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Chapters 1 through 15 are printed in Volume 1 of the Uniform Building Code.

Chapter 16
STRUCTURAL DESIGN REQUIREMENTS
NOTE: This chapter has been reviged in its sntirety.
Divisfon I—GENERAL DESIGN REQUIREMENTS

SECTION 1601 — SCOPE

This chapter prescribes general design requirements applicable to
all structures regulated by this code.

SECTION 1602 — DEFINITIONS

The following terms are defined for use in this code:

ALLOWABLE STRESS DESIGN is a method of praportion-
ing structural elements such that computed stresses produced in
the elements by the allowable stress load combinations do not
exceed specified allowable siress (also called working stress
design).

BALCONY, EXTERIOR, is an exterior floor system project-
ing from a structure and supported by that structure, with no addi-
tional independent supports.

DEAD LOADS consist of the weight of all materials and fixed
equipment incorporated into the building or other structure.

DECK is an exterior floor system supported on at least two
opposing sides by an adjoining structure and/or posts, piers, or
other independent supports.

FACTORED LOAD is the product of a load specified in Sec-
tions 1606 through 1611 and a load factor. See Section 1612.2 for
combinations of factored loads.

LIMTT STATE is a condition in which a structure or compo-
nent is judged either to be no longer useful for its intended function
(serviceability limit state) or to be unsafe (strength limit state).

LIVE LOADS are those loads produced by the use and oceu-
pancy of the building or other structure and do not include dead
load, construction load, or environmental koads such as wind load,
snow load, rain load, earthquake load or flood load.

LOAD AND RESISTANCE FACTOR DESIGN (LRFD) isa
method of proportioning structural elements using load and resist-
ance factors such that no applicable limit state is reached when the

structure is subjected to all appropriate load combinations. The
term “LRFD” is used in the design of steel and wood structures.

STRENGTH DESIGN is 2 method of proportioning structural
elements soch that the computed forces produced in the elements
by the factored load combinations do not exceed the factored ele-
ment sirength. The tepm “strength design” is used in the design of
concrete and masonry structures.

SECTION 1603 — NOTATIONS

= dead load.

earthquake load set forth in Section 1630.1.

= estimated maximum earthquake force that can be devel-
oped in the structure as set forth in Section 1630.1.1.

= load due to fluids.

= load due to lateral pressure of soil and water in soil.
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L = live load, except roof live load, including any penmitted
live load reduction.

= roof live load, including any permitted live load

reduction.

ponding load.

= snow load.

= seli-straining force and effects arising from contraction
or expansion resulting from temperature change, shrink-
age, moisture change, creep in component materials,
movement due to differential settlement, or combina-
tions thereof.

W = load due to wind pressure.
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SECTION 1604 — STANDARDS

The standards listed below are recognized standards (see Section
3504).

1. Wind Design.
11  ASCE 7, Chapter 6, Minimum Design Loads for
Buildings and Other Structures

1.2  ANSIEIA/TIA 222-E, Structural Standards for Steel
Antenna Towers and Antenna Supporting Structures

1.3 ANSKYNAAMM FP1001, Guide Specifications for
the Design Loads of Metal Flagpoles

SECTION 1605 — DESIGN

1605.1 General. Buildings and other structures and all portions
thereof shall be designed and constructed to sustain, within the
limitations specified in this code, all loads set forth in Chapter 16
and elsewhere in this code, combined in accordance with Section
1612, Design shall be in accordance with Strength Design, Load
and Resistance Factor Design or Allowable Stress Design meth-
ods, as permitted by the applicable materials chapters.
EXCEPTION: Unless otherwise required by the building official,
buildings or portions thereof that are comstructed in accordance with

the conventional light-framing requirements specified in Chapter 23 of
this code shall be deemed to meet the requirements of this section.

1605.2 Rationality. Any system or method of construction o be
used shall be based on a rational analysis in accordance with well-
established principles of mechanics. Such analysis shail result in a
system that provides a complete load path capable of transferring
all loads and forces from their point of origin to the load-resisting
elements. The analysis shall include, but notbe limited to, the pro-
visions of Sections 1605.2.1 through 1605.2.3.

1605.2.1 Distribution of horizental shear. The total lateral
force shall be distributed to the various vertical elements of the
lateral-force-resisting system in proportion to their rigidities con-
sidering the rigidity of the horizontal bracing system or dia-
phragm. Rigid elements that are assumed not to be part of the
[ateral-force-resisting system may be incorporated into buildings,
provided that their effect on the action of the system is considered
and provided for in the design.
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Provision shall be made for the increased forces induced on
resisting elements of the structural system resulting from torsion
due to eccentricity between the center of application of the lateral
forces and the center of rigidity of the lateral-force-resisting sys-
temn. For accidental torsion requirements for seismic design, see
Section 1630.6.

1605.2.2 Stability against overturning, Every structure shall be
designed to resist the overtuming effects caused by the lateral
forces specified in this chapter. See Section 1611.6 for retaining
walls, Section 1615 for wind and Section 1626 for seismic.

1605.2.3 Anchorage. Anchorage of the roof to walls and col-
umns, and of walls and columns to foundations, shall be provided
to resist the uplift and sliding forces that result from the applica-
tion of the prescribed forces.

Concrete and masonry walls shall be anchored to all floors,
roofs and other structural elements that provide lateral support for
the wall. Such anchorage shall provide a positive direct connec-
tion capable of resisting the horizontal forces specified in this
chapter bat not less than the minimum forces in Section 1611.4. In
addition, in Seismic Zones 3 and 4, diaphragm to wall anchorage
using embedded straps shall have the straps attached to or hooked
around the reinforcing steel or otherwise terminated so as to effec-
tively transfer forces 1o the reinforcing stecl. Walls shall be
designed to resist bending between anchors where the anchor
spacing exceeds 4 feet {1219 mm). Required anchors in masonry
wzlls of hollow units or cavity walls shall be embedded in a rein-
forced grouted siructural element of the wall. See Sections 1632,
1633.2.8 and 1633.2.9 for earthquake design requirements.

16053 Erection of Structural Framing. Walls and structural
framing shall be erected true and plemb in accordance with the
design.

SECTION 16806 — DEAD LOADS

1606.1 General, Dead loads shall be as defined in Section 1602
and this section.

1606.2 Partition Loads, Floors in office buildings and other
buildings where partition locations are subject to change shall be
designed to support, in addition to all other loads, a uniformly dis-
tributed dead load equal to 20 pounds per square foot (psf) {0.96
kN/m?) of floor area.

EXCEPTION: Access floor systems sball be designed to support,
in addition to all other loads, a oniformly distributed dead load not less
than 10 psf (0.48 kN/m?) of floor area.

SECTION 1607 — LIVE LOADS

1607.1 General. Live loads shall be the maximum loads
expected by the intended use or occupancy but in no case shall be
less than the loads required by this section.

1607.2 Critical Distribntion of Live Loads. Where structoral
members are arranged to create continuity, members shall be
designed using the loading conditions, which would cause maxi-
mum shear and bending moments. This requirement may be satis-
fied in accordance with the provisions of Section 1607.3.2 or
1607.4.2, where applicable.

1607.3 Floor Live Loads.

1607.3.1 Geueral Floors shall be designed for the unit live
loads as set forth in Table 16-A. These loads shall be taken as the
minimum live loads in pounds per square foot of horizontal pro-
jection to be used in the design of buildings for the occupancies
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listed, and loads at least equal shall be assumed for uses not listed
in this section but that create or accommodate similar loadings.

Where it can be determined in designing floors that the actual
live load will be greater than the value shown in Table 16-A, the
actual live load shall be used in the design of sach buildings or por-
tions thercof. Special provisions shall be made for machine and
apparatus loads.

1607.3.2 Distribution of uniform floor loads. Where uniform
floor loads are involved, consideration may be limited to full dead
load on all spans in combination with full live load on adjacent
spans and alternate spans.

1607.3.3 Conceutrated loads. Provision shall be made in
designing floors for a concentrated load, L, as set forth in Table
16-A placed upon any space 21/, feet (762 mm} square, wherever
this Joad upon an otherwise unloaded floor would produce stresses
greater than those cansed by the uniform load required therefor.

Provision shall be made in areas where vehicles are used or
stored for concentrated loads, L, consisting of two or more loads
spaced 5 feet (1524 mm) nominally on center without uniform live
loads. Bach load shall be 40 percent of the gross weight of the
maximum-size vehicle to be accommodated. Parking garages for
the storage of private or pleasure-type motor vehicles with no
repair or refueling shall have 2 floor system designed for a concen-
trated load of not less than 2,000 pounds (8.9 kN) acting on an area
of 20 square inches (12 903 mm<) without uniforim live loads. The
condition of concentrated or waniform live load, combined in
accordance with Section 1612.2 or 1612.3 as appropriate, produc-
ing the greatest stresses shall govern.

1607.3.4 Special loads. Provision shall be made for the special
vertical and lateral loads as set forth in Table 16-B.

1607.3.5 Live loads posted. The live loads for which each floor
or portion thereof of a commercial or industrial building is or has
been designed shall have such design live loads conspicuously
posted by the owner in that part of cach story in which they apply,
using durable metal signs, and it shall be unlawful to remove or
deface such notices. The occupant of the building shall be respon-
sible for keeping the actual load below the allowable limits.

1607.4 Roof Live Loads,

1607.4.1 General, Roofs shall be designed for the unit live
loads, L,, set forth in Table 16-C. The live loads shall be assumed
to act vertically upon the area projected on a horizontal plane.

1607.4.2 Distribution of loads, Where uniform roof loads are
involved in the design of structural members aranged to create
continuity, consideration may be limited to full dead loads on all
spans in combination with full roof live loads on adjacent spans
and on alternate spans.

EXCEPTION: Altemate span loading need not be considered
where the uniform roof live load is 20 psf (0.96 kN/m?) or more or
where load combinations, including snow load, result in farger mem-
bers or connections.

For those conditions where light-gage metal preformed struc-
tural sheets serve as the support and finish of roofs, reof structural
members arranged to create continuity shall be considered ade-
quate if designed for full dead loads on all spans in combination
with the most critical one of the following superimposed loads:

1. Snow load in accordance with Section 1614.
2. The uniform roof live load, L., set forth in Table 16-Con all
spans.

3. A concentrated gravity load, L,, of 2,000 pounds (8.9 kN}
placed on any span supporting a tributary area greater thae 200
square feet (18.58 m?) to create maximum stresses in the member,



1997 UNIFORM BUILDING CODE
56

whenever this loading creates greater stresses than those caused
by the uniform live load. The concentrated load shall be placed on
the member over a length of 21/, feet (762 mm) along the span.
The concentrated load need not be applied to more than one span
simultaneously.

4. Water accumulation as prescribed in Seetion 1611.7.

1607.4.3 Unbalanced loading. Unbalanced loads shall be used
where such loading will result in larger members or connections.
Trusses and arches shall be designed to resist the stresses caused
by unit live loads on one half of the span if such loading results in
Ieverse stresses, OF stresses greater in any portion than the stresses
produced by the required unit live foad on the entire span. For
roofs whose structures are composed of a stressed sheil, framed or
solid, wherein stresses caused by any point loading are distributed
throughout the area of the shell, the requirements for unbalanced
unit live load design may be reduced 50 percent.

1607.4.4 Special roof loads. Roofs to be used for special pur-
poses shall be designed for appropriate loads as approved by the
building official.

Greenhouse roof bars, purlins and rafters shall be designed to
carry a 100-pound-minimum (444.8 N) concentrated load, L., in
addition to the uniform live load.

1607.5 Reduction of Live Loads. The design live load deter-
mined using the unit live loads as set forth in Table 16-A for floors
and Table 16-C, Method 2, for roofs may be reduced on any mem-
ber supporting more than 150 square feet (13.94 m2), ineluding
flat slabs, except for floors in places of public assembly and for
Tive loads greater than 100 psf (4.79 kN/m?), in accordance with
the following formula:

R=r(A - 150) (7-1)

For SI:
R=r{A-13.94)

The reduction shall not exceed 40 percent for members receiv-
ing load from one level only, 60 percent for other members or R, as
determined by the following formuta:

R=23.1(1+D/L) (7-2)
WHERE:

A = area of floor or roof supported by the member, square
feet (m?).

D = dead load per square foot (m?) of area supported by the
member.

I = unit live load per square foot (m?) of area supported by
the member.

R = reduction in percentage.

r = rate of reduction equal to 0.08 percent for floors. See
Table 16-C for roofs.

For storage loads exceeding 100 psf (4.79 kN/m?), no reduction
shall be made, except that design live loads on columns may be
reduced 20 percent.

The live load reduction shall not exceed 40 percent in garages
for the storage of private pleasure cars having a capacity of not
more than nine passengers per vehicle.

1607.6 Alternate Floor Live Load Reduction. As an allemate
to Formula (7-1), the unit live loads set forth in Table 16-A may be
reduced in accordance with Formula (7-3) on any member, includ-
ing flat slabs, having an influence area of 400 square feet (37.2 m?)
or more.
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L = L]025+-=2 (7-3)
For SI:
1
L = L,] 025+ 4571 =
WHERE:

A = influence area, in square feet (m?). The influence area Ay
is four times the tributary area for a column, two times
the tributary area for a beam, equal to the panel area fora
two-way slab, and equal to the product of the span and
the full flange width for a precast T-beam.

L = reduced design live load per square foot (m?) of area
supported by the member.

I, = unreduced design live load per square foot (m?) of area
supported by the member (Table 16-A).

The reduced live load shall not be less than 50 percent of the unit
live load L, for members receiving load from one level anly, nor
less than 40 percent of the unit live load L, for other members.

SECTION 1608 — SNOW LOADS

Snow loads shall be deterrnined in accordance with Chapter 16,
Division II.

SECTION 1609 -—— WIND LOADS

Wind loads shall be determined in accordance with Chapter 16,
Division IIL

SECTION 1610 — EARTHQUAKE LOADS

Earthquake loads shall be determined in accordance with Chapter
16, Division I'V.

