivalent lateral force procedure.

Analysis and Commentary

The location of the “base” in Condition (b) of the two-stage equivalent lateral force procedure is clarified.
Section 11.2 defines “base” as the “level at which the horizontal seismic ground motions are considered to
be imparted to the structure.” Condition (b) of the two-stage equivalent lateral force procedure intends to
reference the base of the upper portion of the structure, not the base of the entire structure. The definition
of “base,” however, applies to the entire structure.

Item e in Section 12.2.3.2 is added to clarify that a static or dynamic analysis can be performed
on the upper portion and that a static analysis is to be performed on the lower portion. Since the lower
portion is stiff, its seismic response will be dominated by the fundamental mode which makes equivalent
static analysis the logical choice.

The other proposed changes are editorial. Adding “all of” in the charging language makes it clear
that all of the conditions are required to be met. In Condition (a), “must” is changed to “shall” because
“must” is not appropriate code language. In Conditions (c) and (d), “flexible” and “rigid” are deleted
because they are redundant. The requirements for a flexible upper portion and a rigid lower portion are
established in the charging language.
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Flexible upper portion: design using Rypper and pypper

Rigid lower portion:
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Conditions for Using Two Stage Analysis Procedure
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12.2.5.2, Modification
Table 12.2-1 and Clarification

Steel Cantilever Column Systems

At a Glance
Requirements for steel cantilever column systems are coordinated with the 2010 edition of AISC 341 and
a footnote to Table 12.2-1 regarding the reduction of Q,, is clarified.

2010 Standard

12.2.5.2 Cantilever Column Systems
Cantilever column systems are permitted as indicated in Table 12.2-1 and as follows. The required axial

strength of axiaHead-en individual cantilever column elements, considering only the load combinations
that include seismic load effects, ealculated-inaccordance-with-theload-combinations-of Section23 shall

not exceed 15 percent of the available axial strength design-strength-of the-eolumn-toresist-axtal-loads-

#lonre, including slenderness effects. erforalowable-stress-design-the-axial-load-stress-on-individual-

Foundation and other elements used to provide overturning resistance at the base of cantilever
column elements shall be designed to resist the seismic load effects including overstrength factor of
Section 12.4.3.

12.2.5.2, Table 12.2-1 | Steel Cantilever Column Systems
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Table 12.2-1: Design Coefficients and Factors for Seismic Force-Resisting Systemss

Significant Changes to the Seismic Load Provisions of ASCE 7-10

1
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(No changes to remainder of table entries)

¢Where tThe tabulated value of the overstrength factor, €, is greater than or equal to 2 %5, Q) is permitted
to be reduced by subtracting the value of 1/2 ene-half for structures with flexible diaphragms;-but-shall-
n oo le I A W . Have A-SvStems
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Analysis and Commentary

ASCE 7-05 contained provisions for steel ordinary, intermediate as well as special cantilever column
systems. In previous editions, AISC 341 did not explicitly address cantilever column systems.
Consequently, the resulting set of requirements associated with each system was vague, confusing, and
potentially incomplete.

Modifications made to Section 12.2.5.2 and Table 12.2-1 have been coordinated with parallel
changes in the 2010 edition of AISC 341. The completed edition of AISC 341-10 contains specific
requirements for just two cantilevered column systems — ordinary and special. The special cantilevered
column system utilizes the appropriate compactness and strength requirements for special moment
frame columns and their connections. However, stability bracing of the columns is permitted to meet the
requirements for moderately ductile members. This is believed to be reasonable given the already low
R-factor assigned for these systems; the use of amplified forces in their design; and, the fact that stability
bracing has never been required before on these types of systems. The ordinary cantilevered column
system requirements are based on those for ordinary moment frame columns and their connections. AISC
341-10 does not have separate requirements for intermediate cantilevered column systems.

The reduction in the overstrength factor, ), permitted by footnote g of Table 12.2-1, is clarified.
Neither the reduction by subtracting % nor the 2.0 limit applies to cantilevered column systems, for
which the value of Q, is 174 or 1%2. Also, the words “one-half” were confusing and could be construed to
erroneously mean one half of € rather than the value of 72.

12.2.5.2, Table 12.2-1 | Steel Cantilever Column Systems

——

‘-I I‘."L.-Q‘.-_i__s

Gas station canopies are typically cantilevered column systems.
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12.2.5.4 Modification

Height Limit for o o
Special Steel Plate Shear Walls and Addltlon

At a Glance
Increased building height limits for steel braced frames and special reinforced concrete shear walls is
extended to Steel Special Plate Shear Walls

2010 Standard

12.2.5.4 Increased Structural Height Limit for Steel Eccentrically Braced Frames, Steel Special Con-
centrically Braced Frames, Steel Buckling-restrained Braced Frames, Steel Special Plate Shear Walls
and Special Reinforced Concrete Shear Walls

The limits on structural height, /2, in Table 12.2-1 are permitted to be increased from 160 ft (50
m) to 240 ft (75 m) for structures assigned to Seismic Design Categories D or E and from 100 ft (30 m)
to 160 ft (50 m) for structures assigned to Seismic Design Category F provided the seismic force-resisting
systems are limited to steel eccentrically braced frames, steel special concentrically braced frames, steel
buckling-restrained braced frames. steel special plate shear walls or special reinforced concrete cast-in-
place shear walls and thatmeet both of the following requirements are met :

1. The structure shall not have an extreme torsional irregularity as defined in Table 12.2-1
(horizontal structural irregularity Type 1b).

2. The steel eccentrically braced frames, steel special concentrically braced frames. steel buckling
restrained braced frames, steel special plate shear walls or special reinforced cast-in-place
concrete shear walls in any one plane shall resist no more than 60 percent of the total seismic
forces in each direction, neglecting accidental torsional effects.

slleM Jeays aje|d [233s [e1ads 10y 3w WY6IBH | ¥'S°T°TL

Analysis and Commentary

Steel Special Plate Shear Wall systems were first introduced in the 2005 editions of ASCE 7 and AISC
341. During the incorporation of the seismic design parameters and height limitations for the system
into ASCE 7-05 Table 12.2-1, the inclusion of this system in the permitted height increase of ASCE
7-05 Section 12.2.5.4 was overlooked. This modification includes these systems in the permitted height
increase of ASCE 7-10 Section 12.2.5.4.

The other changes are made so that terminology in Section 12.2.5.4 corresponds fully to that in
Table 12.2-1.

= P DEAT 0, WA

Special Steel Plate Shear Walls
Courtesy: American Institute of Steel Construction (AISC)

Part Il - Chapter 12 Seismic Design Requirements for Building Structures




Significant Changes to the Seismic Load Provisions of ASCE 7-10

.2.5.6,12.2.5.6
2:3:0.2, 12.2.5
.2.5.7.1,12.2.5.

12.2.5.7.3,12.2.5.8

Steel Ordinary Moment Frames and Steel Intermediate Moment Frames

, Modification

1
7, and Addition
7.2,

—) ) wd
NNN
NNN
NN WO

At a Glance
Provisions concerning restrictions on ordinary and intermediate moment frames in high seismic design

categories are reorganized. Exceptions are added for steel industrial buildings.

2010 Standard

12.2.5.6,12.2.5.6.1,12.2.5.6.2,12.2.5.7, 12.2.5.7.1, 12.2.,5.7.2, 12.2.5.7.3; 12.2.5.8
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12.2.5.6 Steel Ordinary Moment Frames
12.2.5.6.1 Seismic Design Category D or E

a. Single-story steel ordinary moment frames in structures assigned to Seismic Design Category D or
E are permitted up to a structural height, 4 , of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kKN/m2). In addition, the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf

(0.96 kKN/m?).

EXCEPTION: Single-story structures with steel ordinary moment frames or intermediate
moment frames whose purpose is to enclose equipment or machinery and whose occupants are
engaged in maintenance or monitoring of that equipment, machinery, or their associated processes

shall be permitted to be of unlimited height where the sum of the dead and equipment loads supported
by and tributary to the roof does not exceed 20 psf (0.96 kN/m2). In addition, the dead load of the

exterior wall system including exterior columns more than 35 ft (10.6 m) above the base shall not
exceed 20 psf (0.96 kN/m?2). For determining compliance with the exterior wall or roof load limits,
the weight of equipment or machinery, including cranes, not self-supporting for all loads shall be
assumed fully tributary to the area of the adjacent exterior wall or roof not to exceed 600 ft2 (55.8 m?)
regardless of their height above the base of the structure.

b. Steel ordinary moment frames in structures assigned to Seismic Design Category D or E not meeting
the limitations set forth in Section 12.2.5.6.1.a are permitted within light-frame construction up to a

structural height, hu, of 35 ft (10.6 m) where neither the roof dead load nor the dead load of any floor
above the base supported by and tributary to the moment frames exceeds 35 psf (1.68 kN/m2). In
addition, the dead load of the exterior walls tributary to the moment frames shall not exceed 20 psf

(0.96 kN/m2).

12.2.5.6.2 Seismic Design Category F. Single-story steel ordinary moment frames in structures assigned
to Seismic Design Category F are permitted up to a structural height, /2 , of 65 ft (20 m) where the dead
load supported by and tributary to the roof does not exceed 20 psf (0.96 kN/m2). In addition, the dead
load of the exterior walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?).
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12.2.5.7 Steel Intermediate Moment Frames
12.2.5.7.1 Seismic Design Category D

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
D are permitted up to a structural height, 4 , of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m2). In addition, the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf

(0.96 kKN/m?).

EXCEPTION: Single-story structures with steel intermediate moment frames whose purpose
is to enclose equipment or machinery, and whose occupants are engaged in maintenance or monitor-

ing of that equipment, machinery, or their associated processes shall be permitted to be of unlimited
height where the sum of the dead and equipment loads supported by and tributary to the roof does not
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exceed 20 psf (0.96 kKN/m2). In addition, the dead load of the exterior wall system including exterior
columns more than 35 ft (10.6 m) above the base shall not exceed 20 psf (0.96 kKN/m?2). For deter-

mining compliance with the exterior wall or roof load limits, the weight of equipment or machinery,

including cranes, not self-supporting for all loads shall be assumed fully tributary to an area of the
adjacent exterior wall or roof not to exceed 600 ft2 (55.8 m2) regardless of their height above the base
of the structure.

b. Steel intermediate moment frames in structures assigned to Seismic Design Category D not meeting
the limitations set forth in Section 12.2.5.7.1.a are permitted to a structural height, hu. of 35 ft (10.6

m).

12.2.5.7.2 Seismic Design Category E

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
E are permitted up to a structural height, / , of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m?2). In addition. the dead load of the exterior
walls more than 35 ft (10.6 m) above the base tributary to the moment frames shall not exceed 20 psf

(0.96 kN/m2).

EXCEPTION: Single story structures with steel intermediate moment frames whose purpose
is to enclose equipment or machinery and whose occupants are engaged in maintenance or monitor-
ing of that equipment, machinery, or their associated processes shall be permitted to be of unlimited
height where the sum of the dead and equipment loads supported by and tributary to the roof does not
exceed 20 psf (0.96 kN/m?). In addition, the dead load of the exterior wall system including exterior
columns more than 35 ft (10.6 m) above the base shall not exceed 20 psf (0.96 kN/m?2). For deter-
mining compliance with the exterior wall or roof load limits, the weight of equipment or machinery,
including cranes, not self-supporting for all loads shall be assumed fully tributary to the area of the
adjacent exterior wall or roof not exceeding 600 ftZ (55.8 m?2) regardless of their height above the base
of the structure.

b. Steel intermediate moment frames in structures assigned to Seismic Design Category E not meeting
the limitations set forth in Section 12.2.5.7.2.a are permitted to a structural height, 4 , of 35 ft (10.6
m) where neither the roof dead load nor the dead load of any floor above the base supported by and
tributary to the moment frames exceeds 35 psf (1.68 kN/m?2). In addition, the dead load of the exterior
walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?2).

12.2.5.7.3 Seismic Design Category F

a. Single-story steel intermediate moment frames in structures assigned to Seismic Design Category
F are permitted up to a structural height, & , of 65 ft (20 m) where the dead load supported by and
tributary to the roof does not exceed 20 psf (0.96 kN/m2). In addition, the dead load of the exterior
walls tributary to the moment frames shall not exceed 20 psf (0.96 kN/m?).

12.2.5.6, 12.2.5.6.1, 12.2.5.6.2, 12.2.5.7, 12.2.5.7.1, 12.2.5.7.2, 12.2.5.7.3, 12.2.5.8

b. Steel intermediate moment frames in structures assigned to Seismic Design Category F not meeting
the limitations set forth in Section 12.2.5.7.3.a are permitted within light-frame construction up to a
structural height, /4 , of 35 fi (10.6 m) where neither the roof dead load nor the dead load of any floor
above the base supported by and tributary to the moment frames exceeds 35 psf (1.68 kN/m2). In
addition, the dead load of the exterior walls tributary to the moment frames shall not exceed 20 psf

(0.96 kKN/m?).

12.2.5.8 122510 Shear Wall-Frame Interactive Systems
The shear strength of the shear walls of the shear wall-frame interactive system shall be at least 75
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percent of the design story shear at each story. The frames of the shear wall-frame interactive system shall
be capable of resisting at least 25 percent of the design story shear in every story.

Analysis and Commentary

ASCE 7-05 Sections 12.2.5.6 through 12.2.5.9 are reorganized in a significant way to remove
inconsistencies and to improve readability. The new organization follows the simpler organization of
Table 12.2-1, starting with the seismic force-resisting systems followed by Seismic Design Categories.

In addition, exceptions are added. These exceptions were developed at an AISC- sponsored
Industrial Building and Seismic Design Summit Meeting held in January 2009. The purpose of the
meeting was to find safe and suitable solutions to address the problems industrial buildings had in
meeting the system and height limitations in ASCE 7-05 Table 12.2-1.

Ordinary steel moment-frame construction has been used for many years for tall, single-
story buildings used in a variety of applications including mill buildings, aircraft maintenance and
assembly structures, and similar applications. The performance of these structures in past strong motion
earthquakes has reportedly been satisfactory.

Despite the repeated good performance of such structures, ASCE 7-05 prohibited the use
of ordinary and intermediate moment frames in higher seismic design categories for many of these
structures. New exceptions are added for SDC D and E ordinary and intermediate moment frames to
allow this group of structures that has historically performed well.

The following important items are worth noting:
1. To allow unlimited height, the sum of the dead and equipment load cannot be greater than 20 psf.
2. The exterior wall weight must include the weight of exterior columns.

3. For the case when cranes or other equipment are not self-supporting for all loads (i.e., supported for
vertical loads and/or laterally braced by columns that are part of or stabilized by OMF/IMF frames),
the operating weight must be treated as fully tributary (100%) to either the adjacent exterior wall
when located in an exterior bay or to the adjacent roof when located in an interior bay. The tributary
area used for weight distribution must not exceed 600 square feet (weights in exterior bays can also
be tributary to the roof if desired).
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Crane self-supporting for vertical loads but not self-supporting for lateral loads

12.2.5.6, 12.2.5.6.1, 12.2.5.6.2, 12.2.5.7, 12.2.5.7.1, 12.2.5.7.2, 12.2.5.7.3, 12.2.5.8

Crane not self-supporting for vertical and lateral loads
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12.3.1.1 Addition

Flexible Diaphragm Condition

At a Glance

A new prescriptive condition is added for flexible diaphragm classification for light-frame construction.

2010 Standard

12.3.1.1 Flexible Diaphragm Condition

Diaphragms constructed of untopped steel decking or wood structural panels are permitted to be idealized
as flexible if any of the following conditions exist:

uonipuo) wbesydeiga|qixald | L'L'€TL

a. In structures where the vertical elements are steel braced frames, steel and concrete composite braced
frames or concrete. masonry, steel, or steel and concrete composite shear walls.

b. In one- and two-family dwellings.
¢. In structures of light-frame construction where all of the following conditions are met:

1. Topping of concrete or similar materials is not placed over wood structural panel diaphragms
except for nonstructural topping no greater than 1% in. (38 mm) thick.

2. Each line of vertical elements of the seismic force-resisting system complies with the allowable
story drift of Table 12.12-1.

Analysis and Commentary

ASCE 7-05 Section 12.3.1.1 set forth conditions under which certain diaphragms may be considered
flexible for the purposes of lateral force distribution. 2006 IBC (Section 1613.6.1) modified this ASCE
7-05 section to add one set of other conditions, the satisfaction of which would qualify a diaphragm as
flexible. This modification was continued in the 2009 IBC. An abbreviated set of the conditions included
in this IBC modification is now part of ASCE 7-10.

The additional set of conditions is based on results from the CUREE-Caltech Woodframe Project
which showed that for regular, light-framed, wood diaphragm buildings, treating the diaphragms as
flexible gives a better match with full size experimental tests. The CUREE results further demonstrated
that designing shear wall lines based on tributary area forces more stiffness into wall lines composed of
narrow panels, reducing the eccentric torsion. Designing by rigid-diaphragm analysis tends to transfer
forces away from light wall lines, allowing them to be even lighter, thus exacerbating an undesired
condition. There is also analytical evidence that typical light-framed wood structures are more accurately
modeled using the flexible diaphragm assumption.
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CUREE has shown by full-size tests that a thin, lightweight, nonstructural cellular concrete or
gypsum topping does not appreciably change the stiffness of a wood diaphragm.

Requiring separate shear wall lines to meet the drift criterion is a CUREE recommendation. This
ensures that the vertical elements of the lateral force-resisting system are substantial enough to share
load on a tributary basis and not require incompatibility of deflection, which might result in problematic
torsion. One example is an open-sided building with fixed-base pipe columns along the open face. The
pipe columns were designed for tributary load, but were too flexible to receive the load. The building
diaphragm rotated excessively, causing failure. It would be best to address this concern directly by
considering torsion and deflection incompatibility while preserving the flexible diaphragm assumption,
which produces more accurate results of analysis for these buildings.

Is one of the following true?

1- & 2-family Vertical elements one of the Conditions in Section

dwelling following: 12311, ltemc, are
* Steel braced frames met for light-frame "@" Assume flexible

* Composite steel and concrete construction

12.3.1.1 | Flexible Diaphragm Condition

f
Is diaphragm wood Beace frames, ‘@
* Concrete, masonry, steel or
structural panels or compasite shaareails
untopped steel
decking?
Is diaphragm Is span-to-depth ratio < 3 and —®" Assume rigid
* Concrete slab? C } no horizontal irregularities? N
* Concrete filled metal deck? _®

Is MDD > 2(ADVE)?

[ o

%

Maximum diaphragm
Seismic Ioad"‘g/" deflection (MDD) <
Structural analysis to explicitly Average drift of vertical
include consideration of the @) » R
stiffness of the diaphragm or Span element (ADVE)
assume rigid

Flowchart for Determining Diaphragm Flexibility
Courtesy: S.K. Ghosh Associates Inc.
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Horizontal Structural Irregularities

Modification

At a Glance
The definitions of a number of horizontal irregularities in Table 12.3-1 are modified — one of them
substantially.
2010 Standard
Table 12.3-1 Horizontal Structural Irregularities
. Reference Seismic Design
Type Description ) Category
Section o
Application
la. Torsional Irregularity: Torsional irregularity is defined to exist | 12.3.3.4 D,E,and F
where the maximum story drift, computed including accidental | 12.7.3 B,C,D,E, and F
torsion with 4 = 1.0, at one end of the structure transverse to an | 12.8.4.3 C,D,E,and F
axis is more than 1.2 times the average of the story drifts at the | 12.12.1 C,D,E,and F
two ends of the structure. Torsional irregularity requirements | Table 12.6-1 D, E, and F
in the reference sections apply only to structures in which the | Section 16.2.2 B,C,D,E,and F
diaphragms are rigid or semi-rigid.
1b. Extreme Torsional [rregularity: Extreme torsional irregularity | 12.3.3.1 Eand F
is defined to exist where the maximum story drift, computed | 12.3.3.4 D
including accidental torsion_with 4 = 1.0, at one end of the | 12.7.3 B,C,and D
structure transverse to an axis is more than 1.4 times the average | 12.8.4.3 Cand D
of the story drifts at the two ends of the structure. Extreme | 12.12.1 Cand D
torsional irregularity requirements in the reference sections | Table 12.6-1 D
apply only to structures in which the diaphragms are rigid or | Section 16.2.2 B,C,and D
semi-rigid.
2. Re-entrant Corner Irregularity: Re-entrant corner irregularity | 12.3.3.4 D,E,and F
is defined to exist where both plan projections of the structure | Table 12.6-1 D,E,and F
beyond a re-entrant corner are greater than 15% of the plan
dimension of the structure in the given direction.
3. Diaphragm  Discontinuity  Irregularity:  Diaphragm | 12.3.3.4 D,E,and F
discontinuity irregularity is defined to exist where there is | Table 12.6-1 D,E,and F
a_diaphragm are—draphragms with an abrupt discontinuity
drscofrﬁmrrt-res or variations in stiffness, including one those
having a_cutout or open areas greater than 50% of the gross
enclosed diaphragm area, or a changes-in effective diaphragm
stiffness of more than 50% from one story to the next.
4. Out-of-Plane Offsets Irregularity: Out-of-plane offset 12.3.3.3 B,C,D,E,and F
irregularity is defined to exist where there is a discontinuity are | 12.3.3.4 D,E,and F
discontinuities in a lateral force-resistance path, such as an out- | 12.7.3 B,C,D,E,and F
of-plane offsets of at least one of the vertical elements. Table 12.6-1 D, E, and F
Section 16.2.2 B,C,D,E,and F
5. Nonparallel Systems Irregularity: Nonparallel system 12,53 C,D,E,and F
irregularity is defined to exist where the vertical lateral force- 12.7.3 B,C,D,E,and F
resisting elements are not parallel to ersymmetric-about the Table 12.6-1 D, E, and
major orthogonal axes of the seismic force-resisting system. Section 16.2.2 B,C,D,E,and F
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

Analysis and Commentary

In Section 12.8.4.3 the calculation of the torsional amplification factor, A4 , is not iterative. 4_is
calculated from an analysis performed assuming 4 = 1.0. Similarly, the classification of torsional
irregularity should not be iterative.

Items 3, 4, and 5 are revised editorially to switch from plural to singular.

The text of item 5 clearly indicates that the nonparallel system irregularity exists only where
the vertical elements are not parallel to the major orthogonal axes. In other words, being parallel to the
major orthogonal axes is sufficient to eliminate the irregularity. The previous text of “parallel to or
symmetric about” was sometimes misread to require that the system be both parallel to and symmetric
about the major orthogonal axes. By that reading, Figure (b) below has a nonparallel system irregularity.
While it may be possible to recast the text to improve clarity, the analysis and design requirements for
systems with horizontal irregularity 5 (namely, 3D analysis and consideration of orthogonal effects) are
such that application to all systems with nonparallel systems (even if the systems are symmetric) is not
burdensome. With this change, a system with a plan as in Figure (a) would require special treatment, but
a system with a plan as in Figure (b) would not.

Table 12.3-1 | Horizontal Structural Irregularities

Figure (a) Figure (b)
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Table

12.3-2

Vertical Structural Irregularities

Modification

At a Glance
The definition for In-Plane Discontinuity in Vertical Lateral Force-Resisting Element Irregularity is
revised.
2010 Standard
Table 12.3-2 Vertical Structural Irregularities
Seismic
. Reference Design
T .
ype Description Section Category
Application
(No change to table for Types 1a -3)

4, In-Plane Discontinuity in Vertical Lateral|12.3.3.3 B,.C,D,E,
Force-Resisting Element Irregularity: In-plane and F
discontinuity in vertical lateral force-resisting
element irregularity is defined to exist where there
is an in-plane offset of a vertical seismic the taterat | 12.3.3.4 D,E,and F
force-resisting element resulting in overturning
demands on a supporting beam, column, truss, or
slab. greater—than—thetengthofthose—clements—or Table 12.6-1 | D, E, and F

l . o ctiom i st » ..
(No change to table for Types 5a and 5b)

Analysis and Commentary

The definition for Vertical Structural Irregularity Type 4, In-Plane Discontinuity in Vertical Lateral Force-
Resisting Element Irregularity, is revised.

ASCE 7-05 required an in-plane offset to be greater than the length of an element for the
requirements of Section 12.3.3.3 to apply. In Figure (a), the column marked with a circle (below the
discontinued shear wall) would have no special design requirements per ASCE 7-05; that condition is
unsafe. New language is now provided to remedy this situation.

