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FOREWORD
This updated manual with revised seismic design provisions governs the design and construction of Army,

Nm.MMMWMW&MIﬂOWMMmMMMW
mentations and clarifications of the criteria. Also, commentary and design examples are included to provide
comprehensive applications and guidelines for the seismic-resistant design of facilities. The organization of
the manual has been revised to present the topics in a more orderly manner. The dynamic analysis approach
for selsmic design is not covered but its use is not precluded in this manual.

mmmudumm"wmdrmwmmmy as published
by the Structural Enginesrs Association of California (SEAOC). The design concepts and applications for the
upwu)mauummmwmmmmmmw
ings, have been revised. The applications of essential, high risk and other occupancy type structures are in-
mmmmdmwmmwmwmmmuhm
1978 issue.

The general direction for the revision of the manual was by a Department of Defense Tri-Services Seismic De-
sign Committes, i.e., representatives of the Office of the Chief of Engineers, Headquarters, US Army; Naval
Facilities Engineering Command, Headquarters, US Navy; and Directorate of Engineering and Services,
Headquarters, US Air Force. Detailed development of the manual was under the direction of the Office of the
Chief of Enginesrs, Washington, DC and the US Army Division Engineer, South Pacific, San Francisco,
California.

mmmmﬂummmmsmc@m.c Headquarters, Washington,
DC, and Western Division, San Bruno, California; and US Air Force Civil Enginesring Offices at Headquar-
ters, Washington, DC, and Western Regional Office, San Francisco, California.
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In view of the present accepted practice for building technology in this country, common U.S. units of
measurements have been used throughout this publication. In recognition of the position of the United States

as a signatory to the General Conference on Weights and Measures, which gave official status to the
International System of Units (SI) in 1960, the table below is presented to facilitate conversion to SI Units.
Readers interested in making further use of the coherent system of SI units are referred to: NBS SP 330, 1972
Edition, The International System of Units; and ASTM E380-76, Standard for Metric Practice. For conver-
sion of formulas used in reinforced concrete design, the reader is referred to ACI 818-77, Appendix D.

Table of Conversion Factors to SI Units

To Convert From

To
meter (m)
m3
m?
m*
meter
newton (N)
N'm
N/m
N'‘m
N/m

(pei) pascal (Pa)
*Exact value; others are rounded to five digits.

Multiply By

2.54* X 102
6.4516* X 104
1.6387 X 10-5
4.1628 X 107
8.048* X 10!
4.4482

1.3558

1.4594 X 10
1.1208 X 10™!
1.7513 X 102
6.8948 X 108
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CHAPTER 1
GENERAL

1-1. Purpose and scope. a. Purpose. This man-
ual preecribes criteria and furnishes guidance for the
design of buildings, some structures other than
buildings, mechanical and electrical equipment sup-
ports, and utility systems in areas subject to
damaging

sign of buildings and other structures that are gen-
erally regular in shape, size, and concept. Buildings

¢. Design Criteria. Preparation of seismic design
will be in accordance with the criteria and design

edition, of the Structural Engineers Association of
California, 171 Second Street, San Francisco, CA
94105, except as modified herein.

1-2. Organization of manual. The general pro-
visions for seismic design are covered by chapters 2,
8, and 4. Chapter 2 provides an introduction to the
basic concepts of seismic design; chapter 3 contains
the seismic design ; and chapter 4 pro-

vides a guide to the implementation of the seismic

design provisions. Chapters 5 through 8 are con-
cerned with seismic design in relation to structural

locted for resisting lateral forces and discussion of
the reasons for its selection. If setbacks are in-
volved, the application of setback design provisions
will be established.

(3) A statement regarding compliance with this
manual and the selected values of “K”’, “C"”, “S8",
C‘l"' M llz”.

(4) Any possible assumed future expansion for
which provisions are made.

b. Drawings. Preparation of drawings will con-
form to agency standards for ordinary construction

Basis of Design submitted with these drawings will
give full information concerning the seismic loads
that will be used, and the assumptions that will be
made in carrying out the seismic design.

(2) Construction drawings for seismic areas will
include the following additional special information:

(@) A statement of the Seismic Zone and the
OOK”. “cn. dds”' CCI”. M ‘Oz’l v.lm “n h m w
the tabulation of design loads.

() A list of the portions of the structure for
which design was controlled by wind load will be
placed immediately below the statements concern-
ing seismic design.

(c) Details of construction will be similar or
equal to the typical seismic details shown in the var-
ious sections of this manual.

(d) Assumptions made for future extensions
or additions.

(3) Site adaptation of standard drawings will in-
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clude design revisions for the seismic area as re-
quired.

c. Specifications. Project specifications will be
prepared in accordance with agency standards and

crease in construction coets of 1 percent to 5 per
cent. The amount of this increased cost depencs on
the overall concept and configuration of the building
system and the geographical location of the building
site. In some cases, a small amount of additional re-
inforcing bars, anchors, stiffener plates, or weld ma-
terial may be all that is required to provide for the

seismic design provisions. However, in other cases,
where the basic concept or configuration of the
building does not provide an efficient system of lat-
eral force resistance, the additional costs to provide
seismic force resistance can be appreciable. In geo-
graphical locations where the local construction in-
dustry is not experienced with the special details of
seismic resistant construction, the differential coets
for selsmic design will generally be greater than for
thoee areas, such as California, where seismic design
construction is in general use. For example, the
premium for seismic construction will be higher for
reinforced masonry, ductile reinforced concrete
frames, and ductile structural stesl frames in areas
where theee types of construction are not common.
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CHAPTER 2
INTRODUCTION TO SEISMIC DESIGN

2-1. Purpose and scope. This chapter provides
an introduction to the basic concepts of designing
buildings to resist inertia forces and related effects
caused by earthquakes. General guidance is given
for the selection and use of proper structural sys-
tems.

2-2. General. An earthquake causes vibratory
ground motions at the base of a structure and the

structure actively responds to these motions.
Seismic design involves two distinct steps: deter-
mining (or estimating) the forces that will act on the
structure and designing the structure to resist these
forces and to keep deflections within prescribed lim-
its. Other hasards, related to site location, are dis-
cuseed in paragraph 2-7.

a. Determination of Forces. There are two general
approaches to determining selsmic forces: an equiv-
alent static force procedure and a dynamic analysis
procedure. This manual illustrates the equivalent
static force procedure. Dynamic analysis procedures
are not within the scope of this manual, but some
discussion of structural dynamics is included in this
chapter in order to explain the rationale of the equiv-
alent static force procedure thet is used in this
manual.

b. Design of the Structure. The development of an
adequats earthquake-resistant design for a struc-
ture includes the following: (1) selecting a workable
overall structural concept, (2) establishing member
sizses, (8) performing a structural analysis of the
members to verify that stress and displacement re-
quirements are satisfied, and (4) providing struc-
tural and nonstructural details so that the building
can perform as intended. The structural designer
must visualize the response of the structure to
earthquake ground motions and provide a design
that will accommodats the distortions and stresses
which will occur in the building. In certain cases,
some elements cannot accommodats these stresses
and distortions. Elements such as rigid stairs, rigid
partitions, and irregular wings can be isolated in or-
der to reduce the detrimental effects to the lateral

force-resisting system.