SECTION 1611 — OTHER MINIMUM LOADS

1611,1 General, In addition to the other design loads specified
in this chapter, structures shall be designed to resist the loads spe-
cified in this section and the special loads set forth in Table 16-B.

1611.2 Other Loads. Buildings and other structures and por-
tions thereof shall be designed to resist all loads due to applicable
fluid pressures, F, lateral soil pressures, H, ponding loads, B and
self-straining forces, T. See Section 1611.7 for ponding loads for
roofs.

1611.3 Impact Loads. Impact loads shall be included in the
desiga of any structure where impact loads occur.

1611.4 Anchorage of Concrete and Masonry Walls, Concrete
and masonry walis shall be anchored as required by Section
1605.2.3. Such anchorage shall be capable of resisting the load
combinations of Section 1612.2 or 1612.3 using the greater of the
wind or earthquake loads required by this chapter or a minimom
horizontal force of 280 pounds per linear foot (4.09 kN/m) of wall,
substituted for E.

1611.5 Interior Wall Loads. Interior walls, permanent partitions
and temporary partitions that exceed 6 feet (1829 mmy) in height
shall be designed to resist all loads to which they are subjected but
not Tess than a load, L, of 5 psf(0.24 kN/m?) applied perpendicu-
lar to the walls, The 5 psf (0.24 kIN/m?2) load need not be applied
simultaneously with wind or seismic loads. The deflection of such
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walls under a load of 5 psf (0.24 kN/m?) shall not exceed /o4 of
the span for walls with brittle finishes and 1/129 of the span for
walls with flexible finishes. See Table 16-O for earthquake design
requirements where such requirements are more restrictive.

EXCEPTION: Flexible, folding or poriable partitions are not
required to meet the load and deflection critcria but must be anchored
to the supporting structure o meet the provisions of this code.

1611.6 Retaining Walls. Retaining walls shall be desigmed to
resist loads due to the lateral pressure of retained materfal in
accordance with accepted engineering practice. Walls retaining
drained soil, where the surface of the retained soil is level, shall be
designed for a load, H, equivalent to that exerted by a fluid weigh-
ing not less than 30 psf per foot of depth (4.71 kN/m%/m) and hav-
ing a depth equal to that of the retained soil. Any surcharge shall be
in addition to the equivalent flnid pressure.

Retaining walls shall be designed to resist sliding by at least
1.5 times the lateral force and overturning by at least 1.5 times the
overturning moment, using allowable stress design loads.

1611.7 Water Accumulation. All roofs shall be designed with
sufficient slope or camber to ensure adequate drainage after the
long-term deflection from dead load or shall be designed to resist
pending load, B combined in accordance with Section 1612.2 or
1612.3. Ponding load shall include water accumulation from any
souree, including snow, due to deflection. See Section 1506 and
Table 16-C, Foomote 3, for drainage slope. See Section 1615 for
deflection criteria.

1611.8 Hydrostatic Uplift. All foundations, slabs and other
footings subjected to water pressure shall be designed to resist a
uniformly distributed uplift load, F equal to the full hydrostatic
pressure.

1611.9 Flood-resistant Construction. For flood-resistant con-
struction requirements, where specifically adopted, see Appendix
Chapter 16, Division I'V.

1611.10 Heliport and Helistop Landing Areas. In addition to
other design requirements of this chapter, heliport and helistop
landing or touchdown areas shall be designed for the following
loads, combined in accordance with Section 1612.2 or 1612.3:

1. Dead load plus actual weight of the helicopter.

2. Dead load plus a single concentrated impact load, L, cover-
ing 1 square foot (0.093 m*) of 0.75 times the fully loaded weight
of the helicopter if it is equipped with hydraulic-type shock
absorbers, or 1.5 times the fully loaded weight of the helicopter if
it is equipped with a rigid or skid-type landing gear.

3. The dead load plus a uniform live load, L,of 100 psf (4.8 kN/
m?). The required live load may be reduced in 2ccordance with
Section 1607.5 or 1607.6.

161111 Prefabricated Construction.

1611.11.1 Counnections. Every device used to comnect pre-
fabricated assemblies shall be designed as required by this code
and shall be capable of developing the strength of the members
connected, except in the case of members forming part of a struc-
tural frame designed as specified in this chapter. Connections shall
be capable of withstanding uplift forces as specified in this
chapter.

1611.11.2 Pipes and conduit. In structural design, due allowance
shall be made for any material to be removed for the installation of
pipes, conduits or other equipment.

1611.11.3 Tests and inspections, See Section 1704 for require-
ments for tests and inspections of prefabricated construction.
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SECTION 1612 — COMBINATIONS OF LOADS

1612.1 General. Buildings and other structeres and all portions
thereof shall be designed to resist the load combinations specified
in Section 1612.2 or 1612.3 and, where required by Chapter 16,
Division IV, or Chapters 18 through 23, the specijal seismic load
combinations of Section 1612.4.

The most eritical effect can occur when one or more of the con-
tributing loads are not acting. All applicable loads shall be consid-
ered, including both earthquake and wind, in accordance with the
specified load combinations.

1612.2 Load Combinations Using Strength Design or Load
and Resistance Factor Design.

1612.2.1 Basicload combinations. Where Load and Resistance
Factor Design (Strength Design) is used, structures and all por-
tions thereof shall resist the most critical effects from the follow-
ing combinations of factored loads:

14D (12-1)
12D +1.6L + 05 (L, ot 5) (12-2)
1.2D + 1.6 (I, or S) + (fiL or 0.8W) (12-3)
12D + 1.3W + fiL + 0.5 (I or S) (124)
12D + 1.OE + (f:L + fS) (12-5)

0.9D % (1.0E or 1.3W) (12-6)

WHERE:

A = 1.0forfloors in places of public assembly, for live loads
in excess of 100 psf (4.9 kN/m?), and for garage live
load.

= 0.5 for other live loads.

£ = 0.7 for roof configurations (such as saw tooth) that do
not shed snow off the structure.
= 0.2 for other roof configurations.
EXCEPTIONS: 1. Factored load combinations for concrete per
Section 1909.2 where load combinations do not include seismic forces.

2. Factored Joad combinations of this section multiplied by 1.1 for
concrete and masonry where load combinations include seismic
forces,

3. Where other factored load combinations are specifically required
by the provisions of this code.
1612.22 Other loads. Where E H, Por T are to be considered in
design, each applicable load shall be added to the above combina-
tions factored as follows: 1.3F, 1.6H, 1.2P and 1.27.

1612.3 Load Combinations Using Allowable Stress Design.

1612.3.1 Basic load combinations. Where allowable stress
design (working stress design) is used, structures and all portions
thereof shall resist the most critical effects resulting from the fol-
lowing combinations of loads:

D (12-7)

D+L+(LorS) (12-8)

D+ (w o %) (12-9)
E

oD + & (12-10)

D+ 0.75[L + (L,orS) + (Wor ﬁ;)] (12-11)
No increase in allowable stresses shall be used with these load
combinations except as specifically permitted by Section 1809.2.

1612.3.2 Alternate basicload combinations, In lieu of the basic
load combinations specified in Section 1612.3.1, structures and
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portions thereof shall be permitted fo be designed for the most erit-
ical effects resulting from the following load combinations. When
using these alternate basic load combinations, a one-third increase
shall be permitted in allowable stresses for all combinations,
including Wor E.

D+ L + (Lot §) (12-12)
D+L+ (w or TEZ) (12-13)
D+L+W+S (1214
D+L+s+‘2—" (12-15)
D+L+s+f—4 (12-16)

EXCEPTIONS: 1. Crane hook loads need not be combined with
100f live load or with more than three fourths of the snow load or one
half of the wind load.

2. Design snow loads of 30 psf (1.44 kN/m?) or less need no becom-
bined with seismic loads. Where design snow Joads exceed 30-psf(1.44
¥N/m?), the design snow load shall be included with seismic loads, but
may be reduced up 10 75 percent where consideration of siting, config-
uration and load dutation warrant when approved by the building offi-
cial.

1612.3.3 Other loads. Where E H, P or T are to be considered in
design, each applicable load shall be added to the combinations

specified in Sections 1612.3.1 and 1612.3.2. When using the alter-
nate load combinations specified in Section 1612.3.2, a one-third
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increase shall be permitted in allowable stresses for all combina-
tions including W or E.

1612.4 Special Seismic Load Combinations. For both Allow-
able Stress Design and Strength Design, the following special load
combinations for seismic design shall be used as specifically
required by Chapter 16, Division TV, or by Chapters 18 through 23:

12D + jL + 1.0E, (12-17)

09D *+ 1.0E, (12-18)
WHERE:
fi = L1.0forfloors in places of public assembly, for live loads
in excess of 100 psf (4.7% kN/m?), and for garage live
load,
= 0.5 for other live loads.

SECTION 1613 — DEFLECTION

The deflection of any structeral member shall not exceed the val-
ugs set forth in Table 16.D, based on the factors set forth in Table
16-E. The deflection criteria representing the most restrictive con-
dition shall apply. Deflection criteria for materials not specified
shall be developed in a manner consistent with the provisions of
this section. See Section 1611.7 for camber requircments. Span
tables for light wood-frame construction as specified in Chapter
23, Division VII, shall conform to the design criteria contained
therein. For concrete, see Section 1909.5.2.6; for aluminum, see
Section 2003; for glazing framing, see Section 2404.2.
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Division H—SNOW LOADS
SECTION 1614 — SNOW LOADS R = S_1 (14-1)
Buildings and other structures and all portions thereof that are sub- w2
ject to snow loading shall be designed to resist the snow loads, as . - 5 _
determined by the building official, in accordance with the load For SI R, a0 ~ 0024
combinations set forth in Section 1612.2 or 1612.3. WHERE:
Potential unbalanced accumulation of snow at valleys, para- - PR 2
pets, roof structures and offsets in roofs of uneven configuration B su?zeloﬂﬁu;:gz‘lgm y pe;square foot (kN/m”)
shall be considered. per Gegr P grees.

Snow loads in excess of 20 psf (0.96 kN/m?) may be reduced for
each degree of pitch over 20 degrees by Ry as determined by the
formula:

2-6

S = total snow load in pounds per square foot (kN/mZ).

For alternate design procedure, where specifically adopted, see
Appendix Chapter 16, Division L
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Division II—WIND DESIGN

SECTION 1615 — GENERAL

Every building or structure and every pertion thereof shall be de-
signed and constructed to resist the wind effects determined in ac-
cordance with the requirements of this division. Wind shall be
assumed to come from any horizontal direction. No reduction in
wind pressure shall be taken for the shielding effect of adjacent
structures.

Structures sensitive to dynamic effects, such as buildings with a
height-to-width ratio greater than five, structures sensitive to
wind-excited oscillations, such as vortex shedding or icing, and
baildings over 400 feet (121.9-m) in height, shall be, and any strue-
ture may be, designed in accordance with approved national
standards.

The provisions of this section do not apply to building and foun-
dation systems in those areas subject to scour and water pressure
by wind and wave action, Buildings and foundations subject to
such loads shall be designed in accordance with approved national
standards.

SECTION 1616 — DEFINITIONS
The following definitions apply only to this division:

BASIC WIND SPEED is the fastest-mile wind speed asso-
ciated with an annual probability of 0.02 measared at a point
33 feet (10 000 mm) above the ground for 2n area having exposure
category C.

EXPOSURE B has terrain with buildings, forest or sarface ir-
regularities, covering at least 20 percent of the ground level area
extending 1 mile (1.61 km) or more from the site.

EXPOSURE C has terrain that is flat and generally open, ex-
tending 1/, mile (0.81 km) or more from the site in any full quad-
rant.

EXPOSURE D represents the most severe exposure in areas
with basic wind speeds of 80 miles per hour (mph) (129 km/h) or
greater and has terrain that is flat and unobstructed facing large bo-
dies of water over 1 mile {1.61 km) or more in width relative toany
quadrant of the building site. Exposure D extends inland from the
shoreline 1/4 mile {0.40 km) or 10 times the building height,
whichever is greater.

FASTEST-MILE WIND SPEED is the wind speed obtained
from wind velocity maps prepared by the National Oceanographic
and Atmospheric Administration and is the highest sustained av-
erage wind speed based on the time required for a mile-fong sam-
Ple of air to pass a fixed point.

OPENINGS are apertures or holes in the exterior wall bound-
ary of the structure. All windows or doors ot other openings shall
be considered as openings unless such openings and their frames
are specifically detailed and designed to resist the loads on ele-
ments and components in accordance with the provisions of this
section.

PARTIALLY ENCLOSED STRUCTURE OR STORY is a
structure or story that has more than 15 percent of any windward
projected arca open and the area of opening on all other projected
areas is less than half of that on the windward projection.

SPECIAL WIND REGION is an area where local records and
terrain features indicate 50-year fastest-mile basic wind speed is
higher than shown in Figure 16-1.

UNENCLOSED STRUCTURE OR STORY is a structure
that has 85 percent or more openings on all sides.

SECTION 1617 — SYMBOLS AND NOTATIONS

The following symbols and notations apply to the provisions of
this division.
C. = combined height, exposure 2ad gust factor cocfficient as
given in Table 16-G.
Cg = pressure coefficient for the structure or portion of strue-
ture under consideration as given in Table 16-H.

ky = importance factor as set forth in Table 16-K.
P = design wind pressure.
qs = windstagnation pressure at the standard height of 33 feet
(10 000 mm) as set forth in Table 16-F.

SECTION 1618 — BASIC WIND SPEED

The minimum basic wind speed at any site shall not be less than
that shown in Figure 16-1. For those areas designated in Figure
16-1 as special wind regions and other areas where local records or
terrain indicate higher 50-year (meaan recurrence interval) fastest-
mile wind speeds, these higher values shall be the minimum basic

wind speeds.

SECTION 1619 — EXPOSURE

An exposure shall be assigned at each site for which a building or
structure is to be designed.