There are many cases in which a lateral force-resisting element may have a reduction in stiffness
in the story below without causing an in-plane discontinuity. The moment frame systems illustrated in
Figures (b) and (c) and the shear wall system illustrated in Figure (d) would all be classified as having
an in-plane discontinuity by ASCE 7-05 text. However, systems like these are common and can perform

well.

Significant Changes to the Seismic Load Provisions of ASCE 7-10

sanue|nball] jeanidonals [edndp | z-€°zZL ?1qel

Part Ill - Chapter 12 Seismic Design Requirements for Building Structures




Significant Changes to the Seismic Load Provisions of ASCE 7-10

| X | X |

Figure (a) Does not qualify as Vertical Irregularity 4

‘ _

Figure (b) Reduction in stiffness Figure (c) Reduction in stiffness Figure (d) Reduction in stiffness

due to increase in column height  due to pinned connection at base  due to opening in shear wall

Table 12.3-2 | Vertical Structural Irregularities
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Table 12.3-3 Clarification

Redundancy Provisions

At a Glance

The definition of height-to-length ratio of shear walls is clarified for determination of redundancy
coefficient.

2010 Standard

Table 12.3-3 Requirements for Each Story Resisting More Than 35% of the Base Shear

suoisinoad Aouepunpay | €-£°z1L d|qel

Lateral Force-Resisting .
Requirement
Element
Braced Frames (no change to text)
Moment Frames (no change to text)
Shear Walls or Wall Piers Removal of a shear wall or wall pier with a height-to-length ratio
with a height-to-length ratio | greater than 1.0 within any story, or collector connections thereto,
of greater than 1.0 would not result in more than a 33% reduction in story strength,
nor does the resulting system have an extreme torsional irregularity
(horizontal structural irregularity Type 1b). The shear wall and wall
pier height-to-length ratios are determined as shown in Figure 12.3-2.
Cantilever Columns (no change to text)
Other No requirements
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\/\

Shear Wall
_.._Storylevel _ Height-to-length ratio = hyan/Lua
1 ‘_L_Wl_,l Wall Pier

Height-to-length ratio = hy,/Ly,

hwall
Nuwp

hwa = height of shear wall
v Story Level hwe = height of wall pier
- Lwei = length of shear wall
Ly, =length of wall pier

I—wall

Table 12.3-3 | Redundancy Provisions

FIGURE 12.3-2 Shear Wall and Wall Pier Height-to-L.ength Ratio Determination

Analysis and Commentary

This change clarifies the definition of height-to-length ratio for shear walls and wall piers for the purpose
of determining the redundancy factor, p. Wall height is from the top of a floor to the underside of the
horizontal framing for the floor above, rather than to the top of the floor above. 4-ft-long plywood shear
walls are thus sufficient to produce a redundancy factor of one for top-of-floor to top-of-floor height
exceeding 8 ft, provided the wall height shown in Figure 12.3-2 does not exceed 8 ft.

New Figure 12.3-2 will help code users determine
height-to-length ratio for shear walls and wall piers.
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12.3.3.4 Modification

Increase in Forces Due to Irregularities
for Seismic Design Categories D through F

At a Glance
The provision concerning increase in forces due to irregularities for Seismic Design Categories D
through F is simplified and clarified; an etror is corrected.

2010 Standard

12.3.3.4 Increase in Forces Due to Irregularities for Seismic Design Categories D through F

For structures assigned to Seismic Design Category D, E, or F and having a horizontal structural
irregularity of Type 1a, 1b, 2, 3, or 4 in Table 12.3-1 or a vertical structural irregularity of Type 4 in
Table 12.3-2, the design forces determined from Section428+ 12.10.1.1 shall be increased 25 percent
for the following elements of the seismic force-resisting system:

Ceonnections of diaphragms to vertical elements and to collectors.

Lo

Collectors and their connections, including connections to vertical elements, of the seismic force-
resisting system. and-to connections-ofcolectorsto-the-vertical-elements:

EXCEPTION:

Forces calculated using the seismic load effects including overstrength factor of Section 12.4.3
need not be increased.

Analysis and Commentary

The ASCE 7-05 requirement concerning increase in forces due to irregularities for Seismic Design
Categories D through F is simplified by presenting the exception as such. The proposal also corrects
the incorrect reference to the equivalent lateral force base shear in ASCE 7-05 Section 12.8.1 (and, by

implication, the corresponding vertical distribution) and refers to the diaphragm design force in ASCE
7-10 Section 12.10.1.1 instead.
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Courtesy: International Code Council

12.3.3.4 | Increase in Forces Due to Irregularities for Se
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12.3.4.1 Modification

Conditions Where p is 1.0

At a Glance

Conditions where value of p is 1.0 are expanded to include design of structural walls for out-of-plane
bending

2010 Standard

12.3.4.1 Conditions Where Value of p is 1.0
The value of p is permitted to equal 1.0 for the following:

1. Structures assigned to Seismic Design Category B or C.

. Drift calculation and P-delta effects.

0°L s1 d 19y suonipuo)d | L'¥'ECL

. Design of nonstructural components.

. Design of nonbuilding structures that are not similar to buildings.

Wb R WD

. Design of collector elements, splices, and their connections for which the seismic load
effects including overstrength factor of Section 12.4.3 are used.

6. Design of members or connections where the seismic load effects including overstrength
factor of Section 12.4.3 are required for design.

7. Diaphragm loads determined using Eq. 12.10-1.
8. Structures with damping systems designed in accordance with Chapter 18.

9. Design of structural walls for out-of-plane forces, including their anchorage.

Analysis and Commentary

The out-of-plane design of walls has been split into two separate sections: Section 12.11 for
structural walls and Section 13.3 for nonstructural walls. Whereas defining p = 1.0 for nonstructural
walls was covered by Item 3 of Section 12.3.4.1, structural walls designed for out-of-plane forces
were not included in the list.

Additional confusion existed for concrete slender walls (structural) that are designed for
secondary P-delta moments as required by ACI 318 Section 14.8. Item No. 2 of Section 12.3.4.1
seemed to indicate that p was 1.0 only because the P-delta effects were included in design. Yet, if the
structural wall were not slender and thus there were no P-delta effects, p could be greater than 1.0.

The intention of the redundancy factor was to penalize the vertical seismic force- resisting
systems, such as the shear walls in-plane, for lack of structural redundancy. The intent was not to
penalize wall designs out-of-plane for non-redundant seismic force-resisting systems.
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g R R R g )
ey

Out-of-plane force

s A /
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/ /
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Structural Wall with Out-of-Plane Forces

12.3.4.1 | Conditions Where pis 1.0
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12.4.3.3 Modification

Allowable Stress Increase for
Load Combinations with Overstrength

At a Glance

The provision allowing the duration of load increase to be combined with the allowable stress increase of
1.2 is expanded to include all applicable adjustment factors in accordance with AF&PA NDS.

2010 Standard

12.4.3.3 Allowable Stress Increase for Load Combinations with Overstrength

Where allowable stress design methodologies are used with the seismic load effect defined in
Section 12.4.3 applied in load combinations 5, 6, or 8 of Section 2.4.1, allowable stresses are permitted
to be determined using an allowable stress increase of 1.2. This increase shall not be combined with
increases in allowable stresses or load combination reductions otherwise permitted by this standard or
the material reference document except_for thatcembination—with-the-durationoflead increases_due to.
adjustment factors permitted in accordance with AF&PA NDS is-permitted.

Analysis and Commentary

Several adjustment factors for the design of wood construction can result in increases to the reference
design values of the AF&PA NDS; some examples are the flat use factor, repetitive member factor,
buckling stiffness factor, and bearing area factor. These factors are material-dependent in much the same
manner as load duration factor. The prohibition on stress increases when using the allowable stress
design load combinations of Section 2.4.1 is intended to prevent increases in stresses already accounted
for by the decreases in multiple variable loads incorporated into the load combinations. The adjustment
factors listed above, however, are not accounted for because they are not related to design loads.
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

L L q
Table 12.6-1 Modification =
. . o
Permitted Analytical Procedures war
N
At a Glance @
Table 12.6-1 is revised to eliminate unnecessary complexity and to use structural height, instead of 7, as —
a trigger for requiring dynamic analysis in some cases. g
L
2010 Standard 2.
Table 12.6-1 Permitted Analytical Procedures y
o
Equivalent Modal Seismic >
Seismic Lateral Response Response E,
Design Structural Characteristics Force Spectrum History \<:
Category Analysis, Analysis, Procedures, A
Section 12.8¢ | Section 12.9¢ | Chapter 167 2
B,C Occupaney-Category torHbutldingsof P P P g
tght-framed-—constructionnotexceeding 3- a
m
C a
stories tn-ferght =
OSther-Oceupancy-Category or-H- P P P o
All other structures P P P
D,E,F | Oceupancy-Category torHbuildingsof P P P
0 . .
pire heiol g
Risk Category Other—Oeeupaney [ or Il P P P
buildings not exceeding 2 stories trhetght
above the base
Structures of light frame construction P P P

~
o
a=

Regutar Structures with no structural

irregularities and not exceeding 160 feet

in structural height #<3-57,-and-at-
R .

Structures exceeding 160 feet in structural
height with no structural irregularities and
with T7<35T

trregular Structures with F<3-5-7, not. p P P
exceeding 160 feet in structural height
and having only horizontal irregularities
of Type 2, 3, 4, or 5 of in Table 12.3-1 or
vertical irregularities of Type 4, 5a, or 5b
of in Table 12.3-2

All other structures NP P P

ln=}
i~}
i~}

@ P: Permitted; NP: Not Permitted; T =S, /Sps-
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

Analysis and Commentary:

There are two significant changes to Table 12.6-1. First the table is revised to eliminate unnecessary
complexity. For SDC B and C buildings, the ASCE 7-05 table allowed all analysis procedures all the
time. However, three rows in the upper portion of the table were used to communicate this. These
three rows have been consolidated into one row. Also, in the first row applicable to SDC D, E, and F,
“Occupancy Category I or II buildings of light-framed construction not exceeding 3 stories in height”
were exempted from dynamic analysis. This was redundant because the third row applicable to SDC D,
E, and F exempted all light-framed buildings. This redundancy is removed in ASCE 7-10.

The second significant change is the introduction of a new threshold for determining whether or
not dynamic analysis is required. For the convenience of the user, ASCE 7-10 establishes a new period-
independent threshold of 160 feet below which structures without certain irregularities are not required to
be subject to dynamic analysis, because higher mode effects are not going to be significant. For regular
structures exceeding 160 feet in height, higher mode effects are still judged unlikely to be important as
long as the period remains less than the previous threshold of 3.57; and dynamic analysis is not required.
The basis for the 3.57, limitation is that the higher modes become more dominant in taller buildings
(Lopez and Cruz, 1996; Chopra, 2007), and as a result, the ELF method may underestimate the design
base shear and may not correctly predict the vertical distribution of seismic forces in taller buildings.

Dynamic analysis continues to be required at times for shorter buildings with certain structural
irregularities because those tend to cause undesirable concentrations of inelastic displacements at
certain locations. These structural irregularities are: horizontal irregularity type la and 1b (torsional
and extreme torsional); vertical irregularity type la and 1b (soft story and extreme soft story); vertical
irregularity type 2 (weight/mass) and vertically irregularity type 3 (geometric). ELF is not allowed for
buildings with the listed irregularities because the procedure is based on an assumption of a gradually
varying distribution of mass and stiffness along the height and negligible torsional response.

Table 12.6-1 | Permitted Analytical Procedures
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If < 160 ft, dynamic analysis is required if
horizontal irregularity Type 1a or 1b or

vertical irregularity Type 1a, 1b, 2 or 3 exists

If > 160 ft, dynamic analysis is required
unless there are no structural irregularities
and T <3.5T,

sainpacoid |ednkjeuy paniwiad | L-9°ZL 3|qeL

7

Equivalent Lateral Force (ELF) Analysis or Dynamic Analysis?
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

.14.8.1, Modification
3.2, and Clarification

12.7.2,12
15.3.1, 15
15.4.3

Effective Seismic Weight
At a Glance

What is required to be included in the effective seismic weight of a building as well as a nonbuilding
structure is better defined.

2010 Standard

12.7.2 Effective Seismic Weight
The effective seismic weight, W, of a structure shall include the tetal dead load, as defined in
Section 3.1, above the base and other loads above the base as listed below:

a minimum of 25 percent of the floor live load_shall be included. (Heortive-

1. In areas used for storage,

EXCEPTIONS:

a. Where the inclusion of storage loads adds no more than 5% to the effective seismic weight at that
level, it need not be included in the effective seismic weight.

b. Floor live load in public garages and open parking structures need not be included.

2. Where provision for partitions is required by Section 4.2.2 in the floor load design, the actual partition
weight or a minimum weight of 10 psf (0.48 kN/m?) of floor area, whichever is greater.

12.7.2, 12.14.8.1, 15.3.1, 15.3.2, 15.4.3 | Effective Seismic Weight

3. Total operating weight of permanent equipment.

4. Where the flat roof snow load, P, exceeds 30 psf(1.44 kN/m?), 20 percent of the uniform design snow
load, regardless of actual roof slope.

5. Weight of landscaping and other materials at roof gardens and similar areas.

12.14.8.1 Seismic Base Shear
The seismic base shear, V, in a given direction shall be determined in accordance with Eq.

12.14-11:
V=%W (12.14-11)
R
where
2
SDS = EFaSs

where F is permitted to be taken as 1.0 for rock sites, 1.4 for soil sites, or determined in accordance with
Section 11.4.3. For the purpose of this section, sites are permitted to be considered to be rock if there
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is no more than 10 ft (3 m) of soil between the rock surface and the bottom of spread footing or mat
foundation. In calculating S, S, shall be in accordance with Section 11.4.1, but need not be taken larger
than 1.5.

I = 1.0 for buildings that are one story above grade plane

F 1.1 for buildings that are two stories above grade plane

F = 1.2 for buildings that are three stories above grade plane

R = the response modification factor from Table 12.14-1

W = effective seismic weight of the structure that shaH includes the tetat dead load, as defined in Section
3.1. above grade plane and other loads above grade plane as listed in the following text:

1. In areas used for storage, a minimum of 25 percent of the floor live load shall be included. (leortive-

EXCEPTIONS:

a. Where the inclusion of storage loads adds no more than 5% to the effective seismic weight at that
level, it need not be included in the effective seismic weight.

b. Floor live load in public garages and open parking structures need not be included.

2. Where provision for partitions is required by Section 4.2.2 in the floor load design, the actual partition
weight, or a minimum weight of 10 psf (0.48 kN/m?) of floor area, whichever is greater.

3. Total operating weight of permanent equipment.

4. Where the flat roof snow load, P, exceeds 30 psf (1.44 kN/m?), 20 percent of the uniform design snow
load, regardless of actual roof slope.

5. Weight of landscaping and other materials at roof gardens and similar areas.

WBId3M J1Ws1ds 3A3YT | €H°SLTESLLESL L8 YL'TL ‘TLTL

15.3.1 Less Than 25 percent Combined Weight Condition

For the condition where the weight of the nonbuilding structure is less than 25 percent of the
combined effective seismic weights of the nonbuilding structure and supporting structure, the design
seismic forces of the nonbuilding structure shall be determined in accordance with Chapter 13 where the
values of R,and a, shall be determined in accordance to Section 13.1.5. The supporting structure shall
be designed in accordance with the requirements of Chapter 12 or Section 15.5 as appropriate with the
weight of the nonbuilding structure considered in the determination of the effective seismic weight, .

15.3.2 Greater Than or Equal to 25 percent Combined Weight Condition

For the condition where the weight of the nonbuilding structure is equal to or greater than 25
percent of the combined effective seismic weights of the nonbuilding structure and supporting structure,
an analysis combining the structural characteristics of both the nonbuilding structure and the supporting
structures shall be performed to determine the seismic design forces as follows:

(no changes to remainder of section)

15.4.3 Loads

The seismic effective weight 7 for nonbuilding structures shall include &l the dead load and
other loads as defined for structures in Section 12.7.2. For purposes of calculating design seismic forces
in nonbuilding structures, W also shall include all normal operating contents for items such as tanks,

Part lll - Chapter 12 Seismic Design Requirements for Building Structures




Significant Changes to the Seismic Load Provisions of ASCE 7-10

vessels, bins, hoppers, and the contents of piping. W shall include snow and ice loads where these loads
constitute 25 percent or more of W or where required by the authority having jurisdiction based on local
environmental characteristics.

Analysis and Commentary

What is required to be included in the effective seismic weight is better defined. In ASCE 7-05, it was

the total dead load of the structure plus certain other loads as detailed in the four items of ASCE 7-05
Section 12.7.2. The “total dead load” of a structure implied that the weight of the structure below the
seismic base was also required to be included, which was not the intent. The “total dead load” was also
not defined but “dead load” is defined in Section 3.1.1. The effective seismic weight is now defined as the
dead load, as defined in Section 3.1, above the base, plus the other loads specified in Items 1 through 5 of
Section 12.7.2, also above the base.

In Item 1 of Section 12.7.2, the requirement is that 25 percent of the floor live load in areas used
for storage be included in the effective seismic weight. This is limited to storage areas where inclusion
has a greater than 5% effect on mass at a level.

A new Item 5 consisting of the weight of landscaping and other materials at roof gardens and
similar areas is added because the definition of dead load in Section 3.1.1 does not clearly include the
weight of these materials, which will contribute to the seismic mass.

The provisions for effective seismic weight in Section 12.14.8.1 are modified for consistency with
Section 12.7.2. Instead of including loads above the base of the structure in the effective seismic weight,
however, loads above grade plane are included for consistency with Item 3 of Section 12.14.1.1.

Sections 15.3.1 and 15.3.2 are modified to specify the combined effective seismic weights of the
nonbuilding structure and supporting structure. Section 15.4.3 is also modified to recognize that effective
seismic weight, as defined in Section 12.7.2, is not limited to dead load.

12.7.2,12.14.8.1, 15.3.1, 15.3.2, 15.4.3 | Effective Seismic Weight

Weight of landscaping and other materials at roof garden
is to be included in effective seismic weight.
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12.7.3 Clarification

Structural Modeling and Addltlon

At a Glance

The applicability of required consideration of cracked section properties in concrete and masonry
structures and panel zone deformations in steel moment frames is clarified. A new exception exempts
structures with Type 4 horizontal structural irregularity having flexible diaphragms from 3-D analysis
requirement.

2010 Standard
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12.7.3 Structural Modeling

A mathematical model of the structure shall be constructed for the purpose of determining
member forces and structure displacements resulting from applied loads and any imposed displacements
or P-Delta effects. The model shall include the stiffness and strength of elements that are significant to
the distribution of forces and deformations in the structure and represent the spatial distribution of mass
and stiffness throughout the structure.

model shall comply with the following:

a. Stiffness properties of concrete and masonry elements shall consider the effects of cracked
sections.

b. For steel moment frame systems, the contribution of panel zone deformations to overall story
drift shall be included.

Structures that have horizontal structural irregularity Type 1a, 1b, 4. or 5 of Table 12.3-1 shall be
analyzed using a 3-D representation. Where a 3-D model is used, a minimum of three dynamic degrees
of freedom consisting of translation in two orthogonal plan directions and rotation about the vertical axis
shall be included at each level of the structure. Where the diaphragms have not been classified as rigid
or flexible in accordance with Section 12.3.1, the model shall include representation of the diaphragm’s
stiffness characteristics and such additional dynamic degrees of freedom as are required to account for the
participation of the diaphragm in the structure’s dynamic response.

EXCEPTION: Analysis using a 3-D representation is not required for structures with flexible
diaphragms that have Type 4 horizontal structural irregularities.

Analysis and Commentary:

The ASCE 7-05 text implied that the required consideration of cracked section properties in concrete and
masonry structures and panel zone deformation in steel moment frames was limited to structures with one
of the horizontal structural irregularities listed in the second paragraph. This was due to the placement of
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the requirement at the end of the second paragraph, which was limited in scope to structures with one or
more of these irregularities. The proposal relocates the requirement to immediately follow the end of the
first paragraph so that it applies to all structures, which is the intent.

The addition of the exception is a more substantive change and is explained below.

Three-dimensional structural modeling is warranted for structures with horizontal structural
irregularities that will have load effects on vertical seismic force-resisting elements in a direction other
than parallel to the direction under consideration (orthogonal effects). This is typically the case for
structures with rigid diaphragms. For structures with flexible diaphragms, however, such effects are not
likely to occur in most cases to an extent that warrants such modeling.

For horizontal irregularities Type 1a and 1b (torsional and extreme torsional), the issue is
moot since torsion need not be considered in structures with flexible diaphragms. Sections 12.8.4.1
and 12.8.4.2 on inherent torsion and accidental torsion, respectively, exempt flexible diaphragms from
consideration. Table 12.3-1 on horizontal structural irregularities limits application of horizontal
irregularities Type la and 1b to structures in which the diaphragms are rigid or semirigid. For horizontal
irregularity Type 5 (nonparallel seismic force-resisting systems), substantial orthogonal effects are
possible regardless of the type of diaphragm, since the vertical seismic force-resisting elements are not
parallel with the major orthogonal axes of the seismic force-resisting system. For horizontal irregularity
Type 4 (out-of-plane offsets) in a structure with rigid or semirigid diaphragms, substantial orthogonal
effects are also possible due to the eccentricity in the vertical load path of the seismic force-resisting
system caused by the horizontal offsets of the vertical elements from story to story.

12.7.3 | Structural Modeling

For horizontal irregularity Type 4 (out-of-plane offsets) in a structure with flexible diaphragms,
however, substantial orthogonal effects are not likely. The eccentricity in the vertical load path will
cause a redistribution of seismic design forces from the vertical elements at the story above to the vertical
elements essentially in the same direction at the story below. The effect on the vertical elements in the

orthogonal direction will be minimal,

Structures with out-of-plane offsets of vertical lateral force-resisting elements (horizontal structural
irregularity Type 4) are exempt from 3-D analysisrequirement if diaphragms are flexible.

Courtesy: Federal Emergency Management Agency
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12.8.1.1 Addition

Minimum Design Base Shear (Reinstatement)

At a Glance

The minimum design base shear of 0.0445,./, ¥, applicable for Seismic Design Categories B through F, is
reinstated from ASCE 7-02 in the equivalent lateral force procedure.

2010 Standard

12.8.1.1 Calculation of Seismic Response Coefficient
The seismic response coefficient, C, shall be determined in accordance with Eq. 12.8-2.

C = SDS
’ (R) (Eq. 12.8-2)
Ie

S,s= the design spectral response acceleration parameter in the short period range as determined from
Section 11.4.4 or 11.4.7
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where

R = the response modification factor in Table 12.2-1

I, = the importance factor determined in accordance with Section 11.5.1

The value of C, computed in accordance with Eq. 12.8-2 need not exceed the following:

C, =£ for T<T;
T 5 (Eq. 12.8-3)
Ie
ST,
C =—2L for T>T
§ - £ L (Eq. 12.8-4)
Ie
C, shall not be less than
C,=0:010.0445, = 0.01 (Eq. 12.8-5)
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In addition, for structures located where S, is equal to or greater than 0.6g, C, shall not be less than
C,=0.58,/(R/1) (Eq. 12.8-6)

where 7, and R are as defined in Section 12.8.1.1 and

S, = the design spectral response acceleration parameter at a period of 1.0 s, as determined from Section
11.440r11.4.7

T = the fundamental period of the structure (s) determined in Section 12.8.2

T, = long-period transition period (s) determined in Section 11.4.5

12.8.1.1 | Minimum Design Base Shear

S, = the mapped maximum considered earthquake spectral response acceleration parameter determined

in accordance with Section 11.4.1 or 11.4.7

1

Analysis and Commentary

The minimum design base shear of 0.0445,,./ W, applicable for Seismic Design Categories (SDC) B
through F, was part of ASCE 7-02 and the 2000 and 2003 IBC. However, when the third (constant-
displacement) branch, starting at T, was added to ASCE 7-05, this minimum base shear was deleted in
favor of just 1% of weight, which is a structural integrity minimum, applicable irrespective of SDC. The
basis was that the long-period structure was now being directly addressed by the constant-displacement
branch of the design spectrum, so that there was no need for an arbitrary minimum value.