2-3. Ground motion. The response of a given
building depends on the characteristics of the
ground motion; therefore, it would be highly desir-
able to have a quantitative description of the ground
motion that might occur at the site of the building

during a major earthquake. Unfortunately, there is
no one description that fits all the ground motions
that might occur at any particular sits. The charac-
teristics of the ground motion are dependent on the
magnitude of the earthquake (i.c., energy released),
distance from the source of the earthquake (depth as
well as horizontal distance), distance from the sur-
face faulting (this may or may not be the same as
the horizontal distance from the source), the nature
of the geological formations between the source of
the and the building, and the nature of
the soil in the vicinity of the building sits (e.g., hard
rock or alluvium). Although the fully accurats pre-
diction of ground motion is not possible, the art of
ground motion prediction has progressed in recent
years such that design criteria have been estab-
lished in areas where historical earthquake records
and geological information are available.
2-4. Structural response. If the base of a
structure is suddenly moved, as in the case of seis-
mic ground motion, the upper part of the structure
will not respond instantaneously but will lag be-
cause of inertial resistance and the flexibility of the
structure. This concept is illustrated in figures 2-1,
2-2, and 2-8 by showing the motion in one plans.
The stresses and distortions in the building are the
same as if the base of the structure were to remain
stationary while time-varying horizontal forces are
applied to the upper part of the building. These
forces, called inertia forces, are equal to the product
of the mass of the structure times acceleration, or
F = ma (mass is equal to weight divided by the
acceleration of gravity). Because the ground motion
atapointontburth'uurfmhthmdimm
(one vertical and two horizontal components), the
structures affected will deform in a three-dimen-
» however, the
bythohodmuleommu
the greater
since ndoqunu resistance
louhi:umally
ty
represented

required for
within

the inertia forces are
static forces. However, buildings can

the use of simplified models

characteristics

structures the
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dynamic analyses,

!
i

[
1

|

h
%

i

!
I
I

E:’a"
gg
e?;
i

o

i

i
i
i

%
§

E
C

tha



T 5-809-10
NAVFAC P-385
AFM 88-3, Chap. 13
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sults are used to determine the forces in the
building. ’

2-8. Behavior of buildings. Buildings are com-

frames. Horizontal elements that

to distribute lateral forces to vertical
elements are: (1) diaphragms and (2) horizontal
bracing. Horizontal forces produced by seismic
motion are directly to the masees of
building elements and are considered to act at the
centroid of the mass of these elements. All of the
originating from the masees on and of
the structure must be transmitted to the lateral

:
i

a. Demands of Earthquake Motion. The loads or
forces which a structure sustains during an earth-
quake result directly from the distortions induced in
the structure by the motion of the ground on which
it rests. Base motion is characterized by displace-

damping and ductility) characteristics of the struc-
ture. During the life of a structure located in a
seismically active zone, it is generally expected that
the structure will be subjected to many small earth-
quakes, some moderate earthquakes, one or more
large earthquakes, and possibly a very severe earth-
quake. In general, it is uneconomical or impractical
to design buildings to resist the forces resulting
from the maximum credible earthquake within the
elastic range of strees. If the earthquake motion is
severe, most structures will experience yielding in
some of their elements. The energy-absorption ca-
pacity of the yielding structure will limit the
damage so that buildings that are properly designed
and detailed can survive earthquake forces which
are substantially greater than the design forces that
are associated with allowable stresses in the elastic
range. Seismic design concepts must consider
building proportions and details for their ductility
(capacity to yield) and reserve energy-absorption ca-
pacity for surviving the inelastic deformations that
would result from a maximum expected earthquake.
Special attention must be given to connections that
bold tha lateral force-resisting elements together.

b. Response of Buildings. A building is analyzed
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for its response to ground motion by representing
the structural properties in an idealizsed mathemati-
cal model as an assembly of masses interconnected

consensus of a committee. Consensus means ele-
ments of compromise and statements to
cover uncertainties and limitations. Codes must of
neceesity be short and relatively simple; therefore,
they do not account for all aspects of the complex
phenomena of the response of actual structures to
actual earthquakes. Seismic design codes provide a
set of design static forces to represent the dynamic
response of a structure subject to a complex earth-
quake ground motion.

a. Purpose. The basic purpose of a building code
is to provide for public safety. The seismic provi-
sions of this manual (chap 3) are based on the fourth
edition of “‘Recommended Lateral Force and Com-

2-3
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mentary’’ of the Seismology Committee of the
Structural Engineers Association of California

(SEAOC). The introduction to the Commentary of
that publication is reprinted below:*

““The SEAOC Recommendations are intended to provide criteria to fulfill life safety concepts.
It is emphasized that the recommended design levels are not directly comparable to recorded or
estimated peak ground accelerations from earthquakes. They are however, related to the effec-
tive peak accelerations to be expected in seismic events. More specifically with regard to earth-
quakes, structures designed in conformance with the provisions and principles st forth therein
should, in general, be able to:

1. Resist minor earthquakes without damage;
2. Resist moderate earthquakes without structural damage; but with some nonstructural

damage;
3. Resist major earthquakes, of the intensity of ssverity of the strongest experienced in
California, without collapee, but with some structural as well as nonstructural damage.

In most structures it is expected that structural damage. even in a major earthquaks, could be
limited to repairable damage. This, however, depends upon a number of factors, including tha
type of construction selected for the structure.

“Conformance to the Recommendations doses not constitute any kind of guarantes that signifi-
cant structural damage would not occur in the event of a maximum intensity earthquake, While
damage in the basic materials now qualified may be negligible or significant, repairable or virtu-
ally irrepairable, it is reasonable to expact that a well-planned structure will not collapes in a ma-
jor earthquake. The protection of life is reasonably provided, but not with complete assurance.

“It is to be understood that damage due to earth slides such as thoes that cocurred in Anchor-
age, Alaska, or due to earth consolidation such as occurred in Niigata, Japan, would not be pre-
vented by conformance with these Recommendations. The SEAOC Recommendations have been
prepared to provide minimum required resistance to typical earthquake ground shaking, without
settiement, slides, subsidencs, or faulting in the immediate vicinity of the structure.

“Where presecribed wind loading governs the stress or drift design, the resisting system must
still conform to the ductility, design and special requiremente for seismic systems. This is re-
quired in order to resist in a ductile manner potential ssismic loadings in excess of the prescribed
loads.”

b. Equivalent Static Force. The assumed equiva-
lent total lateral force, equal to the base shear, is
determined by the formula V = ZIKCSW (see chap

8 and 4 for seismic provisions). This approach at-.

tempts to recognize the available recorded expe-
rience and to some degree the qualitative dynamic
analysis of simplified structures.

the ground motion at the site of the structure.

(2) The factor I represents the importance of
the structure and is used to categorize tha risk
of damage to types of facilities.

(8) The factor K relates to the ductility and en-

spectral accelerations. The factor C accounts for the
structural response as a function of the natural pe-
*From the publication “‘Recommended Lateral Force Require-
ments and Commentary” by the the Selsmology Committes,
Structural Engineers Asseclation of Califorsis. Copyright

2-4

riod and stiffness of structures. The coefficient S
accounts for the variability of site conditions. Al-
though CS is a function of the fundamental period of
vibration, it is intended to represent the combined
effects of all vibrational modes of the building.

(6) W is the weight of the structure.

(6) The total force V is distributed vertically
along tha height of a structure according to formu-
las that approximate the fundamental mode of
vibration, with adjustments to approximate the ef-
fects of other participating modes of vibration.

c. Design Provisions. The seismic design provi-
sions furnish a method for establishing the forces,
deecribe acceptable basic systems, set limits on de-
formation, and specify the allowable stresees and/or
strengths of the materials. The seismic design provi-
sions are minimum and emphasis
must be placed on structural concepts and detailing
techniques as well as on stress calculations. The
provisions are not all-inclusive ones: they work best
for regular, symmetrical buildings. For unusual or
large buildings, alternatives to tha static provisions

1976, Structural Engineers Asseciation of Califernia and

reproduced with permission.




that rely on dynamic analyses and/or greater appli-
cation of engineering judgment and experience in
seismic design are required.