SECTION 1620 -— DESIGN WIND PRESSURES

Design wind pressures for buildings and structures and elements
therein shall be determined for any height in accordance with the
following formnla:

F=C.Cyogly (20-1)

SECTION 1621 — PRIMARY FRAMES AND SYSTEMS

1621.1 General The primary frames or load-resisting system of
every structure shall be designed for the pressures calculated us-
ing Formula (20-1) and the pressure cocfficients, C;, of either
Method 1 or Method 2. In addition, design of the overall structure
and its primary load-resisting system shall conform to Section
1605.

The base overterning moment for the entire structure, or for any
one of its individual primary lateral-resisting elements, shall not
exceed two thirds of the dead-load-resisting momrent. For an entire
structure with a height-to-width ratio of 0.5 or less in the wind di-
rection and a maximum height of 60 feet (18 290 mm), the combi-
nation of the effects of uplift and overturning may be reduced by
one third. The weight of carth superimposed over footings may be
used to calculate the dead-load-resisting moment.

1621.2 Miethed 1 (Normai Force Method). Method 1 shall be
used for the design of gabled rigid frames and may be used for any
structure. In the Normal Force Method, the wind pressures shall be
assumed to act simultaneously normal to all exterior surfaces. For
pressures on roofs and leeward walls, C, shall be evaluated at the
mean roof height.

1621.3 Method 2 (Projected Area Method). Method 2 may be
used for any structure less than 200 feet (60 960 mm) in height ex-
cept those using gabled rigid frames. This method may be used in
stability determinations for any structure less than 200 feet
(60 960 mm) high. In the Projected Area Method, horizontal pres-
sures shall be assumed to act upon the full vertical projected area
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of the structure, and the vertical pressures shall be assumed to act
simultaneously upon the full horizontal projected area.

SECTION 1622 — ELEMENTS AND COMPONENTS OF
STRUCTURES

Design wind pressures for each element or compouent of a struc-
ture shall be determined from Formula (26-1) and C,, values from
Table 16-H, and shall be applied perpeadicular to the surface. For
outward acting forces the value of C, shall be obtained from Table
16-G based on the mean roof height and applied for the entire
height of the structure. Each element or compenent shall be de-
signed for the more severe of the following loadings:

1. The pressures determined using C, values for elements and
components acting over the entire tributary area of the element.

2. The pressures determined using C,; values for local arcas at
discontinuities such as corners, ridges and eaves. These local pres-
sures shall be applied over a distance from a discontiquity of
10 feet (3048 mm) or 0.1 times the least width of the structure,
whichever is less.

The wind pressures from Sections 1621 and 1622 need not be
combined.
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SECTION 1623 — OPEN-FRAME TOWERS

Radio towers and other towers of trussed construction shall be de-
signed and constructed to withstand wind pressures specified in
this section, multiplied by the shape factors set forth in Table
16-H.

SECTION 1624 — MISCELLANEQUS STRUCTURES

Greenhouses, lath houses, agricultural buildings or fences 12 feet
(3658 mm) or less in height shall be designed in accordance with
Chapter 16, Division ITI. However, three fourths of g;, but not less
than 10 psf (0.48 kN/m?), may be substituted for g; in Formula
(20-1). Pressures on local areas at discontinuities need not be con-
sidered.

SECTION 1625 — QCCUPANCY CATEGORIES

For the purpose of wind-resistant design, each structure shall be
placed in one of the occupancy categories listed in Table 16-K.
Table 16-K lists importance factors, I, for each category.
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CHAP. 16, DIV. IV
1626
1627

Division W—EARTHQUAKE DESIGN

SECTION 1626 — GENERAL

1626.1 Purpose. The purpose of the earthquake provisions herein
is primarily to safeguard against major structural failures and loss
of life, not to limit damage or maintain function.

1626.2 Minimum Seismic Design. Structures and portions
thereof shall, as a minimum, be designed and constructed to resist
the effects of seismic ground motions as provided in this division.

16263 Seismic and Wind Design. When the code-prescrihed
wind design produces greater effects, the wind design shall gov-
e, but detailing requirements and limitations prescribed in this
section and referenced sections shall be followed.

SECTICN 1627 — DEFINITIONS

For the purposes of this division, certain terms are defined as fol-
lows:

BASE is the level at which the earthquake motions are consid-
ered to be imparted to the structure or the level at which the struc-
ture as a dynamic vibrator is supported.

BASE SHEAR, V, is the total design lateral force or shear at the
base of a structure,

BEARING WALL SYSTEM is a structural system without a
complete vertical load-carrying space frame. See Section
1629.6.2.

BOUNDARY ELEMENT is an element at edges of openings
or at perimeters of shear walis or diaphragms.

BRACED FRAME is an essentially vertical truss system of the
concentric or eccentric type that is provided to resist lateral forces.

BUILDING FRAME SYSTEM is an essentially complete
space frame that provides support for gravity loads. See Section
1629.6.3.

CANTILEVERED COLUMN ELEMENT is a column ecle-
ment in a lateral-force-resisting system that cantilevers from a
fixed base and has minimal moment eapacity at the top, with lat-
eral forces applied essentially at the top.

COLLECTOR is a member or element provided to transfer lat-
eral forces from a portion of a structure to vertical elements of the
lateral-force-resisting system.

COMPONENT is a part or element of an architectural, electri-
cal, mechanical or structural system.

COMPONENT, EQUIPMENT, is a mechanical or electrical
component or element that is part of a mechanical and/or electrical
system.

COMPONENT, FLEXIBLE, is a component, including its
attachments, having a fundamental period greater than 0.06 sec-
ond.

COMPONENT, RIGID, is a component, including its attach-
ments, having a fundamental period less than or equal to 0.06 sec-
ond.

CONCENTRICALLY BRACED FRAME is a braced frame
in which the members are subjected primarily to axial forces.

DESIGN BASIS GROUND MOTION is that ground motion
that has a 10 percent chance of being exceeded in 50 years as deter-
mined by a site-specific hazard analysis or may be determined
from a hazard map. A suite of ground motion time histories with
dynamie properties representative of the site characteristics shall

be used to represent this ground motion. The dynamic effeets of
the Design Basis Ground Motion may be represented by the
Design Response Spectrum. See Section 1631.2.

DESIGN RESPONSE SPECTRUM is an elastic response
spectrum for 5 percent equivalent viscous damping used to repre-
sent the dynamic effects of the Design Basis Ground Motion for
the design of structures in accordance with Sections 1630 and
1631. This response spectrum may be either a site-specific spec-
trum based on geologic, tectonic, seismological and soil charac-
teristics associated with a specific site or may be a spectrum
constructed in accordance with the spectral shape in Figure 16-3
using the site-specific values of C, and C, and multiglied by the
acceleration of gravity, 386.4 in./sec.2 (9.815 m/sec.?), See Sec-
tion 1631.2.

DESIGN SEISMIC FORCE is the minimum total strength de-
sign base shear, factored and distributed in accordance with Sec-
tion 1630.

DIAPHRAGM is a horizontal or nearly horizontal system act-
ing to transmit lateral forces to the vertical-resisting elements. The
term “diaphragm™ includes horizontal bracing systems.

DIAPHRAGM or SHEAR WALL CHORD is the boundary
element of a diaphragm or shear wall that is assumed to take axial
stresses analogous to the flanges of a beam.

DIAPHRAGM STRUT (drag strut, tie, collector) is the ele-
ment of a diaphragm parallel to the applied load that collects and
transfers diaphragm shear to the vertical-resisting elements or dis-

teibutes loads within the diaphragm. Such members may take axial
tension or compression.

DRIFT. See “story drift.”

DUAL SYSTEM is a combination of moment-resisting frames
and shear walls or braced frames designed in accordance with the
criteria of Section 1629.6.5.

ECCENTRICALLY BRACED FRAME (EBF) is a steel-
braced frame designed in conformance with Section 2213.10.

ELASTIC RESPONSE PARAMETERS are forces and
deformations determined from an elastic dynamic analysis using
an unreduced ground motion representation, in accordance with
Section 1630.

ESSENTIAL FACILITIES are those structures that are nec-
essary for emergency operations subsequent to a natural disaster.

FLEXIBLE ELEMENT or system is one whose deformation
under lateral load is significantly larger than adjoming parts of the

system. Limiting ratios for defining specific flexible elements are
set forth in Section 1630.6.

HORIZONTAL BRACING SYSTEM is a horizontal truss
system that serves the same function as a diaphragm.

INTERMEDIATE MOMENT-RESISTING FRAME
(IMRF) is a concrete frame designed in accordance with Section
1921.8.

LATERAL-FORCE-RESISTING SYSTEM is that part of
the structural system designed to resist the Design Seismic Forces.

MOMENT-RESISTING FRAME is a frame in which mem-
bers and joints are capable of resisting forces primarily by flexure.

MOMENT-RESISTING WALIL FRAME (MRWEF) is a
masonry wall frame especially detailed to provide ductile behav-
ior and designed in conformance with Section 2108.2.5.

ORDINARY BRACED FRAME (OBF} is a steel-braced
frame designed in accordance with the provisions of Section
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2213.8 or 2214.6, or concrete-braced frame designed in accord-
ance with Section 1921.

ORDINARY MOMENT-RESISTING FRAME (OMRF) is
a moment-resisting frame not meeting special detailing require-
ments for ductile behavior.

ORTHOGONAL EFFECTS are the earthquake load effects
on stractural elements common to the lateral-force-resisting sys-
tems along two orthogonal axes.

OVERSTRENGTH is a characteristic of siructures where the
actusl strength is larger than the design strength. The degree of
overstrength is material- and system-dependent.

PAEFFECT is the secondary effect on shears, axial forces and
moments of frame members induced by the vertical loads acting
on the laterally displaced building system.

SHEAR WAL L is a wall designed to resist lateral forces paral-
lel to the plane of the wall (sometimes referred to as vertical dia-
phragm or structural wall).

SHEAR WALIL-FRAME INTERACTIVE SYSTEM uscs
combinations of shear walls and frames designed to resist lateral
forces in proportion to their relative rigidities, considering inter-
action between shear walls and frames on all levels.

SOFT STORY is one in which the lateral stiffness is less than
70 percent of the stiffness of the story above. See Table 16-L.

SPACE FRAME is a three-dimensional structural system,
without bearing walls, composed of members interconnected so
as to function as a complete self-contained unit with or without the
aid of horizontal diaphragms or floor-bracing systems.

SPECTAL CONCENTRICALLY BRACED FRAME
(SCBF) is a steel-braced frame designed in conformance with the
provisions of Seciion 2213.9.

SPECIAL MOMENT-RESISTING FRAME (SMRF) is a
moment-resisting frame specially detailed to provide ductile

behavior and comply with the requirements given in Chapter 19
or 22.

SPECIAL TRUSS MOMENT FRAME (STMF) is a
moment-resisting frame specially detailed to provide ductile
behavior and comply with the provisions of Section 2213.11.

STORY is the space between levels. Story x is the story below
Level x

STORY DRIFT is the lateral displacement of one level relative
to the level above or below.

STORY DRIFT RATIO is the story drift divided by the story
height.

STORY SHEAR, V., is the summation of design lateral forces
above the story under consideration.

STRENGTH is the capacity of an element or amember to resist
factored load as specified in Chapters 16, 18, 19, 21 and 22.

STRUCTURE is an assemblage of framing members designed
to support gravity loads and resist lateral forces. Structures may be
categorized as building structures or nonbuilding structures.

SUBDIAPHRAGM is a portion of a larger wood diaphragm
designed to anchor and transfer local forces to primary diaphragm
struts and the main diaphragm.

VERTICAL LOAD-CARRYING FRAME is a space frame
designed to carry vertical gravity loads.

WALL ANCHORAGE SYSTEM is the system of elements
anchoring the wall to the diaphragm and those elements within the
diaphragm required to develop the anchorape forces, including
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subdiaphragms and continuous ties, as specified in Sections
1633.2.8 and 1633.2.9.

WEAK STORY is one in which the story strength is less than
80 percent of the story above. See Table 16-1..

SECTION 1628 —— SYMBOLS AND NOTATIONS
The following symbols and notations apply to the provisions of
this division: )

Ap = ground floor area of siructure in square feet (m?2) to
inelude area covered by all overhangs and projec-
tions.

A = the combined effective area, in square feet (m?), of
the shear walls in the first story of the structure.

the minimum cross-sectional area in ang horizontal
plane in the first story, in square feet (n*) of a shear
wall.

A = the torsional amplification factor at Level x.
ap

= numerical coefficient specified in Section 1632 and
set forth in Table 16-0.

C, = seismic coefficient, as set forth in Table 16-Q.
C; = numerical coefficient given in Section 1630.2.2.
C, = seismic coeffictent, as set forth in Table 16-R.
D = deadload on astructural element.

D, = thelength, infeet (m), of a shear wall in the first story
in the direction parallel to the applied forces.

>
]

E E,
Ey, E, = carthquake loads set forth in Section 1630.1.
F‘b Fﬂ]
F, = Design Seismic Force applied to Level £ n or x,

respectively.
F, = Design Seismic Forces on a part of the structure.
F = Design Seismic Force on a diaphragm.
F; = that portion of the base shear, ¥ considered concen-
trated at the top of the structure in addition to F,.
# = lateral force at Level i for use in Formula (30-10).

g = acceleration due to gravity.
hiy b,
h = height in feet (m) above the base to Level §, n or x,
respectively.

I = importance factor given in Table 16-K.
L, = importance factor specified in Table 16-K.
L = liveload on a stractural element.
Level i = level of the structure referred to by the subscript i.
“§ =17 designates the first level above the base.
Leveln = thatlevel that is uppermost in the main portion of the
structure.
Level x = that level that is under design consideration. “x = 17
designates the first ievel above the base,

M = maximum moment magnitude.

N; = near-source factor used in the determination of C; in
Scismic Zone 4 related to both the proximity of the
building or structure to known faults with magnitudes
and slip rates as set forth in Tables 16-S and 16-U.