In the course of the ATC-63 project (Quantification of Building System Performance and
Response Parameters), a large number of ordinary as well as special moment frames of concrete were
analyzed by state-of-the-art dynamic analysis procedures — each frame under a large number of pairs
of earthquake ground motions. The analyses disturbingly showed story mechanisms forming even in
the special moment frames, which satisfied the strong column — weak beam requirement, early into
earthquake excitations. After considerable deliberations, the suggestion emerged that these frames,
designed by ASCE 7-05, be designed instead by ASCE 7-02, in effect reinstating the minimum design
base shear requirement of 0.044S, ./ W. When this was done, the problem went away, leading to the
inescapable conclusion that the removal of this minimum base shear had been a mistake. ASCE processed
a Supplement No. 2 to ASCE 7-05, reinstating this minimum design base shear. Supplement No. 2 has
been adopted by the 2009 IBC. ASCE 7-10 has now incorporated Supplement No. 2 in its body.

The minimum design base shear of 0.044S,(/, is also added to Equations 15.4-1 and 15.4-2 for
nonbuilding structures not similar to buildings. Because nonbuilding structures not similar to buildings
have low R-values compared to the special reinforced concrete moment frames studied in ATC-63,
the ASCE 7 standards committee chose not to restore the high minimum base shears for nonbuilding
structures not similar to buildings found in ASCE 7-02. In many cases, these previous minimum base
shears gave many nonbuilding structures not similar to buildings effective R-values less than 1.0.
Therefore, the committee believed that the minimum base shear equation of 0.044S ./, used for buildings
should also be applied to nonbuilding structures not similar to buildings.
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Design Base Shear, V

_ 058,

¥ R/l,

W, where S, 2 0.6g

leays aseg ubisag wnwiuiy | L°L'8°CL
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v
(R/1g)T?

ASCE 7-10 Design Response Spectrum for Equivalent Lateral Force Procedure

Courtesy: S.K. Ghosh Associates Inc.
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12.8.1.1 Clarification

Spsr Spp in Seismic Response Coefficient Computation

At a Glance

Clarification is provided that S, ¢ and S, for computation of seismic design base shear can be obtained
from site-specific ground motion procedures.

2010 Standard

12.8.1.1 Calculation of Seismic Response Coefficient
The seismic response coefficient, C,, shall be determined in accordance with Eq. 12.8-2.

’ (R) (12.8-2)

where

S, = the design spectral response acceleration parameter in the short period range as determined from
Section 11.4.4 or 11.4.7

R

the response modification factor in Table 12.2-1

12.8.1.1 | S, S, in Seismic Response Coefficient Computation

I, = the importance factor determined in accordance with Section 11.5.1

e

The value of C, computed in accordance with Eq. 12.8-2 need not exceed the following:

C, =-3p1 for TsT, (12.8-3)
T .fi)
Ie
¢,= 2l for T>1, (12.8-4)
T? R
Ie
C, shall not be less than
C, =0.044S, > 0.01 (12.8-5)
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In addition, for structures located where S, is equal to or greater than 0.6g, C, shall not be less than

Cy=0.5S /(R/L) (12.8-6)

Where /, and R are as defined in Section 12.8.1.1 and

S, = the design spectral response acceleration parameter at a period of 1.0 s, as determined from Section
11.440r11.4.7

T = the fundamental period of the structure (s) determined in Section 12.8.2
T, = long-period transition period (s) determined in Section 11.4.5

S, = the mapped maximum considered earthquake spectral response acceleration parameter determined
in accordance with Section 11.4.1 or 11.4.7

Analysis and Commentary

In the event that a site-specific response spectrum is used to characterize the design ground motion, S
and S, are determined in accordance with Section 11.4.7 rather than 11.4.1. Although it may already
be implied that the values obtained using the site-specific procedure (when applicable) may be used, the
ASCE 7-10 text makes this more explicit.

The potential for confusion exists particularly if the site-specific response spectrum is used to
perform a dynamic analysis using the modal response spectrum procedure of Section 12.9. In this case,
S,sand S, may not be computed when the response spectrum is developed because they are not needed
to perform the analysis. However, in accordance with Section 12.9.4, the designer must compare the
base shear obtained from the dynamic analysis with that given by the equivalent lateral force procedure
and scale the results if necessary. As currently written, the code leads the user back to the general ground
acceleration parameters of Section 11.4.4 for computation of the base shear from the equivalent static
procedure rather than the site-specific values.

uoneindwo) JuaYR0) asuodsay d1wsias ul ‘9“9 | 118 zL

From mapped MCEy
spectral response
acceleration
parameter, Section
11.4.4

Sps, Sppin
computation of
seismic design
base shear,
Section 12.8.1.1

From site-specific
ground motion
procedures,
Section 11.4.7

Either Section 11.4.4 or 11.4.7 may be used to determine the seismic design
base shear when using the equivalent lateral force procedure of Section 12.8.
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12.8.2.1, Clarification and
Table 12.8-2 Addition

Approximate Fundamental Period

At a Glance
Determination of approximate fundamental period of steel eccentrically braced frames is clarified and
steel buckling-restrained braced frames are added to Table 12.8-2.

2010 Standard

12.8.2.1 Approximate Fundamental Period
The approximate fundamental period (7)), in s, shall be determined from the following equation:

T, =Ch} (Eq. 12.8-7)

where A4, is the structural height as defined in Section 11.2 and the coefficients C, and x are determined
from Table 12.8-2

Table 12.8- 2 Values of Approximate Period Parameters C, and x

Structure Type C X

1

Moment resisting frame systems in which the frames resist 100%
of the required seismic force and are not enclosed or adjoined by
components that are more rigid and will prevent the frames from
deflecting where subjected to seismic forces:

12.8.2.1, Table 12.8-2 | Approximate Fundamental Period

Steel Moment Resisting Frames 0.028 (0.0724) 0.8

Concrete Moment Resisting Frames 0.016 (0.0466)" 0.9

Steel eEccentrically braced steet-frames in accordance with

Table 12.2-1 lines Bl or D1 0.03 (0.0731)7 0.75
Steel buckling-restrained braced frames 0.03 (0.0731)« 0.75
All other structural systems 0.02 (0.0488)“ 0.75

4 Metric equivalents are shown in parentheses.

Analysis and Commentary

The longer predicted periods represented by the coefficient C, = 0.03 for steel eccentrically braced
frames (EBFs) are appropriate where significant eccentricities exist such as is the case when designing
eccentrically braced frames in accordance with AISC 341. Without the added language in Table 12.8-2,
minimal eccentricities could be used to justify the longer period, which would unconservatively result
in a reduced base shear. The added language provides clarification and ensures that significant EBF
eccentricities exist, which are consistent with longer periods.
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The steel buckling restrained braced frame (BRBF) system was first approved for the 2003

—
NEHRP Provisions. The values for the approximate period parameters C, and x were also approved as N
part of that original BSSC proposal. It appears to have been an oversight that these parameters were not z
carried forward into ASCE 7-05. Currently, these two factors can be found in Appendix R of AISC 341- !
05. These will be removed in the next edition of AISC 341 in view of this change in ASCE 7-10. -
v
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(c)

(a) Typical Configuration of Buckling Restrained Brace (BRB), (b) Typical Load-Displacement Behavior
of a BRB, and (c) BRBs in Taipei County Administration Building, Taiwan
(reprinted with permission from Dr. K. C. Tsai, National Taiwan University, Taipei)

Part Ill - Chapter 12 Seismic Design Requirements for Building Structures 99




Significant Changes to the Seismic Load Provisions of ASCE 7-10

12.8.2.1 Modification

Approximate Period Equation Based on Number of Stories

At a Glance
The word “average” is added to story height so that the approximate period equation based on number of
stories can be used if the average story height is at least 10 feet.

2010 Standard

12.8.2.1 Approximate Fundamental Period
The approximate fundamental period (7)), in s, shall be determined from the following equation:

T =C hr (12.8-7)

where 4, is the structural height as defined in Section 11.2 and the coefficients C, and x are determined
from Table 12.8-2.

Alternatively, it is permitted to determine the approximate fundamental period (T), in s, from the
following equation for structures not exceeding 12 stories above the base as defined in Section 11.2 where
the seismic force-resisting system consists entirely of concrete or steel moment resisting frames and the
average story height_x is at least 10 ft (3 m):

T,=0.1N (12.8-8)

where N = number of stories above the base.

(No change in remainder of section)

12.8.2.1 | Approximate Period Equation Based on Number of Stories

Analysis and Commentary
In defining the applicability of Eq. (12.8-8), the 10-ft minimum story height is revised such that it is an
average story height.

9ft
9 ft For illustration,
1 Minimum Story Height = 9 ft
9 ft Average Story Height = 10.5 ft
y ASCE 7-05 Equation 12.8-8 does not apply
ASCE 7-10 Equation 12.8-8 applies
15 ft

Y/
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12.8.4.3 Modification

Amplification of Accidental Torsion and Deletion

At a Glance

The exemption for structures of light frame construction from the amplification of accidental torsion
requirement is discontinued.

2010 Standard

12.8.4.3 Amplification of Accidental Torsional Moment

Structures assigned to Seismic Design Category C, D, E, or F, where Type 1a or 1b torsional irregularity
exists as defined in Table 12.3-1 shall have the effects accounted for by multiplying M, at each level

by a torsional amplification factor (4 ) as illustrated in Fig. 12.8-1 and determined from the following
equation:

A=,/ 1.25,, ) (12.8-14)

where

d,,, — the maximum displacement at Level x computed assuming 4_= 1 (in. or mm)

m
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o = the average of the displacements at the extreme points of the structure at Level x computed

avg

assuming 4_= 1 (in. or mm)

The torsional amplification factor (4, ) shall not be less than 1 and is not required to exceed 3.0. The more
severe loading for each element shall be considered for design.

Analysis and Commentary

Where wood-frame diaphragms are designed as rigid diaphragms (one example is diaphragms in open-
front structures), amplification of torsion should apply. Commentary to AF&PA’s Special Design
Provisions for Wind and Seismic indicates application of provisions of ASCE 7 for increased forces due
to presence of irregularities, in addition to special prescriptive limits on diaphragm aspect ratio for open
front structures.

Because it is possible for 4_to be less than 1 per Eq. 12.8-14, text is added to clearly indicate that
A_ shall not be less than 1.

Light-frame Construction with Torsional Irregularity
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12.8.6, 12.12.1 Modification

Story Drift Determination

At a Glance

Aspects of story drift determination are clarified.
2010 Standard

12.8.6 Story Drift Determination

The design story drift (A) shall be computed as the difference of the defiections at the centers
of mass at the top and bottom of the story under consideration. See Fig. 12.8-2. Where centers of mass
do not align vertically, it is permitted to compute the deflection at the bottom of the story based on the
vertical projection of the center of mass at the top of the story. Where allowable stress design is used, A
shall be computed using the strength level seismic forces specified in Section 12.8 without reduction for
allowable stress design.

For structures assigned to Seismic Design Category C, D, E. or F having horizontal irregularity
Type la or 1b of Table 12.3-1, the design story drift. A , shall be computed as the largest difference of the

deflections of vertically aligned points at the top and bottom of the story under consideration along any of
the edges of the structure.

12.8.6, 12.12.1 | Story Drift Determination

The deflections at of Level x (8, ) (in. or mm) used to compute the design story drift, A, at-the-
center-of-the-mass{(6_ )Hin—ormm) shall be determined in accordance with the following equation:

5, =Cd1—5xe (12.8-15)

e
where

C, = the deflection amplification factor in Table 12.2-1

&_, = the deflections at the location required in this section determined by an elastic analysis

xe

I, = the importance factor determined in accordance with Section 11.5.1

12.12.1 Story Drift Limit
The design story drift (A) as determined in Sections 12.8.6, 12.9.2, or 16.1, shall not exceed the

allowable story drlft (A ) as obtamed from Table 12.12-1 for any story Fe%s%metufes—wwh—ﬁgmﬁeaﬁt—

Analysis and Commentary

Section 12.12.1 focuses on story drift limits and not computation of the story drift demand, A.
Determination of story drift demand is outlined in Section 12.8.6. Therefore, to consolidate and provide
distinct separation between limit and demand, the last sentence in Section 12.12.1 that discusses
determination of story drift when horizontal irregularity type 1a or 1b is present is moved to Section
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12.8.6. Also, Section 12.8.7 (P-Delta Effects) references Section 12.8.6 and not also Section 12.12.1.
The intent is not to limit A by taking displacement at the centers of mass for P-delta computation when
horizontal irregularity type la or 1b is present.

Many computer programs can explicitly provide drift ratios; however, there are many cases and
times when the computer programs do not use the same vertically aligned points to compute these ratios,
thus yielding an inaccurate measure of drift. A sentence was added in the first paragraph of Section 12.8.6
to permit vertical projections of points when centers of mass do not align vertically. Vertically aligned
points are also called for in the second paragraph, which applies to structures assigned to SDC C and
above and having torsional or extreme torsional irregularities. In these cases, torsion must be included in
deflection computation, so that drifts are based on diaphragm-edge deflections, rather than deflections at
the centers of mass.

Mg i
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Vertical projection of CM;,,
on the bottom floor

Interstory drift in a building without torsional irregularity where the center of mass of a floor
does not align vertically with the center of mass of the floor below.
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12.8.6.1 Modification

Minimum Base Shear for Computing Drift

At a Glance
The minimum base shear of 0.044S,/ W > 0.01 ¥ is exempted from drift computation.

2010 Standard

12.8.6.1 Minimum Base Shear for Computing Drift.

The elastic analysis of the seismic force-resisting system for computing drift shall be made using
the prescribed seismic design forces of Section 12.8.

EXCEPTION: Eq. 12.8-5 need not be considered for computing drift.

Analysis and Commentary

The 1997 Uniform Building Code (UBC) exempted the corresponding minimum base shear of 0.11C AW

from drift computation. This was not adopted by ASCE 7-02, ASCE 7-05, or the first four editions of the

IBC. Now the exemption is being brought back. This change is significant when it comes to the design of
tall buildings.

12.8.6.1 | Minimum Base Shear for Computing Drift

Tall buildings are typically drift-controlled, rather than strength-controlled. The design of
many tall buildings, irrespective of seismic design category, is likely to be governed, in the absence of
this exemption, by drift computed under the minimum design base shear given by Eq. (12.8-5). This
is considered unjustified, since this minimum design base shear is essentially a minimum strength
requirement. The near-fault minimum, as given by Eq. (12.8-6) has a physical basis and is not exempt.

v-o'ss'w here S, 2 0.6
-y , where 5, 2 0.6g

v- SoifL

Design Base Shear, V

Ts = Spy/Sps . T
Period, T

* Need not be considered for computing drift

Design Response Spectrum Illustrating Equivalent Lateral Force Procedure Base Shear Equations
Courtesy: S.K. Ghosh Associates Inc.
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L] L]

—

12.8.7 Modification &
P-Delta Effects =
°

At a Glance o
The Importance Factor, /,, is now included in the equation for the stability coefficient, 6. %
Y

2010 Standard m
A

@

12.8.7 P-Delta Effects

P-delta effects on story shears and moments, the resulting member forces and moments, and the
story drifts induced by these effects are not required to be considered where the stability coefficient (8) as
determined by the following equation is equal to or less than 0.10:

PAIL
Vh C) (12.8-16)

X°°sx

e:

where

P_ = the total vertical design load at and above Level x (kip or kN); where computing P,
no individual load factor need exceed 1.0

A = the design story drift as defined in Section 12.8.6 occurring simultaneously with ¥

(in. or mm)
I, = the importance factor determined in accordance with Section 11.5.1
V. = the seismic shear force acting between Levels x and x — 1 (kip or kN)
h . = the story height below Level x (in. or mm)
C, = the deflection amplification factor in Table 12.2-1

(no change in remainder of Section 12.8.7)

Analysis and Commentary

In the opinion of the Seismic Subcommittee of ASCE 7, the Importance Factor, /,, had been dropped
inadvertently from Equation 12.8-16 while transcribing it from the 2003 NEHRP Provisions Equation
5.2-16. In the 2003 NEHRP Provisions, the importance factor is included in the stability coefficient.
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Level x+1

Level x

12.8.7 | P-Delta Effects
<

\Verﬁcal axis of structure deformed
by seismic design forces

Stability coefficient 8 is given by
PAI,
Vh C

x s d

where

n
=2 (D+L),
1=X

P-Delta Symbols and Notation
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12.9.3 Modification

Combined Response Parameters and Clariﬁcation
At a Glance

The combination of response parameters in modal response spectrum analysis is clarified and modified.

2010 Standard

12.9.3 Combined Response Parameters.

The value for each parameter of interest calculated for the various modes shall be combined using
either the square root of the sum of the squares (SRSS) method, exthe complete quadratic combination
(CQC) method, the complete quadratic combination method €€QE) as modified by inaececordance-with
ASCE 4 (CQC-4), or an approved equivalent approach. The CQC or the CQC-4 method shall be used
for each of the modal values er where closely spaced modes that-have significant cross-correlation of
translational and torsional response.

siajawesed asuodsay pauiquo) | €6°ZL

Analysis and Commentary

It is now pointed out to the user of ASCE 7 that the CQC modal response combination method, as it is
presented in ASCE 4-98, Seismic Analysis of Safety-Related Nuclear Structures, varies slightly from the
classical method as formulated by Der Kiureghian and implemented by various commercially available
structural analysis software packages.

This difference primarily affects high frequency structures that have significant components
of response that are in phase with the ground motion. In these circumstances, using the classical
CQC method or the SRSS method for combining maximum modal responses can be unconservative.
Furthermore, the commentary to ASCE 4-98 mentions several practical alternate approaches that may be
used to achieve the goal of correlating responses that are in phase with the ground motion.

The U.S. Nuclear Regulatory Commission publication: Reevaluation of Regulatory Guidance
on Modal Response Combination Methods for Seismic Response Spectrum Analysis (NUREG/CR-6645,
Brookhaven National Laboratory, 1999) provides a general overview of the various modal response
combination methods that have found their way into use. Comparisons have been done between response
spectrum and time history analyses using compatible input motions. These studies reveal that modal
response combination procedures based on correlation of modes that are in phase with the input motion
tend to match more closely the results of the time history analyses than the CQC method by itself.

Part lll - Chapter 12 Seismic Design Requirements for Building Structures 107




Significant Changes to the Seismic Load Provisions of ASCE 7-10

my X3 P31 F32 ¢

2l 3
m g
. hed P22 P23
Free
m, vibration
superposition { M {%n P12 @13 ]
of three : /
modes
Shape change Mode 1 Mode 2 Mode 3

Frequency w, Frequency w; Frequency w-

No change of shape

— SRSS METHOD

— CQC METHOD

— CQC-4 METHOD

— APPROVED EQUIVALENT APPROACH

12.9.3 | Combined Response Parameters

Methods Permitted to be Used to Combine Modal Response Parameters
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12.94,12.94.1, Addition
12.9.4.2

Scaling of Drifts

At a Glance

Provision is added for scaling of drifts where the dynamic base shear is less than the minimum base shear
given by Eq. (12.8-6).

2010 Standard

12.9.4 Scaling Design Values of Combined Response
A base shear (V) shall be calculated in each of the two orthogonal horizontal directions using the
calculated fundamental period of the structure 7 in each direction and the procedures of Section 12.8;.

except
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12.9.4.1 Scaling of Forces

Wswhere the calculated fundamental period exceeds C, T, in a given direction, thes C, T shall be
used in lieu of 7 in that direction. Where the combined response for the modal base shear (V) is less than
85 percent of the calculated base shear () using the equivalent lateral force procedure, the forces;butnet

the-drifts; shall be multiplied by 0.85; :

4

where
V' = the equivalent lateral force procedure base shear, calculated in accordance with this section and
Section 12.8-and

V, = the base shear from the required modal combination

12.9.4.2 Scaling of Drifts

Where the combined response for the modal base shear ( V) is less than 0.85 Ci W. and where Ci is
determined in accordance with Eq. 12.8-6, drifts shall be multiplied by 0.85 CH

H

Analysis and Commentary

Provision is added for scaling of drifts where the near-fault minimum base shear equation (Eq. 12.8-6)
governs. There was general agreement within the Seismic Subcommittee of ASCE 7 that this was the
intent all along and that this requirement is important for long-period structures (for which this minimum
base shear equation controls).

Long-Period o v <085 x055.W/R _ Multiply Drifts by
Structure +< 0.85x 0.55;W/(R/l) 0.85 x 0.55,W
(R/1e)V;
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Significant Changes to the Seismic Load Provisions of ASCE 7-10

12.4.3.1, 12.10.1.1, Modification
12.10.2.1 and Clarification

Diaphragm and Collector Design Forces

At a Glance
The applicability of the overstrength factor in the determination of collector design forces is clarified. It is
also clarified that diaphragm design forces are horizontal earthquake effects, O,.

2010 Standard

12.4.3.1 Horizontal Seismic Load Effect with Overstrength Factor
The horizontal seismic load effect with overstrength factor, £

.» Shall be determined in
accordance with Eq. 12.4-7 as follows:

E,.= Q 0, (Eq. 12.4-7)
where

0, = effects of horizontal seismic forces from V_F s OF Fp as specified in Sections 12.8.1, and 12.10, or
13.3. 1-respeetively. Where required by in Section 12.5.3 or and 12.5.4, such effects shall result
from application of horizontal forces simultaneously in two directions at right angles to each other.

(no change in remainder of Section 12.4.3.1)

12.10.1.1 Diaphragm Design Forces
Floor and roof diaphragms shall be designed to resist design seismic forces from the structural
analysis, but shall not be less than that determined in accordance with Eq. 12.10-1 as follows:

12.4.3.1,12.10.1.1, 12.10.2.1 | Diaphragm and Collector Design Forces

SF,
Fpe == Wpx (Eq. 12.10-1)
2 Wi
where
= the diaphragm design force
. = the design force applied to Level i
w, = the weight tributary to Level i,
w, = the weight tributary to the diaphragm at Level x
The force determined from Eq. 12.10-1 shall not be less than:
Fox = 02505l Wpe (Eq. 12.10-2)
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The force determined from Eq. 12.10-1 need not exceed:
0:45,w, butshall-netbedessthan 025, v

(no change in remainder of Section 12.10.1.1)

12.10.2.1 Collector Elements Requiring Load Combinations with Overstrength Factor for Seismic
Design Categories C through F

In structures assigned to Seismic Design Category C, D, E or F, collector elements (see Figure
12.10-1) and their connections;spliees; including aned-their connections to_vertical resisting-clements shall
be designed to resist the maximum of the following:

1. Forces calculated using the seismic load effects including lead-combinatiens-with overstrength factor
of Section 12.4.3 2- with seismic forces determined by the Equivalent Lateral Force procedure of
Section12.8 or the Modal Response Spectrum Analysis procedure of Section 12.9.

b2

Forces calculated using the seismic load effects including overstrength factor of Section 12.4.3 with
seismic forces determined by Equation 12.10-1.

|ua

. Forces calculated using the load combinations of Section 12.4.2.3 with seismic forces determined by
Equation 12.10-2.

Transfer forces as described in Section 12.10.1.1 shall be considered.

EXCEPTIONS:

1. The forces calculated above need not exceed those calculated using the load combinations of Section
12.4.2.3 with seismic forces determined by Equation 12.10-3.

2. In structures or portions thereof braced entirely by light-frame shear walls, collector elements_
and their connections;-sphees; including ane connections to vertical resisting elements need only
be designed to resist forces using the load combinations of Section 12.4.2.3 with seismic forces
determined in accordance with Section 12.10.1.1.
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Analysis and Commentary

In Section 12.4.3.1, it is clarified that diaphragm design forces are earthquake load effects O, as used in
the load combinations of Section 12.4. Equation numbers in Section 12.10.1.1 are added for the minimum
and maximum forces facilitating reference.

Section 12.10.2.1 is revised so that there are three checks that need to be made in determining
design forces for collector elements and their connections. ASCE 7-05 did not require that the
diaphragm forces of Section 12.10.1-1 be considered.

For structures assigned to SDC C through F, design forces for collector elements and their
connections are the maximum of the following:

1. Forces determined from the overall building analysis under the design based shear, V, amplified
by the overtstrength factor of Section 12.4.3, that is Q 0O,

2. Forces determined from Eq. 12.10-1, F' . amplified by the overstrength factor of Section 12.4.3;
3. Forces determined from Eq. 12.10-2, F

px, min,

without any overstrength factor.
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The maximum collector forces determined from the above need not exceed those obtained from
Eq. 12.10-3, F, without overstrength factor.