2-7. Location of site. Site planning must con-
sider geological, foundation, and tsunami (sea-
wave) hazards as well as seismicity. Structures shall
not he sited over active geologic faults, in areas of
instability subject to landslides, where soil liquefac-
tion is likely to occur, or in areas subject to tsunami
damage.

a. Seismic Zones. The probability of the severity,
frequency, and potential damage from ground
shaking varies in different geographic regions. Re-
glons with similar hazard factors are identified as
seismic sones. The seismic sones prescribed by this
manual are given in chapter 3, Design Criteria.

b. Fault Zones. Damage which is directly or indi-
rectly caused by ground distortions or ruptures
along a fault cannot be eliminated by design and
construction practices; therefore, site planning must
avoid these particularly hasardous locations.

c. Other Hazards. There are other hazards asso-
ciated with earthquakes that should be considered.
Theee include subsidence and settlement due to con-
solidation or compaction, landslides, and lique-
faction. Liquefaction is a common occurrence in
relatively loose cohesionlese sands and silts with a
high water table. The earthquake motions can
transform the soil into a liquefied state as a conse-
quence of the increase in pore pressure. This can
result in a loss of strength in bearing capacity of the
soil supporting a building, causing considerable
settling and tilting. Also, this loss of strength can
occur in the subsurface layer, causing lateral
movement of surficial soil masses of several feet, ac-
comymhd by ground cracks and differential

vertical displacements. These movements have sev-
ered pipelines and damaged bridges and buildings.
There are several ways to stabilize the ground such
as providing drainage wells, pressure grouting, or
removing the liquefiable zone, but often the
area is too extensive for an economical
solution. The exposure to thess hasards varies with
the geography, geology, and soil conditions of the
site, and the type of structure to be constructed. The
professional judgment of geologists, soils engineers,
and structural engineers shall be used to establish
reasonable standards of safety.

d Tsunami Protection. Each region along the Pa-
cific Coast must be separately and carefully in-
vestigated for its tsunami-generation characteris-
tios. Particular coastlines, inlets, and bays of the
Pacific Ocean boundary are resonators of tsunami
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icummsunthoufetyofhumlife there is as
yet no hard-and-fast rule for establishing safety and
economic standards. Where feasible, power plants,
oil storage tanks, and other strategic facilities
should be located on high ground, out of reach of
high water. The methodology for predicting wave
run-up is published in U.S. Army Engineers Water-
way Experimental Station Technical Reports
H-74-8, H-76-17, and H-77-16.

2-8. Selection of the structural system. It is
of the utmost importance to make sure that the de-
sign efforts get off to a good start. Thus, it is
essential that careful professional scrutiny be given
to the design at its inception as well as at all signifi-
cant stages of design t. The proper
approach to be applied in the selection of a struc-
tural system that will achieve a reliable earthquake-
resistant building must be based on performance
criteria, alternative solutions, and corresponding
costs.

a. Objective. The objective is to produce the
structural system that is the most economical
without compromising function, quality, or reliabil-
ity. Final selection of materials and systems will be
made with due consideration given to the cost of
construction, architectural requirements, fire and
other safety hazards, and maintenance and operat-
ing costs over the life of the facility. It is essential
that the most efficient systems, methods, and mate-
rials be employed.

b. Economic Aspects. Usually, the major struc-
tural-architectural components of a building that
have the greatest effect on the cost of construction
are exterior walls, partitions, floor and roof decks,
and the structural framing system. In some in-
stances, the type of foundation may be a major
factor in a cost study. Skillful planning, simple
detﬁﬁngmdmmgomtofmhbocompaﬂ-
ble with repetitive modular construction all
mbuumﬂytoredudngtohlbnﬂdingmm
tha other hand, tha use of exotic or unconventional
methods of construction may increase the costs and
reduce the reliability of earthquake-resistance per-
formance.

c. Planning Concepts. Participation of all disci-

sure the optimal design at lowest construction coet .
and minimize the total design effort. Procedures in
the approach to develop a concept will vary depend-
ing upon the type of facility and the individuals on
the design team.

-8
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2-9. Techniques of seismic design. For grav-
ity loads, it has been a long-standing practice to
design for strength and deflections within the elas-
tic limite of the members. However, to control
design within elastic behavior for the maximum ex-
pected horizontal seismic forces is impractical in
high-seismicity areas (refer to para 2-6a). Hence, de-
signers must resort to other techniques to achieve
acceptable building performance (refer to chap 4,
Design Procedures). A number of features contribut-
ing to seismic resistance are discussed below.

a. Layout. A great deal of a building’s resistance
to lateral forces is determined by its plan layout.
The objective in this regard is symuetry about both
axes, not only of the building itself but of the ar-
rangement of wall openings, columns, shear walls,
etc. It is most desirable to consider the effect of
lateral forces on the structural system from the
start of the layout since this may save considerable
time and money without detracting significantly
from the usefulness or appearance of the building.

b. Structural Symmetry. Experience has shown
that buildings which are unsymmetrical in plan
have greater susceptibility to earthquake damage
than symmetrical structures. The effect of asym-
metry will induce torsional oecillations of the
structure and stress concentrations at re-entrant
corners. Asymmetry in plan can be eliminated or
improved by separating L-, T-, and U-shaped build-
ings into distinct units by use of seismic joints at
junctions of the individual wings. Asymmetry
caused by the eccentric location of lateral force-
resisting structural elemente, e.g., a building that
has a flexible front because of large openings and an
essentially stiff (solid) rear wall, can usually be
avoided by better conceptual planning, e.g., by mod-
ifying the stiffness of the rear wall, or adding rigid

structural partitions to make the center of rigidity

of the lateral force-resisting elements close to the
center of mass.

¢. Irregular Buildings. Geometric configuration,
type of structural members, details of connections,
and materials of construction all have a profound
offect on the structural-dynamic respbnse of a
building. When a building has irregular features,
such as asymmetry in plan or vertical discontinuity,

mlthbuteoavddanﬁubuﬂdinglwith
irregular features. For example, planners often omit
pertitions and exterior walls in the first story of a

building to permit an open ground floor. This leaves
the columns at the ground level as the only elements

-6

available to resist lateral forces, thus causing an
abrupt change in rigidities at that level. This condi-
tion is undesirable. It is advisable to carry all shear
walls down to the foundation. When irregular
features are unavoidable, special design considera-
tions are required to account for the unusual dy-
namic characteristics (chap 4, para 4-4a(4)) and the
load transfer and stress concentrations that occur at
abrupt changes in structural resistance.

d. Lateral Force-Resisting Systems. There are
several approved systems for the resistance of lat-
eral forces (chap 3, table 3-8 and para 3-6; and chap
4, para 4-3c). All of the systems rely basically on a
complete, three-dimensional space frame; a coordi-
nated system of shear walls or braced frames with
horizontal diaphragms; or a combination of the two
systems.

(1) In buildings where a space frame resists the
earthquake forces, the columns and beams act in
bending (fig 2-4a). During a large earthquake, story-
to-story deflection (story drift) may be a measure of
inches without causing failure of columns or beams.
However, the drift may be sufficient to damage
elements that are rigidly tied to the structural sys-
tem such as brittle partitions, stairways, plumbing,
exterior walls, and other elements that extend be-
tween floors (para 2-9i). Therefore, buildings can
have substantial interior and exterior nonstructural
damage, possibly approaching 50 percent of the
total building value, and still be considered as struc-
turally safe. While there are excellent theoretical
and economic reasons for resisting seismic forces by
frame action, for particular buildings this system
may be a poor economic risk unless special damage
control measures are taken (para 2-9k).

(2) A shear wall (or braced frame) building is
normally rigid compared with a framed structure.
With low design strees limits in shear walls, deflec-
tion due to shear forces (for low buldings) is
negligible. Shear wall construction is an excellent
method of bracing buildings to limit damage, and
this type of construction is normally economically
feasible up to about eight stories. Shear walls are
usually of reinforced unit masonry, reinforced con-
crete (fig 2-4b), or steel X-bracing (fig 2-4c) but may
be of wood in wood-frame buildings up to and in-
cluding three stories. The shear wall concept for
earthquake-resistant design of low buildings is quite
valid. Its effectiveness depends primarily on the
connections between the structural elements. Note-
ble exceptions to the excellent performance of shear
walls occur when the height-to-width ratio becomes
great enough to make overturning a problem and
when there are excessive openings in the sheer
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walls. Also, if the soil beneath its footings are rela-
tively soft, the entire shear wall may rotate, causing
localised damage around the wall.