N, = near-source factor used in the determination of C, in
Seismic Zone 4 related to both the proximity of the
building or structure to known faults with magnitudes
and slip rates as set forth in Tables 16-T and 16-U.
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PI = plasticity index of soil determined in accordance with
approved national standards.

R = numerical coefficient representative of the inherent

overstrength and global ductility capacity of lateral-

force-resisting systems, as set forth in Table 16-N or

16-P.
¥ = aratio used in determining p. See Section 1630.1.
84, SB}
Sc. Sp,

Sg, S¢ = soil profile types as set forth in Table 16-J.
T = elastic fundamental peried of vibration, in seconds,
of the structure in the direction under consideration.
V = thetotal design lateral force or shear at the base given
by Formuta (30-5), (30-6), (30-7) or (30-11).
Vy = the design story shear in Story x.
W = the total seismie dead load defined in Section
1630.1.1.

w; wy = that portion of Wiocated at or assigned to Level iorx,

respectively.

Wy = the weight of an element or component.

Wpr = theweightofthe diaphragm and the element tributary
thereto at Level x, including applicable portions of
other loads defined in Section 163(.1.1.
seismic zone factor as given in Table 16-1.

Ay = Maximum Inelastic Response Displacement, which
is the total drift or total story drift that occurs when the
structure is subjected to the Design Basis Ground
Motion, including estimated elastic and inelastic
contributions to the total deformation defined in Sec-
tion 1630.9.

As = Design Level Response Displacement, which is the
total drift or total story drift that occurs when the
structure is subjected to the design seismic forces.

§; = horizontal displacement at Level i relative to the base
due to applied lateral forces, f, for use in Formula
(30-10).

p = Redundancy/Reliability Factor given by Formula
(30-3).

€2, = Seismic Force Amplification Factor, which is
required to account for structural overstrength and set
forth in Table 16-N.

WS}
]

SECTION 1629 — CRITERIA SELECTION

1629.1 Basis for Design, The procedures and the limitations for
the design of structures shall be determined cousidering seismic
zoning, site characteristics, occnpancy, configuration, structural
system and height in accordance with this section. Structures shall
be designed with adequate strength to withstand the lateral dis-
placements induced by the Design Basis Grouad Motion, consid-
ering the inelastic response of the structere and the inherent
redundancy, overstrength and ductility of the lateral-force-
resisting system. The minimum design strength shall be based on
the Design Seismic Forces determined in accordance with the
static lateral force procedure of Section 1630, except as modified
by Section 1631.5.4. Where strength design is used, the load com-
binations of Section 1612.2 skall apply. Where Allowable Stress
Design is used, the load combinations of Section 1612.3 shall
apply. Allowable Stress Design may be used to evaluate sliding or
overturning at the soil-structure interface regardless of the design
approach used in the design of the structure, provided load com-
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binations of Section 1612.3 are utilized. One- and two-family
dwellings in Seismic Zone 1 need not conform to the provisions of
this section.

1629.2 Qeccupancy Categories. For purposes of earthquake-
resistant design, each structure shail be placed in one of the occu-
pancy categories listed in Table 16-K. Table 16-K assigns impor-
tance factors, I and I, and structurzl observation requireraents for
each category.

1629.3 Site Geology and Soil Characteristics, Each site shall
be assigned a soil profile type based on properly substantiated
geotechnical data using the site categorization procedure set forth
in Division VI, Section 1636 and Table 16-J.

EXCEPTION: When the soil properties are not known in sufficient
delail to determine the soil profile type, Type Sp shall be used. Soil Pro-
file Type Sg or Sr need not be assumed unless the building official
determines that Type Sk or Sg may be present at the site or in the event
that Type Sg or Sf is established by geolechnieal dala.

1629.3.1 Soil profile type. Soil Profile Types Sy, Sg, &, Sp and
Sg are defined in Table 16-J and Soil Profile Type S is defined as
soils requiring site-specific evaluation as follows:

1. Soils vulnerable to potential failure or collapse under seis-
mic loading, such as liquefiable soils, quick and highly sensitive
clays, and collapsible weakly ceinented soils.

2. Peats and/or highly organie clays, where the thickness of
peat or highly organic clay exceeds 10 feet (3048 mm).

3. Very high plasticity clays with a plasticity index, PI > 75,
where the depth of clay exceeds 25 feet (7620 mm).

4. Very thick soft/medium stiff clays, where the depth of clay
exceeds 120 feet (36 576 mm).

16294 Site Seismic Hazard Characteristics, Seismic hazard
characteristics for the site shall be established based on the seis-
mic zone and proximity of the site to active seismic sources, site
soil profile characteristies and the structure’s importance factor.

1629.4.1 Seismiczone. Each site shall be assigned a seismic zone
in accordance with Fignre 16-2. Each structure shall be assigned a
seismic zone factor Z, in accordance with Table 16-1.

1629.4.2 Seismic Zone 4 near-source factor. In Seismic Zone 4,
each site shail be assigned a near-source factor in accordance with
Table 16-3 and the Seismic Source Type set forth in Table 16-U.
The valre of N, used to determine C; need not exceed 1.1 for
structures complying with all the following conditions:

1. The soil profile type is S4, Sp, S¢ or Sp.

2. p=10.

3. Except in single-story structures, Group R, Division 3 and
Group U, Division 1 Occupancies, moment frame systems desig-

nated as part of the lateral-force-resisting system shall be special
moment-resisting frames.

4. The exceptions to Section 2213.7.5 shall not apply, except
for columns in one-story buildings or columns at the top story of
multistory buildings.

5. None of the following structural irregularities is present:
Type 1, 4 or 5 of Table 16-L, and Type 1 or 4 of Table 16-M.

1629.4.3 Seismic response coefficients. Each structure shall be
assigned a seismic coefficient, C;, in accordance with Table 16-Q
and a seismic coefficient, C,, in accordance with Table 16-R.

1629.5 Configuration Requirements,

1629.5.1 General. Each structure shall be designated as being

structurally regular or irregular in accordance with Sections
1629.5.2 and 1629.5.3.
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1629.5.2 Regular structures. Regular structures have no sig-
nificant physical discontinuities in plan or vertical configuration
of in their lateral-force-resisting systems such as the imegular fea-
tures described in Section 1629.5.3.

1629.53 Trregular structures,

1. Irregular structures have significant physical discontinnities
in configuration or in their lateral-force-resisting systems. Irregu-
lar features include, but are not limited to, those described in
Tables 16-L and 16-M. All structures in Seismic Zone 1 and Occu-
pancy Categories 4 and 5 in Seismic Zone 2 need to be evaluated
only for vertical irregularities of Type 5 (Table 16-L) and horizon-
tal irregularities of Type 1 (Table 16-M).

2.Structures having any of the features lisied in Table 16-L shall
be designated as if having a vertical irregelarity.

EXCEFTION: Where no story drift ratic under design Jateral
forces is greaiter than 1.3 times the story drift ratio of the story above,
the structure may be decmed to not have the structural irregularities of
Type 1 or 2 in Table 16-L. The story diift ratio for the top two stories
aeed not be considered. The story drifts for this determination may be
calculated neglecting torsional effecis.

3. Stmctures having any of the features listed in Table 16-M
shall be designated as having a plan irregularity.

1629.6 Stroctural Systems.

1629.6.1 General. Structural systems shall be classified as one
of the types listed in Table 16-N and defined in this section.

1629.6.2 Bearing wall system. A structural system without 2
complete vertical load-carrying space frame. Bearing walls or
bracing systems provide support for all or most gravity loads. Re-
sistance to lateral load is provided by shear walls orbraced frames.

1629.6.3 Building frame system. A structural system with an
essentially complete space frame providing support for gravity
loads. Resistance to lateral load is provided by shear walls or
braced frames.

1629.6.4 Moment-resisting frame system. A structural system
with an essentially complete space frame providing support for
gravity loads. Moment-resisting frames provide resistance to lat-
eral load primarily by flexural action of members.

1629.6.5 Dusal system. A structural system with the following
features:

1. An essentially complete space frame that pravides support
for gravity lpads.

2. Resistance to lateral load is provided by shear walls or braced
frames and moment-resisting frames (SMRF, IMRF, MMRWF or
steel OMRF). The moment-resisting frames shall be designed to
independently resist at least 25 percent of the design base shear.

3. The two systems shall be designed to resist the total design
base shear in proportion to their relative rigidities considering the
interaction of the dual system at all levels.

1629.6.6 Cautilevered column system, A structural system
relying on cantilevered column elements for lateral resjstance.

1629.6.7 Undefined structural system. A structural system not
listed in Table 16-N.

1629.6.8 Nonbuilding structural system. A structural system
conforming to Section 1634.

1629.7 Height Limits. Height limits for the various structuzal
systems in Seismic Zones 3 and 4 are given in Table 16-N.
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EXCEPTION: Regular structures may exceed these limits by not
more than 50 percent for unoccupied struetures, which are not accessi-
ble to the general public.

1629.8 Selection of Lateral-force Procedure.

1629.8.1 General. Any structure may be, and certain structures
defined below shall be, designed using the dynamic lateral-force
procedures of Section 1631.

1629.8.2 Simplified static. The simplified static lateral-force
procadure set forth in Section 1630.2.3 may be used for the fol-
lowing structures of Cccupancy Catetory 4 or 5:

1. Buildings of any oecupancy (including single-family dwell-
ings) not more than three stories in height excluding basements,
that ese light-frame construction.

2. Other buildings not more than two stories in height exclud-
ing basements.

1629.83 Static. The static lateral force procedure of Section
1630 may be used for the following structures:

1. All structures, regular or imegular, in Seismic Zone 1 and in
Occupancy Categories 4 and 5 in Seismic Zone 2.

2. Regular struetures under 240 feet (73 152 mm) in height
with lateral force resistance provided by systems listed in Table
16-N, except where Section 1629.8.4, ltem 4, applies.

3. Iregular strectures not more than five stories or 65 feet
(19 812 mm) in hejght.

4. Stroctures having a flexible upper portion supported on a
rigid lower portion where both portions of the structure consid-
ered separately can be classified as being regular, the average
story stiffness of the lower portion is at least 10 times the average
story stiffness of the upper portion and the period of the entire
structure is not greater than 1.1 times the period of the upper por-
tion considered as a separate structure fixed at the base.

1629.84 Dynamic. The dynamic lateral-force procedure of
Section 1631 shall be used for all other structures, including the
following:

1. Structures 240 feet (73 152 mm) or more in height, except as
permitted by Section 1629.8.3, Ttem 1.

2. Structures having a stiffness, weight or geometric vertical ir-
regularity of Type 1, 2 or 3, as defined in Table 16-L, or structures
having irregular features not described in Table 16-L or 16-M, ex-
cept as permiited by Section 1630.4.2.

3. Structures over five stories or 65 feet (19 812 mm) in height
in Seismic Zones 3 and 4 not having the same structural system
throughout their heigbt except as permitted by Section 1631.2.

4. Structures, regular or imegular, located on Seil Profile Type
Sg; that have a period greater than 0.7 second. The analysis shall
include the effects of the soils at the site and shall conform to Sec-
tion 1631.2, Jtem 4.

1629.9 System Limitations.

1629.9.1 Discontinwity. Structures with a discontinuity in ca-
pacity, vertical irregularity Type 5 as defined in Table 16-L, shall
not be over two stories or 30 feet (9144 mm) in height where the
weak story has a calculated strength of less than 65 percent of the
story above.

EXCEPTION: Where the weak story {s capahle of resisting a total

lateral seismic force of £2, times the design force prescribed in Section
1630.

1629.9.2 Undefined structural systems. For vndefined struc-
tural systems not kisted in Table 16-N, the coefficient R shall be
substantiated by approved cyclic test data and analyses. The fol-
lowing items shall be addressed when establishing R:



1997 UNIFORM BUILDING CODE
66

. Dynamic response characteristics,

. Lateral force resistance,

. Overstrength and strain hardening or softening,
. Strength and stiffness degradation,

. Energy dissipation characteristics,

. System ductility, and

S th B W=

7. Redundancy.

1629.9.3 Irregular features. All structures having irregular
features described in Table 16-L or 16-M shall be designed to meet
the additional requirements of those sections referenced in the
tables.

1629.10 Alternative Procedures,

1629.10.1 General. Alternative lateral-force procedures using
rational analyses based on well-established prineiples of mechan-
ics may be used in lieu of those prescribed in these provisions.

1629.10.2 Seismic isolation. Seismic isolation, energy dissipa-
tion and damping systems may be used in the design of siructures
when approved by the building official and when speciat detailing
is used to provide results equivalent to those obtained by the use of
conventional structural systems. For alternate design procedures
on seismic isolation systems, refer to Appendix Chapter 16, Divi-
sion IIJ, Earthquake Regulations for Seismic-isolated Structures.

SECTION 1630 — MINIMUM DESIGN LATERAL
FORCES AND RELATED EFFECTS

1630.1 Earthquake Loads and Modeling Requirements.

1630.1.1 Earthquake loads. Structures shall be designed for
ground motion producing structural response and seismic forces
in any horizontal direction. The following carthquake loads shall
be used in the load combinations set forth in Section 1612:

E=pE,+E, (30-1)
B = En (30-2)

WHERE:
E = theearthquake load on an element of the structure result-

ing from the combination of the horizontal component,
Ey, and the vertical component, E,-

Fy = the earthquake load due to the base shear, ¥ as set forth
in Section 1630.2 or the design lateral force, Fy, as set
forth in Section 1632.

En = the estimated maximum earthquake force that can be
developed in the structure as set forth in Section
1630.1.1.

E, = the load effect resulting from the vertical component of
the earthquake ground motion and is equal to an addition
of 0.5C,ID to the dead load effect, D, for Strength
Design, and may be taken as zero for Allowable Stress
Design.