X (max),

The reason that the minimum and maximum values of ' - are not used with the overstrength
factor is that they are independent of the system used, its ductility, and its overstrength. Thus the system
overstrength factor is not applied to these values of collector forces, only to collector forces given by
Eq. 12.10-1, which uses forces derived from the design base shear (and thus incorporates the Response
Modification Coefficient, R).

Collector

Governing Design Forces:

Maximum of

Q0Q¢ Q0Q¢ Q¢
Q; calculated using V from Q¢ caleulated using £, Q¢ calculated using Fo min
Section 12.8 or 12.9 from Eq. (12.10-1) from Eqg. (12.10-2)

Need not exceed Q¢
calculated using Fpy max
from Eq. (12.10-3)

Note: Transfer forces as described in Section 12.10.1.1, if present,
need additionally to be considered.

12.4.3.1, 12.10.1.1, 12.10.2.1 | Diaphragm and Collector Design Forces
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12.11.1 Clarification

Design for Out-of-Plane Forces

At a Glance
Itis clarified that the out-of-plane wall design force of Section 12.11.1 is an F, force.

2010 Standard

12.11.1 Design for Out-of-Plane Forces

Structural walls and their anchorage shall be designed for a force normal to the surface equal to
£, =0.45 1, times the weight of the structural wall with a minimum force of 10 percent of the weight
of the structural wall. Interconnection of structural wall elements and connections to supporting framing
systems shall have sufficient ductility, rotational capacity, or sufficient strength to resist shrinkage,
thermal changes, and differential foundation settlement when combined with seismic forces.

Analysis and Commentary

In ASCE 7-05, there was no logical path for structural wall forces (out-of-plane) to be included in the
seismic load combinations because they were not specifically defined as either Vor F/. The term Q. as
identified under Section 12.4.2.1 is derived only from ¥V or F, but the equation for structural wall forces
under Section 12.11.1 (0.4S,,;7) was not labeled as “F”; thus it remained technically unresolved how
out-of-plane forces entered the load combination equations. This is resolved by stating F, = 0.45 ¢/,
times the weight of the structural wall with a minimum force of 10 percent of the weight of the structural
wall.

s32104 aue|d-40-InQ 103 ubisaqg | L°LL'ZL
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11.3,12.12.3,12.14.8.5 Addition

Structural Separation and Property Line Setback

At a Glance

Structural separation and setback requirements are added.
2010 Standard

11.3 Symbols

8,,= maximum inelastic response displacement, considering torsion, Section 12.12.3

d,,= total separation distance between adjacent structures on the same property. considering torsion,
Section 12.12.3

12.12.3 Building-Structural Separation
All portions of the structure shall be designed and constructed to act as an integral unit in
resisting seismic forces unless separated structurally by a distance sufficient to avoid damaging contact,

under-total-deflection{(8_j-as-determined-in-Section+2-8:6- as set forth in this section.

Separations shall allow for the maximum inelastic response displacement (6,,). d,,shall be
determined at critical locations with consideration for translational and torsional displacements of the

structure including torsional amplifications, where applicable, using the following equation:

S _Cd6max
M= (12.12-1)

e

Where § = maximum elastic displacement at the critical location.

11.3, 12.12.3, 12.14.8.5 | Structural Separation and Property Line Setback

Adjacent structures on the same property shall be separated by at least §,,,, determined as
follows: N

Oyr = \/(6M1 )2 + (6M2)2

(12.12-2)

where 6, , and o, , are the maximum inelastic response displacements of the adjacent structures at their
adjacent edges.

Where a structure adjoins a property line not common to a public way, the structure shall be set
back from the property line by at least the displacement 8, of that structure.

Exception: Smaller separations or property line setbacks are permitted where justified by
rational analysis based on inelastic response to design ground motions.
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12.14.8.5 Drift Limits and Building Separation

Structural drift need not be calculated. Where a drift value is needed for use in material
standards, to determine structural separations between buildings_or from property lines, for design of
cladding, or for other design requirements, it shall be taken as 1 percent of structural height, / , unless
computed to be less. All portions of the structure shall be designed to act as an integral unit in resisting
seismic forces unless separated structurally by a distance sufficient to avoid damaging contact under the

total deflection.

Analysis and Commentary

Structural separation and setback requirements are added to ASCE 7-10. ASCE 7-05 Section 12.12.3
applied only to portions of the same structure. This change expands the scope so that all adjacent
structures and setback distances are addressed. A corresponding change is made for the simplified design
procedure.

Structural separation and setback provisions were included in the 1997 UBC as well as the 2000
and the 2003 editions of the IBC. However, when the 2006 IBC was being developed, it was decided to
delete much of the seismic design provisions (along with much of snow and wind load provisions) from
the code itself and incorporate them only through reference to ASCE 7-05. The objective was to eliminate
possible error and confusion arising from the IBC’s practice of adopting and transcribing, sometimes with
modifications, the ASCE 7 provisions. The building separation provisions were also deleted, overlooking
the fact that ASCE 7 did not include any such requirements. This error was rectified by having the
building separation provisions included in the 2009 IBC by way of a modification to ASCE 7-05. The
modification is now incorporated in ASCE 7-10.

The provisions are the same as those included in the 2003 and the 2000 IBC, where the separation
between two adjacent buildings needs to be adequate to accommodate the maximum inelastic floor
displacements of the two buildings. The maximum inelastic floor displacement is computed as

Cd 8max
1

e

8M=

where § _is the maximum elastic displacement that occurs anywhere in a floor from the application
of the design base shear to the structure. The maximum elastic displacement, 3, , includes the effects
of translation as well as rotation due to torsion (inherent and accidental). It must be noted that §, _is
different from the elastic floor displacement, & _,, which is determined at the center of mass of the floor
and is used in ASCE 7-10 Equation 12.8-15 to compute inelastic floor deflection.
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The maximum inelastic floor displacements from adjacent buildings are combined by the SRSS
(Square Root of Sum of Squares) method to determine the “distance sufficient to avoid damaging
contact.”

Where a structure adjoins a property line not common to a public way, the structure also needs to
be set back from the property line by at least 3.

It is also worth noting that the maximum inelastic floor displacement is computed independent
of the occupancy of the building as the quantity includes the Importance Factor /,, which depends on the
occupancy, in the denominator. The importance factor gets included in the maximum elastic displacement
5 _through the computation of base shear. Thus, when C 5, is divided by /1, the effect of building

max

occupancy is canceled out.
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Exterior damage to the back (north side)
of Oviatt Library during Northridge Earthquake
- - (attributed to pounding).

Sepa rat|0n Source http /Mibrary csun edu/mfinley/eqexdam1 html

10" separation
—]

om2 = 8"

S=6"
\v < (6) +(8)* =10"

Building 2

11.3, 12.12.3, 12.14.8.5 | Structural Separation and Property Line Setback

Building 1

/e

Required Separation for Two Adjacent Buildings
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1.4.5,11.3,12.11.2, Modification
12.11.2.1,12.14.7.5

Anchorage of Structural Walls and Transfer into Diaphragms

At a Glance

Provisions for the design of anchorage of concrete and masonry walls to diaphragms are modified to be
clearer, simpler, and more realistic.

2010 Standard

1.4.5 175 Anchorage of Structural Coenerete-or-Masonry Walls

Cenerete-and-masenry-Wwalls that provide vertical load bearing or lateral shear resistance for
a portion of the structure shall be anchored to the roof and all floors and members that provide lateral
support for the wall or that are supported by the wall. The anchorage shall provide a direct connection
between the walls and the roof or floor construction. The connections shall be capable of resisting a
strength level horizontal force perpendicular to the plane of the wall equal to of 0.2 times the weight of
the wall tributary to the connection, but not less than 5 psf (0.24 kN/m?) the-horizontal-forees-speeified-in-
See&eﬂ%—bi%et—kss—ﬁa&ﬂ—a—mmmum of 2801b Hnear fi-4-09-1Nm)-ef wall substituted-for E-in-

11.3 SYMBOLS

I_cg = coefficient defined in Sections 12.11.2 and 12.14.7.5

12.11.2 Anchorage of Cenerete-or-Masoenry Structural Walls_and Transfer of Design Forces into
Diaphragms

12.11.2.1 Wall Anchorage Forces
The anchorage of eenerete-er-masenry structural walls to supporting construction shall provide a
direct connection capable of resisting the greater-efthe following:

F,=04Spck, I W, (12.11-1)

F shall not be taken less than 0.2k 1 W

a =€

L
k, =1.0+ﬁ (12.11-2)

l_cg need not be taken larger than 2.0.
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where

F, = the design force in the individual anchors

S,s = the design spectral response acceleration parameter at short periods per Section 11.4.4

I, = the eceupaney importance factor per-determined in accordance with Section 11.5.1

k, = amplification factor for diaphragm flexibility

Lf = the span, in feet, of a flexible diaphragm that provides the lateral support for the wall: the span is
measured between vertical elements that provide lateral support to the diaphragm in the direction

considered; use zero for rigid diaphragms

W, = the weight of the wall tributary to the anchor

Where the anchorage is not located at the roof and all diaphragms are not flexible. the value from
Eq. 12.11-1 is permitted to be multiplied by the factor (1+2z/4)/3, where z is the height of the anchor
above the base of the structure and / is the height of the roof above the base.

Structural walls shall be designed to resist bending between anchors where the anchor spacing
exceeds 4 ft (1,219 mm).

12.14.7.5 Anchorage of Conerete-or-Masenry Structural Walls
Conerete-or-masenry Sstructural walls shall be anchored to all floors, roofs, and members that

provide out-of-plane lateral support for the wall or that are supported by the wall. The anchorage shall
provide a positive dlrect connection between the Wall and floor, roof, or supportmg member with the
strength to resist h i e -thisse with- hrag

1.4.5,11.3, 12.11.2, 12.11.2.1, 12.14.7.5 | Anchorage of Structural Walls and Transfer into Diaphragms

F =0.4kg§D_SI/_V]2 (12.14-10)
F shall not be taken less than 0.2k WQ_
Lf
ka=1'0+ﬁ (12.14-11)
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/_c£ need not be taken larger than 2.0 where
o p;(%S—SBsW : 21410y

F,=the design force in the individual anchors

k = amplification factor for diaphragm flexibility

a

Lf = the span, in feet, of a flexible diaphragm that provides the lateral support for the wall: the span is
measured between vertical elements that provide lateral support to the diaphragm in the direction
considered; use zero for rigid diaphragms

S, = the design spectral response acceleration at short periods per Section 12.14.8.1

W, = the weight of the wall tributary to the anchor

Analysis and Commentary

Several significant changes have been made in the ASCE 7 provisions concerning the design force for
the anchorage between walls and floor or roof diaphragms providing lateral support. ASCE 7-05 Section
11.7.5 contained provisions for concrete and masonry walls assigned to SDC A. That section, with
modifications, is now Section 1.4.5. The transfer to Chapter 1 has been made because the requirements
are considered to be basic structural integrity requirements. The 280 plf minimum requirement has been
replaced by 0.2 times the weight of wall tributary to the connection, but not less than 5 psf. Importantly,
the requirements apply to all walls, not just concrete and masonry walls.

ASCE 7-05 Sections 12.11.2 (Anchorage of Concrete or Masonry Structural Walls), applicable
to structures assigned to SDC B through F, and 12.11.2.1 (Anchorage of Concrete or Masonry Structural
Walls to Flexible Diaphragms), applicable to structures assigned to SDC C through F, have been replaced
by the newly titled sections, 12.11.2, Anchorage of Structural Walls and Transfer of Design Forces into
Diaphragms, and 12.11.2.1, Wall Anchorage Forces, both of which are applicable to structures assigned
to SDC B through F. The new section titles improve the clarity and organization of the anchorage
provisions. Similar revisions are made to the anchorage provisions in Section 12.14 for the simplified
seismic design method.

There are significant substantive changes to the anchorage provisions. First, there is no longer
any distinction between concrete and masonry walls and all walls. Second, the lower-bound anchorage
force of 0. lOWp (280 plf in the case of concrete and masonry walls) is replaced by a minimum force of
0.2k I W, As clearly indicated by the following comparison figures, this results in rather significant
increases in the anchorage design force for taller walls in areas of moderate to low seismic hazard (where
Sps values are moderate to low). Third, the anchorage design force for walls supported by flexible
diaphragms used to be twice that for walls supported by rigid diaphragms. ASCE 7-10 provides a gradual
increase in anchorage design force through a multiplier £, which increases from 1.0 to 2.0, as the flexible
diaphragm span increases from zero to 100 ft or more. In a further important change, where the anchorage
is not located at the roof and all diaphragms are not flexible, the anchorage design force given by Eq.
12.11-1 may be reduced by (1 + 2z/h)/3, where z is the height of the anchor above the base of the structure
and 4 is the height of the roof above the base. This is consistent with the variation in seismic design force
for nonstructural components attached to a building, along the height of the building, as given in Section
13.3.1.
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ASCE 7-10 Anchorage design force (tributary wall height = 10 ft)
Courtesy: S.K. Ghosh Associates Inc.
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12.12.4 Addition

Members Spanning between Structures

At a Glance

New requirements are added to address design for maximum anticipated relative displacements of
members spanning between structures.

2010 Standard

12.12.4 Members Spanning between Structures
Gravity connections or supports for members spanning between structures or seismically

separate portions of structures shall be designed for the maximum anticipated relative displacements.
These displacements shall be calculated:

1. Using the deflection calculated at the locations of support, per Eq. 12.8-15 multiplied by
1.5 R/C 4 and

2. Considering additional deflection due to diaphragm rotation including the torsional
amplification factor calculated per Section 12.8.4.3 where either structure is torsionally
irregular, and

3. Considering diaphragm deformations. and

4. Assuming the two structures are moving in opposite directions and using the absolute sum of

the displacements.

12.12.4 | Members Spanning between Structures

Analysis and Commentary

ASCE 7-05 provisions did not specifically address the common condition where a seismic separation
exists but the gravity system is not separate. In such a case large relative movements of the seismically
separate building portions may lead to loss of gravity support for members that bridge between the two
portions unless supports are designed to accommodate such displacements. Five requirements are given
for estimating these movements.

1. Using the deflection calculated at the center of mass per Eq. 12.8-15 multiplied by 1.5R/C ;
The base shear used in calculating deflections in Eq. 12.8-15 corresponds to 2/3 of MCE; the
1.5 factor adjusts it to an MCE-level force. Use of values of C, less than R underestimates
deflections according to Uang and Maarouf, 1994 (Journal of Structural Engineering, ASCE,
Vol. 120, No. &, pp. 2423-2436). The R/C , adjustment accounts for that.

2. Considering additional deflection due to diaphragm rotation;
Eq. 12.8-15 uses center-of-mass displacements. Diaphragm rotation can add significantly to

these.

3. Using the torsional amplification factor calculated per Section 12.8.4.3 when either structure is
torsionally irregular,
Additional rotation for torsionally irregular structures should be included because of the high
consequence of loss of gravity support.

4. Considering diaphragm deformations;
In some types of construction the displacement of the diaphragm can be considerable.

122 Partlll - Chapter 12 Seismic Design Requirements for Building Structures




Significant Changes to the Seismic Load Provisions of ASCE 7-10

5. Assuming the two portions of the building arve moving in opposite dirvections and using the
absolute sum of displacements;
The absolute sum is used instead of a modal combination, which would represent a probable
maximum, because of the high consequence of loss of gravity support.
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Example of Bridge Spanning Between Buildings

Courtesy: Daniel Schwen, commons.wikimedia.org,
under the terms of GNU Free Documentation License, Version 1.2 or later
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12.14.7.2, Modification
Chapter 23 and Addition

Openings or Reentrant Building Corners

At a Glance
Type 11 shear walls complying with AISI S213 are now exempt from the requirement that openings in
shear walls be provided with reinforcement at the edges of the openings.

2010 Standard

12.14.7.2 Openings or Reentrant Building Corners

Except where as otherwise specifically provided for in this standard, openings in shear walls,
diaphragms, or other plate-type elements, shall be provided with reinforcement at the edges of the
openings or reentrant corners designed to transfer the stresses into the structure. The edge reinforcement
shall extend into the body of the wall or diaphragm a distance sufficient to develop the force in the
reinforcement.

EXCEPTION: Perforated-sShear walls of wood structural panels are permitted where designed
in accordance with AF&PA SDPWS for perforated shear walls or AISI S213 for Type 11 shear walls.

Chapter 23
SEISMIC DESIGN REFERENCE DOCUMENTS

ANSI/AISI S213 with S1-09 Eateral

Sections 12.14.7.2, 14.1.1, 14.1.2, 14.1.4.2

North American Standard for the Design of Cold Formed Steel Framing, Lateral Design, 200704, with
Supplement 1, 2009

12.14.7.2, Chapter 23 | Openings or Reentrant Building Corners

Analysis and Commentary

Perforated shear walls are permitted in the AF&PA Special Design Provisions for Wind and Seismic and
are referenced in the exception to ASCE 7-05 Section 12.14.7.2. A similar system called “Type II shear
walls” is permitted for cold formed steel framing in the AISI S213 standard. The exception is expanded

to recognize Type Il shear walls based on testing that has shown that a portion of the shear forces can be
transferred through the steel framing around openings.

~ SHEATHING

P 1

HOLD-DOWN ANCHOR HOLD-DOWN ANCHOR

Iustration of Type II Shear Wall per AISI S213
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Chimneys and Stacks
Table 13.5-1, Table 13.6-1 wovvvvvveereeereereeeseseeesssessssssssssssssssssssssssssssssssssssssssessessseesessseessses e 152
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13.1.3 Modification

Component Importance Factor

At a Glance

Egress stairways are identified as a component requiring an I, = 1.5 assignment.

2010 Standard

13.1.3 Component Importance Factor
All components shall be assigned a component importance factor as indicated in this section. The
component importance factor, L, shall be taken as 1.5 if any of the following conditions apply:

1. The component is required to function for life-safety purposes after an earthquake, including fire
protection sprinkler systems and egress stairways.

2. The component conveys, supports, or otherwise contains toxic, highly toxic, or explosive substances
where the quantity of the material exceeds a threshold quantity established by the authority having
jurisdiction and is sufficient to pose a threat to the public if released.

3. The component is in or attached to an Occupancy Category 1V structure and it is needed for continued
operation of the facility or its failure could impair the continued operation of the facility.

4. The component conveys, supports, or otherwise contains hazardous substances and is attached to a
structure or portion thereof classified by the authority having jurisdiction as a hazardous occupancy.

All other components shall be assigned a component importance factor, / - equal to 1.0.

103>e4 dueiodw) jusuodwo) | €°L°€L

Table 13.5-1 Coefficients For Architectural Components

Architectural Component or Element a,* | R, b
Egress stairways not part of the building structure 1.0 2.5

(remainder of table not shown)

Analysis and Commentary

Requiring the application of a component importance factor of 1.5 for components required to function
for life-safety purposes after an earthquake relies on the judgment of designers and authorities having
jurisdiction to determine which components serve such a function. There are certain components,
however, that clearly serve a life-safety function wherever they are installed. Automatic fire protection
sprinkler systems are one example and they are currently listed in Item 1 of Section 13.1.3. Exit stairways
are another example. Occupants rely on egress stairways to safely exit from buildings after earthquakes.
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13.1.3 | Component Importance Factor

Example of Egress Stairway Not Part of Building Structure
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13.1.4, Modification and
Table 13.5-1 Clarification

Exemptions for Nonstructural Components
and Coefficients for Architectural Components

At a Glance

Furniture and temporary and moveable equipment are added to list of exceptions and improved language
is provided to clarify intent of exceptions. One important change is made to Table 13.5-1, Coefficients for
Architectural Components.

2010 Standard

13.1.4 Exemptions
The following nonstructural components are exempt from the requirements of this section:

1. Furniture (except storage cabinets as noted in Table 13.5-1).

2. Temporary or moveable equipment.

3. +Architectural components in Seismic Design Category B other than parapets supported by bearing
walls or shear walls provided that the component importance factor, lp, is equal to 1.0.

4. 2 Mechanical and electrical components in Seismic Design Category B.

5. 3= Mechanical and electrical components in Seismic Design Category C provided that the component
importance factor, / ; is equal to 1.0,

6. 4- Mechanical and electrical components in Seismic Design Category D, E, or F where all of the fol-

lowing apply:
a. tThe component importance factor, 1, is equal to 1.0 and-beth-the foellowing-conditions-apply:

b. The component is positively attached to the structure;
c.a- Flexible connections are provided between the components and associated ductwork, piping, and
conduit are-provided; and either
1.  The component weighs 400 1b (1,780 N) or less and has a center of mass located 4 ft (1.22m)
or less above the adjacent floor level; or b: Cempenents-are-meunted4ft-(1-22-m})-orless
above-a-floorleveland-weigh-400-Hb-(H780-Ny-ortess:

ii. The component weighs 20 1b (89 N) or less or, in the case of a distributed system, 5 1b/ft (73

N/m) or less.
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Table 13.5-1 Coefficients for Architectural Components

Architectural Component a, R
Cabinets
Permanent floor-supported Sstorage cabinets and-taboratory-equipment-
tincluding—contents) over 6 ft (1,829 mm) tall, including contents 1.0 2.5
Permanent floor-supported library shelving, book stacks and bookshelves
tncludinscontents) over 6 ft (1,829 mm) tall, including contents 1.0 2.5
Laboratory equipment 1.0 2.5

Analysis and Commentary

Two new exceptions are added to Section 13.1.4. This section is intended to exempt certain nonstructural
components from requiring seismic anchorage. The two new exceptions are meant to cover items that
have typically been understood or treated as exempt but that have never been explicitly exempted in
building codes.

Improved language has been incorporated into newly numbered Exception No. 6 to clarify the
necessary conditions for mechanical and electrical equipment to be exempt from the requirements of this
section. The ASCE 7-05 language was not clear with respect to the height/mass exception. Exception No.
6 now is as follows:

1. The 1,=10 requirement remains.

2. All components are expected to be positively attached to the structure (no free-sliding equipment).
3. Flexible connections are required in all cases.
4

. No exemptions for equipment weighing more than 400 Ib. with a center of mass more than 4 feet
above the adjacent floor level.

5. No exemptions for equipment with a center of mass 4 feet or more above the adjacent floor level
unless it weighs less than 20 Ib or 5 Ib/ft.

The changes to Table 13.5-1 are intended to clarify that storage cabinets require anchorage only
when they are over 6 feet tall.

13.1.4, Table 13.5-1 | Exemptions for Nonstructural Components and Coefficients for Architectural Components
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Permanent floor-supported storage cabinets over 6 feet tail
are subject to the requirements of Chapter 13.
Courtesy: Federal Emergency Management Agency
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134 Table 351, Madfeation
=l apbiée o '1 y i
13.6.1, 13.6.2 and Addition

Definitions and Usage of Terms Related to Chapter 13,
Including Friction Clip

At a Glance

Consistency and clarity are provided in the usage of the terms component, nonstructural component,
support, and attachment. The definition for DESIGNATED SEISMIC SYSTEM is revised to correspond
with the 2006 and 2009 IBC. A new definition for FRICTION CLIP is introduced and the friction clip
provision is revised. Determination of component period is clarified.

2010 Standard

11.2 DEFINITIONS

The following definitions apply only to the seismic requirements of this standard.
ATTACHMENTS: Means by which nonstructural components or supports of nonstructural

components and-theirsapperts-are secured or connected to the seismic force-resisting system of the
structure. Such attachments include anchor bolts, welded connections, and mechanical fasteners.

COMPONENT: A part erelement of an architectural, electrical, or mechanical erstraetural
system.

Component, Equipment Nonstructural: A part of an architectural, mechanical or electrical

component-or-element-that-is-part-of a-mechanical-and/or-eleetrieal system within or without a building or.

nonbuilding structure system.
Component, Flexible: €ENonstructural component;-tneladingitsattachments;-having a

fundamental period greater than 0.06 s.

Component, Rigid: €ENonstructural componentinechidingitsattachments-having a fundamental
period less than or equal to 0.06 s.

DESIGNATED SEISMIC SYSTEMS: The—seismic—foree-resisting—system—and—tThose
nonstructural architeetural-eleetrical;-and-mechanical-systems-or-their-components that require design in

accordance with Chapter 13 and for which the component importance factor, / , is greater than 1.0.