(3) Either of the above structural systems may
be used in combination with a wids variety of floor,
roof, wall, and partition components. When frames
and shear walls are combined, the system is called a
dual bracing system. The type of structural system
used, with specified details concerning the ductility
and energy-absorbing capacity of its components,
will establish the minimum K-value to be used for
calculating the total base shear and to distributs the
lateral seismic forces. The decision as to the type of
structural system to be used shall be based on the
merits and relative costs for the individual building

designed.

(4) The design engineer must be aware that a
building does not merely consist of a summation of
parts such as walls, columns, trusses, and similar
components but is a completely integrated system
or unit which has its own properties with respect to
lateral force response. The designer must follow the
forces through the structure into the ground and
make sure that every connection along the path of
stress is adequate to maintain the integrity of the
system. It is necessary to visualize the response of
the complete structure and to keep in mind that the
real forces involved: are not static but dynamic; are
usually erratically cyclic and repetitive; and can
cause deformations well beyond those determined
from the elastic design. Seismic forces are assumed
to come from any horizontal direction and must be
combined with gravity loads.

¢. Diaphragms. Floor and roof systems are gener-
ally used as diaphragms. It is customary to design
the floor and roof (e.g., concrete slab, wood
sheathing, metal decking) as the web of a horizontal
beam and to provide for the flange stresses of the
beam with structural elements concentrated at the
edge of the floor system (e.g., edge beams or special
reinforcement in concrete slabe, continuous beams
in wood and metal deck sytems). Too frequently, it
is forgotten that these flanges must he made contin-
uous or be adequately spliced. Horizontal truss
systems may also be used as diaphragms (refer to
chap 5, Diaphragms).

f. Shear Walls. The shear wall is designed as a
vertical beam. To resist tensile stress due to bend-
ing moments, structural elements are concentrated
at the vertical edges of walls in a manner similar to
. that deecribed above for diaphragms. These bound-
ary elements must be anchored into a foundation
which is capable of transferring the forces into the
ground (refer to chap 6, Walls).

2-8

g Connections. Past performance of buildings in
earthquakes has shown that connections between
floor and roof diaphragms and the shear walls are
vulnerable to failure because of high stress concen-
trations. In order to develop the reserve capacity of
the structural elements, the design forces for
connections between lateral fi elements
are required to be greater than the design forces for
the elements themselves (e.g., chap 8, para 3-3(J)1g,
3a, b, and d; and chap 4, para 4-6).

h. Ductility. Ductility is the capacity of building
materials, systems, or structures to absorb energy
by deforming in the inelastic range. The capability
of a structure to absorb energy, with acceptable de-
formations and without failure, is a very desirable
characteristic in any earthquake-resistant design.
Structural steel (and wood to some degree) is consid-
ered to be a ductile material. Brittle materials such
as concrete and unit-masonry must be properly rein-
forced with steel to provide the ductility character-
istics to resist seismic forces (chap 3, para
8-3(J)2b). In concrete columns, for example, the
combined effect of flexure (due to frame action) and
compression (due to the action of the overturning
moment of the structure as a whole) produces a
common mode of failure: buckling of the vertical
steel and spalling of the concrete cover near the floor
levels. Columns with proper spiral reinforcing or
hoops have a greater reserve strength and ductility
(refer to chap 7, Space Framees).

i. Nonstructural Participation. For both analysis
and detailing, the effects of nonstructural parti-
tions, filler walls, and stairs (refer to chap 4, para
4-7d) must be considered. The nonstructural ele-
ments that are rigidly tied to the structural system
can have a substantial influence on the magnitude
and distribution of earthquake forces, causing a
shearwall-like response with considerably higher lat-
eral forces and overturning moments. Any element
that is not strong enough to resist the forces that it
attracts will be damaged; therefore, it should be
isolated from the lateral force-resisting system.

J. Foundations. The differential movement of
foundations due to seismic motions is an important
cause of structural damage, especially in heavy,
rigid structures that cannot accommodate these
movements. Adequate design must minimize the
poesibility of relative displacement, both horizontal
and vertical, between the various parts of the foun-
dation and between the foundation and superstruc-
ture (refer to chap 3, para 3-8(J)3c; and chap 4, para

.4-8, for seismic requirements).

A. Damage Control Features. The design of a




structure in accordance with the seismic provisions
of this manual will not fully ensure against earth-
quake damage because the horizontal deformations
from design loads are lower than those that can be
expected during a major earthquake. However,
without increasing construction costs, a number of
things can be done to limit earthquake damage
which would be expensive to repair. In considering a
building’s response to earthquake motions, it is im-
portant to keep in mind the structural system and
the geometry of the building. During a major earth-
quake it should be assumed that deflections (story
drift) may be 3/K times that from the de-
sign lateral forces (refer to chap 3, para 8-3(J)1d). A
list of features to minimize damage follows: .

(1) Provide details which allow structural move-
ment without damage to nomstructural elements.
Damage to such items as piping, glass, plaster, ve-
neer, and partitions may constitute a major finan-
cial loss. To minimize this type of damage, special
care in detailing, either to isolate these elements or
to accommodate the movement, is required.

(2) Breakage of glass windows can be mini-
. mised by providing adequate clearance and flexible
mountings at edges to allow for frame distortions.

(3) Damage to rigid nonstructural partitions
can be largely eliminated by providing a detail at
the top and sides which will permit relative move-
ment between the partitions and the adjacent
structural elemente.

(4) In piping installations, the expansion loops
and flexible joints used to accommodate tempera-
ture movement are often adaptable to handling the
relative seismic deflections between adjacent equip-
ment items attached to floors.

(5) Fasten free-standing shelving to walls to

toppling.

(6) Concrete stairways often suffer seismic
damage due to their inhibition of drift between con-
nected floors. This can be avoided by providing a
slip joint at the lower end of each stairway to elimi-
nate the bracing effect of the stairway or by tying
stairways to stairway shear walls.

L Redundancy. Redundancy is a highly desirable
characteristic for earthquake-resistant design.
When the primary element or system yields or fails,
the lateral force can be redistributed to a secondary
system to prevent progressive failure.

2-10. Alternatives to the prescribed provi-
sions. Alternatives to some of the seismic
provisions are permitted if they can be properly sub-
stantiated. In some cases, alternative solutions are
mandatory (e.g., irregular buildings and setback
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buildings); in other cases, they are optional (e.g., to
provide a more efficient design or to analyze the
building for the effects of a predicted earthquake
ground motion). The alternatives are generally clas-
sified as dynamic methods and are not covered in
this manual. Using dynamic loading and a computer
analysis, one can more accurately predict how a pro-
posed building will act and deform under ground
motions from a specific earthquake. It will be found
that this response may sometimes cause deflections,
joint rotations, and stresses quite different from
those determined from the preecribed static load-
ings. Before proceeding with the equivalent static
force procedure, the designer should make sure that
there are no special conditions that would warrant
or require the use of more rigorous methods.

a. Elastic Analysis. For most buildings requiring
an alternative design method, an elastic dynamic
analysis procedure is sufficient to determine load
distribution and member forces for design earth-
quake motion. A response spectrum analysis with
the modes combined by the square-root-of-the-sum-
of-the-squares (SRSS) method or by some other ap-
proved method is generally sufficient for an elastic
analysis. A time-history analysis may be used if nec-
essary. .

b. Inelastic Analysis. For major buildings, which
require added assurance so that the building can
withetand a major earthquake without collapse or
within a limited range of damage, an inelastic dy-
namic analysis may be used. This usually is a time-
history analysis; however, other approximate proce-
dures that can estimate inelastic effects may be
used.