£, = the seismic force amplification factor that is required to
acconnt for structural overstrength, as set forth in Sec-

tion 1630.3.1.
p = Reliability/Redundancy Factor as given by the follow-
ing formula:
20
=2 - —= 30-3
P e {23 (30-3)
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WHERE:

Imzx = the maximum element-story shear ratio. For a given di-
rection of loading, the element-story shear ratio is the ra-
tio of the design story shear in the most heavily loaded
single element divided by the total design story shear.
For any given Story Level , the element-story shear ra-
tio is denoted as 5;. The maximum element-story shear
Tatio Fp,, is defined as the largest of the element story
shear ratios, r;, which occurs in any of the story levels at
or below the two-thirds height level of the building.

For braced frames, the value of 7; is equal to the maximum hori-
zontal force component in a single brace element divided by the
total story shear.

For moment frames, r; shall be taken as the maximum of the
sum of the shears in any two adjacent columns in 2 moment frame
bay divided by the story shear. For columns common to two bays
with moment-resisting connections on opposite sides at Level £ in
the direction under consideration, 70 percent of the shear in that
column may be used in the column shear summation.

For shear walls, r; shall be taken as the maximum value of the
product of the wall shear multiplied by 1074, (For SI: 3.05/},,) and
divided by the total story shear, where 4, is the length of the wall in
feet (m).

For dual systems, r; shall be taken as the maximum value of r; as
defined above considering all lateral-load-resisting elements, The
lateral loads shall be distributed to elements based on relative ri-
gidities considering the interaction of the dual system. For dual
systems, the value of p need not exceed 80 percent of the value cal-
culated above.

p shall not be taken less than 1.0 and need not be greater than
1.5, and Ap is the ground floor area of the structure in square feet
(m?). For special moment-resisting frames, except when used in
dual systems, p shall not exceed 1.25. The number of bays of spe-
cial moment-resisting frames shall be inereased to reduce r, such
that p is less than or equal to 1.25.

EXCEPTION: Ap may be taken as the average floor area in the
upper seiback portion of the building where a larger base area exists at
the ground fleor.

When calculating drift, or when the structure is located in Seis-
mic Zone 0, 1 or 2, p shall be taken equal to 1.

The ground motion producing lateral response and design seis-
mic forces may be assumed 10 act noncurrently in the direction of
each principal axis of the structure, except as requited by Section
1633.1.

Seismic dead load, W, is the total dead load and applicable por-
tions of other loads listed below.

1. In storage and warehouse occupancies, a minimum of 25
percent of the floor live load shall be applicable.

2. Where a partition load is used i the floor design, a load of
not less than 10 psf (0.48 kN/m?) shall be included.

3. Design spow loads of 30 psf (1.44 kN/m2) or less need not be
included. Where design snow loads exceed 30 psf (1.44 kN/m?),
the design snow load shall be included, but may be reduced up to
75 percent where consideration of siting, configuration and load
duration warrant when approved by the building official.

4. Total weight of permanent equipment shall be included.

1630.1.2 Modeling requirements. The mathematical model of
the physical structure shall include all elements of the Iateral-
force-resisting system. The model shall also include the stiffness

2-13



CHAP. 16, DIV. IV
1630.1.2
163032

67

and strength of elements, which are significant to the distribution
of forces, and shall represent the spatial distribution of the mass
and stiffness of the structure, In addjtion, the model shall comply
with the following:

1. Stiffness properties of reinforced concrete and masonry ele-
ments shall consider the effects of cracked sections.

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

1630.1.3 PAeffects. The resulting member forces and moments
and the story drifts induced by PA effects shall be considered in
the evaluation of overall structural frame stability and shall be
evaluated using the forces producing the displacements of Ag. PA
need not be considered when the ratio of secondary moment to pri-
mary moment does not exceed (.10; the ratio may be evaluated for
any story as the product of the total dead, floor live and snow load,
as required in Section 1612, above the story times the seismic drift
in that story divided by the product of the seismic shear in that
story times the height of that story. In Seismic Zones 3 and 4, PA
need not be considered when the story drift ratio does not exceed
0.02/R.

1630.2 Static Force Procedure.

1630.2.1 Design basc shear. The toial design base shear in a
given direction shall be determined from the following formula:

C, 1

V= =T

w {30-4)

The total design base shear need not exceed the following:
25C, 1

m 30-5

1 v (30-5)

The total design base shear shail not be less than the following:
V.= 011C, I W (30-6)

In addition, for Seismic Zone 4, the total base shear shall also
not be Iess than the following:
0.8 ZN, I

% (30-7)

1630.2.2 Structure period. The value of T shall be determined
from one of the following methods:

1. Method A: For all buildings, the value T may be approxi-

mated from the following formula:
T = C(h) (30-8)
WHERE:
C; = 0.035 (0.0853) for steel moment-resisting frames.
C: = 0.030 (0.0731) for reinforced concrete moment-resist-
ing frames and eccentrically braced frames.
¢; = 0.020 {0.0488) for all other buildings.

Alternatively, the value of C; for structures with concrete or ma-

sonry shear walls may be taken as 0.1/ JA, (For SI: 0.0743/ JA,
for A, in m?).

The value of A, shall be determined from the following for-
mula:

A = TA[02 + (D./hY]

The value of D/h,, used in Formula (30-9) shall not exceed 0.9.
2-14

(30-9)

1997 UNIFORM BUILDING CODE

2. Method B: The fundamental period T may be calculated us-
ing the structural properties and deformational characteristics of
the resisting elements in a properly substantiated analysis. The
analysis shall be in accordance with the requirements of Section
1630.1.2. The valuwe of T fiom Method B shall not exceed a value
30 percent greater than the value of T obtained from Method A in
Seismic Zone 4, and 40 percent in Seismic Zores 1, 2 and 3.

The fundamental period T may be computed by using the fol-
lowing formula:

T = 2x ‘/(Z1 w,-&,—z) + (g Zl ;,.a,-) (30-10)

The values of £ represent any lateral force distributed approxi-
mately in accordance with the principles of Formulas (30-13),
{30-14) and (30-15) or any other rational distribution. The elastic
deflections, &, shall be calculated using the applied lateral
forces, f;.

163023 Simplified design base shear.

1630.2.3.1 General, Structures conforming to the requirements
of Section 1629.8.2 may be designed using this procedure.

1630.2.3.2 Base shear. The total design base shear in a given
direction shall be determined from the following formula:

3.0 C,
R

where the valne of C, shall be based on Table 16-Q for the soil pro-
file type. Wher the soil properties are not knowe in sufficient
defail to determine the soil profile type, Type Sp shall be used in
Seismic Zones 3 and 4, and Type Sg shall be used in Seismic Zones
1,2A and 2B. In Seismic Zone 4, the Near-Source Factor, N, need
not be greater than 1.3 if none of the following structural irregular-
ities are present: Type 1, 4 or 5 of Table 16-L, or Type 1 or 4 of
Table 16-M.

1630.2.3.3 Vertical distribution. The forces at each level shall
be calculated using the following formula:

30C,
R Vi
where the value of C, shall be determined in Section 1630.2.3.2.

1630.2.3.4 Applicability. Sections 1630.1.2, 1630.1.3, 1630.2.1,

1630.2.2, 1630.5, 1630.9, 1630.10 and 1631 shall not apply when
using the simplified procedure.

EXCEPTION: For buildings with relatively flexible structural

systems, the building official may require consideration of PA effects

and drift in accordance with Sections 1630.1.3, 1630.9and 1630.10. A,

shall be prepared using design seismic forces from Section 1630.2.3.2.

‘Where nsed, Ay shall be taken equal to (.01 times the story

heightof all stories. In Section 1633.2.9, Formula (33-1) shall read

30 C,
Fpp="2t

v

W (30-11)

E /= (30-12)

wp. and need not exceed 1.0 C; wyy, but shall not be
less than (.5 C; Wy R and £, shali be taken from Table 16-N.
1630.3 Determination of Seismic Factors.

1630.3.1 Determination of £2,. For specific elements of the
structure, as specifically identified in this code, the minimum
design strength shail be the product of the seismic force over-
strength factor £3, and the design seismic forces set forth in Sec-
tion 1630. For both Allowable Stress Design and Strength Design,
the Seismic Force Overstrength Factor, £2,, shaill be taken from
Table 16-N.

1630.3.2 Determination of R. The notation R shall be taken from
Table 16-N.
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1630.4 Combinations of Structural Systems.

1630.4.1 General, Where combinations of structural systems
are incorporated into the same structure, the requirements of this
section shall be satisfied.

1630.42 Vertical combinations, The value of R used in the de-
sign of any story shall be less than orequal to the value of R used in
the given direction for the story above.

EXCEPTION: This requirement need not be applied to a story
where (he dead weight above that story is less than 10 percent of the
1otal dead weight of the structure.

Structures may be designed using the procedures of this section
under the following conditions:

1. The entire structure is designed using the lowest R of the
lateral-force-resisting systems used, or

2. The following two-stage static analysis procedures may be
used for structures conforming to Section 1629.8.3, Item 4.

2.1 The flexible upper portion shall be designed as a sepa-
rate stiucture, supported laterally by the rigid lower
portion, using the appropriate values of R and p.

2.2 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 deter-
mined 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.

1630.4.3 Combinations along different axes. In Seismic
Zones 3 and 4 where a structure has a bearing wall system in only
one direction, the value of R used for design in the orthogonal di-
rection shall not be greater than that used for the bearing wall sys-
tem.

Any combination of bearing wall systems, building frame sys-
tems, dual systems or moment-resisting frame systems may be
used to resist seismic forces in structures less than 160 feet (48 768
mm) in height. Only combinations of dual systems and special
moment-resisting frames shall be used to resist seismic forces m
structures exceeding 160 feet (48 768 mm) in height in Seismic
Zones 3 and 4.

1630.4.4 Combinations along the same axis. For other than
dual systems and shear wall-frame interactive systems in Seismic
Zones 0 and 1, where a combination of different structural systems
is utilized to resist lateral forees in the same direction, the valuc of
Rused for design in that direction shall not be greater than the least
value for any of the systems utilized in that same direction.

1630.5 Vertical Distribution of Force. The total force shall be
distributed over the height of the structure in conformance with
Formulas (30-13), (30-14) and (30-15) in the absence of a more
rigorous procedure.

V=F+ Y F (30-13)
i=1

The concentrated force F; at the top, which is in addition to F,
shall be determined from the formula:

F,=007TTV (30-14)

The value of T used for the purpose of calculating F; shall be the
period that corresponds with the design bese shear as computed
using Formula (30-4). F; need not exceed 0.25V and may be con-
sidered as zero where T is 0.7 second or less. The remaining por-
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tion of the base shear shall be distributed over the height of the
structure, including Level r, according to the following formula:

(V- F)wh
z w; h;
i=1

At each level designated as x, the force F; shall be applied over
the area of the building in accordance with the mass distribution at
that level. Strectural displacements and design seismic forces
shall be calculated as the effect of forces F, and F; applied at the
appropriate levels above the base.

1630.6 Horizontal Distribution of Shear. The design story
shear, V4, in any story is the sum of the forces F; and F,. above that
story. V; shall be distributed to the various elements of the vertical
lateral-force-resisting system in proportion to their rigidities, con-
sidering the rigidity of the diaphregm. See Section 1633.2.4 for
rigid elements that are not intended to be part of the lateral-force-
resisting systems.

Fy (30-15)

Where diaphragms are not flexible, the mass at each level shall
be assumed to be displaced from the calculated center of mass in
each direction 2 distance equal to 5 percent of the building dimen-
sion at that [evel perpendicular to the direction of the force under
consideration. The effect of this displacement on the story shear
distribution shall be considered.

Diaphragms shall be considercd flexible for the purposes of dis-
tribution of story shear and torsional moment when the maximum
lateral deformatior of the diaphragm is more than two times the
average story drift of the associated story. This may be determined
by comparing the computed midpoint in-plane deflection of the
diaphragm itself under lateral load with the story drift of adjoining
vertical-resisting elements under equivalent tributary lateral load.

1630.7 Horizontal Torsional Moments. Provisions shall be
made for the increased shears resulting from horizontal torsion
where diaphragms are not flexible. The most severe load combi-
nation for each clement shall be considered for design.

The torsional design moment at a given story shall be the mo-
ment resulting from eccentricities between applied design lateral
forces at levels above that story and the vertical-resisting elements
in that story plus an accidental torsion.

The accidental torsional moment shall be determined by assum-
ing the mass is displaced as required by Section 1630.6.

Where torsional irregularity exists, as defined in Table 16-M,
the effects shall be accounted for by increasing the accidental tor-
sion at each level by an amplification factor, A,, determined from
the following formula:

6 2
A= [1.2 6,,,3]
WHERE:

8wy = theaverage of the displacenents at the extreme points of
the structure at Level x

3pg = the maximum displacement at Level x.
The value of A, need not exceed 3.0.

1630.8 Overturning.

1630.8,1 General, Every structure shall be designed to resist the
overturning effects caused by earthquake forces specified in Sec-
tion 1630.5. At any level, the overturning momcnts to be resisted
shall be determined using thosc seismic forces (F; and F;) that act
on levels above the level under consideration. At any level, the in-

(30-16)

2-13



CHAP. 16, DIV. IV
1630.8.1
1631.1

69

cremental changes of the design overtuming moment shall be dis-
tributed to the various resisting elements in the manner prescribed
in Section 1630.6. Overturning effects on every element shall be
carried down to the foundation. See Sections 1615 and 1633 for
combining gravity and seismic forces.

1630.8.2 Elements supporting discontinnous systems.

1630.8.2.1 General. Where any portion of the lateral-load-
resisting system is discontinuous, snch as for vertical irregularity
Type 4 in Table 16-L or plan irregularity Type 4 in Table 16-M,
concrete, masonry, steel and wood elements supporting such dis-
continuous systems sball have the design strength to resist the
combination loads resulting from the special seismic load com-
binations of Secticn 1612.4.
EXCEPTIONS: 1. The quantity E in Section 1612.4 need not
exceed the maximum force that can be transferred to the element by the
lateral-force-resisting systen.

2. Concerete slabs supporting light-frame wood shear wall systems
or light-frame steel and wood structural panel shear wall systems.