11.2,13.1.6, 13.1.7, 13.4, Table 13.5-1, 13.6.1, 13.6.2 | Definitions and Usage of Terms Related to Chapter 13

FLEXIBLE EQUHPMENT CONNECTIONS: Those connections between equipment
components that permit rotational and/or translational movement without degradation of performance.
Examples include universal joints, bellows expansion joints, and flexible metal hose.
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FRICTION CLIP: A device that relies on friction to resist applied loads in one or more
directions to anchor a nonstructural component. Friction is provided mechanically and is not due to

gravity loads.

SUPPORTS: Those struetaral members, assemblies of members, or manufactured elements,
including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, and associated fasteners that
whieh transmit loads between the nonstructural components and their attachments to the structure.

13.1.6 Reference Documents
Where a reference document provides a basis for the earthquake-resistant design of a particular
type of nonstructural system-er component, that document is permitted to be used, subject to the approval
of the authority having jurisdiction and the following conditions:
a. The design earthquake forces shall not be less than those determined in accordance with Section
13.3.1.
b. Each nonstructural component’s seismic interactions with all other connected components
and with the supporting structure shall be accounted for in the design. The component shall
accommodate drifts, deflections, and relative displacements determined in accordance with the
applicable seismic requirements of this standard.
c. Nonstructural component anchorage requirements shall not be less than those specified in Section
13.4.

13.1.7 Reference Documents Using Allowable Stress Design

Where a reference document provides a basis for the earthquake-resistant design of a particular
type of systemor component, and the same reference document defines acceptance criteria in terms of
allowable stresses rather than strengths, that reference document is permitted to be used. The allowable
stress load combination shall consider dead, live, operating, and earthquake loads in addition to those
in the reference document. The earthquake loads determined in accordance with Section 13.3.1 shall be
multiplied by a factor of 0.7. The allowable stress design load combinations of Section 2.4 need not be
used. The component ersystem shall also accommodate the relative displacements specified in Section
13.3.2.

134 NONSTRUCTURAL COMPONENT ANCHORAGE

Nonstructural c€omponents and their supports shall be attached (or anchored) to the structure in
accordance with the requirements of this section and the attachment shall satisfy the requirements for the
parent material as set forth elsewhere in this standard.

(no change in the remainder of Section 13.4)

13.4.6 Friction Clips

Friction clips in Seismic Design Categories D, E, or F shall not be used for ancherage-attachment:
supporting sustained loads in addition to resisting seismic forces. C-type beam and large flange clamps
are permitted for hangers provided they are equipped with restraining straps equivalent to those specified

in NFPA 13, Section 9.3.7. Lock nuts or equivalent shall be provided to prevent loosening of threaded
connections.
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Table 13.5-1 Coefficients For Architectural Components
Architectural Component or-Element a’ R p”

(No changes to table entries)

“A lower value for a, shall not be used unless justified by detailed dynamic analysis. The value for a,
shall not be less than 1.00. The value of @, = 1 is for rigid components and rigidly attached components.
The value of a, = 2.5 is for flexible components and flexibly attached components. See-SeetienH-2for-

defintttons-of rigid-andHlexible:

13.6.1 General
Mechanical and electrical components and their supports shall satisfy the requirements of this
section. The attachment of mechanical and electrical components and their supports to the structure shall
meet the requirements of Section 13.4. Appropriate coefficients shall be selected from Table 13.6-1.
EXCEPTION: (no change to exception)

Where design of mechanical and electrical components for seismic eftects is required,
consideration shall be given to the dynamic effects of the components, their contents, and where
appropriate, their supports and attachments. In such cases, the interaction between the components and
the supporting structures, including other mechanical and electrical components, shall also be considered.

13.6.2 Component Period

The fundamental period of the nonstructural meechanieal-and eleetrieal component (including and
its supports and attachment to the structure building), T, shall be determined by the following equation
provided that the component, supports, and attachment can be reasonably represented analytically by a
simple spring and mass single degree-of-freedom system:

T, =2m . (13-6.1)
K,g
where
T, = component fundamental period
W,= component operating weight
g = gravitational acceleration
K, = combined stiffness ef resilient suppert-systent of the component, supports and

attachments, determined in terms of load per unit deflection at the center of gravity

of the component

Alternatively, the fundamental period of the component, T, ins is permitted to be determined
from experimental test data or by a properly substantiated analysis.

11.2,13.1.6, 13.1.7, 13.4, Table 13.5-1, 13.6.1, 13.6.2 | Definitions and Usage of Terms Related to Chapter 13
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Analysis and Commentary

Consistency and clarity are provided in the usage of the terms component, nonstructural component,
support, and attachment. The distinction among attachments, components, and supports is necessary

to the understanding of the requirements for nonstructural components and nonbuilding structures

in Chapters 13 and 15, respectively. Common cases associated with nonstructural components are
illustrated in Commentary Figure C11-1 in ASCE 7-10 and reproduced herein. Note that the definitions of
components, supports, and attachments are generally applicable to components with a defined envelope
in the as-manufactured condition and for which additional supports and attachments are required to
provide support in the as-built condition. As the ASCE 7-10 Commentary to Section 11.2 points out, this
distinction may not always be clear, particularly when the component is equipped with prefabricated
supports; therefore, judgment must be used in the assignment of forces to specific elements in accordance
with the provisions of Chapter 13.

The term designated seismic system is no longer used outside of Chapter 13, Seismic Design
Requirements for Nonstructural Components. This revision in the definition of the term retains the
meaning of the term as used in Chapter 13 and harmonizes ASCE 7 and the Chapter 13 definition with
that found in Section 1702 of the 2006 and 2009 IBC.

The term friction clip was used but not defined in ASCE 7-05 and could be interpreted to include
many common types of devices used for the anchorage of nonstructural components, such as cable
clamps, wedge anchors, cold-formed metal channel (strut) connections, restrainer clips for suspended
ceiling tiles, etc. Since there was no definition, it was not clear whether the “friction clips” would be
allowed to resist forces in directions other than the direction(s) in which friction was provided. The term
friction clip is now defined in Section 11.2 in a general way to encompass C-type beam clamps as well as
cold-formed metal channel (strut) connections. Friction clips are suitable to resist seismic forces provided
they are properly designed and installed, but under no circumstances should they be relied upon to resist
sustained gravity loads.

Section 13.4.6 is revised so that the prohibition of friction connections is limited to those that can
dislodge due to earthquake shaking and cause the nonstructural component to displace and cause a life
safety hazard or, in the case of Designated Seismic Systems, in a loss of operability. Thus, nonstructural
components are prevented from relying on friction connections to provide gravity support, since these
connections can be dislodged and create a falling hazard. Friction connections, using a mechanical means
and not relying on gravity to generate friction, are allowed for resisting lateral loads where gravity support
for the component can be maintained with the loss of the friction connection. Friction connections that are
required to resist both gravity loads and lateral loads are prohibited, to ensure that failure of the friction
connection due to lateral loads does not affect the gravity support for the component.

The modification to Footnote a of Table 13.5-1 reflects the fact that the a, and R values in the
table are based on judgment and in aggregate reflect what is judged to be the correct coefficient for
the design of the listed components. In general, it is not envisioned that a period calculation would be
performed for architectural components to establish whether they are flexible or rigid.

Language is also altered in Section 13.6.2 specifying the need to consider the structural response
for the determination of the component period where the component and supporting structure have a
significant dynamic interaction, such as might be the case for a large roof-mounted chiller unit.
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13.1.6 Addition

Reference Documents

At a Glance

A new requirement for compliance with Section 13.4 Nonstructural Component Anchorage is added
where a reference document is used for seismic design of a nonstructural component.

2010 Standard

13.1.6 Reference Documents

Where a reference document provides a basis for the earthquake-resistant design of a particular
type of nonstructural component, that document is permitted to be used, subject to the approval of the
authority having jurisdiction and the following conditions:

sjuawndoQ adua13jdy | 9°'L°EL

a. The design earthquake forces shall not be less than those determined in accordance with Section
13.3.1.

b. Each component’s seismic interactions with all other connected components and with the supporting
structure shall be accounted for in the design. The component shall accommodate drifts, deflections,
and relative displacements determined in accordance with the applicable seismic requirements of this
standard.

¢. Nonstructural component anchorage requirements shall not be less than those specified in Section 13.4.

Analysis and Commentary

Reference documents can be excellent resources for the seismic design of nonstructural components.
However, implementation of earthquake-resistant design in reference documents may be behind the ASCE
7 provisions. Design forces are kept current by reference to Section 13.3.1 in Item (a) of Section 13.1.6.
The new reference to Section 13.4 provides assurance that connection of the nonstructural component

to the structure is adequate. Anchorage that is required by the reference standard needs to be held to the
same degree of care as would be attained by using ASCE 7 provisions. Note that Section 13.6.11 Other
Mechanical and Electrical Components requires compliance with Section 13.4.

CHECKLIST FOR USING A REFERENCE DOCUMENT
for SEISMIC DESIGN of a NONSTRUCTURAL COMPONENT:

I:\d Approval of Authority Having Jurisdiction
[ZJI Seismic Design Force > Fg in Section 13.3.1
m Compliance with Section 13.3.2 Seismic Relative Displacements

m Compliance with Section 13.4 Nonstructural Component Anchorage
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13.2.1 and 13.2.2 Modification

Applicable Requirements for Architectural, Mechanical, and Electrical
Components, Supports, and Attachments; Special Certification
Requirements for Designated Seismic Systems

At a Glance

Clarification and improved consistency in language is provided in applicable requirements for
architectural, mechanical, and electrical components, supports, and attachments. Special certification is
required to be provided by manufacturer rather than supplier; method of certification for active parts or
energized components is further defined.

2010 Standard

13.2.1 Applicable Requirements for Architectural, Mechanical, and Electrical Components, Sup-
ports, and Attachments

Architectural, mechanical, and electrical components, supports, and attachments shall comply
with the sections referenced in Table 13.2-1. These requirements shall be satisfied by one of the following
methods:

1. Project-specific design and documentation prepared and submitted for approval to the authority
having jurisdiction after review and acceptance by a registered design professional.

Submittal of the manufacturer’s certification that the component is seismically qualified by at least
one of the following:

a. Analysis:, or

b. Testing in accordance with the alternative set forth in Section 13.2.5:, or

c. Experience data in accordance with the alternative set forth in Section 13.2.6.

13.2.2 Special Certification Requirements for Designated Seismic Systems

Certifications shall be provided for designated seismic systems assigned to Seismic Design
Categories C through F as follows:

1.a- Active mechanical and electrical equipment that must remain operable following the design
earthquake ground motion shall be certified by the manufacturer supplier as operable whereby

active parts or energized components shall be certified based exclusively on the basis of approved
shake table testing in accordance with Section 13.2.5 or experience data in accordance with Section
13.2.6 unless it can be shown that the component is inherently rugged by comparison with similar
seismically qualified components. Evidence demonstrating compliance with ef this requirement shall
be submitted for approval to the authority having jurisdiction after review and appreval acceptance by
a theregistered design professional.

2.b-Components with hazardous substances and assigned a component importance factor, /,, of 1.5

in accordance with Section 13.1.3 shall be certified by the manufacturer supplier as maintaining
containment following the design earthquake ground motion by (1) analysis, (2) approved shake
table testing in accordance with Section 13.2.5, or (3) experience data in accordance with Section
13.2.6. Evidence demonstrating compliance of with this requirement shall be submitted for approval
to the authority having jurisdiction after review and appreval acceptance by a the registered design
professional.

13.2.1 and 13.2.2 | Applicable Requirements for Architectural, Mechanical, and Electrical Components
[\)
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Analysis and Commentary

In Items 1 and 2 of Section 13.2.2, “approval” is changed to “acceptance,” which is a more appropriate
term for the responsibilities of a registered design professional. “Approval” is typically the prerogative of
the authority having jurisdiction. This change will also make the items consistent with other provisions of
ASCE 7 that specify acceptance by a registered design professional.

In Section 13.2.2, the phrase “the registered design professional” is changed to “a registered
design professional” in two places. When ASCE 7 intends to be more specific than the way it was in
ASCE 7-05, it typically uses the phrase: the registered design professional responsible for the structural
design, or something to that effect, as in Sections 17.2.4.9 and 18.2.5.4. Here that is not the intent. So
ASCE 7 has chosen to be less specific by going from “the” to “a” registered design professional, meaning
any registered design professional.

Language is added stating that active parts or energized components be certified by approved
shake table testing or experience data unless it can be shown that the component is inherently rugged by
comparison with similar seismically qualified components. Active equipment has parts that rotate, move
mechanically or are energized during operation. Evaluating post-earthquake operational performance for
active equipment by analysis generally involves sophisticated modeling with experimental validation and
may not be reliable. Therefore, the use of analysis for active or energized components is not permitted
unless a comparison can be made to components that have otherwise been deemed as rugged.

® Analysis validated through testing

Testing in Accordance with Section 13.2.5 as Method of Certification by Manufacturer
Courtesy: Philip Caldwell
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11.3,13.3.2,13.3.2.2 Modification

Seismic Relative Displacement
At a Glance

The Importance Factor /, is included in the equation for the determination of seismic relative
displacement between two structures.

2010 Standard
11.3 SYMBOLS

D, = seismic relative seismie-displacement; see that-a-compenentmustbe-designed-to-
aceommodate-as-definedin Section 13.3.2

13.3.2 Seismic Relative Displacements
The effects of seismic relative displacements shall be considered in combination with
displacements caused by other loads as appropriate. Seismic relative displacements, D ) shall be
erm i ith-the 1ORS-S€ i i i determined in

de minad 1n ardance an a oarth 1 A an a

accordance with Eq. 13.3-5 as

11.3,13.3.2, 13.3.2.2 | Seismic Relative Displacement

D, =D)], (13.3-5)
where
I, = the importance factor in Section 11.5.1.
QL = displacement determined in accordance with the equations set forth in Sections 13.3.2.1
and 13.3.2.2.

Section 13.3.2.2 Displacements between Structures
For two connection points on separate Structures A and B or separate structural systems, one at a
height h, and the other at a height /2, D shall be determined as:

D, =8l +]3 5] (Eq. 13.3-78)

D, is not required to be taken as greater than:

— thaA + hyA“B

D
' h h

(Eq. 13.3-89)

SX SX

where

>
I

relative seismic displacement that the component must be designed to accommodate

0, = deflection at building Level x of Structure A, determined by-an-elastic-analysis-as-defined-
in-Seetton128-6 in accordance with Eq. (12.8-15)
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d,, = deflection at building Level y of Structure A, determined by-an-elastie-analysis-as-defined-
m-Seetton12-8-6 in accordance with Eq. (12.8-15).

6), 5 = deflection at building Level y of Structure B, determined by-an-elastie-analysis-as-defined-
mSection12-8-6 in accordance with Eq. (12.8-15).

h_ = height of Level x to which upper connection point is attached
h = height of Level y to which lower connection point is attached
A,, = allowable story drift for Structure A as defined in Table 12.12-1
A, = allowable story drift for Structure B as defined in Table 12.12-1

h, = story height used in the definition of the allowable drift A  in Table12.12-1. Note that A /
h = the drift index.

The effects of seismic relative displacements shall be considered in combination with
displacements caused by other loads as appropriate.

Analysis and Commentary

The seismic relative displacements to be used in the design of displacement-sensitive nonstructural
components is D /, instead of D , where D, is given by Eqgs. 13.3-6 to 13.3-9 and /, is the Importance
Factor set forth in Table 1.5-2. D, in Eqs. 13.3-6 to 13.3-9 is based on deflection, §,, as given by Eq.
(12.8-15), which, for the purposes of meeting the drift limit requirements of Table 12.12-1, correctly
excludes the effect of the importance factor, /,. For Risk Category III and IV structures, nonstructural
components should be designed for the deflection that is amplified by /,.
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The changes to the definitions of the 8,_terms in Section 13.3.2.2 are necessary to ensure that the
pointer is to 8, in Section 12.8.6 and not to 3.

Hlustration of Relative Seismic Displacement
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13.4.1,13.4.2, Modification
13.4.2.1,13.4.2.2,
13.4.2.3

Design Force in Attachment and Anchors in Concrete or Masonry

At a Glance
The R, penalty for anchors in concrete and masonry is revised. Standards are referenced for design of (1)
anchors in concrete, (2) anchors in masonry, and (3) post-installed anchors in concrete and masonry.

2010 Standard

13.4.1 Design Forces: in the Attachment
The force in the attachment shall be determined based on the prescribed forces and displacements
for the component as determined speetfied in Sections 13.3.1 and 13.3.2- except that R shall not be taken

as larger than 6.

13.4.2 Anchors in Concrete or Masonry.-Anchors-embedded-inconerete-or-masenry-shall-be-
oned hel  the followine:

13.4.2.1 Anchors in Concrete
Anchors in concrete shall be designed in accordance with Appendix D of ACI 318.

13.4.2.2 Anchors in Masonry
Anchors in masonry shall be designed in accordance with TMS 402/ACI 503/ASCE 5. Anchors

shall be designed to be governed by the tensile or shear strength of a ductile steel element.

EXCEPTION: Anchors shall be permitted to be designed so that the attachment that the anchor
is connecting to the structure undergoes ductile yielding at a load level corresponding to anchor forces
not greater than their design strength, or the minimum design strength of the anchors shall be at least 2.5
times the factored forces transmitted by the component.

13.4.2.3 Post-installed Anchors in Concrete and Masonry

Post-installed anchors in concrete shall be pre-qualified for seismic applications in accordance with ACI
355.2 or other approved gualification procedures. Post-installed anchors in masonry shall be prequalified
for seismic applications in accordance with approved gualification procedures.

13.4.1,13.4.2,13.4.2.1,13.4.2.2, 13.4.2.3 | Design Force in Attachment and Anchors in Concrete or Masonry

Part IV - Chapter 13 Seismic Design Requirements for Nonstructural Components




Significant Changes to the Seismic Load Provisions of ASCE 7-10

Analysis and Commentary
The revisions address several issues associated with anchor design in Chapter 13:

1.

There were a number of problems with the ASCE 7-05 provisions. The R, penalty was intended to only
apply to the anchorage; the language applied it to the entire component. The requirements for avoiding
the R, penalty were illogical. An anchor qualified in accordance with ACI 355.2 does not produce a
ductile failure unless it is designed to do so. The list should have read: a) ...or...b) ...and...c). Finally,
the reference to Section 14.2.2.17 raised the possibility that the 2.5 multiplier in that section for non-
ductile anchors could be applied on top of the 1.3 factor and the R , penalty in 13.4.2.

All post-installed anchors in concrete and masonry should be qualified for seismic loading through
appropriate testing. The requisite tests for anchors in concrete are given in ACI 355.2 (or the ICC-ES
criteria that incorporate these provisions: AC193, AC308); for post-installed anchors in masonry, the
only standards for seismic prequalification are given in the ICC-ES acceptance criteria AC01, ACS8,
and AC106. All anchors in concrete should be designed in accordance with ACI 318 App. D. Anchors
in masonry should be designed in accordance with ACI 530.

. ASCE 7-05 Section 14.2.2.17 contained a ductility requirement and a force multiplier for nonductile

anchors. These have now been incorporated into ACI 318-08 and are removed from ASCE 7-10
Chapter 14. The force multiplier (in ACI 318-08, it is a reduced @-factor) replaces all other factors for
non-ductile anchors in concrete.

The requirements for anchors in masonry are different than those for anchors in concrete and so must
be treated separately. This is accomplished by creating new subparagraphs.

. The limit on R (Section 13.4.1) is intended to address cases (e.g. high-deformability pipe) where the

calculated connection forces could be artificially low, especially for welded or bolted connections
where additional conservatism is not incorporated in the resistance calculation.

Building Code Requirements and
Specification for
Masonry Structures

Containing

8 g Code Req for Masonry Structures
(TMS 402-08/ACI 530-08/ASCE 5-08)

Specification for Masonry S
(TMS 602-08/ACI 530.1-0B/ASCE 6-08)

and Companion Commantaries

Referenced Standards for Design of Anchors in Concrete and Masonry
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13.4.5 Modification

Power Actuated Fasteners and Addltlon
At a Glance

Power actuated fasteners in concrete and steel are now addressed separately and an exception
is added to address lightly loaded power actuated fasteners in both concrete and steel.

2010 Standard

13.4.5 Power Actuated Fasteners

Power actuated fasteners in concrete or steel shall not be used for sustained tension loads or for
brace applications in Seismic Design Categories D, E, or F unless approved for suek seismic loading.
Power actuated fasteners in masonry are not permitted unless approved for seismic loading.

13.4.5 | Power Actuated Fasteners

EXCEPTION: Power actuated fasteners in concrete used for support of acoustical tile or lay-in
panel suspended ceiling applications and distributed systems where the service load on any individual

fastener does not exceed 90 1b (400 N). Power actuated fasteners in steel where the service load on any
individual fastener does not exceed 250 1b (1,112 N).

Analysis and Commentary
Power actuated fasteners are used in both concrete and steel. The change recognizes this and sets forth
separate restrictions for their use in each case.

This section was originally intended to address documented failures in the 1994 Northridge
earthquake of power actuated fasteners used to hang sprinkler systems. While most of the failures
involved the use of power actuated fasteners in concrete, some were also in steel. The degree to which
the failures occurred because of poor installation, product deficiency, overload, or consequential damage
is unclear from the record. Generally speaking, power actuated fasteners exhibit far better performance
(mean, ultimate, and COV) in steel than in concrete. This is reflected in the provision, which still allows
the use of power actuated fasteners in concrete for light distributed systems (e.g. lay-in ceilings).

Currently, no accepted procedure exists for the qualification of power actuated fasteners to resist
seismic loads.

Blunt tip
threaded studs

Nails Threaded studs

Power Actuated Fasteners
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Table 13.5-1, Modification
Table 15.4-2

Signs and Billboards
At a Glance
The R and R, values for signs and billboards are made consistent; both are equal to 3.0.
2010 Standard
Table 13.5-1 Coefficients for Architectural Components
Architectural Component a, R’
Signs and Billboards 2.5 3.0-25

Table 15.4-2 Seismic Coefficients for Nonbuilding Structures not Similar to Buildings
Structural Height, &, , Limits
R | Q|C (fey

A&B| C D E F

Nonbuilding Detailing
Structure Type Requirements©

spieoq|ig pue subis | z-v°SL 3|qeL ‘L-S"€L d|qel

Signs and Billboards 3035 |1.75] 3 NL [NL| NL | NL | NL

Analysis and Commentary

The values of R, and R for “Signs and Billboards” specified in Chapters 13 and 15 should be consistent.
This change provides for that consistency. The value being specified is the average of the values provided
in ASCE 7-05 Chapters 13 and 15 and is considered to be a reasonable and acceptable value based on the
collective judgment of the committees responsible for these chapters.

Signs and billboards need to be designed
using R = 3 in accordance with Table 13.5-1
orR= f in accordance with Table 15.4-2.
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13.5.6, 13.5.6.1, Modification
13.5.6.2, 13.5.6.3, and Addition

13.5.8

Suspended Ceilings
At a Glance

ASTM E380 is referenced and modifications are made to provide consistency between referenced
standards and ASCE 7-10.

2010 Standard

13.5.6 Suspended Ceilings
Suspended ceilings shall be in accordance with this section.

EXCEPTIONS:

1. Suspended ceilings with areas less than or equal to 144 ft2 (13.4 m?) that are surrounded by walls or
soffits that are laterally braced to the structure above are exempt from the requirements of this section.

2. Suspended ceilings constructed of screw- or nail-attached gypsum board on one level that are
surrounded by and connected to walls or soffits that are laterally braced to the structure above are
exempt from the requirements of this section.

13.5.6.1 Seismic Forces

The weight of the ceiling, ¥, shall include the ceiling grid; ceiling tiles or and panels; light
fixtures if attached to, clipped to, or laterally supported by the ceiling grid; and other components that are
laterally supported by the ceiling. w, shall be taken as not less than 4 psf (192 N/m?).

13.5.6, 13.5.6.1, 13.5.6.2, 13.5.6.3, 13.5.8 | Suspended Ceilings

The seismic force, ', shall be transmitted through the ceiling attachments to the building
structural elements or the ceiling-structure boundary.

13.5.6.2 Industry Standard Construction for Acoustical Tile or Lay-In Panel Ceilings

Unless designed in accordance with Section 13.5.6.3, or seismically qualified in accordance
with Section 13.2.5 or 13.2.6, suspended acoustical tile or lay-in panel ceilings shall be designed and
constructed in accordance with this section.