2-11. Future expansion. When future expan-
sion of a building is contemplated, it is generally
better to plan for horizontal expansions rather than
for vertical growth because there will he greater
freedom in planning the future increment, there will

~ be less interruption of existing operations when ad-

ditions are mode, and the first increment will not
have to bear a large share of cost of the second incre-
ment. For future vertical expansion, the foundation,
floor/roof system. and the structural frame must be
proportioned for both the initial and future design
loadings, including the seismic forces. For future
horizontal expansion, either a complete structural
separation between the two phases must be pro-
vided, or the first increment must be designed for its
share of the loads under both conditions: the first
increment and the expansion. Many buildings that
have been designed for future expansion under past
seismic criteria do not satisfy the preeent criteria;

2-9
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therefore, thess buildings must be upgraded and will
incur high seismic strengthening costs.

2-12. Major clioelfpolnh. The procees of achiev-
ing an adequate building must start with

conceptual
planning and be carried through all phases of the de-

sign and construction program. The major check
points includs: perform site investigations; coordi-
nate the work of the architect and

(structural, mechanical, and electrical) to establish

the plan, the system, and the materials of construe-
tion; establish design criteria for the specific
facility; identify and locate primary structural ele-
ments; determine and distribute lateral selsmic
forces; prepare design calculations; detail connec-
tions; detail nonstructural parts for damage control;
make clear, complete contract drawings; check shop
drawings; perform quality control inspection; and
maintain surveillance over any changed conditions
during the entire construction period.
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CHAPTER 3
DESIGN CRITERIA

3-1. Purpose and scopa. This chapter pre-
scribes the criteria for the seismic design of build-
ings and other structures.

3-2. General. The seismic design of buildings
and other structures will be in accordance with the
criteria and design standards herein. The structural
system or type of construction will admit to a ra-
tional analysis in accordance with established
principles of mechanics. Structures will be designed
for dead, live, snow, wind, and seismic forces. The
dead, live, snow, and wind loads will be as given in
applicable agency manuals. Every building or struc-
ture and every portion thereof will be designed and
constructed to resist stresess prodused by lateral
seismic forces in combination with dead and live
loads as provided in this chapter. Materials and de-
tails will conform to the seismic provisions,
applicable guide specifications, and criteria herein.
The provisions of this chapter apply to the structure
as a unit and also to all parts thereof, including the
structural frame or walls, floor and roof systems, an-
chorages and supports for architectural elements
and mechanical and electrical equipment, and other
elements.

3-3. Seismic design provisions. The seismic
provisions of this manual are based on the
“Recommended Lateral Force Requirements and
Commentary’’ of the Seismology Cominittee of the
Structural Engineers Association of California,

Fourth Edition, 1976! (hereafter referred to as the
SEAOC Recommendations). The SEAOC publica-
tion, which includes the Recommendations, the
Commentary, and Appendices, may be used as a ref-
erence for this manual. (Note: The SEAOC
Commentary discusses and explains the provisions
of the SEAOC Recommendations Lateral Force Re-
quirements. In some respects, the Commentary is as
important as the Recommendations. The Commen-
tary, in genmeral, gives the intent of the seismic
provisions; however, it becomes an extension of the
SEAOC Recommendations when supplementing the
seismic provisions with clarifying interpretations.)
The following is a reprinted version of Section 1 of
the SEAOC Recommendations that has been modi-
fied to satisfy the requirements of this manual (see
chap 6 and 7 for references to SEAOC Sections 2, 3,
and 4). The modifications consist primarily of (1)
additions and interpretations which extend the pro-
visions to more fully cover areas of lower seismicity,
outside of California, (2) special provisions devel-
oped by the Tri-Services Committee; and (8) 1978
SEAOC Seismology Committee revisions. Modified
portions are noted in italics. The SEAOC paragraph
identification system has been maintained such that
SEAOC Section 1(J)2d is equivalent to paragraph
8-3(J)2d in this manual.

!Published by the Structural Engineers Association of
California, 171 Second Street, San Francisco, California 84108.

SEAOC, SECTION 1*

GENERAL REQUIREMENTS
FOR THE DESIGN AND CONSTRUCTION OF
EARTHQUAKE RESISTIVE STRUCTURES
(Modifications are In italics)

(A) Genoral.

1. The proper application of these lateral force requirements, both in de-
sign and construction, are intended to provide minimum standards toward
making buildings and other structures earthquake resistive. The provisione of
this Section apply to the structure as a unit and also to all parts thereof, in-

*From the publication “Recommended Lateral Force Requirements and Commentary” by the Selsmology Committes, Structural Eagi-
nesrs Association of California. Copyright 1976, Structural Engineers Association of California, and reproduced with permission.
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cluding the structural frame or walls, floor and roof systems, and other ele-
ments.

2. Every structure shall be designed and constructed to resist stresses
produced by lateral forces as provided in this Section. Stresses shall be calcu-
lated as the effect of a force applied horizontally at each floor or roof level
above the base. The force shall be assumed to come from any horizontal direc-
tion.

8. Where prescribed wind loads produce higher stresses, such loads shall
be used in lieu of the loads resulting from earthquake forces.

4. The effects of vertical accelerations must be considered for structures in
Seismic Zones 3 and 4 (chap 4, para 4-4c(2)).

8. Dead, live, snow, and wind loads will be in accordance with applicable
agency manuals. Earthquake loads will be considered in combination with
dead loads and live loads as specified in paragraph 3-3(J)2c. Allowable
working stresses specified in agency manuals for ordinary or non-seismic con-
struction will be increased one-third for earthquake loading, provided the re-
quired section or area computed on this basis is not less than that required for
vertical loading, without the one-third increase. Working stresses for rein-
forced masonry construction will be as given in chapter 8, Reinforced Ma-
sonry. The one-third increase in stresses does not apply when strength design
or plastic design methods are used.

(8) Definitions.

BASE is the level at which the earthquake motions are considered to be
imparted to the structure or the level at which the structure as a dynamic vi-
brator is supported.

BOX SYSTEM is a structural system without a2 complete vertical load
carrying space frame. In this sytem, the required lateral forces are resisted by
shear walls or braced frames as hereinafter defined. Refer to chapter 4, para-
graph 4-3c(4).

BRACED FRAME is a truss system or its equivalent which is provided to
resist lateral forces and in which the members are subjected primarily to axial
stresses. Refer to chapter 6.

DUCTILE MOMENT RESISTING SPACE FRAME is a moment resist-
ing space frame that complies with special requirements given in chapter 7. To
comply with the SEAOC Recommendations, only Type A concrete and steel
frames could be classified as ductile moment resisting space frames; however,
in this manual the definition is extended to include concrete frame Type B for
buildings in Seismic Zone 1.

ESSENTIAL FACILITIES are those structures which must be func-
tional for emergency post earthquake operations.

LATERAL FORCE RESISTING SYSTEM is that part of the structural
system assigned to resist the lateral forces prescribed in paragraph 3-3D).

MOMENT RESISTING SPACE FRAME is a vertical load carrying
space frame in which the members and joints are capable of resisting forces
primarily by flexure. Classifications are given in chapter 7.

SHEAR WALL is a wall designed to resist lateral forces parallel to the
plane of the wall. Classifications are given in chapter 6.

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

VERTICAL LOAD CARRYING SPACE FRAME is a space frame de
signed to carry all vertical loads. Refer to chapter 4, paragraph 4-3c(4).

(C) Symbols and Notations.

m’l‘he following symbols and notations apply to the provisions of this Sec-
C = Numerical coefficient as specified in paragraph 3-S(D)
Cp = Numerical coefficient as specified in paragraph 3-5(G) and as set
forth in table S-4.
D = The dimension of the building in feet, in a direction parallel to the
applied forces.
di = Deflection at level i relative to the base, due to applied lateral
forces, X f;, for use in Formula (3-3).*
Fi, Fn, Fx = Lateral force applied to level i, n, or x, respectively.
Fp = Lateral forces on a part of the structure and in the
direction under consideration.
Fi = That portion of V considered concentrated at the top of the
structure in addition to Fy,.
fi = Distributed portion of a total lateral force at level i for use
in formula (3-3).*
8 = Acceleration due to gravity.
hj,hy,hy = Height in feet above the base to level i, n, or x,
respectively.
I= i coefficient.

importance
K = Numerical coefficient as set forth in Table 3-3.
Leveli = Level of the structure referred to by the subscript i. i =1
designates the first level above the base.
Leveln = That level which is uppermost in the main portion of the
structure.
Level x = That level which is under design consideration. x =]
designates the first level above the base.
N = The total number of stories above the base to level n.
S = Numerical coefficient for site-structure resonance.
T = Fundamental elastic period of vibration of the structure in
seconds in the direction under consideration.
Ty = Characteristic site period.
V = The total lateral force or shear at the base.
W = The total dead load and applicable portions of other loads.
Wi, Wy = That portion of W which is located at or is assigned to level
i or x respectively.