For Allowable Stress Design, the design strength may be deter-
mined using an allowable stress increase of 1.7 and a resistance
factor, ¢», of 1.0. This increase shall not be combined with the one-
third stress increase permitted by Section 1612.3, but may be com-
bined with the duration of load increase perrritted in Chapter 23,
Division III.

1630.8.2.2 Detailing requirements in Seismic Zones 3 and 4.
In Seismic Zones 3 and 4, clements supporting discontinuous sys-
tems shall meet the following detailing or member limitations:

1. Rcinforced concrete or reinforced masonry elemeats
designed primarily as axial-load members shall comply with Sec-
tion 1921.4.4.5.

2. Reinforced concrete elements designed primarily as flexural
members and supporting other than light-frame wood shear wall
systes or light-frame steel and wood structural panel shear wall
systems shall comply with Sections 1921.3.2 and 1921.3.3.
Strength computations for portions of slabs designed as support-
ing elements shall include only those portions of the slab that com-
ply with the requirements of these sections.

3. Masonry elements designed primarily as axial-load carrying
members shall comply with Sections 2106.1.12.4, Ttem 1, and
2108.2.6.2.6.

4. Masonry elements designed primarily as flexural members
shall comply with Section 2108.2.6.2.5.

5. Steel elements designed primarily as axial-load members
shall comply with Sections 2213.5.2 and 2213.5.3.

6. Steel elements designed primarily as flexural members or
trusses shall have bracing for both top and bottom beam flanges or
chords at the location of the support of the discontinuous system
and shall comply with the requirements of Section 2213.7.1.3.

7. Wood elements designed primarily as flexural members shall
be provided with lateral bracing or solid blocking at each end of
the element and at the connection location(s) of the discontinuous
systent.

1630.8.3 At foundation. Sec Sections 1629.1 and 1809.4 for
overturning moments to be resisted at the foundation soil inter-
face.

1630.9 Drift. Drift or horizontal displacements of the structure
shall be computed where required by this code. For both Allow-
able Stress Design and Strength Design, the Maximum Inelastic
Response Displacement, Ay, of the structure caused by the
Design Basis Ground Motion shall be determined in accordance
with this section. The drifts corresponding to the design seismic
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forees of Section 1630.2.1, Ag, shall be determined in accordance
with Section 1630.9.1. To determine Asy, these drifts shall be
amplified in accordance with Section 1630.9.2.

1630.9.1 Determination of Ag. A static, elastic analysis of the
lateral force-resisting system shall be prepared using the design
seismic forces from Section 1630.2.1. Altematively, dynamic
analysis may be performed in accordance with Section 1631.
Where Allowable Stress Design is used and where drift is being
computed, the load combinations of Section 1612.2 sball be used.
The mathematical model shall comply with Section 1630.1.2. The
resuiting deformations, denoted as Ag, shall be determined at all
critical locations in the structure. Calculated drift shall include
translational and torsional deflections.

1630.9.2 Determination of Apy. The Maximum Inelastic
Response Displacement, Ayy, shall be computed as follows:

Ay = 07 R A (30-17)

EXCEFPTION; Alternatively, Azr maay be computed by nonlinear
time history analysis in accordance with Section 1631.6.

The analysis uwsed to determine the Maximum Inelastic
Response Displacement Ays shall consider PA effects.

1630,10 Story Drift Limitation.

1630.10.1 General. Story drifis shall be computed using the
Maximum Inelastic Response Displacement, Ayy.

1630.10.2 Calculated. Calculated story drift using Axs shall not
exceed 0,025 times the story height for structures having a funda-
mental period of less than 0.7 second. For structures having a fum-
damental period of 0.7 second or greater, the calculated story drift
shall not exceed 0.020 times the story height.

EXCEPTIONS: 1. These drifi limits may be exceeded when it is
demonstrated that greates drift can be tolerated by both structural ele-
ments and nonstructural elements that could affect life safety. The drift
used in this assessmeni shall be based upon the Maximum Inelastic
Response Displacement, Azr.

2 There shali be no drift imit in single-story steel-framed structures
classified as Groups B, F and S Occupancies or Group H, Division 4
or § Occugancies. In Groups B, F and 5 Occupancies, the primary use
shall be limited to storage, factories or workshops. Minor accessory
uses shall be allowed in accordance with the provisions of Section 302.
Structures on which this exception is used shall not have equipment at-
tached to the structural frame or shall have such equipment detailed to
accommodate the additional drift. Walls that are Jaterally supporied by
the sieel frame shall be designed 1o accommeodate the drift in accor-
dance with Section 1633.2.4.

1630.10.3 Limitations. The design lateral forces used to deter-
mine the caleulated drift may disregard the limitations of Formula
(30-6) and may be based on the period determined from Formula
(30-10) neglecting the 30 or 40 percent limitations of Section
1630.2.2, ltem 2.

1630.11 Vertical Component. The following requirements ap-
ply in Seismic Zones 3 and 4 only. Horizontal cantilever compo-
nents shall be designed for a net upward force of 0.7C.IW,,.

In addition to all other applicable load combinations, horizontal
prestressed components shall be designed using not more thar 50
percent of the dead load for the gravity load, alone or in combina-
tion with the lateral force effects.

SECTION 1631 — DYNAMIC ANALYSIS
PROCEDURES

1631.1 General. Dynamic analyses procedures, when wused,
shall conform to the criteria established in this section. The analy-
sis shall be based on an appropriate ground motion representation,
and shall be performed uwsing accepted principles of dynamics.
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Structures that are designed in accordance with this section shall
comply with all other applicable requirements of these provisions.

1631.2 Ground Motion. The ground motion representation
shall, as a minimum, be one having a 10-percent probability of be-
ing exceeded in 50 years, shall not be reduced by the quaatity R
and may be one of the following:

1. An elastic design response spectrum constructed in accord-
ance with Figure 16-3, using the values of C, and C, consistent
with the specific site. The design acceleration ordinates shall be
multiplied by the acceleration of gravity, 386.4 in./sec.2 (9.815
m/sec.2),

2. Asite-specific elastic design response spectrum based on the
geologic, tectonic, seismologic and soil characteristics associated
with the specific site. The spectrum shall be developed fora damp-
ing ratio of 0.05, unless a different value is shown to be consistent
with the anticipated structural behavior at the intensity of shaking
established for the site.

3. Ground motion time histories develoged for the specific site
shall be representative of actval earthquake motions. Response
specira from time histories, either individually or in combination,
shall approximate the site design spectrum conforming to Section
1631.2, ltem 2.

4. For structures on Soil Profile Type Sy, the following require-
ments shall apply when required by Section 1629.8.4, ltern 4:

4.1 The ground motion representation shall be developed in
accordance with ltems 2 and 3.

4.2 Possible amplification of bnilding response due to the
effects of soil-structure interaction and lengthening of
building period caused by inclastic behavior shall be
considered.

5. The vertical component of ground motion may be defined by
scaling corresponding horizonta] accelerations by a factor of two-
thirds. Altemative factors may be used when substantiated by site-
specific data. Where the Near Source Factor, N, is greater than
1.0, sitc-specific vertical response spectra shall be used in lieu of
the factor of two-thirds.

1631.3 Mathematical Model. A mathematical model of the
physical structure shall represent the spatial distribution of the
mass and stiffness of the structure to an extent that is adequate for
the calculation of the significant features of its dynamic response.
A three-dimensional model shall be used for the dynamic analysis
of structures with highly irregular plan configurations such as
those having a plan irregularity defined in Table 16-M and having
arigid or sernirigid diaphragm. The stiffness properties used in the
analysis and gencral mathematical modeling shall be in accord-
ance with Section 1630.1.2.

1631.4 Description of Analysis Procedures.

1631.4.1 Response spectrum analysis. An elastic dynamic
analysis of a structure utilizing the peak dynamic response of all
modes having a significant confribution to total structural re-
sponse. Peak modal responses are calculated using the ordinates
of the appropriate response spectrum curve which correspond to
the modal periods. Maximum medal contributions are combined
in a statistical manner to obtain an approximate total structural re-
sponse.

1631.4.2 Time-history analysis. An analysis of the dynamic re-
sponse of a structure at each increment of time when the base is
subjected to a specific ground motion time history.
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1631.5 Response Specirum Amnalysis.

1631.5.1 Response spectrum representation and jnterpreta-
tion of resnlts. The ground motion representation shall be ir
accordance with Section 1631.2. The corresponding response
parameters, including forces, moments and displacements, shail
be denoted as Elastic Response Parameters. Elastic Response
Parameters may be reduced in accordance with Section 1631.5 4.

1631.5.2 Nnmber of medes. The requirement of Section
1631.4.1 that all significant modes be included may be satisfied by
demonstrating that for the modes considered, at least 90 percent of
the participating mass of the structure is included in the calcula-
tion of response for each principal horizontzl direction.

1631.5.3 Combining modes. The peak member forces, dis-
placements, story forces, story shears and base reactions for each
mode shall be combined by recognized methods. When three-
dimensional models are used for analysis, modal interaction ef-
fects shall be considered when combining modal maxima.

1631.5.4 Reduction of Elastic Response Parameters for de-
sign. Elastic Response Parameters may be reduced for purposes
of design in accordance with the following items, with the limita-
tion that in no case shall the Elastic Response Parameters be re-
duced such that the corresponding design base shear is less than
the Elastic Response Base Shear divided by the value of R.

1. For all regular structures where the ground motion represen-
tation complies with Section 1631.2, ltem 1, Elastic Response
Parameters may be reduced such that the corresponding design
base shear is not less than 90 percent of the base shear determined
in accordance with Section 1630.2.

2. For all regular structures where the grouad motion represen-
tation complies with Section 1631.2, ltem 2, Elastic Response
Parameters may be reduced such that the cormesponding design
base shear is not less than 80 percent of the base shear determined
in accordance with Section 1630.2,

3. For all irregular structures, regardless of the ground motion
representation, Elastic Response Parameters may be reduced such
that the corresponding design base shear is not less than 100 per-

cent of the base shear determined in accordance with Section
1630.2.

The corresponding reduced design seismic forces shall be nsed
for design in accordance with Section 1612.

1631.5.5 Directional effects. Directional effects for horizontal
ground motion shall conform to the requirements of Section
1630.1. The effects of vertical ground motions on horizontal can-
tilevers and prestressed elements shall be considered in aceord-
ance with Section 1630.11. Alternately, vertical seismic response
may be determined by dynamic response methods; in no case shall
the response used for design be less than that obtained by the static
method.

1631.5.6 Torsion. The analysis shall account for torsional ef-
fects, including accidental torsional effecis as prescribed in Sec-
tion 1630.7. Where three-dimensional models are used for
analysis, effects of accidental torsion shall be accounted for by ap-
propriate adjustments in the model such as adjustment of mass lo-
cations, or by eqnivalent static procedures such as provided in
Section 1630.6.

1631.5.7 Dual systems. Where the lateral forces are resisted by
adual system asdefined in Section 1629.6.5, the combined system
shall be capable of resisting the base shear determined in accord-
ance with this section. The moment-resisting frame shall conform
to Section 1629.6.5, Item 2, and may be analyzed using cither the
procedures of Section 1630.5 or those of Section 1631.5.
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1631.6 Time-history Analysis.

1631.6.1 Time history. Time-history analysis shall be per-
formed with pairs of appropriate horizontal ground-motion time-
history components that shall be selected and scaled from not less
than three recorded events. Appropriate time histories shall have
magnitudes, fault distances and source mechanisms that are con-
sistent with those that control the design-basis earthquake (or
maximum capable earthquake). Where three appropriate recorded
ground-motion time-history pairs are not available, appropriate
simulated ground-motion time-history pairs may be used to make
up the total number required. For each pair of horizontal ground-
motion components, the square root of the sum of the squares
{SRSS) of the 5 percent-damped site-specific spectrum of the
scaled horizontal components shall be constructed. The motions
shall be scaled such that the average value of the SRSS spectra
does not fall below 1.4 times the 5 percent-damped spectrum of
the design-basis earthquake for periods from 0.2T second to
1.5T seconds. Bach pair of time histories shall be applied simulta-
neously to the model considering torsional effects.

The parameter of interest shall be calculated for each time-
history analysis. If three tiine-history analyses are performed, then
the maximum response of the parameter of interest shall be used
for design. If seven or more time-history analyses are performed,
then the average value of the response parameter of interest may
be used for design.

1631.6.2 Elastic time-history analysis. Elastic time history
shall conform to Sections 1631.1, 1631.2, 16313, 1631.5.2,
1631.5.4, 1631.5.5, 1631.5.6, 1631.5.7 and 1631.6.1. Response
parameters from elastic time-history analysis shall be denoted as
Elastic Response Paramefers. All elements shall be desipgned
using Strength Design. Elastic Response Parameters may be
scaled in accordance with Section 1631.5.4.

1631.63 Nonlinear time-History analysis.

1631.6.3.1 Nonlinear time histery. Nonlinear time-history
analysis shall meet the requirements of Section 1629.10, and time
histories shall be developed and results determined in accordance
with the requirements of Section 1631.6.1. Capacities and charac-
teristics of nonlinear elements shall be modeled consistent with
test data or substantiated analysis, considering the Jmportance
Factor. The maximum inelastic response displacement shall not
be reduced and shall comply with Section 1630.10.

1631.6.3.2 Design review. When nonlinear time-history analysis
is used to justify a structural design, a design review of the lateral-
force-resisting system shall be performed by an independent engi-
neering team, incleding persons licensed in the appropriate
disciplines and experienced in seismic analysis methods. The
lateral-force-resisting system design review shall include, but not
be limited to, the following:

1. Revicwing the development of site-specific spectra and
ground-motion time histories.

2. Reviewing the preliminary design of the fateral-force-resist-
ing system.

3. Reviewing the final design of the lateral-force-resisting sys-
tem and all supporting analyses.

The engineer of record shall submit with the plans and calcula-
tions a statement by all members of the engineering team doing the
review stating that the above review has been performed.
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SECTION 1632 — LATERAL FORCE ON ELEMENTS
OF STRUCTURES, NONSTRUCTURAL COMPONENTS
AND EQUIPMENT SUPPORTED BY STRUCTURES

1632.1 General. Elements of structures and their attachments,
permanent nonstructural components and their attachments, and
the attachments for permanent equipment supported by a structure
shall be designed to resist the total design seismic forces pre-
scribed in Section 1632.2. Attachments for floor- or roof-mounted
equipment weighing less than 400 pounds (181 kg), and furniture
need not be designed.