13.5.6.2.1 Seismic Design Category C Suspended Acoustical tile or lay-in panel ceilings in structures
assigned to Seismic Design Category C shall be designed and installed in accordance with ASTM C635,

ASTM C636, and-the- CISCASor-Seismie-Zones0-2-except-that seismic forces shall- be-determined-in-
aecordanee-with-Seetions13-3-1-and13-5:6- - ASTM E580, Section 4 - Seismic Design Category C.
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13.5.6.2.2 Seismic Design Categories D through F' Suspended Acoustical tile or lay-in panel ceilings in
Seismic Design Categories D, E, and F shall be designed and installed in accordance with ASTM C635,
ASTM C636, and-the- CISCAfor-Seismie Zones3-4 ASTM ES80, Section 5 - Seismic Design Categories
D. E, and F as modified by thefeltewing this section.

Acoustical tile or lay-in panel ceilings shall also comply with the following:
a. b:-The width of the perimeter supporting closure angle or channel shall be not less than 2.0 in. (50
mm). Where perimeter supporting clips are used, they shall be qualified in accordance with approved

test criteria. In each orthogonal horizontal direction, one end of the ceiling grid shall be attached to
the closure angle or channel. The other end in each horizontal direction shall have a 0.75 in. (19 mm)
clearance from the wall and shall rest upon and be free to slide on a closure angle or channel.

|

. & For ceiling areas exceeding 2,500 ft? (232 m?), a seismic separation joint or full height partition that
breaks the ceiling up into areas not exceeding 2,500 ft? (232 m?), each with a ratio of the long to short
dimension less than or equal to 4, shall be provided unless structural analyses are performed of the
ceiling bracing system for the prescribed seismic forces that demonstrate ceiling system penetrations
and closure angles or channels provide sufficient clearance to accommodate the anticipated lateral
displacement. Each area shall be provided with closure angles or channels in accordance with Hemb
Section 13.5.6.2.2.a and horizontal restraints or bracmg inaecordanee-with-item-e.
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13.5.6.3 Integral Construction

As an alternate to providing large clearances around sprinkler system penetrations through
ceilings systems, the sprinkler system and ceiling grid are permitted to be designed and tied together as an
integral unit. Such a design shall consider the mass and flexibility of all elements involved, including the
ceiling system, sprinkler system, light fixtures, and mechanical (HVAC) appurtenances. Such design shall
be performed by a registered design professional.
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13.5.8 Partitions

13.5.8.1 General

Partitions that are tied to the ceiling and all partitions greater than 6 ft (1.8 m) in height shall be
laterally braced to the building structure. Such bracing shall be independent of any ceiling splay lateral
force bracing. Bracing shall be spaced to limit horizontal deflection at the partition head to be compatible
with ceiling deflection requirements as determined in Section 13.5.6 for suspended ceilings and elsewhere
in this section for other systems.

EXCEPTION: (no changes to exception)

Analysis and Commentary

Changes have been made to clarify and expand the requirements for suspended ceiling systems. Some
terminology is changed to be consistent with terminology in referenced standards. The following is a
summary of these changes:

1. “Suspended ceiling” is changed to “acoustical tile or lay-in panel ceiling” in Sections 13.5.6.2,
13.5.6.2.1, and 13.5.6.2.2. Since any ceiling suspended from the building structure is considered a
“suspended ceiling”, language was used from the referenced standards to communicate the scope of
coverage. This was especially needed due to the exclusion of drywall ceilings, which are typically
suspended.

2. “Closure angle” is changed to “closure angle or channel” because channels are occasionally used.

3. “Splay bracing” is changed to “lateral force bracing.” There has been continuing confusion about
what constitutes the lateral force bracing. Using several terms just exacerbated this. For less than
1,000 sq. ft, there is often a question as to whether the compression posts are waived along with the
splay braces (they are).

4. “Ceiling system” is changed to “ceiling.”

13.5.6, 13.5.6.1, 13.5.6.2, 13.5.6.3, 13.5.8 | Suspended Ceilings

Two exceptions for suspended ceilings minor in nature are added, one for suspended ceilings
less than 144 sq. ft in area and one for flat, drywall ceilings. These exceptions were in the referenced
standards; however, by placing them at the beginning of Section 13.5.6, they will be more visible to the
code user and applicable to all suspended ceilings. A reference to the option for seismic qualification
of acoustical tile or lay-in panel ceilings that do not meet the prescriptive requirements of the section is
added. ASTM ES580, Standard Practice for Installation of Ceiling Suspension Systems for Acoustical Tile
and Lay-in Panels in Areas Subject to Earthquake Ground Motions, is now referenced instead of CISCA
standards, and much of the language that has been deleted from the ASCE 7-05 provisions is found in
ASTM ES580. This change simplifies the section, as most requirements are found in ASTM E580, instead
of being split between two different CISCA documents and ASCE 7. A reference to the substitution of
perimeter clips for the 2-in. wall angle is added as these are in common use and have been qualified using
ICC-ES AC156 by multiple manufacturers.
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Photo from “Seismic Fragility of Suspended Ceiling Systems”, Technical Report MCEER-06-001
Hiram Badillo-Almaraz, Andrew S. Whittaker, Andrei M. Reinhorn and Gian Paolo Cimellaro.
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Table 13.6-1 Modification

Seismic Coefficients for Electrical Conduit, Bus Ducts, Cable Trays, and
Plumbing

At a Glance
Revisions are made to the seismic coefficients for electrical conduits and cable trays

2010 Standard

Table 13.6-1 Seismic Coefficients for Mechanical and Electrical Components

Mechanical and Electrical Components
(no changes to table entries) P P

Vibration Isolated Components and Systems ?
(no changes to table entries)

Distribution Systems

Piping in accordance with ASME B31, including in-line components with joints

made by welding or brazing. 2.5 12.0

Piping in accordance with ASME B31, including in-line components, constructed
of high or limited deformability materials, with joints made by threading, bonding, 2.5 6.0
compression couplings, or grooved couplings.

Piping and tubing not in accordance with ASME B31, including in-line compo-
nents, constructed of high deformability materials, with joints made by welding or 2.5 9.0
brazing.

Piping and tubing not in accordance with ASME B31, including in-line compo-
nents, constructed of high or limited deformability materials, with joints made by 2.5 4.5
threading, bonding, compression couplings, or grooved couplings.

Piping and tubing constructed of low deformability materials, such as cast iron,

glass, and nonductile plastics. 23 30
Ductwork, including in-line components, constructed of high-deformability materi-

e . . 2.5 9.0
als, with joints made by welding or brazing.
Ductwork, including in-line components, constructed of high- or limited-deform- 55 6.0
ability materials with joints made by means other than welding or brazing. ' '
Ductwork, including in-line components, constructed of low-deformability materi- 25 3.0

Table 13.6-1 | Seismic Coefficients for Electrical Conduit, Bus Ducts, Cable Trays and Plumbing

als, such as cast iron, glass, and nonductile plastics.
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Electrical conduit;bus-duets; rigidty mounted and cable trays;and-ptambing: 2:2 g
Bus ducts 1.0 25
Plumbing 1.0 25
Manufacturing or process conveyors (nonpersonnel) 2.5 3.0
Suspended-cabletrays 25 60

(No changes to footnotes)

Analysis and Commentary

The ASCE 7-05 entry “electrical conduit, bus ducts, rigidly mounted cable trays and plumbing” is revised
to “electrical conduit and cable trays” and “bus ducts” and “plumbing” are made into separate entries.
Conduit and cable trays are typically not rigid components, as implied by the ASCE 7-05 assignment of
a,=1 .0. For distributed electrical systems, the ASCE 7-05 values of a,= 1.0 and R,= 2.5vyieldan a ,/Rp
ratio of 0.40. With the change, a p/R , = 2.5/6.0 =0.42, which yields a similar design value, but recognizes
the inherent flexibility of the distributed electrical systems. The distinction between suspended and
rigidly-mounted cable trays is deleted. Values for bus ducts are left unchanged, but are placed on a
different line, since these do tend to behave as rigid elements. Values for plumbing are left unchanged,
but are placed on a different line.

a R
4 yid
Electrical conduit, bus ducts, rigidly mounted cable trays, and plumbing. 1.0 2.5
aﬂ R."
Electrical conduit and cable trays 2:5 6.0
Bus Ducts 1.0 2.5
Plumbing 1.0 25
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Table 13.5-1 and Deletion
Table 13.6-1

Chimneys and Stacks

At a Glance
Stacks are deleted from Table 13.5-1 and chimneys are deleted from Table 13.6-1.

2010 Standard

Table 13.5-1 Coefficients for Architectural Components

Architectural Component ad R?

Cantilever Elements (Unbraced or braced to structural frame below its center of mass)

Parapets and cantilever interior nonstructural walls 2.5 2.5

Chimneys and-stacks where laterally braced or supported by the structural frame 2.5 2.5
Cantilever Elements (Braced to structural frame above its center of mass)

Parapets 1.0 2.5

Chimneys and-Stacks 1.0 2.5

Exterior Nonstructural Walls® 1.0° | 2.5

Table 13.5-1 and Table 13.6-1 | Chimneys and Stacks

Table 13.6-1 Seismic Coefficients for Mechanical and Electrical Components

Mechanical and Electrical Components ay RS
Roof-mounted elhimneys; stacks, cooling and electrical towers laterally braced below 55 30
their center of mass. ' '
Roof-mounted ehimneys; stacks, cooling and electrical towers laterally braced above 1.0 25

their center of mass.

Analysis and Commentary

Chimneys and stacks were listed in ASCE 7-05 Table 13.5-1 as architectural components as well as in
ASCE 7-05 Table 13.6-1 as mechanical and electrical components. To clarify this situation, “stacks” is
removed from Table 13.5-1, so that it is covered only by Table 13.6-1, as almost all stacks are industrial in
nature and are considered to be part of the mechanical exhaust system. Likewise, “chimneys” is removed
from Table 13.6-1, because roof-mounted chimneys are in reality architectural components.

152 PartlV - Chapter 13 Seismic Design Requirements for Nonstructural Components




Significant Changes to the Seismic Load Provisions of ASCE 7-10

s)yoeys pue skauwny) | L-9'€L 3|qel pue |-g°€L 3|qeL

Chimneys are considered architectural components, and stacks are considered
mechanical components for the purpose of Chapter 13.

Courtesy: Prabuddha Dasgupta
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13.6.5.5 and Modification
13.6.5.6 and Addition

Additional Requirements for
Mechanical and Electrical Components

At a Glance
The provisions in Section 13.6.5.5 are modified, improved, and clarified and a new Section 13.6.5.6 is
added specifically for raceways.

2010 Standard

13.6.5.5 Additional Requirements

The following additional requirements shall apply to mechanical and electrical component
supports:
1. Seismic supports shall be constructed so that support engagement is maintained.

2. Oversized-plate-washers-or-otherrReinforcement (e.g. stiffeners or Belleville washers) shall
be prov1ded at bolted connectlons through & sheet metal equmment housm,qs base-tthe-base-

- apa 3 o £ ads: as required
to transfer the equipment seismic loads spemﬁed in this sectlon from the equipment to the
structure. Where equipment has been certified per Section 13.2.2, 13.2.5, or 13.2.6, anchor bolts
or other fasteners and associated hardware as included in the certification shall be installed in
conformance with the manufacturer’s instructions. For those cases where no certification exists
or where instructions for such reinforcement are not provided, reinforcement methods shall be as
specified by a registered design professional or as approved by the authority having jurisdiction.
(no change to Item 3)
(no change to Item 4)
S. Expansien-anchorshallnetbe Where post-installed mechanical anchors are used for non-vibration
isolated mechanical equipment rated over 10 hp (7.45 kW), they shall be qualified in accordance
with ACI 355.2.

bl

13.6.5.5 and 13.6.5.6 | Additional Requirements for Mechanical and Electrical Components

6.7 For piping, boilers, and pressure Vessels attachments to concrete shall be suitable for cychc loads.
1.8 For mechanical equipment, drilled and grouted-in-place anchors for tensile load applications shall
use either expansive cement or expansive epoxy grout.
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13.6.5.6 Conduit, Cable Tray, and Other Electrical Distribution Systems (Raceways)

Raceways shall be designed for seismic forces and seismic relative displacements as required in
Section 13.3. Conduit greater than 2.5 inches (64 mm) trade size and attached to panels, cabinets, or other
equipment subject to seismic relative displacement, Dﬂl shall be provided with flexible connections or
designed for seismic forces and seismic relative displacements as required in Section 13.3.

EXCEPTIONS:

1. Design for the seismic forces and relative displacements of Section 13.3 shall not be required for
raceways where either:

a. Trapeze assemblies are used to support raceways and the total weight of the raceway supported by
trapeze assemblies is less than 10 Ib/ft (146 N/m). or

b. The raceway is supported by hangers and each hanger in the raceway run is 12 in. (305 mm) or
less in length from the raceway support point to the supporting structure. Where rod hangers are
used, they shall be equipped with swivels to prevent inelastic bending in the rod.

2. Design for the seismic forces and relative displacements of Section 13.3 shall not be required for conduit,
regardless of the value of [qu where the conduit is less than 2.5 in. (64 mm) trade size.

Analysis and Commentary

The provisions in Section 13.6.5.5 are modified, improved, and clarified and a new Section 13.6.5.6 is
added specifically for raceways.

Item 2 to Section 13.6.5.5 is revised to address additional requirements for reinforcement at
bolted connections through sheet metal equipment housing. ASCE 7-05 language implied that an
oversized plate washer was sufficient, regardless of the design of the sheet metal base. More recent
proprietary testing conducted on equipment in accordance with Section 13.2.2 (Special Certification
Requirements for Designated Seismic Systems) indicates that oversized plate washers may not be
adequate to ensure good performance. Belleville washers offer one means of effectively transferring the
inertial forces from the equipment to the structure. The use of Belleville washers improves the seismic
performance of sheet metal connections by distributing the stress over a larger surface area of the sheet
metal connection interface, allowing for bolted connections to be torqued to recommended values for
proper pre-load while reducing the tendency for weak axis bending. The intrinsic spring loading capacity
of the Belleville washer assists with long-term pre-load retention to maintain integrity of the seismic
anchorage. Belleville washers are not proprietary and are widely available.

Item 5 is revised to eliminate the prohibition of expansion anchors when used for non-vibration-
isolated mechanical equipment rated over 10 hp and instead allows them to be used if qualified in
accordance with ACI 355.2. Many expansion anchors on the market today are suitable to resist vibratory
loads. The qualification procedures of ACI 355.2 include tests for cyclic loading. The exception for
undercut anchors is no longer required.
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Item 6 is deleted and its requirements are revised and relocated to Section 13.6.5.6. This change
accomplishes the following:

1. It consolidates the requirements for raceways (which include all forms of electrical distribution)
in a separate section. The title of the section is specific as to what electrical components are being
addressed. The term raceway is defined in several standards with somewhat varying language. As used
here it is intended to describe all electrical distribution systems including conduit, cable trays, open
and closed raceways, etc.
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2. Tt requires design for seismic forces in accordance with Section 13.3 in general and provides
exceptions where this is not required. Note that ASCE 7-05 language required design only where
specific conditions were met. For example, ASCE 7-05 required that if rigid welded frames were used,
then the supports had to be designed, but that if bolted frames were used, they did not have to be;
also, if drilled and grouted-in-place anchors using expansive cement, etc. were used, the supports had
to be designed, otherwise not. The responsible committee could not see any reason to preserve these

requirements.

3. The new section simplifies the language to state that all supports must be designed, with two
exceptions based on size and weight of the supported raceway. Experience indicates that a size limit
of 2.5 inches can be established for the provision of flexible connections to accommodate seismic
relative displacements that might occur between pieces of connected equipment, since smaller conduit
normally possesses the required flexibility to accommodate such displacements. Where rod hangers are
less than 12 inches in length, they are exempted from design only if they will not experience bending
moments, i.e., by the provision of a swivel head at the top of the rod. Where this is not done and where
braces are not provided, the rod hangers (and, where applicable, the anchors) must be designed for the
resultant bending moments.

o,
2
o

13.6.5.5 and 13.6.5.6 | Additional Requirements for Mechanical and Electrical Components
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Language in Section 13.6.7 is modified to be consistent with requirements found in standards addressing
seismic bracing of ductwork.

13.6.7 Modification =
Ductwork §
At a Glance 5

2010 Standard

b—HVACduetshave-aeross-sectional-area-of less-than-6-f2-(0-557-m?). HVAC and other ductwork

shall be designed for seismic forces and seismic relative displacements as required in Section 13.3.

Design for the displacements across seismic joints shall be required for ductwork with IQ =1.5
without consideration of the exceptions below.

EXCEPTIONS:The following exceptions pertain to ductwork not designed to carry toxic, highly
toxic, or flammable gases or used for smoke control:

1. Design for the seismic forces and relative displacements of Section 13.3 shall not be required for
ductwork where either:

a. Trapeze assemblies are used to support ductwork and the total weight of the ductwork supported by
trapeze assemblies is less than 10 1b/ft (146 N/m); or

b. The ductwork is supported by hangers and each hanger in the duct run is 12 in. (305 mm) or less

in length from the duct support point to the supporting structure. Where rod hangers are used, they
shall be equipped with swivels to prevent inelastic bending in the rod.

2. Design for the seismic forces and relative displacements of Section 13.3 shall not be required
where provisions are made to avoid impact with larger ducts or mechanical components or to
protect the ducts in the event of such impact; and HVAC ducts have a cross-sectional area of less
than 6 ft2 (0.557 m2) or weigh 17 Ib/ft (248 N/m) or less.

HVAC duct systems fabricated and installed in accordance with standards approved by the
authority having jurisdiction shall be deemed to meet the lateral bracing requirements of this section.

Components that are installed in-line with the duct system and have an operating weight greater
than 75 Ib (334 N), such as fans, heat exchangers, and humidifiers, shall be supported and laterally braced
independent of the duct system and such braces shall meet the force requirements of Section 13.3.1.
Appurtenances such as dampers, louvers, and diffusers shall be positively attached with mechanical
fasteners. Unbraced piping attached to in-line equipment shall be provided with adequate flexibility to
accommodate differential-disptacements the seismic relative displacements of Section 13.3.2.
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Analysis and Commentary

The new language clarifies that ductwork shall be designed to meet the requirements of Section 13.3 with
exceptions. The language is consistent with revised language for other distribution systems (electrical
and piping). Seismic bracing manuals developed by SMACNA (Sheet Metal and Air Conditioning
Contractors National Association) and component suppliers have been used successfuily in California and
elsewhere. The new language is consistent with current limitations in those manuals.

The exceptions do not pertain to ductwork designed to carry toxic, highly toxic, or flammable
gases or used for smoke control in order to better assure that ductwork subjected to lateral loads does not
deflect excessively and leak, which would place occupants at risk.

13.6.7 | Ductwork
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Trapeze

H'H-“ ”-Hu Ductwork

Illustration of Section 13.6.7, Exception 1
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6.8, 13.6.8.1, Modification
6.8.2, 13.6.8.3,

6.9, 13.6.10,
13.6.11

Piping Systems

— ) )
www

At a Glance
Section 13.6.8 and its subsections are reorganized and revised to clarify the intent.

2010 Standard

13.6.8 Piping Systems

Unless otherwise noted in this section, Ppiping systems shall be designed for the seismic forces
and seismic relative displacements of Section 13.3. satisfi-the-requirements-of this-seetion-exeept
that ASME pressure piping systems shall satisfy the requirements of Section 13.6.8.1. Fire protection
sprinkler piping shall satisfy the requirements of Section 13.6.8.2. elevator system piping shall satisfy the
requirements of Section 13.6.10.

Where other applicable material standards or recognized design bases are not used, piping design
including consideration of service loads shall be based on the following allowable stresses:

a. For piping constructed with ductile materials (e.g., steel, aluminum, or copper), 90 percent of the
minimum specified vield strength.

b. For threaded connections in piping constructed with ductile materials, 70 percent of the minimum
specified yield strength.

c. For piping constructed with nonductile materials (e.g., cast iron, or ceramics), 10 percent of the
material minimum specified tensile strength.

d. For threaded connections in piping constructed with nonductile materials. 8 percent of the material
minimum specified tensile strength.
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Piping not detailed to accommeodate the seismic relative displacements at connections to other
components shall be provided with connections having sufficient flexibility to avoid failure of the
connection between the components.
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13.6.8.1 ASME Pressure Piping Systems

Pressure piping systems, including their supports, designed and constructed in accordance with
ASME B31 shall be deemed to meet the force, displacement, and other requirements of this section. In
lieu of specific force and displacement requirements provided in ASME B31, the force and displacement
requirements of Sections 13.34-and13-3-2 shall be used. Materials meeting the toughness requirements
of ASME B31 shall be considered high-deformability materials.

13.6.8.2 Fire Protection Sprinkler Piping Systems-in-Seismie Design-Category G-
Irstruectures-assigned-to-Seismie Design-Categery-CHFire protection sprinkler piping, pipe

hangers, and bracing systems-designed and constructed in accordance with NFPA 13 shall be deemed to
meet the force and displacement ether requirements of this section. The exceptions of Section 13.6.8.3

shall not apply.

13.6.8.3 Exceptions
Design of piping systems and attachments for the seismic forces and relative displacements of
Section 13.3 shall not be required where one of the following conditions apply:

1. Trapeze assemblies are used to support piping whereby no single pipe exceeds the limits set forth in
3a, 3b, or 3¢ below and the total weight of the piping supported by the trapeze assemblies is less than
10 Ib/ft (146 N/m).

2. The piping is supported by hangers and each hanger in the piping run is 12 in. (305 mm) or less in

length from the top of the pipe to the supporting structure. Where pipes are supported on a trapeze, the

trapeze shall be supported by hangers having a length of 12 in. (305 mm) or less. Where rod hangers

are used, they shall be equipped with swivels. eye nuts, or other devices to prevent bending in the rod.

13.6.8, 13.6.8.1, 13.6.8.2, 13.6.8.3, 13.6.9, 13.6.10, 13.6.11 | Piping Systems

3. Piping having an Rg in Table 13.6-1 of 4.5 or greater is used and provisions are made to avoid impact
with other structural or nonstructural components or to protect the piping in the event of such impact
and where the following size requirements are satisfied:

a. For Seismic Design Category C where [L is greater than 1.0, the nominal pipe size shall be 2 in.
(50 mm) or less.

b. For Seismic Design Categories D, E, or F and values of Ig are greater than 1.0, the nominal pipe
size shall be 1 in. (25 mm) or less.

c. For Seismic Design Categories D, E. or F where ]p_= 1.0, the nominal pipe size shall be 3 in.
(80 mm) or less.
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13.6.9 Boilers and Pressure Vessels

Boilers and pressure vessels designed and constructed in accordance with ASME BPVC shall be
deemed to meet the force, displacement, and other requirements of this section. In lieu of specific force
and displacement requirements provided in ASME BPVC, the force and displacement requirements of
Sections 13.3.1 and 13.3.2 shall be used. Materials meeting the toughness requirements of ASME BPVC
shall be considered high-deformability materials. Other boilers and pressure vessels designated as having
an Ip = 1.5, but not designed and constructed in accordance with the requirements of ASME BPVC, shall
comply with the requirements of Section 13.6.11.

13.6.10 Elevator and Escalator Design Requirements

Elevators and escalators designed in accordance with the seismic requirements of ASME
A17.1 shall be deemed to meet the seismic force requirements of this section, except as modified in the
following text. The exceptions of Section 13.6.8.3 shall not apply to elevator piping.

13.6.11 Other Mechanical and Electrical Components
Mechanical and electrical components, including conveyor systems, not designed and constructed
in accordance with the reference documents in Chapter 23 shall meet the following:

1. (No change in ltem 1)

2. For mechanical components with hazardous substances and assigned a component importance factor,
I o of 1.5 in accordance with Section 13.1.3, and for boilers and pressure vessels not designed in
accordance with ASME BPVC, the design strength for seismic loads in combination with other service
loads and appropriate environmental effects shall be based on the following material properties:

(no change in Items a. through c.)
d. For threaded connections in pipirg components constructed with nonductile materials, 8 percent of
the material minimum specified tensile strength.
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Analysis and Commentary

Section 13.6.8 and its subsections are reorganized to clarify the intent by first stating requirements for
common piping with default stress values appropriate for the type of piping and setting forth separate
requirements for ASME, NFPA, and elevator piping. Section 13.6.11 (Other Mechanical and Electrical
Components) is revised to address components other than piping. The allowable stresses set forth in
Section 13.6.8, a. and b. are based on values consistent with structural steel standards for comparable
piping materials. The allowable stresses set forth in Section 13.6.8, c. and d. are derived from values
consistent with ASME standards for comparable piping materials.
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The detailed provisions for fire sprinkler systems are deleted in view of the overhaul of the
requirements of NFPA 13 in the 2007 edition. Maximum load requirements have been implemented
for the lateral sway braces in NFPA 13 along with maintaining the already-existing maximum spacing
requirements.