Wpx = The weight of the diaphragm and the elements tributary
thereto at level x, including 25 percent of the floor live load
in storage and warehouse occupancies.®

Wy = The weight of a portion of a structure.

= Numerical coefficient related to the seismicity of a region.

(D) Minimum Earthquake Forces for Structures.

Except as provided in paragraphs 3-3(G) and $-3(I), every structure shall
be designed and constructed to resist minimum total lateral seismic forces as-

©1978 SEAOC Revisions.
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sumed to act nonconcurrently in the direction of each of the main axes (cAap
4-4c(1)) of the structure in accordance with the formula

V=ZIKCSW. $-1)
However, the product of ZIKCS will not be less than 0.015.

1. The value of Z is dependent upon the seismic zone as specified by fig-
ures 3-1, 8-2 3-8 and 3-4 in paragraph 3-4 and is determined from table 3-1
below.

Table 3-1. Z-Coefficient

Seismic Zone 0 1 2 3 4
Z-coefficient 0 3/16 | 8/8 3/4 1

2. The value of the coefficient I is dependent on the type occ , such
as discussed in paragraph 3-5, and is determined from ubZ8-2bc w:

Table 3-2 I-Coefficient

Type of Occupancy 1

Essential Facilities 1.50
High Rish Facilities 1.26
All Others 1.00

3. The value of K shall be not less than that set forth in table 8-3.

4. The values of C and 8 are as indicated hereafter except that the product
of CS need not exceed 0.14.

8. W is the total dead load and applicable portions of other loads including
all permanent structural and nonstructural components of a building such as
walls, floors, roofs, and fixed service equipment.

a. Where partition locations are subject to change, in addition to all
other loads, a uniformly distributed dead load of 20 pounds per square foot of
floor will be applicable.

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

c. Where the design uniform snow load is 20 psf or less, no part need be
included in the value of ‘'W'. Where the snow load is greater than 20 pef, an of-
fective weight of 70 percent of the full snow load will be included; Aowever,
where the snow load duration warrants, the effective weight of the snow load
may be reduced to 20 percent of the full snow load.

6. The value of C shall be determined in accordance with the formula

1 .
VC‘- t-m 3-2)
The value of C need not exceed 0.12.

7. The period T shall be established using the structural properties and
deformational characteristics of resisting elements in a properly substantiated
analysis such as the formula

(34 € 13 -
where the values of f; represent any lateral force distributed approximately in

*1978 SEAOC Revisions.
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accordance with the principles of formulas 3-5), (3-6), and (3-7) or any other ra-
tional distribution. The elastic deflections, d;, shall be calculated using the ap-
plied lateral forces, f;.* (Refer to chap 4, para 4-3d.)

In the absence of a period determination as indicated above, the value of T for
buildings may be determined by the formula

1‘-5%‘-51 (-34)
or, for buildings in which the lateral force resisting system consists of moment
resisting space frames capable of resisting 100 percent of the required lateral
forces and such system is not enclosed by or adjoined by more rigid elements
tending to prevent the frame from resisting lateral forces, T may be deter-
mined by the formula

T=0.10N (3-38)

8. The value of S shall be determined by the following formulas but shall
not be less than 1.0: .

T c10+T _os 2] :

For T, 1.00orless,S=1.0 + T, 0.5 [T,] : (3-4)

ForL greaterthan1.0,S=12+06% —03|L|2. (3-4A)
T, T, T,

T in Formulas (3-4) and (3-4A) shall be established by a properly substan-
tiated analysis but T shall not be taken as less than 0.3 seconds.
The range of values of Ty, may be established from properly substantiated geo-
technical data, except that T, shall not be taken as less than 0.5 seconds nor
more than 2.5 seconds. T, shall be that value within the range of site periods,
as determined above, that is nearest to T.
When T, is not properly established, the value of S shall be 1.5.
EXCEPTION: Where T has been established by a properly substantiated
analysis and exceeds 2.5 seconds, the value of S may be determined by as-
suming a value of 2.5 seconds for T,.

(E) Distribution of Lateral Forces.

1. Regular Structures or Framing Systems. The total lateral force V shall be
distributed over the height of the structure in accordance with the following
formulas:

n
V=F+ i§ ) Fi. (3-5)
‘The concentrated force at the top, F;, shall be determined by the formula
Fg =0.07 TV. (3—8)

F; need not exceed 0.26V and may be considered as zero where T is 0.7
seconds or less. The remaining portion of the total base shear V shall be
distributed over the height of the structure including level n according to
the formula

Fx = ‘v _nF' ’ WIhx w. 1,
i z 1 wihy

At each level designated as x, the force F; shall be applied over the area of
the building in accordance with the mass distribution on that level.

2. Setbacks. Buildings having setbacks wherein the plan dimension of the
tower in each direction is at least 75 percent of the corresponding plan dimen-

*1978 SEAOC Revisions
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sion of the lower part may be considered as uniform buildings without set-
backs, providing other irregularities as defined in this Section do not exist.

3. Irregular Structures or Framing Systems. The distribution of the lateral
forces in structures which bave highly irregular shapes, large differences in
lateral resistance or stiffness between adjacent stories or other unusual struc-
tural features shall be determined considering the dynamic characteristics of
the structure.

. 4. Distribution of Horizontal Shear. Mshurinmyhodlontllphm

shall be distributed to the various elements of the lateral force
mhmﬁmmmwmmmumamm
bracing system or diaphragm. Rigid elements that are assumed not to be part
of the lateral force-resisting system may be incorporated into buildings pro-
vided that their effect on the action of the system is considered and provided
for in the design.

8. Horisontal Torsional Moments. Provisions shall be made for the increase
in shear resulting from the horizontal torsion due to an eccentricity between
the center of mass and the center of rigidity. The forces shall not be decreased
due to torsional effects. Where the vertical resisting elements depend on dia-
phragm action for shear distribution at any level, the shear resisting elements
shall be capable of resisting a torsional moment assumed to be equivalent to
the story shear acting with an eccentricity of not less than five percent of the
maximum building dimension at that level.

(F) Overturning.

Every structure shall be designed to resist the overturning effects caused by
the wind forces and related requirements, or the earthquake forces specified in

this Section, whichever governs.

At any level, the incremental changes of the design overturning moment, in
the story under consideration, shall be distributed to the various resisting ele-
ments in the same proportion as the distribution of the shears in the resisting
system. Where other vertical members are provided which are capable of par-
tially resisting the overturning moments, a redistribution may be mode to
these members if framing members of sufficient strength and stiffness to
transmit the required loads are provided.

Where a vertical resisting element is discontinuous, the overturning mo-
ment carried by the lowest story of that element shall be carried down as loads
to the foundation.

(G) Lateral Forco on Eloments of Structures.

Parts or portions of structures and their anchorage to the main structural
system shall be designed for lateral forces in accordance with the formula®

The distribution of these forces shall be aocording to the gravity loads pertain-
ing thereto.
1. The values ofC,anntfortMnhbh&-l. The value of the I coefficient
shall be the value used for the building. *
EXCEPTIONS:
a. The value of I for wall panel connectors shall be as given in paro-
graph 8-9J)5d. *

*1978 SEAOC Revisions
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b. The value of I for elements of life safety systems (such as items as-
sociated with exiting and fire protection) shall be 1.5.*

2. For applicable forces on diaphragms and connections for exterior pan-
els, refer to paragraphs 3-3J)2d and 3-3(J)3d, respectively.*

8. For applicable forces on flexible and flexibly mounted equipment and
machinery (footnote 3, table 3-4), refer to chapter 10 (equipment in buildings).