Attachments shall include anchorages and required bracing.

Friction resulting from gravity loads shall not be considered to
provide resistance to seismic forces.

When the structural failure of the lateral-force-resisting sys-
tems of nonrigid equipment would cause a life hazard, such sys-
tems shall be designed to resist the seismic forces prescribed in
Section 1632.2.

When permissible design strengths and other acceptance crite-
ria are not contained in or referenced by this code, such criteria
shall be obtained from approved national standards subject to the
approval of the building official.

1632.2 Design for Total Lateral Force. The total design lateral
seismic force, Fp, shall be determined from the following formula:

F,=40C. LW, (32-1)
Alternatively, F, may be calculated using the following for-

mula:
ap Co 1 hy
Fp = lﬁp—p ( 1 + 3h_r) Wp (32—2)
Except that:
Fp, shall not be less than 0.7C,i, W, and
need not be more than 4C, [, W, (32-3)
WHERE:

f is the element or component attachment elevation with
respect to grade. /z; shall not be taken less than 0.0,

k. is the structure roof elevation with respect to grade.

a5 is the in-structure Component Amplification Factor that var-
ies from 1.0 to 2.5.

A value for gy, shall he selected from Table 16-O. Alternatively,
this factor may be determined based on the dynamic properties or
empirical data of the component and the structure that supports it.
The value shall not be taken less than 1.0,

R, is the Component Response Modification Factor that shall
be taken from Table 16-0, except that R, for anchorages shall
equal 1.5 for shallow cxpansion anchor bolts, shallow chemical
anchors or shallow casi-in-place anchors. Shallow anchors are
those with an embedment length-to-diameter ratio of less than 8.
‘When anchorage is constructed of nonductile materials, or by use
of adhesive, R, shall equal 1.0.

The design laieral forces determined using Formula (32-1) or
{32-2) shall be distributed in proportion to the mass distribution of
the element or component.

Forces determined using Formula (32-1) or (32-2) shall be uvsed
to design members and connections that transfer these forces to
the seismic-resisting systems. Members and connection design
shall use the load combinations and factors specified in Section
1612.2 or 1612.3. The Reliability/Redundancy Factor, p, may be
taken equal to 1.0.

For applicable forces and Component Response Modification
Factors in connectors for exterior panels and diaphragms, refer to
Sections 1633.2.4, 1633.2.8 and 1633.2.9.
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Forces shall be applied in the horizontal directions, which result
in the most critical loadings for design.

1632.3 Specifying Lateral Forces. Design specifications for
equipment shall either specify the design lateral forces prescribed
herein or reference these provisions.

1632.4 Relative Motion of Equipment Attachments, For
equipment in Categories 1 and 2 buildings as defined in Table
16-K, the laterai-force design shall consider the effects of relative
motion of the points of attachment to the structure, using the drift
based upon Ayy.

1632.5 Alternative Designs. Where an approved national
standard or approved physical test data provide a basis for the
earthquake-resistant design of a particular type of equipment or
other nonstructural component, such astandard or data may be ac-
cepted as a basis for design of the items with the following limita-
tions:

1. These provisions shall provide minimum values for the de-
sign of the anchorage and the members and connections that trans-
fer the forces to the seismic-resisting system.

2.The force, Fp, and the overturning moment used in the design
of the nonstructural component shall not be less than 80 percent of
the values that would be obtained using these provisions.

SECTION 1633 — DETAILED SYSTEMS DESIGN
REQUIREMENTS

1633.1 General. All structural framing systems shall comply
with the requirements of Section 1629. Only the elements of the
designated seismic-force-resisting system shall be used to resist
design forces. The individual components shall be designed to re-
sist the prescribed design seismic forces acting on them. The com-
ponents shall also comply with the specific requirements for the
material contained in Chapters 19 through 23. In addition, such
framing systems and components shall comply with the detaited
system design requirements contained in Section 1633.

All building components in Seismic Zones 2, 3 and 4 shall be
designed to resist the effects of the seismic forces prescribed here-
in and the effects of gravity loadings from dead, ficor live and
snow loads.

Consideration shall be given to design for uplift effects caused
by seismic loads.

In Seismic Zones 2, 3 and 4, provision shall be made for the ef-
fects of earthquake forees acting in a direction other than the prin-
cipal axes in each of the following circumstances:

The structure has plan imegularity Type 5 as given in Table
16-M.

The structure has plan irregularity Type 1 as given in Table
16-M for both major axes.

A column of a structure forms part of two or more intersecting
lateral-force-resisting systems.

EXCEFTION: If the axial load in the eolumn due 1o seismic forces
acting ineither direction is iess than 20 percent of the cojumn axial ioad
capacity.

The requirement that orthogonal effects be considered may be
satisfied by designing such elements for 100 percent of the pre-
scribed design seismic forces in one direction plus 30 percent of
the prescribed design seismic forces in the perpendicular direc-
tion. The combination requirieg the greater component strength
shall be used for design. Alternatively, the effects of the two ortho-
gonal directions may be combined on a square root of the sum of
the squares (SRSS) basis. When the SRSS method of combining
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directional effects is used, each term computed shall be assigned
the sign that will result in the most conservative result.

1633.2 Structural Framing Systems.
1633.2.1 General. Four types of general building framing sys-

~ tems defined in Section 1629.6 are recogmized in these provisions

and shown in Table 16-N. Each type is subdivided by the types of
vertical elements used to resist lateral seismic forces. Special
framing requirements are given in this section and in Chapters 19
through 23,

1633.2.2 Detniling for combinations of systems. For compo-
nents common to different structural systems, the more restrictive
detailing requirements shall be used.

1633.2.3 Connections. Connections that resist design seismic
forces shall be designed and detailed on the drawings.

1633.2.4 Deformation compatibitity. All siructural framing
elements and their connections, not reqnired by design to be part
of the lateral-force-resisting system, shall be designed and/or
detailed to be adequate to maintain support of design dead plus
live loads when subjected to the expected deformations caused by
seismic forces. PA effects on such elements shall be considered.
Expected deformations shall be determined as the greater of the
Maximum Inelastic Response Displacement, Ay, considering PA
effects determined in accordance with Section 1630.9.2 or the
deformation induced by a story drift of 0.0025 times the story
height. When computing expected deformations, the stiffening
effect of those elements not part of the lateral-force-resisting sys-
tem shall be neglected.

For elements not part of the lateral-force-resisting system, the
forces inducted by the expected deformation may be considered as
ultimate or factored forces. When computing the forces induced
by expected defonmations, the restraining effect of adjoining rigid
structures and nonstructural elements shall be considered and a
rational valve of member and restraint stiffness shall be used.
Inelastic deformations of members and connections may be con-
sidered in the evaluation, provided the assumed calculated capaci-
ties are consistent with member and connection design and
detailing.

For concrete and masonry elements that are part of the lateral-
force-resisting system, the assumed flexural and shear stiffness
properties shall not exceed one half of the gross section properties
unless a rational cracked-section analysis is performed. Addi-
tional deformations that may result from foundation flexibility
and diaphragm deflections shall be considered. For concrete ele-
ments not part of the lateral-force-resisting system, see Section
1921.7.

1633.2.4.1 Adjoining rigid elements. Moment-resisting frames
and shear walls may be enclosed by or adjoined by more rigid ele-
menis, provided it can be shown that the participation or failnre of
the more rigid elements will not impair the vertical and lateral-
load-resisting ability of the gravity load and lateral-force-resisting
systems. The effects of adjoining rigid elements shall be consid-
ered when assessing whether a structere shall be designated regu-
lar or irregular in Section 1629.5.1.

1633.2.4.2 Exterior elements. Exterior nonbearing, nonshear
wall panels or elements that are attached to or enclose the exterior
shall be designed to resist the forces per Formula (32-1) or (32-2)
and shall accommodate movements of the structure based on Ay
and temperature changes. Such elements shall be supported by
means of cast-in-place concrete or by mechanical connections and
fasteners in accordance with the following provisions:

1. Connections and panel joints shall allow for a relative move-
ment between stories of not less than two times story drift caused

2-19



CHAP. 16, DIV. IV
1633242
1633.2.9

73

by wind, the calculated story drift based on Ay or 1y inch (12.7
mm), whichever is greater.

2. Connections to permit movement in the plane of the panel
for story drift shall be sliding connections using slotted or oversize
holes, connections that permit movement by bending of steel, or
other connections providing equivalent sliding and ductility ca-
pacity.

3. Bodies of connections shall have sufficient ductility and ro-

tation capacity to preclude fracture of the concrete or britite fail-
ures at or near welds.

4. The body of the connection shall be designed for the force
determined by Formula (32-2), where R, = 3.0 and 4, = 1.0.

5. All fasteners in the connecting system, such as bolfs, inserts,
welds and dowels, shall be designed for the forces determined by
Formula (32-2), where R, = 1,0 and a, = 1.0.

6. Fasteners embedded in concrete shall be attached to, or
hooked around, reinforcing steel or otherwise terminated to effec-
tively transfer forces to the reinforcing steel.

1633.2.5 Ties and continuity. All parts of a structure shall be
interconnected and the connections shall be capable of transmit-
ting the seismic force induced by the parts being connected. As a
minimum, any smaller portion of the building shall be tied to the
remainder of the building with elements having at least a strength
to resist 0.5 C,f times the weight of the smaller portion.

A positive connection for resisting a horizontal force acting par-
alle] to the member shall be provided for each beam, girder or
truss. This force shall not be less than (.5 C,f times the dead plus
live load.

1633.2.6 Collector elements. Collector elements shall be pro-
vided that are capable of transferring the seismic forces originat-
ing in other portions of the structure to the element providing the
resistance to those forces.

Collector elements, splices and their connections to resisting
elements shall resist the forces determined in accordance with
Formula (33-1). In addition, collector elements, splices, and their
connections to resisting elements shall have the design strength to
resist the combined loads resulting from the special seismic load
of Sectjon 1612.4.

EXCEPTION: In structures, or portions thercof, braced entirely by
light-frame wood shear walls or light-frame stecl and wood structural
panel shear wall systems, collecior elements, splices and eonnections
to resisting elements need only be designed to resist forces in accord-
anee with Formula (33-1).

The quantity Ey need not exceed the maximum force that can
be transferred to the collector by the diaphragm and other ele-
ments of the lateral-force-resisting system. For Allowable Stress
Design, the design strength may be determined using an allowable
stress increase of 1.7 and a resistance factor, ¢, of 1.0. This in-
crease shall not be combined with the one-third stress increase
permitted by Section 1612.3, but may be combined with the dura-
tion of load increase permitted in Division I of Chapter 23,

1633.2.7 Concrete frames. Concrete frames required by design
to be part of the lateral-force-resisting system shall conform to the
following:

1. In Seismic Zones 3 and 4 they shall be special moment-
resisting frames.

2. In Seismic Zone 2 they shall, as a minimum, be intermediate
moment-Tesisting frames.

1633.2.8 Anchorage of concrete or masonry walls, Concrete
or masonry walls shall be anchored to all floors and roofs that pro-
vide out-of-plane lateral support of the wall. The anchorage shall
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provide a positive direct connection between the wall and floor or
roof construction capable of resisting the larger of the horizontal
forces specified in this section and Sections 1611.4 and 1632. In
addition, in Seismic Zones 3 and 4, diaphragm to wall anchorage
using embedded straps shall have the straps attached to or hooked
around the reinforcing steel or otherwise terminated to effectively
transfer forces to the reinforcing steel. Requirements for develop-
ing anchorage forces in diaphragms are given in Section 1633.2.9.
Diaphragm deformation shall be considered in the design of the
supported walls.

1633.2.8.1 Out-of-plane wall anchorage to flexible dia-
phragms. This section shall apply in Seismic Zones 3 and 4
where flexible diaphragms, as defined in Section 1630.6, provide
Lateral support for walls,

1. Elements of the wall anchorage system shall he designed for
the forces specified in Section 1632 where R, =3.0 and g, = 1.5.

In Seismic Zone 4, the value of Fj, used for the design of the cle-
ments of the wall anchorage system shall not be less than 420
pounds per lineal foot (6.1 kN per lineal meter) of wall substituted
for E.

See Scction 1611.4 for minimum design forces in other seismic
zomes.

2. When elements of the wall anchorage system are not loaded
concentrieally or are not perpendicular to the wall, the system
shall be designed to resist all components of the forces induced by
the eccentricity.

3. When pilasters are present in the wall, the anchorage force at
the pilasters shall be calculated considering the additional load
transferred from the wall panels to the pilasters. However, the
minimum anchorage foree at a floor or roof shall be that specified
in Section 1633.2.8.1, Item 1.

4. The strength design forces for steel elements of the wall an-
chorage system shall be | .4 times the forces otherwise required by
this section.

5. The strength design forces for wood elements of the wall
anchorage system shall be 0.85 times the force otherwise required
by this section and these wood elements shall have a minimum
actual net thickness of 21 inches (63.5 mm).

1633.2.9 Diaphragms.

1. The deflection in the plane of the diaphragm shall not exceed
the permissible deflection of the attached elements. Permissible
deflection shall be that deflection that will permit the attached ele-
ment to maintain its structural integrity under the individual load-
ing and continue to support the prescribed loads.

2. Floor and roof diaphragms shall be designed to resist the
forces determined in accordance with the following formula:

e 3n

F = i=x

Fx n
2

i=x

Wi (33-1)

The force Fjr determined from Formula (33-1) need not exceed
l.OCapr,, but shall not be less than 0.5C,Iwy;.