The question has arisen several times regarding whether ASME constructions are high-
deformability or otherwise. The ASME piping and pressure vessel documents provide toughness
requirements to be met, which assure that ASME constructions will provide adequate deformability
during operations, and a sentence is added to Section 13.6.8.1 indicating that materials meeting the
toughness requirements of ASME B3 are to be considered high-deformability materials

W W7_

Piping system
with total weight
<10 Ib/ft

<12”

d<2in.forsDCCif/,>1.0
d<1lin.forSDCD-Fifi,>1.0
d<3in.forSDCD-Fif/,=1.0

13.6.8, 13.6.8.1, 13.6.8.2, 13.6.8.3, 13.6.9, 13.6.10, 13.6.11 | Piping Systems

<127
Hanger/

Piping

Tlustration of Section 13.6.8.3 Items 1 and 2 (not applicable to NFPA 13 designs)
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13.6.10.3 Modification

Seismic Controls for Elevators

At a Glance

Changes in Section 13.6.10.3 are made to achieve consistency with ASME A17.1, Safety Code for
Elevators and Escalators, and an exception is added to eliminate unnecessary elevator shutdowns.

2010 Standard

13.6.10.3 Seismic Switehes Controls for Elevators

Elevators operating with a speed of 150 ft/min (46 m/min) or greater shall be provided with
seismic switches. Seismic switches shall provide an electric signal indicating that structural motions
are of such a magnitude that the operation of the elevators may be impaired. Fhe-seismieswitch-shal-

a ey A
WO

ofgravity: Seismic switches in accordance with Section 8.4.10.1.2 of ASME A17.1 shall be deemed to
meet the requirements of this section.
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EXCEPTION: In cases where seismic switches cannot be located near a column in accordance
with ASME A17.1, they shall have two horizontal axes of sensitivity and have a trigger level set to 20
percent of the acceleration of gravity where located at or near the base of the structure and 50 percent of
the acceleration of gravity in all other locations.

Upon activation of the seismic switch, elevator operations shall conform to requirements of
ASME A17.1, except as noted in the following text.

In facilities where the loss of the use of an elevator is a life-safety issue, the elevator shall only be
used after the seismic switch has triggered provided that:
1. The elevator shall operate no faster than the service speed.
2. Before the elevator is occupied, it is operated from top to bottom and back to top to verify that it is
operable.

Analysis and Commentary

Changes in Section 13.6.10.3 are made to achieve consistency with ASME A17.1, Safety Code for
Elevators and Escalators. A17.1 requires mounting the seismic switch, when used exclusively to control
elevators, in the machine room, and where possible, adjacent to a vertical load-bearing building structural
member with its axis of sensitivity in the vertical direction and set to trigger at 0.15g. Placing the switch
near a vertical structural support member will prevent significant amplification of vertical motions
between the foundation and the seismic trigger.

At small and moderate ground motions, buildings often exhibit horizontal amplifications at the
top of three or more. Thus, with horizontal ground motions of 0.1 g, a value commonly experienced in
California, the ASCE 7-05 seismic switch could trigger elevator shutdowns. This required the elevator to
be inspected by an elevator mechanic, adding unnecessary disruption and cost. The seismic switch used
by A17.1 is designed to trigger on the P wave so that, in many cases, it will provide adequate time to stop
the elevator and allow passengers to exit the elevator before severe shaking in the building starts. This
earlier trigger is also more likely to allow passengers to exit the elevator prior to loss of building power,
a common occurrence in moderate earthquakes. This early exit would avoid having passengers trapped in
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an elevator during an earthquake and the need for first responders to rescue them from the elevator. For
cases where switches cannot be located near columns, i.e. where the vertical accelerations may not be
transmitted to the switch, an exception to A17.1 is added to avoid unnecessary shutdowns. This exception
was developed based on the procedures implemented in hospitals in California following the Northridge
earthquake

9‘? ASME A17.1-2004
¢y’ The American Saciety of (Revision of ASME A17.1-2000)

Mechanical Engineers

SAFETY CODE
FOR ELEVATORS
AND ESCALATORS

13.6.10.3 | Seismic Controls for Elevators

Includes Requirements for Elevators, Escalators, Dumbwaiters, Moving Walks,
Material Lifts, and Dumbwaiters With Automatic Transfer Devices

AN AMERICAN NATIONAL STANDARD

2004 Edition of ASME A17.1
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15.4.1, Table 15.4-2, Modification
15.6.2

Stacks and Chimneys

At a Glance

The seismic coefficients as well as structural system and height limits for reinforced and nonreinforced
masonry structures not similar to buildings are changed in Table 15.4-2. A new entry is added to Table
15.4-2 for concrete chimneys and stacks designed in accordance with ACI 307 and new opening detailing
requirements for this structure type are added to Section 15.6.2.

2010 Standard
15.4.1 Design Basis
(no change to text)

2.

(no change to text)

15.4.1, Table 15.4-2, 15.6.2 | Stacks and Chimneys

EXCEPTION: Tanks and vessels that are designed to AWWA D100, AWWA D103, API
650 Appendix E, and API 620 Appendix L as modified by this standard, and stacks and chimneys
that are designed to ACI 307 as modified by this standard, shall be subject to the larger of the
minimum base shear values defined . . .
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(no changes to remainder of Exception)

Table 15.4-2 Seismic Coefficients for Nonbuilding Structures not Similar to Buildings

Structural Height, &,

N i1di -
onbuilding De.tallmg R o C Limits (ft)*
Structure Type Requirements® 0 4
B C D E F
Cast-in-place concrete
silos;stacks;-and-
chimneys having 15.6.2 3 1.75 ] 3 NL NL NL NL NL

walls continuous to
the foundation

All other reinforced
masonry structures
not similar to
buildings detailed 14.4.11 3 2 25 | NL NL |NE50| 50 50
as intermediate
reinforced masonry
shear walls

All other reinforced
masonry structures
not similar to
buildings detailed as
ordinary reinforced
masonry shear walls
All other
nonreinforced
masontry structures 14.4.1 1.25 2 1.5 NL NL | 50NP | 5ONP | 56NP
not similar to
buildings
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Concrete chimneys 15.6.2 and ACIl
and stacks 307
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15.6.2 Stacks and Chimneys

Stacks and chimneys are permitted to be either lined or unlined and shall be constructed from
concrete, steel, or masonry. Steel stacks, concrete stacks, steel chimneys, concrete chimneys, and liners
shall be designed to resist seismic lateral forces determined from a substantiated analysis using reference
documents. Interaction of the stack or chimney with the liners shall be considered. A minimum separation
shall be provided between the liner and chimney equal to C, times the calculated differential lateral drift.

Concrete chimneys and stacks shall be designed in accordance with the requirements of ACI 307
except that (1) the design base shear shall be determined based on Section 15.4.1 of this standard; (2) the

seismic coefficients shall be based the values provided in Table 15.4-2, and (3) openings shall be detailed

as required below. When modal response spectrum analysis is used for design, the procedures of Section
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12.9 shall be permitted to be used.

For concrete chimneys and stacks assigned to SDC D, E. and F, splices for vertical rebar shall
be stagoered such that no more than 50% of the bars are spliced at any section and alternate lap splices

are staggered by the development length. In addition, where the loss of cross-sectional area is greater

than 10%. cross sections in the regions of breachings/openings shall be designed and detailed for vertical
force, shear force. and bending moment demands along the vertical direction, determined for the affected
cross section using an overstrength factor of 1.5. The region where the overstrength factor applies shall
extend above and below the opening(s) by a distance equal to half of the width of the largest opening in
the affected region. Appropriate reinforcement development lengths shall be provided beyond the required
region of overstrength. The jamb regions around each opening shall be detailed using the column tie
requirements in Section 7.10.5 of ACI 318. Such detailing shall extend for a jamb width of a minimum

of two times the wall thickness and for a height of the opening height plus twice the wall thickness

above and below the opening, but no less than the development length of the longitudinal bars. Where
the existence of a footing or base mat precludes the ability to achieve the extension distance below the

opening and within the stack, the jamb reinforcing shall be extended and developed into the footing or
base mat. The percentage of longitudinal reinforcement in jamb regions shall meet the requirements of
Section 10.9 of ACI 318 for compression members.

Analysis and Commentary

The seismic coefficients as well as structural system and height limits for reinforced and nonreinforced
masonry structures not similar to buildings are changed in Table 15.4-2, to make them consistent with
the corresponding limits and restrictions in Chapter 12 and to add specific detailing requirements for
reinforced masonry.

15.4.1, Table 15.4-2, 15.6.2 | Stacks and Chimneys

It was recognized that the ASCE 7-05 seismic requirements for stacks were very liberal (R =3)
and that no detailing requirements at openings in reinforced concrete stacks were specified. Concrete
chimneys have low ductility, and their seismic behavior is especially critical in the opening regions
due to inherent reduction in strength and loss of confinement of vertical reinforcement in the jamb
regions around the openings. Work was completed in consultation with ACI Committee 307, which
concluded that an R value equal to 2 is more appropriate and detailing requirements around openings
were developed. These requirements are consistent with new international standards for concrete stacks
developed after the 1999 Turkey earthquake by CICIND (an international standard organization for
industrial chimneys).

The revised provisions accomplish the following:

1. Stacks and chimneys designed to ACI 307 are added to the EXCEPTION list, which permits
using the lower nonbuilding structure minimum base shear values. Stacks and chimneys
designed to ACI 307 will have reliable performance similar to that of tanks and vessels
designed to the listed standards and therefore should be allowed to use the lower minimum
base shears.

2. Table 15.4-2 separates out stacks and chimneys designed to ACI 307 and the detailing
requirements of Section 15.6.2 and provides values for R, , and C,. The R and € values of
2.0 and 1.5, respectively, are based on the recommendations of the ACI 307 commiittee.
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3. Section 15.6.2 is modified by providing charging language to permit use of ACI 307 for design
under certain conditions, which will make the resulting design consistent with ASCE 7. It also
provides language that permits the modal analysis scaling procedures of Section 12.9 to be
used for design.

4. Language is added to Section 15.6.2 providing specific opening detailing requirements.
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A new entry is added to Table 15.4-2 for concrete chimneys and stacks
designed in accordance with ACI 307.
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15.5.3, 23.1 Modification,

Steel Storage Racks Replacement

At a Glance

Steel storage racks supported at or below grade are now required to be designed in accordance with ANSI/
RMI MH 16.1-2008, as modified in ASCE 7-10 Section 15.5.3. As an alternative, steel storage racks may
continue to be designed by the provisions that were in ASCE 7-05.

2010 Standard

15.5.3 Steel Storage Racks
Steel storage racks supported at or below grade shall be designed in accordance with ANSI/RMI
MH 16.1 and its force and displacement requirements., except as follows:

15.5.3, 23.1 | Steel Storage Racks

15.5.3.1
Modify Section 2.6.2 of ANSI/RMI MH 16.1 as follows:

2.6.2 Minimum Seismic Forces

The storage rack shall be designed...

Above-Grade Elevation: Storage rack installed at elevations above grade shall be designed,
fabricated and installed in accordance with the following requirements:

Storage racks shall meet the force and displacement requirements required of nonbuilding
structures supported by other structures, including the force and displacement effects caused by
amplifications of upper-story motions. In no case shall the value of V be taken as less than the value of
£, determined in accordance with Section 13.3.1 of ASCE/SEI 7, where R is taken equal to R, and a, is
taken equal to 2.5. N N

15.5.3.2

Modify Section 7.2.2 of ANSI/RMI MH 16.1 as follows:
7.2.2 Base Plate Design

Once the required bearing area has been determined from the allowable bearing siress F ’H the
minimum thickness of the base plate is determined by rational analysis or by appropriate test using a test
load 1.5 times the ASD design load or the factored LRED load. Design forces that include seismic loads
for anchorage of steel storage racks to concrete or masonry shall be determined using load combinations
with overstrength provided in Section 12.4.3.2 ASCE/SEIL 7. The overstrength factor shall be taken as 2.0.

Anchorage of steel storage racks to concrete shall be in accordance with the requirements of
Section 15.4.9 of ASCE/SEI 7. Upon request, information shall be given to the owner, or the owner s
agent on the location, size, and pressures under the column base plates of each type of upright frame in
the installation. When rational analysis is used to determine base plate thickness and other applicable
standards do not apply, the base plate shall be permitted to be designed for the following loading

conditions, where applicable: (balance of section unchanged)
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15.5.3.3
Modify Section 7.2.4 of ANSI/RMI MH 16.1 as follows:
7.2.4 Shims
Shims may be used under the base plate to maintain the plumbness of the storage rack. The
shims shall be made of a material that meets or exceeds the design bearing strength (LRFD) or allowable
bearing strength (ASD) of the floor. The shim size and location under the base plate shall be equal to or
greater than the required base plate size and location

Shims thatare ; oftesstharno
baseswith-tessthantwoanchor-bottsshall be interioc

of transferring all the shear forces at the base.

Bending in the anchor associated with shims or grout under the base plate shall be taken into
account in the design of the anchor bolis.

sypey abeioys [91s | L'EZ ‘€°S°SL

15.5.3.4 Alternative

As an alternative to ANSI MH 16.1as modified above, steel storage racks shall be permitted to be
designed in accordance with the requirements of Sections 15.1, 15.2, 15.3, 15.5.1, and 15.5.3.5 through
15.5.3.8 of this standard.

15.5.3.51 (no change from ASCE 7-05 Section 15.5.3.1)

15.5.3.62 (no change from ASCE 7-05 Section 15.5.3.2)
15.5.3.73 (no change from ASCE 7-05 Section 15.5.3.3)

15.5.3.8# (no change from ASCE 7-05 Section 15.5.3.4)
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23.1 CONSENSUS STANDARDS AND OTHER REFERENCE DOCUMENTS

RMI

Rack Manufacturers Institute
8720 Red Oak Boulevard
Suite 201

Charlotte, NC 28217

ANSI/MH 16.1 RMH

Section 15.5.3

Specification for the Design, Testing, and Utilization of Industrial Steel Storage Racks, 2008 1997
reaffirmed2662

Analysis and Commentary

ANSI MH 16.1-2008, Specification for the Design, Testing, and Ultilization of Industrial Steel Storage
Racks, is designed to be a stand-alone standard to be adopted by reference. For a number of years, the
Rack Manufacturers Institute has worked to harmonize its Specification with the model codes, ASCE 7,
and the NEHRP Provisions. Working with the Subcommittee on Nonbuilding Structures (TS-8) of the
BSSC Provisions Update Committee (PUC), the Task Committee on Nonbuilding Structures (TC-8) of
the Seismic Subcommittee of ASCE 7, and the Task Group on FEMA 460 (2005), Seismic Considerations
for Steel Storage Racks Located in Areas Open to the Public, the seismic provisions have been developed
and written to be self-sufficient, incorporating the results of those efforts.

15.5.3, 23.1 | Steel Storage Racks

The anchorage provisions of MH 16.1-2008 are not in conformance with those of ASCE 7.
Therefore, anchorage provisions are provided as a modification to MH 16.1-2008. The same type
of anchorage requirements are also added in a new Section 15.4.9 that provides requirements for
nonbuilding structures.
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Updated ANSI MH 16.1-2008 is referenced for storage racks in ASCE 7-10.

PartV - Chapter 15 Seismic Design Requirements for Nonbuilding Structures 173




. Copyrighted Materials
Copyright © 2011 American Society of Civil Engineers

(ASCE) Retrieved from www.knovel.com

Significant Changes to the Seismic Load Provisions of ASCE 7-10

15.4.9, 15.7.3, Addition,
15.7.5,15.7.11.7 Modification

Anchors in Concrete or Masonry

At a Glance
Section 15.4.9 is added to provide a consistent treatment of nonbuilding structures anchorage throughout
Chapter 15. Coordinated changes are made in Section 15.7, Tanks and Vessels.

2010 Standard

15.4.9 Anchors in Concrete or Masonry

15.4.9.1 Anchors in Concrete
Anchors in concrete used for nonbuilding structure anchorage shall be designed in accordance
with Appendix D of ACI 318.

15.4.9.2 Anchors in Masonry
Anchors in masonry used for nonbuilding structure anchorage shall be designed in accordance

with TMS 402/ACI 530/ASCE 6. Anchors shall be designed to be governed by the tensile or shear
strength of a ductile steel element.

EXCEPTION: Anchors shall be permitted to be designed so that the attachment that the anchor
1s connecting to the structure undergoes ductile yielding at a load level corresponding to anchor forces

not greater than their design strength, or the minimum design strength of the anchors shall be at least 2.5
times the factored forces transmitted by the attachment.

15.4.9.3 Post-Installed Anchors in Concrete and Masonry
Post-installed anchors in concrete shall be prequalified for seismic applications in accordance

with ACI 355.2 or other approved qualification procedures. Post-installed anchors in masonry shall be
prequalified for seismic applications in accordance with approved qualification procedures.

15.4.9,15.7.3, 15.7.5, 15.7.11.7 | Anchors in Concrete or Masonry

15.7.3 Strength and Ductility
Structural components-and members that are part of the_seismic force-resisting taterat support
system shall be designed to provide the following:

a. Connections to seismic force-resisting elements, excluding anchors (bolts or rods) embedded in
concrete, shall be designed to develop Q times the calculated connection design force. Conneetrons-

develop-thestrength-of-the-anch icld-strength; £ -indirecttenston;-
plastic-bending-moment)or-Q times-thecaleulated-element-designforee: Fo; anchors (bolts or rods)
embedded in concrete, the design of the anchor embedment shall meet the requirements of Section
15.7.5. Additionally, the connection of the anchors to the tank or vessel shall be designed to develop
the lesser of the strength of the anchor in tension as determined by the reference document or Q times
the calculated anchor design force. The overstrength requirements of Section 12.4.3, and the Q values
tabulated in Table 15.4-2, do not apply to the design of walls, including interior walls, of tanks or
vessels.

Vv

Of (CT g5 Iimuipuo
&

(no change to Items b. through f.)
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15.7.5 Anchorage

Tanks and vessels at grade are permitted to be designed without anchorage where they meet the
requirements for unanchored tanks in reference documents. Tanks and vessels supported above grade on
structural towers or building structures shall be anchored to the supporting structure.

The following special detailing requirements shall apply to steel tank and vessel anchor bolts in
SDC C, D, E, and F. setsmicregions-where S, >6-5-or where the structure-isclassifted-as-Occupancy-
€ategory V- Anchorage shall be in accordance with Section 15.4.9, whereby the anchor embedment into
the concrete shall be designed to develop the steel strength of the anchor in tension. The steel strength of
the anchor in tension shall be determined in accordance with ACI 318, Appendix D, Eq. D-3. The anchor
shall have a minimum gauge length of eight diameters. Post-installed anchors are permitted to be used in
accordance with Section 15.4.9.3 provided the anchor embedment into the concrete shall be designed to
develop the steel strength of the anchor in tension, In either case, the load combinations of Section 12.4.3
are not to be used to size the anchor bolts for tanks and horizontal and vertical vessels.

15.7.11.7 Supports and Attachments for Boilers and Pressure Vessels
Attachments to the pressure boundary and support for boilers and pressure vessels shall meet the
following requirements:
a. Attachments and supports transferring seismic loads shall be constructed of ductile materials suitable
for the intended application and environmental conditions.

shall be in accordance with Section 15.4.9, wherebv the anchor embedment into the concrete 1S
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designed to develop the steel strength of the anchor in tension. The steel strength of the anchor in
tension shall be determined in accordance with ACI 318 Appendix D Eq. D-3. The anchor shall have a

minimum gauge length of eight diameters. The load combinations with overstrength of Section 12.4.3
are not _to be used to size the anchor bolts for tanks. horizontal and vertical vessels.

(no change to balance of section)

Analysis and Commentary

The addition of Section 15.4.9 provides a consistent treatment of anchorage for nonbuilding structures
throughout Chapter 15. It is more of a clarification. It also provides coordination with changes to Section
15.7 that are discussed here.

The changes to Section 15.7.3 are to make the intent of the provision clear. The intent is to design
anchor attachments such that the anchor will yield before the anchor attachment to the structure fails. It
also clarifies that the anchor rod embedment requirements are to be based on the requirements of Section
15.7.5, not 15.7.3(a). This again is to ensure that the anchor yields before the anchor attachment fails.

The changes to Sections 15.7.5 and 15.7.11.7 are to update the requirements for anchor bolts and
anchor bolt embedment design to meet ACI 318 Appendix D. Anchor bolts used for tanks and vessels
must yield under seismic loads to provide the required ductility. Replacing the vague requirement
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for designing the embedment for the minimum published yield strength of the anchor bolt with the terminolog
“tensile or shear strength of steel element,” which is similar to that of ACI 318, ensures that anchor reinforcen
is provided and that the anchor bolt will yield. Hooked anchor bolts are also deleted. Historically these bolts |
performed poorly in seismic events. The Seismic Subcommittee of ASCE 7 decided to eliminate the use of the
bolts.

Anchors in concrete used for nonbuilding structure anchorage in Chile
Courtesy of J. Silva, ASCE/SE! 2010 Chile Earthquake Reconnaissance Team

15.4.9,15.7.3, 15.7.5, 15.7.11.7 | Anchors in Concrete or Masonry
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15.6.1 Modification

Earth-Retaining Structures

At a Glance

Conflicts and inaccuracies are removed from Section 15.6.1, Earth-Retaining Structures.
2010 Standard

15.6.1 Earth-Retaining Structures

This section applies to all earth-retaining structures assigned to Seismic Design Category D, E, or
F. The lateral earth pressures due to earthquake ground motions shall be determmed in accordance with
Section 11.8.3 for-Setsm : : ra-geotechnicat-anatysisprepare
regtstered—desrgﬂ—prefessioﬂa-}.

The risk category shall be determined by the proximity of the earth-retaining structure retaining-
watt to other buildings and other structures. If failure of the earth-retaining structure retaining-watt would
affect the an adjacent building or structure, the risk category shall not be less than that of the adjacent
building or structure;as-determinedinTFabte+=t. Earth-retaining walls are permitted to be designed
for setsmic loads as either yielding or nonyielding walls. Cantilevered reinforced concrete or masonry
retaining walls shall be assumed to be yielding walls and shall be designed as simple flexural wall
elements.

sainjonas buiuieyay-yyey | L'o'sl

The deletion of part of the second sentence of the first paragraph of ASCE 7-05 Section 15.6.1 eliminates
a conflict with the first sentence, which limits the scope to Seismic Design Categories D, E, and F, and
with the referenced Section 11.8.3, which is limited in applicability to Seismic Design Categories D, E,
and F.

The reference to Table 1-1 is deleted because risk category is not determined in Table 1-1 and
because one of the purposes of this section is to place a special condition on the determination of risk
category not found elsewhere in the standard.

Requirements for earth-retaining structure are revised in Section 15.6.1 of ASCE 7-10.
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15.6.5.1, 15.7.6.1.2 Modification

Freeboard, Height of Sloshing Wave

At a Glance

Equation 15.6-1 for minimum freeboard in Section 15.6, General Requirements for Nonbuilding Structures Not
Similar to Buildings, and Equation 15.7-13 for the height of sloshing wave in Section 15.7.6, Ground-Supported
Storage Tanks for Liquids, are modified.

2010 Standard

15.6.5.1 Freeboard

Sloshing of the liquid within the secondary containment area shall be considered in determining the height
of the impound. Where the primary containment has not been designed with a reduction in the structure category
(i.e., no reduction in importance factor /,) as permitted by Section 1.5.3, no freeboard provision is required. Where
the primary containment has been designed for a reduced structure category (i.e., importance factor /, reduced) as
permitted by Section 1.5.3, a minimum freeboard, 6, shall be provided where

8, =6:56 0.42DS, (15.6-1)

where S__ is the spectral acceleration of the convective component and is determined according to the procedures of
Section 15.7.6.1 using 0.5 percent damping. For circular impoundment dikes, D shall be taken as the diameter of the
impoundment dike. For rectangular impoundment dikes, D shall be taken as the plan dimension of the impoundment
dike, L, for the direction under consideration.