4. For applicable forces on storage racks, refer to chapter 9 (footnote 5, ta-
ble 3-4).

8. For applicable forces on lighting fixtures, piping, stacks, bridge cranes
and monorails, and elevators, refer to chapter 10.

(H) Drift Provisions.

1. Drift. Lateral deflections or drift of a story relative to its adjacent stories
shall not exceed 0.005 times the story height unless it can be demonstrated
that greater drift can be tolerated. The displacement calculated from the appli-
cation of the required lateral forces shall be multiplied by (1.0/K) to obtain the
drift. The ratio (1.0/K) shall not be less than 1.0.

2. Building Separations. All portions of structures shall b designed and
constructed to act as an integral unit in resisting horizontal forces unless sepa-
rated structurally by a distance sufficient to avoid contact under deflection
from seismic action or wind forces. Refer to chapter 4, paragraph 4-7.

(1) Alternate Determination and Distribution of Seismic Forces.
Nothing in these Recommendations shall be deemed to prohibit the submis-
sion of properly substantiated technical data for establishing the lateral de-

sign forces and distribution by dynamic analyses. In such analyses the dy-
namic characteristics of the structure must be considered.

(J) Structural Systems.

1. Ductility Requirements.
a. Force Factor. All buildings designed with a horizontal force factor
K = 0.67 or 0.80 shall have ductile moment resisting space frames. (Some ex-
ceptions are permitted for dual systems with height limitations as specified in
table 3-7.)

b. Tall Buildings. Buildings more than one hundred and sixty feet (160 in
height shall have ductile moment resisting space frames capable of resisting
not less than 26 percent of the required seismic forces for the structure as a

EXCEPTION: Buildings more than 160 feet in height in Seismic Zone
No. 1 may have concrete shear walls designed in conformance with
chapter 6 paragraph 6-3a(l), in lieu of a ductile moment resisting space
frame, providing a K value of 1.00 or 1.33 is utilized in design.

c. Concrete Frames. All concrete space frames required by design to be
part of the lateral force resisting system and all concrete frames located in the
perimeter line of vertical support shall be ductile moment resisting space
framees. (Some exceptions are permitted in Seismic Zones No. 1 and No. 2 with
height limitations as specified in table 3-7.)

EXCEPTION: Frames in the perimeter line of vertical support of
buildings designed with shear walls taking 100 percent of the design
lateral forces need only conform with paragraph 3-3¢/)1d.

*1978 SEAOC Revisions
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d. Deformation Compatibility. All framing elements not required by de-
sign to be part of the lateral force resisting system shall be investigated and
shown to be adequate for vertical load carrying capacity and induced moments
due to (3.0/K) times the distortions resulting from the required lateral forces.
The rigidity of other elements shall be considered in accordance with para-
graph 3-3(EM.

e. Adjoining Rigid Elements. Moment resisting space frames and ductile
moment resisting space frames may be enclosed by or adjoined by more rigid
dmtowhnchwouldtendtopmcntthospmﬁm&omrd-nn’hunl
foreuwherextcanbeshownthatthoactwnorflﬂmofthommﬁpddo-
ments will not impair the vertical and lateral load resisting ability of the space
frame.

f. Frame Ductility. The necessary ductility for a ductile moment resisting
space frame shall be provided by a structural steel or reinforced concrete frame
complying with the requ:rements of chapter 7 and conforming to the classifico-
tions of tables 3-3 and 3-7.

g. Braced Frames. All members in braced frames shall be designed for
1.26 times the force determined in accordance with paragraph 3-%D). Cox
tions shall be designed to develop the full capacity of the members or be
based on the above forces without the one-third increase usually for
stresses resulting from earthquake forces. Members of braced frames shall
comply with the requirements of chapter 6, paragraph 6-7, and conform to the
classifications of tables 3-3 and 3-7.

h. Shear Walls. Reinforced concrete shear walls for all structures shall
conform to the requirements of chapter 6 paragraph 6-3, and conform to the
classifications of tables 3-3 and 3-7. Reinforced masonry shear walls shall con-
form to the requirements of chapter 8. For the calculation of shear stress only,
all masonry shear walls shall be designed to resist 1.5 times the force deter-
mined in accordance with paragraph 3-3(D).

i. Framing Below Base. In buildings where K = 0.67 or 0.80, the special
ductility requirements of SEAOC sections 2 (chapter 7, paragraph 7-3a(1)), 3
(chapter 6, paragraph 6-3a(1)), and 4 (chapter 7, paragraph 7-5a(1)), as appropri-
ate, shall apply to all structural elements below the base which are required to
transmit to the foundation the forces resulting from lateral loads.

2. Design Requirements. -

a. Minor Alterations. Minor structural alterations may be made in exist-
ing buildings and other structures, but the resistance to lateral forces shall be
not less than that before such alterations were made unless the building as al-
tered meets the requirements of these Recommendations.

b. Reinforced Masonry or Concrete. All elements within the structure
which are of masonry or concrete shall be reinforced so as to qualify as rein-
forced masonry or concrete under the provisions of chapters 6 and 8.

EXCEPTION: See table 8-5 for Seismic Zone 1 exceptions.

¢. Combined Vertical and Horinontal Forces. In computing the effect of

seismic forces in combination with vertical loads, gravity load stresses in-

mmmwwuumupnwmwmuwm

shall be considered. Consideration should also be given to minimum gravity
lo.dl.etingineombimtion with lateral forces.

¢ Floor and roof diaphragms and collectors shall be de-

ai‘uodtoruittthcni:mic forces dctcrmlncdinaceoidancc with the following

formula:

*1978 SEAOC Revisions
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Pt :i, )
Fps= s Wps 3-9)
l;s Wi

The force Fp. determined from Formula 3-9 need not exceed 0.90 Z I wp,.

When the diaphragm is required to transfer seismic forces from the verti-
cal resisting elements above the diaphragm to other vertical resisting elements
below the diaphragm due to offsets in the placement of the elements or to
changes in the stiffness in the vertical elements these forces shall be added to
those determined from Formula 3-8.

Howeuver, in no case shall the seismic force on the diaphragm be less than
determined by the following formula:

Fpz=0.14 Z 1 wps (3-94)

Diaphragms supporting concrete or masounry walls shall have continuous
ties between diaphragm chords to distribute the anchorage forces specified in
paragraph 3-5(J)%a into the diaphragm. Added chords may be used to form
sub-diaphragms to transmit the anchorage forces to the main cross tiss. Dia-
phragm deformations shall be considered in the design of the supported walls.
(See paragraph S-UJ)Sb for special anchorage requirements of wood dia-
phragms.)

S.Spodal

of Concrete or Masonry Walls. Concrete or masonry walls
mumwmmmmdmf-wmmmwum
wall. The anchorage shall provide a positive direct connection between the
walls and floor or roof construction capable of resisting the horisontal forces
specified in these Recommendations or a minimum force of 200 pounds per lin-
eal foot of wall, whichever is greater. Walls shall be designed to resist bending
between anchors where the anchor spacing exceeds four feet. In masonry walls
of hollow units or cavity walls, anchors shall be embedded in a reinforced
grouted structural element of the wall. (See paragraph S-9JJ2d for the

b. Wood Diaphragms Used to Support Concrete or Mascary Walls.
Where wood diaphragms are used to laterally support concrete or masonry
walls the anchorage shall conform to paragraph J-J/)3a. In Seismic Zones No.
2 No. 8, and No. 4 anchorage shall not be accomplished by use of toe nails, or
nails subjected to withdrawal; nor shall wood ledgers be used in cross grain
bending. The continuous ties required by paragraph S-3¢/)2d shall be in addi-
ﬁontothodhphnmsbnthingthodhphnmohuthin‘ahnmtbemdw
splice these tiss.

c. Plle Cape and Caissons. Individual pile caps and caiseons of every
building or structure shall be interconnected by ties, each of which can carry
by tension and compression a minimum horizontal force equal to 10 percent of
the larger column loading, unless it can be demonstrated that equivalent re-
straint can be provided by other approved methods. See chapter 4, paragraph
4-8 for supplemental requirements.

d. Exterior Elements.* Precast or prefabricated nonbearing, nonshear wall
panels or similar elements which are attached to or enclose the exterior, shall

*1978 SEAOC Revisions
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be designed to resist the forces per Formula 3-8 and shall accommodate move-
ments of the structure resulting from lateral forces or temperature changes.
Concrete panels or other similar 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 movement be-
tween stories of not less than two times story drift caused by wind or (VK)
times the calculated elastic story displacement caused by required seismic
forces, or 1/2<inch, whichever is greater.