When the diaphragm is required to transfer design seismic
forces from the vertical-resisting elements above the diaphragm
to other vertical-resisting elemenis below the diaphragm due to
offset in the placement of the elements or to changes in stiffness in
the vertical elements, these forces shall be added to those deter-
mined from Formula (33-1).

3. Design seismic forces for flexible diaphragms providing lat-
eral supports for walls or frames of masonry or conerete shali be
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determined using Formula (33-1) based on the load determined in
accordance with Section 1630.2 using a R not exceeding 4.

4. Diaphragms supporting concrete or masonry walls shall
have continuous ties or struts between diaphragm chords to dis-
tribute the anchorage forces specified in Section 1633.2.8. Added
chords of subdiaphragms may be used to form subdiaphragms to
transmit the anchorage forces to the main continuous crossties,
The maximum length-to-width ratio of the wood structural sub-
diaphragm shall be 21/5:1.

5. Where wood diaphragms are used to laterally support con-
crete or masonry walls, the anchorage shall conform to Section
1633.2.8. In Scismic Zones 2, 3 and 4, anchorage shall not be ac-
complished by use of toenails or nails subject to withdrawal, wood
ledgers or framing shall not be used in cross-grain bending or
cross-grain tension, and the continnous ties required by ltem 4
shall be in addition to the diaphragm sheathing.

6. Connections of diaphragms to the vertical elements in struc-
tures in Seismic Zones 3 and 4, having a plan irregularity of Type
1, 2, 3 or 4 in Table 16-M, shall be designed without considering
the one-third increase usually permitted in allowable stresses for
elements resisting earthquake forees.

7. In structures in Seismic Zones 3 and 4 having a plan irregu-
larity of Type 2 in Table 16-M, diaphragm chords and drag mem-
bers shall be designed considering independent movement of the
projecting wings of the structure. Each of these diaphragm cle-
ments shall be designed for the more severe of the following two
assumptions:

Motion of the projecting wings in the same direction,
Motion of the projecting wings in opposing directions.

EXCEFPTION: This requircment may be deemed satisfied if the
procedures of Section 1631 in conjunction with 2 three-dimensional
model have been used (o determine the lateral seismic forces for
design,

1633.2.10 Framing below the base. The strength and stiffness
of the framing between the base and the foundation shall not be
less than that of the superstructure. The special detailing require-
ments of Chapters 19 and 22, as appropriate, shall apply to col-
umns supporting discontinuous lateral-force-resisting elements
and to SMRF, IMRF, EBFE, STMF and MMRWF system elements
below the base, which are reguired to transmit the forces resulting
from lateral loads to the fourdation.

1633.2.11 Building separations. All structures shall be sepa-
rated from adjoining structures. Separations shall allow for the
displacement Ayy. Adjacent buildings on the same property shall
be separated by at least Ay where

Aur = Y + () (33-2)

and Apyy and Aggo are the displacements of the adjacent buildings.

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

EXCEPTION: Smaller separations ot property line setbacks may
be permitted when justified by rational anafyses based on maximum
expected ground motions.

SECTION 1634 — NONBUILDING STRUCTURES

1634.1 General.

1634.1.1 Scope. Nonbuilding structures include all self-
supporting structures other than buildings that carry gravity loads
and resist the effects of earthquakes. Noabuilding structures shall
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be designed to provide the strength required to resist the displace-
ments induced by the minimum lateral forces specified in this sec-
tion. Design shall conform to the applicable provisions of other
sections as modified by the provisions contained in Section 1634.

1634.1.2 Criteria. The minimum design seismic forces pre-
seribed in this section are at alevel that produce displacementsina
fixed base, elastic model of the structure, comparable to those
expected of the real siructure when responding to the Design Basis
Ground Motion. Reductions in these forces using the coefficient R
is permitted where the design of nonbuilding structures provides
sufficient strength and ductility, consistent with the provisions
specified herein for buildings, to resist the cffects of seismic
ground motions as represented by these design forces.

‘When applicable, design strengths and other detailed design
criteria shall be obtained from other sections or their referenced
standards. The design of nonbuilding structures shall use the load
combinations or factors specified in Section 1612.2 or 1612.3. For
nonbuilding structures designed using Section 1634.3, 1634.4 or
1634.5, the Reliability/Redundancy Factor, p,may be taken as1.0.

‘When applicable design strengths and other design criteria are
not contained in or referenced by this code, such criteria shall be
obtained from approved national standards.

1634.13 Weight W. The weight, W, for nonbuilding structures
shall include all dead loads as defined for buildings in Section
1630.1.1. For purposes of calculating design seismic forces in
nonbuilding structures, W shall also include all normal operating
contents for items such as tanks, vessels, bins and piping.

1634.1.4 Period. The fundamental period of the structure shall
be determined by rational methods such as by using Method B in
Section 1630.2.2,

1634.1.5 Drift. The drift limitations of Section 1630.10 need not
apply to nonbuilding structures. Drift limitations shall be estab-
lished for structural or nonstructural elements whose failure
wotld cause life hazards. PA effects shall be considered for siruc-
tures whose calculated drifts exceed the values in Section
1630.1.3.

1634.1.6 Interaction effects. In Seismic Zones 3 and 4, struc-
tuges that support flexible nonstructural elements whose com-
bined weight exceeds 25 percent of the weight of the structure
shall be designed comsidering interaction effects between the
structure and the supported elements.

1634.2 Lateral Force. Lateral-force procedures for non-

building structures with structural systems similar to buildings

(those with structural systems which are listed in Table 16-N) shall
be selected in accordance with the provisions of Section 1629,

EXCEFTION: Intermediate moment-resisting frames (IMRF)

may be used in Seismie Zones 3 and 4 for nonbuilding structures in

Occupancy Categories 3 and 4 if (1) the structure is less than 30 feet

(15 240 mm) in height and (2) the value R used in reducing calculated
member forces and moments does not exceed 2.8.

1634.3 Rigid Structures. Rigid situctures (ihose with period T
less than 0.06 second) and their anchorages shall be designed for
the lateral force obtained from Formula (34-1).

v = 07C, IW (34-1)
The force V'shatl be distributed according to the distribution of
mass and shall be assumed to act in any horizontal direction.

1634.4 Tanks with Sopported Bottoms. Flat bottom tanks or
other tanks with supported bottoms, founded at or below grade,
shall be designed to resist the seismic forces calculated using the
procedures in Section 1632 for rigid structures considering the en-
tire weight of the tank and iis contents. Alternatively, such tanks
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may be designed using one of the two procedures described be-
low:
1. A response spectrum analysis that includes consideration of

the actual ground motion anticipated at the site and the inertial ef-
fects of the contained fluid.

2. Adesign basis prescribed for the particolar type of tank by an
approved national standard, provided that the seismic zones and
occupancy categories shall be in conformance with the provisions
of Sections 1629.4 and 1629.2, respectively.

1634.5 Other Nonbuilding Structures. Nonbuilding struc-
tures that are not covered by Sections 1634.3 and 1634.4 shall be
designed to resist design seismic forces not less than those deter-
mined in accordance with the provisions in Section 1630 with the
following additions and exceptions:

1. The factors R and £2, shall be as set forth in Table 16-P. The
total design base shear determined in accordance with Section
16452 shall not be less than the following:

V = 0.56CIW (34-2)

Additionally, for Seismic Zone 4, the total base shear shall also
not be less than the following:

V = 1.6 28 ! IZ{N" ! W (34-3)
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2. The vertical distribution of the design seismic forces in
structures covered by this section may be determined by using the
provisions of Section 1630.5 or by using the procedures of Section
1631.

EXCEPTION: For irregular structures assigned 10 Occopancy
Categeries 1 and 2 thal cannot be modeted as a single mass, the proce-
dures of Section 1631 shall be vsed.

3. Where an approved national standard provides a basis for the
earthquake-resistant design of a particular type of nonbuilding
structure covered by this section, such a standard may be used,
subject to the limitations in this section:

The seismic zones and occupancy categories shall be in confor-
mance with the provisions of Sections 1629.4 and 1629.2, respec-
tively.

The values for total lateral force and total base overturning mo-
ment used in design shall not be less than 80 percent of the values
that would be obtained using these provisions.

SECTION 1635 — EARTHQUAKE-RECORDING
INSTRUMENTATIONS

For earthquake-recording instrumentations, see Appendix Chap-
ter 16, Division II.
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Division V—SOIL PROFILE TYPES

SECTION 1636 — SITE CATEGORIZATION
PROCEDURE

1636.1 Scope. This division describes the procedure for deter-
mining Soil Profile Types S4 through Sp in accordance with Table
16-1.

1636.2 Definitions. Soil profile types are defined as follows:

S4 Hard rock with measured sbear wave velecity, v,> 5,000
ft./sec. (1500 m/s).

S5 Rock with 2,500 ft./sec. < ¥, < 5,000 ft./scc. (760 m/s <
7, < 1500 m/s).

S Very dense soil and soft rock with 1,200 ft./sec. < v, <
2,500 ft./sec. (360 m/s ¥, < 760 m/s) or with either
N> 50o0r 5, = 2,000 psf (100 kPa).

Sp Stiff soil with 600 ft./sec. = v, < 1,200 ft./sec. (180 m/s
= ¥, = 360m/s)orwith15 < N < 500r 1,000 psf < 5,
< 2,000 psf (50 kPa < 5, = 100 kPa).

Sz Asoil profile with 7, < 600 ft./sec. (180 m/s) or any pro-
file with more than 10 ft. (3048 mm) of soft clay defined
as soil with Pf > 20, wy,, = 40 percent and s, < 500 psf
{25 kPa).

S Soils requiring site-specific evaluation:

1. Soils valnerable to potential failure or collapse under seis-
mic loading such as liquefiable soils, quick and highly sensitive
clays, collapsible weakly cemented soils.

2. Peats and/or highly organic clays [ > 10 ft. (3048 mm) of
peat andfer highly organic clay where H = thickness of seil].

3. Very high plasticity clays [H > 25 ft. (7620 mm) with PI >
75].

4. Very thick soft/medivm stiff clays [H > 120 ft. (36 580
mm)].

EXCEPTION: When the soil properties are not known in sufficient
detail to delermine the soil profile type, Type Sp shall be used. Soil Pro-
file Type Sg need not be assumed voless the building official deter-
mines that Soi] Profile Type Sg may be present at the site orin the event
that Type S is established by geotechnical data.

The criteria set forth in the definition for Soil Profile Type Sg
requiring site-specific evalnation shall be considered. H the site
corresponds to this criteria, the site shall be classified as Soil Pro-
file Type Sr and a site-specific evaluation shall be conducted.

1636.2.1 v, Average shear wave velocity. v, shall be deter-
mined in accordance with the following formula:

n
2.4

= i=1
LI

Vs

(36-1)

=

WHERE:

d; = thickness of Layer { in feet (m).

vss = shear wave velocity in Layer { in ft./sec. (m/sec).
1636.2.2 N, average field standard penetration resistance and
N, average standard penetration resistance for cohesionless

soil layexs. N and Ny shall be determined in accordanee with the
following formula: ‘
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WHERE:

d; = thickness of Layer # in feet (mm).

d; = the total thickness of cohesionless soil layers in the top
100 feet (30 480 mm).

N; = the standard penetration resistance of soil layer in

accordance with approved nationally recognized stand-
ards,

1636.2.3 &, Average undrained shear strength. 3, shall be
determined in accordance with the following formula:

5, = ,,dcd (36-4)
E
i=1
WHERE:
d. - thetotal thickness (100 - &;) of cohesive soil layers in the
top 100 feet (30 480 mm).

Sui = the undrained shear strength in accordance with
approved nationally recognized standards, not to exceed
5,000 psf (250 kPa).

1636.2.4 Soft clay profile, Sp. The existence of a total thickness
of soft clay greater than 10 feet (3048 mm) shall be investigated
where a soft clay layer is defined by s, < 500 psf (24 kPa), wye =
40 percent and P > 20. If these criteria are met, the site shall be
classified as Soil Profile Type Sg.

1636.2.5 Soil profiles S¢, Sp and Sg. Sites with Soil Profile
Types S, Sp and Sg shall be classified by using one of the follow-
ing three methods with ¥, N and 5, computed in all cases as speci-
fied in Section 1636.2.

1. ¥, for the top 100 feet (30 480 mm) (¥, method).
2. N for the top 100 feet (30 480 mm) (N method).

3. Ncy for cohesionless soil layers (P < 20) in the top 100 feet
(30 480 mm) and average 3, for cohesive soil layers (PI > 20) in
the top 100 feet (30 480 mm) (5, method).

1636.2.6 Rock profiles, S; and Sg. The shear wave velocity for
rock, Soil Profile Type Sp, shall be either measured on site or esti-
mated by a geotechnical engineer, engineering geologist or
seismologist for competent rock with moderate fracturing and
weathering. Softer and more highly fractured and weathered rock
shall either be measured on site for shear wave velocity or classi-
fied as Soil Profile Type S:.

The hard rock, Soil Profile Type S, , category shall be supported
by shear wave velocity measurement either on site or on profiles
of the same rock type in the same formation with an equal or
greater degree of weathering and fracturing. Where hard rock con-
ditions are known to be continuous to a depth of 100 feet (30 480
mm), surficial shear wave velocity measurements may be extrap-
olated to assess ¥, The rock categories, Soil Profile Types 84 and

2-23



CHAP. 16, DIV. V
1636.2.6 1997 UNIFORM BUILDING CODE
77

S, shall not be used if there is more than 10 feet (3048 mm) of soil
between the rock surface and the bottom of the spread footing or
mat foundation.

The definitions presented herein shall apply to the upper 100
feet (30 480 mm) of the site profile. Profiles containing distinctly
different soil layers shall be subdivided into those layers desig-
nated by a number from 1 to n at the bottom, where there are a total
of n distinct layers in the upper 100 feet (30 480 mm). The symbol
i then refers to any one of the layers between 1 and n.

2-24