15.6.5.1, 15.7.6.1.2 | Freeboard, Height of Sloshing Wave

15.7.6.1.2 Sloshing Sloshing of the stored liquid shall be taken into account in the seismic design of tanks and
vessels in accordance with the following requirements:

a. The height of the sloshing wave, 8, shall be computed using Eq. 15.7-13 as follows:
8, =656 042D ]S, (15.7-13)

For cylindrical tanks, D, shall be the inside diameter of the tank; for rectangular tanks, the term D, shall be
replaced by the longitudinal plan dimension of the tank, L, for the direction under consideration.

(no change to remainder of section)

Analysis and Commentary

ASCE 7-05 and the 2005 edition of APT 650 Appendix E introduced a new equation for determining the seismic
wave height in liquid storage tanks for use in setting freeboard requirements. This change introduced significant
additional height requirements on large storage tanks located in high seismic regions. While the introduction of
the new equation provided a simplification of the previously applied equation and had minimal consequences for
small tanks and tanks in low seismic areas, the application of this new equation to large tanks was unnecessarily
conservative. The changes to Sections 15.6.5.1 and 15.7.6.1.2 make ASCE 7 consistent with recently revised tank
standards such as API 620-08.
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Comparisons of earlier equations to simplified equations 8 = 0.42DS__and 6, =0.42D.1S,
have been made for various tank shapes. All first mode equations produced wave heights less than §_=
0.42DS§,,.. The ASCE and New Zealand multi-mode equations were found to produce values for some
configurations a few percent higher than the 6, = 0.42DSvalue. However, the magnitude above the base

equation was within the accuracy of the mode combination method.

Applying the 8 = 0.50DS, . equation adds 19% to the height of the wave and thus to the height of
the required freeboard. The equation is inconsistent with all other international publications and the basis
can be traced back to an approximation considered conservative. The equation is therefore changed to 6,
=0.42DS_ .
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Design height of sloshing wave in stored liquid is reduced in ASCE 7-10.

Figure source: Dotoli, R., Lisi, D., Bardaro, D., Perillo, M., and Tomasi, M.,
“Sloshing Response of a LNG Storage Tank Subjected to Seismic Loading,” Proceedings,
6th European LS-DYNA Users’ Conference, May 2007, Gothenburg, Sweden.
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15.7.6.1 Modification,

Value of T, in Design of Ground-Supported Tanks Addltlon

At a Glance
Use of site-specific values of 7, that are less than mapped values are permitted in the design of ground-supported
storage tanks for liquids, provided the site-specific values are no lower than certain specified floor values.

2010 Standard

15.7.6 Ground-Supported Storage Tanks for Liquids

15.7.6.1 General

(no change in section through Equation 15.7-11, then the following Exception is added)

EXCEPTION: ForT >4s, S  is permitted be determined by a site-specific study using one or more

of the following methods: (i) the procedures found in Chapter 21, provided such procedures, which rely
on ground-motion attenuation equations for computing response spectra, cover the natural period band
containing T, (ii) ground-motion simulation methods employing seismological models of fault rupture
and wave propagation, and (iii) analysis of representative strong-motion accelerogram data with reliable
long-period content extending to periods greater than 7. Site-specific values of S _shall be based on one
standard deviation determination. However, in no case shall the value of S _be taken as less than the value
determined in accordance with Eq. 15.7-11 using 50% of the mapped value of T, from Chapter 22.

15.7.6.1 | Value of T, in Design of Ground-Supported Tanks

The 80 percent limit on Sﬂ required by Sections 21.3 and 21.4 shall not apply to the determination of site-
specific values of SL, which satisfy the requirements of this exception. In determining the value of Sg, the
value of 7' L shall not be less than 4 s.

Analysis and Commentary

Actual site-specific studies carried out since the introduction of the 7, requirements of ASCE 705 indicate that

the mapped values of 7, are extremely conservative. Because a revision of the 7, maps is a time-consuming task
that was not possible to complete during the ASCE 7-10 revision cycle, Section 15.7.6.1 is changed to effectively
permit use of site-specific values of 7, that are less than the mapped values, with a floor of 4 seconds or one-half the
mapped value of 7;. The exception is added under section15.7.6 because 7, is primarily used in tank design.

Use of site-specific values of T, is now permitted in ASCE 7-10 for ground-supported tanks.
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15.7.7.3, 23.1 Modification

Water Storage and Water Treatment Tanks
and Vessels of Reinforced and Prestressed Concrete

At a Glance
Errors in Section 15.7.7.3 are corrected. Modifications are made to the three referenced standards, to
make design requirements consistent with those of ASCE 7-10.

2010 Standard

15.7.7.3 Reinforced and Prestressed Concrete

Reinforced and prestressed concrete tanks shall be designed in accordance with the seismic
requirements of AWWA D110, AWWA D115, or ACI 350.3 except that the importance factor, 7, shall be
determined according to Section 15.4.1.1 of this standard, the response modification coefficient. R, shall
be taken from Table 15.4-2. and the design input forces for allowable stress design procedures shall be
determined using the procedures of ACI 350.3 except -modified-asfollows

a. S _shall be substituted for C,_in ACI 350.3 Section 9.4.2 using Equations 15.7-10 for 7 <7, and 15.7-
11 for T > T, from Section 15.7.6.1; and S

b. The value of_C‘ from ACI 350.3 Section 9.4.3 shall be determined using the procedures of 15.7.2(c).
The values of /, R.. and b as defined in ACI 350.3 shall be taken as 1.0 in the determination of vertical
seismic effects.

(ASCE 7-05 subsections a_b_and c are deleted)

23.1 CONSENSUS STANDARDS AND OTHER REFERENCE DOCUMENTS

ACI 350.3
Sections 15.7.6.1.1, 15.7.7.3
Standard Practice for the Seismic Design of Liquid-Containing Concrete Structures, 2006266+

AWWA D110
Section 15.7.7.3
Wire- and Strand-Wound Circular Prestressed Concrete Water Tanks, 20041995

AWWA D115

Section 15.7.7.3

Tendon-Prestressed Concrete Water Tanks, Circttar-Pre=stressed-Concrete-Tanks-with-Circumferential-
Tendons; 20061995

Analysis and Commentary
The changes to Section 15.7.7.3 correct errors in ASCE 7-05 and update the three referenced standards.
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The design requirements for water treatment tanks of concrete are found in Section 15.7.7.3.

Courtesy: Peripitus, commons.wikimedia.org, under the terms
of GNU Documentation License, Version 1.2 or later

15.7.7.3, 23.1 | Water Storage and Water Treatment Tanks and Vessels of Reinforced and Prestressed Concrete

PartV - Chapter 15 Seismic Design Requirements for Nonbuilding Structures



http://commons.wikimedia.org

Significant Changes to the Seismic Load Provisions of ASCE 7-10

15.7.8.1, 15.7.13.1, Modification
23.1

Welded Steel Petrochemical and Industrial Tanks and Vessels Storing
Liquids, Refrigerated Gas Liquid Storage Tanks and Vessels

At a Glance

Provisions for welded steel petrochemical and industrial tanks and vessels storing liquids are updated and
the referenced standard is updated to the 2009 edition. Tanks and facilities for the storage of liquefied
hydrocarbons and refrigerated liquids are now included within the scope of ASCE 7-10.

2010 Standard
15.7.8 Petrochemical and Industrial Tanks and Vessels Storing Liquids

15.7.8.1 Welded Steel

Welded steel petrochemical and industrial tanks and vessels storing liquids under an internal
pressure of less than or equal 2.5 psig (17.2 kPa g) shall be designed in accordance with the seismic
requirements of API 650. Welded steel petrochemical and industrial tanks and vessels storing liquids
under an internal pressure of greater than 2.5 psig (17.2 kPa g) and less than or equal 15 psig (104.4
kPa 2) shall be desmned in accordance W1th the seismic requlrements of API 620. Tank&desrgned—nr

15.7.13 Refrigerated Gas Liquid Storage Tanks and Vessels

15.7.13.1 General
Tanks and facilities for the storage of hgueﬁed hydrocarbons and refrlgerated hgulds shall meet
therequrrementsofthlsstandard he-seismic-designof the tanks-and-factlitiesfor-thestorage

addressed-inpartby-variousreference-doeuments tisted-m-Chapte + Low-pressure,
welded steel storage tanks for 11queﬁed hydrocarbon gas (e g., LPG, butane etc.) and refrigerated liquids
(e.g., ammonia) shall be designed in accordance with the requirements of Section 15.7.8 and API 620.

23.1 CONSENSUS STANDARDS AND OTHER REFERENCE DOCUMENTS
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API 620
Sections 15.4.1, 15.7.8.1, 15.7.13.1
Design and Construction of Large, Welded, Low Pressure Storage Tanks, 1116th edition, 20092662
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Analysis and Commentary

Previous editions of API 620 contained seismic provisions that were out-of-date and not aligned with the
requirements of ASCE 7-05. The seismic provisions in the latest edition of API 620 Appendix L have
been brought up to the requirements of ASCE 7-05 and API 650 Appendix E. In addition, special seismic
requirements, more conservative than those of ASCE 7-05 and API 650, have been added to deal with the
design of certain low-temperature and cryogenic storage tanks where other industry standards require two
levels of ground motions.

Section 15.7.13.1 was modified to require that the seismic design of tanks and facilities for the
storage of liquefied hydrocarbons and refrigerated liquids meet the provisions of ASCE 7 as a minimum.

Updated API 620-2009 is referenced for low-pressure welded steel storage tanks foi
liquefied hydrocarbon gas and refrigerated liquids in ASCE 7-10.

Courtesy: Cjp24, commons.wikimedia.org, under the terms of
GNU Free Documentation License, Version 1.2 or later

15.7.8.1, 15.7.13.1, 23.1 | Welded Steel Petrochemical and Industrial Tanks and Vessels
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Chapter 16 Seismic Response
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Response Parameters in Linear Response Hrstory Analysm
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Horrzontal Shear Distribution in Linear Response Hlstory Analysus
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Three-Dimensional Seismic Response History Analysis

The requirements in Chapter 16 for analysis using two components of horizontal ground motion (explicit
three-dimensional seismic response history analysis) are modified to account for ground motions based on
the maximum direction of response.

16.1.3.2 Three-Dimensional Analysis

Where 3-B three-dimensional aralysts+s-analyses are performed, ground motions shall consist
of pairs of appropriate horizontal ground motion acceleration components that shall be selected and
scaled from individual recorded events. Appropriate ground motions shall be selected from events
having magnitudes, fault distance, and source mechanisms that are consistent with those that control
the maximum considered earthquake. Where the required number of recorded ground motion pairs
areis not available, appropriate simulated ground motion pairs shaH are permitted to be used to make up
the total number required. For each pair of horizontal ground motion components, a square root of the
sum of the squares (SRSS) spectrum shall be constructed by taking the SRSS of the 5 percent-damped
response spectra for the scaled components (where an identical scale factor is applied to both components
of a pair). Each pair of motions shall be scaled such that fer-each-peried-between in the period range
from 0.27 and 1.57, the average of the SRSS spectra from all horizontal component pairs does not fall
belowd3-timesand the corresponding ordinate of the design response spectrum used in the design,
determined in accordance with Section 11.4.5 or 24+:211.4.7;-by-mere-than10-pereent:

At sites within 3 miles (5 km) of the active fault that controls the hazard, each pair of
components shall be rotated to the fault-normal and fault-parallel directions of the causative fault and
shall be scaled so that the average of the fault-normal components is not less than the MCE,, response
spectrum for the period range from 0.27to 1.57. -

The revised language specifically changes the requirements in Chapter 16 (Seismic Response History
Procedures) for analysis using two components of horizontal ground motion (e.g., for explicit three-
dimensional analysis) to account for ground motions based on the maximum direction of response.
Language in the last sentence of the only paragraph in Section 16.1.3.2 of ASCE 7-05 and now the first
paragraph in the same section of ASE 7-10 has been simplified in view of the following:

SRSS spectrum > 1.3 x 0.9 geomean design spectrum (ASCE 7-05)
= 1.17 geomean design spectrum
1.0 maximum-direction design spectrum (ASCE 7-10)

U

For sites within approximately three miles of an active fault that controls the ground-motion
hazard, the near-field strong-motion database indicates that the fault-normal (FN) direction is (or close
to) the direction of maximum ground motion for periods around 1.0 sec and greater (Huang et al., 2008;
Watson-Lamprey and Boore, 2007). In this case, the two horizontal components of a selected record
should be transformed so that one component is the motion in the FN direction and the other component
is the motion in the fault-parallel (FP) direction. Scaling so that the average FN component response
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spectrum is at the level of the MCE response spectrum ensures that the FN components will not be
underestimated, which would happen if the SRSS rule were applied at short distances. The same scale
factor selected for the FN component of a given record is to be used for the FP component as well.

Fault A and Strong Motion Fault B and Structure Site
Recording Site
longitudinal
[«N“\% fault B
ransverse A

Recording (left) and application (right) of fault-normal and fault-parallel components of ground motion
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Response Parameters in Linear Response History Analysis

Force-related response quantities resulting from linear response history analysis shall be multiplied by
1 /R, while displacement-related response quantities shall be multiplied by C /R.

16.1.4 Response Parameters
For each ground motion analyzed the 1nd1v1dual response parameters shall be multlphed by the
followmfz scalar quantltles i Rwh h i

a. Force response parameters shall be multiplied by / /R, where /_ is the importance factor determined in
accordance with Section 11.5.1 and R is the Response Modification Coefficient selected in accordance
with Section 12.2.1.

b. Drift quantities shall be multiplied by C /R, where C , is the deflection amplification factor specified in
Table 12.2-1. B B

For each ground motion i, where i is the designation assigned to each ground motion, the
maximum value of the base shear, ¥, member forces, O, scaled as indicated in the preceding text and
story drifts, A, at each story; as defined in Section 12.8.6 sealed-as-indicated-tn-the preeeding-text shall be
determined.

(no changes in remainder of Section 16.1.4.)

In modifying the results of linear response history analysis to account for permitted inelastic response,
ASCE 7-05 made no distinction between force response parameters and drift quantities. For consistency
with all other analysis procedures, a distinction is now made in ASCE 7-10. Inelastic drifts should be
determined as elastic drifts from linear response history analysis amplified by C /R, while inelastic
force parameters are to be determined as ¢lastic force parameters from linear response history analysis
multiplied by / /R.

Linear Response History Analysis

Force-Related Response Parameters
such as bending moments, shear
forces, story shears, base shear

Displacement-Related Response
Parameters such as drift

Multiply by L/R Multiply by ¢, /R
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16.1.5 Addition

Horizontal Shear Distribution in Linear Response History Analysis

At a Glance
Consideration of torsion is made consistent between linear response history analysis and modal response
spectrum analysis.

2010 Standard

16.1.5 Horizontal Shear Distribution
The distribution of horizontal shear shall be in accordance with Section 12.8.4 except that
amplification of torsion in accordance with Section 12.8.4.3 is not required where accidental torsion

effects are included in the dynamic analysis model.

Analysis and Commentary

This change makes consideration of accidental torsion for linear response history analysis (Section
16.1.5) consistent with that for modal response spectrum analysis (Section 12.9.5). Section 12.8.4
requires that the seismic design story shear, Vx, be distributed to the various vertical elements of the
seismic force-resisting system in the story under consideration based on the relative lateral stiffness of the
vertical resisting elements and the diaphragm.

Section 12.9.5 Section 16.1.5

Modal Response Spectrum Analysis Linear Response History Analysis

Distribute story shear horizontally in
accordance with Section 12.8.4

siskjeuy A103s1H asuodsay seaulq ul uonnquisiq 1eays |RIUOZIIOH | §°L°9L

Amplification of torsion (Section
12.8.4.3) is not required if accidental
torsion is included in dynamic analysis
model
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Part VII
Chapter 19 Soil-Structure
Interaction for Seismic Design

Values of Shear Wave Velocity and Shear Modulus for Soil-Structure

Interaction Analysis
TABlE 192 oot smsssess s 191

Foundation Damping Factor in Soil-Structure Interaction Analysis
Figre 1 o] o s s e i S0 0500000000t st b s m s e ne s ns s sasses psaes aesssmesnsasessates
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Table 19.2-1 Modification

Values of Shear Wave Velocity and
Shear Modulus for Soil-Structure Interaction Analysis

At a Glance
Values of shear wave velocity and shear modulus are now made functions of site class.
2010 Standard
TFABEE19 24 VALUES OF-G/6G -AND»
* 0 fvsn .
Speetral- Response-Aceeleration; S,
Value-of G/G 0-81 0-64 0-49 042
Value-ofv A 09 0-8 0-7 0-65
Table 19.2-1 Values of G/G_ and v_/_v&
Value of vi/_v& Value of G/GQ
S,5/2.5 S,5/2.5
Site Class <0.1 04 >0.8 <0.1 04 >0.8
A 1.00 1.00 1.00 1.00 1.00 1.00
B 1.00 0.97 0.95 1.00 0.95 0.90
C 097 0.87 0.77 0.95 0.75 0.60
D 0.95 0.71 0.32 0.90 0.50 0.10
E 0.77 0.22 a 0.60 0.05 a
E a a a a a a
Note: Use straight-line interpolation for intermediate values of S 0_5/2-5-
2 Should be evaluated from site specific analysis

Analysis and Commentary

The ASCE 7-05 table for values of G/G, and v /v, used single values of modulus reduction factors,
which did not account for differences in shear strain associated with soils having different stiffnesses.
The revised Table 19.2-1 was developed for FEMA 356, Prestandard and Commentary for the Seismic
Rehabilitation of Buildings, to correct that error. The correction was made to the 2009 NEHRP Provisions
and now has been made in ASCE 7-10 as well.

Shear Wave Velocity Ratio v,/v,,

Shear Modulus Ratio G/G,
|

sisAjeuy UOIIBI}U| 21NIONIIS-|I0S 10} SNINPOY Jeays pue A}DOJIA dARM Jeays jo sanjep | L-Z°6L d|qeL

Independent of Site Class Function of Site Class
in ASCE 7-05 in ASCE 7-10
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[ ] L] L]
¢ Figure 19.2-1 Modification
>
e Foundation Damping Factor in Soil-Structure Interaction Analysis
<
S At a Glance
‘3 ASCE 7-05 Figure 19.2-1, Foundation Damping Factor, has been replaced with a new figure.

m

|~

.g 2010 Standard

g ASCE 7-05 Figure 19.2-1 is replaced with the following figure:

e

g 30 T s | T T [ T T T T J

5 b e 08 08509

' [ e Sps/2.5< 0.1 ]

=] L 1

v 20 =

- I hir=0.5_ el
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v =10

[ / y -

o 10 - = =

g‘ I T g

: O il 1 1 | 1 1 L 1

o 1 15 X 2

‘.g Period Lengthening, T/T

.g Figure 19.2-1 Foundation Damping Factor

3

i
—  Analysis and Commentary

27 ASCE 7-05 Figure 19.2-1 could not be reproduced from source articles used to derive it. To remedy this
£ situation, the figure shown above was developed in the ATC-55 project and included in the resultin
o p g
— FEMA 440 report, Improvement of Nonlinear Static Seismic Analysis Procedures. The figure was
Q incorporated in the 2009 NEHRP Provisions and is now included in ASCE 7-10 as well.

=3

.9

i

Damping and shear modulus of soil influence
dymamic response of structure
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Part Vill

Chapter 21 Site-Specific
Ground Motion Procedures
for Seismic Design

Deterministic Lower Limit on MCE, Response Spectrum from
Site Response Analy5|s

Figure 21.2-1 ..
Design Acceleration Parameters from Site-Specific Ground Motion
Procedures

Chapter 21 | Site-Specific Ground Motion Procedures for Seismic Design
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Figure 21.2-1 Modification,

Deterministic Lower Limit on MCE, CO]_‘]_'eCtion

Response Spectrum from Site Response Analysis

At a Glance
ASCE 7-05 Figure 21.2-1, which was incorrect, has been replaced with a corrected figure.

2010 Standard

ASCE 7-05 Figure 21.2-1 is replaced with the following figure:

15F,

0.6F,

Spectral Response Acceleration, Sa (g)

F, F, Ty
0.08 7, 04 7

Period, 7 (sec)

FIGURE 21.2-1 Deterministic Lower Limit on MCE, Response Spectrum

Analysis and Commentary

Figure 21.2-1 in ASCE 7-05 did not show the “ramp” building up to the “flat top™ or the segment beyond
the long-period transition period. This change corrects those omissions with the above replacement figure.

Figure 21.2-1 | Deterministic Lower Limit on MCE_ Response Spectrum from Site Response Analysis

ASCE 7-10 Figure 21.2-1

Deterministic Lower Limit on

New and

Improved
MCEg Response Spectrum
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21.4 Modification,

Design Acceleration Parameters from Addition

Site-Specific Ground Motion Procedures

At a Glance

Code language is added to clarify that the values of S, and S}, given by Section 21.4 are not to be used
in the determination of the ELF base shear by Section 12.8.

2010 Standard

21.4 DESIGN ACCELERATION PARAMETERS

Where the site-specific procedure is used to determine the design ground motion in accordance with
Section 21.3, the parameter S, shall be taken as the spectral acceleration, S, obtained from the site-
specific spectra at a period of 0.2 s, except that it shall not be taken less than 90 percent of the peak
spectral acceleration, S, at any period larger than 0.2 s. The parameter S, shall be taken as the greater of
the spectral acceleration, S, at a period of 1 s or two times the spectral acceleration, S, at a period of 2 s.
The parameters S, and S,,, shall be taken as 1.5 times S, and S,,,, respectively. The values so obtained
shall not be less than 80 percent of the values determined in accordance with Section 11.4.3 for §, ¢ and

S, and Section 11.4.4 for S, and S,,.

For use with the Equivalent Lateral Force Procedure, the site specific spectral acceleration. S, at
T shall be permitted to replace S,,,/7 in Equation 12.8-3 and S,, T ,/T%in Equation 12.8-4. The parameter
S,,s.calculated per this section shall be permitted to be used in Equations 12.8-2 and 12.8-5, 15.4-1, and
15.4-3. The mapped value of S, shall be used in Equation 12.8-6, 15.4-2, and 15.4-4.

Analysis and Commentary
Section 21.4 specifies the approach to determining design acceleration parameters S,,c and S, when
the site-specific procedure is used. The values of S,,c and S, are important in the determination of the
following:
1. Seismic Design Category (S, and Sp,)
Load combinations ( S)
Out of plane wall and anchorage forces (S)
C,, for upper bound on rationally computed period (S,,)
Nonstructural design force (S;)
Scaling in modal response spectrum analysis (refers to 85% of value given by ELF formulas
using both S, ¢ and §),,)

$24NPa30id UOHOW PUNoID) JY1P3ds-3IS WOoJ) sid)dweled uoneld|adny ubisaq | 'Lz
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However, the intent was not to use the values of S, and S, given by Section 21.4 in the
determination of the ELF base shear by Section 12.8. Rather, the site-specific spectrum developed
utilizing Chapter 21 should be used for the latter purpose. This change clarifies this intent by specifying
the appropriate modifications to Equations 12.8-3 and 12.8-4 when utilizing the site-specific spectrum
approach. The change further clarifies that the parameter S, is permitted to be used in Equations 12.8-2
and 12.8-5 (also 15.4-1 and 15.4-3 for nonbuilding structures) and that the mapped value of S, is to be
used in Equation 12.8-6 (and also 15.4-2 and 15.4-4 for nonbuilding structures).
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Equation No. Equation Use

12.8-2 Cs = Sps/(R/1.) Sps from 21.4*
12.8-3 Ci=Spi/ T(R/I.)for T<T, S,atT, not Spy/T
12.8-4 C. =Sy T,/ TA(R/I) for T> T, S,atT, not Sp, T,/T?
12.8-5 C;=0.0445,4.20.01 Sps from 21.4*
12.8-6 C,=0.55,/(R/1.) Mapped value of S;
15.4-1 C, =0.0445p4. 2 0.03 Sps from 21.4*
15.4-2 C,=0.8S,/(R/1.) Mapped value of S,
15.4-3 C,=0.0445,4.20.01 Sps from 21.4*
15.4-4 C,=0.55,/(R/1,) Mapped value of S,

* Permitted, not mandatory

21.4 | Design Acceleration Parameters from Site-Specific Ground Motion Procedures
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