(2) Connections to permit movement in the plane of the panel for story
drift shall be properly designed sliding connections using slotted or oversize
holes or may be connections which permit movement by bending of steel or
other connections providing equivalent sliding and ductility capacity.

(3) Bodies of connections, such as structural steel angles, rods, plates,
etc., shall have sufficient ductility and rotation capacity so as to preclude frac-
ture of the concrete or brittle failures at or near welds. The body of the connec-
tion shall be designed for 1.33 times the force determined by Formula 3-8.

(4) Elements connecting the body to tho panels or the structure, such as
bolts, inserts, welds, dowels, etc., shall be designed for 4 times the forces deter
mined by Formula 3-8. Elements of connections embedded in concrete shall be
attached to, or hooked around reinforcing steel, or otherwise terminated 90 as
to effectively transfer forces to the reinforcing steel.

(5) The value of the coefficient I in Formula 3-8 shall be 1.0 for tho entire
connection fi.e., the value need not be greater than 1.0 even if the I-coefficient
of the building is greater than 1.0).

o. Connections. For additional requirements for connections refer to chap-
ter 4, paragraph 4-6



TM 8-809-10
NAVFAC P-388
AFM 88-3, Chap. 13

Table 3-3. Horisontal Foroe Factor "K" for Buildinge or Other Structures*

(Refer to Table 3-7 (Paragraph 3-8) for Swmmary Tables

for K Values for Bach Seismic Zons.)

Sasic
System

Category

Type or Arrangement of Resisting Elements

Value of Kb

Suildings with a ductile moment resisting space frame Mizmd in
accordance with the following criteria: The ductile moment resisting
[ ; frame shall have the capacity to resist the total required later-
al force.

0.67

100%
Frames

Suildings with moment resisting space frames designed in accordance
with the following criteria: The moment resisting space frame shall
have the uucu{.u resist the total required latersl force and shall
gc?ly with the height limitations and frame specifications of Table

1.00

Oual
Systems

Buildings with a dual bracing s‘aw consisting of a moment resisting
space frame and shear walls or braced frames designed in accordance
with the 7ollowing criterfa:

a. The moment resisting spsce frames shall comply with the speci-
fications and Mw':g 1imitations of Table 3-7.

b. The frame and shear walls or braced frames shall resist the
total latersl force in accordance with their relative rigidi-
ties congidering the interaction of the shear walls and frames.

¢. The shear walls or braced frames acting independently of the
ml':’"“" space frame shall resist the tota) required
[ orce.

d. The moment resisting space frame shall have the capacity to re-
sist not less than 25 percent of the required lateral force.

Suildings with a vertical load u_rryl:g space frame and shear walls or
braced frames designed in accordance with the following criterfa:

s. In Seismic Zones 2, 2' and 4 the height of the building shall
not exceed 160 feet.

b. The shear wall or braced frame shall have the Capacity to re-
sist the total required latere! force and shall comply with
. the hefght limitations and wall specifications of Table 3-7.

c. The interaction between the vertical 10sd carrying space frame
and the shear walls or braced frames shall not result in the
Toss of the vertical load carrying capacity of the space frame
in the case of damage occurring to & portion of the laters!
force resisting system (see paragraph 3-3(J)1¢).

Suilding with wood frame construction and p’mmc shear walls designed
in accordance with the following criterfa:

8. The height of the building shall not exceed 40 feet or three
storfos.

b. The plywood shear walls shall have the capacity to resist
the total required lateral force.

c. l‘hsulur v;uon shall not be used. (If veneers are used,
L] . .

1.00

.uu:ﬂ'm with & bex system designed in accordance, with the following
criterfa:

s. In Seismic Zones 2, 3, and & the height of the building
shall not exceed 160 feet.©
b. The shear walls or braced frames shall have the capacity

to resist the total lateral force and shall comply with the
hefght Vimitations and well specifications of Table 3-7.

1.8

Elevated tenks plus full contents, on four or more cross-braced legs
and not supported by & building. The braced frame requirements of par-
agre 3.3(.‘)"&“ the torsiona) requirements of parsgraph 3-3(E)S
shall apply. product of KCS usn not be less then 0.12. Refer to
Chaptar 11 for inverted pendulums.

2.5¢

Structures other than buildings, elevated tanks, or minor structures
set forth in Tadble 3-4. 1’2' product of XCS will not be less thea 0.10.
Also, refer to Chapter 11.

*Modification of SEAOC Tadle 1A.

o*In 1900 SEAOC modified this category to include "buildings--with stud wall freming

ond using horizontal diaphragms and vartical shear panels for the lateral force system."
Therefore, wvalls in accordance vith either paragraph 6-5a or paragraph 6-5b of Chapter 6
vill be {a compliance with item 5b above.

N
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Footnotes to Table 3-3

a If K = 1.33 in one direction, it will be 1.33 in both directions. Other K-values mey very in the

two directions.

b. Generally, one value of K applies to the totel Aeight of the building; however, if there is a
change in K along the height of the building fe.g., due to change in framing system), the K value
used at any level must be equal to or grester then the K value at the next level above. (Also,

refer to provisions of paragraphs 3-3(E}1 end 2 for setbach and irregular buildings.)

¢ In Seismic Zone 1 concrete shear walls may exceed the 180-foot limit (paragraph 3-NJ)1b).

d Categories 7 and & Refer to chapter 11 for alternate methods end additional requirements.
Podestal type elsvated weter tanks will not be permitted in Seismic Zone Nos. 3 end 4 In Seis-

mic Zone Nos. 1 and 2 K will be 3.0 for pedestal type elsvated tanks.

Table -4 Horisontel Force Factor ‘'C,"
for Blements of Structures®

Horisontal
Direction of Value of
Part or Portion of Structure Force G!
Cantilever Elements: Normal to
a. Parapets flat
1 surfaces 08
b. Portion of chimneys or stacks that Any direction
protrude above rigid supports®
: All other elements such as walls, parti-
tions and similer elements—see also direction
s paragraph 3-3(J)3d. Also includes Any 03
masonry or concrets fences over 6 fest high.
Exterior and interior crnamentations and direction
8 appendages. See chapter 9, paragraph 9-3. Any 08
When connected to, part of, or housed
within a building:
a. Penthouses
b. Anchorage and supports for tanks
4 plus contents Any direction 0.3%¢
¢. Rigidly braced chimneys and stacks®
d. Storage racks plus contents®
o. Suspended ceilings®
{. All equipment or machinery
Counections for prefabricated structural
5 elsments other than walls, with force Any direction 0.3*
applied at center of gravity of assembly
*Based on the 1978 SEAOC Revisiens
Footnotes to Table 3-4

1. C, for elements laterally self supported only at ground level may be 33 of
the value shown. Also refer to chapters 10 end 11 (e.g., equipment,
paragraph 10-5; stacks, paragraph 10-8 end tanks, chapter 11).

2 Chimneys or stacks that extend more than 15 feet above & rigid attachment
to the structure will be designed in accordance with chepter 10, paragreph
10-8a. Also, refer to chapter 10 for guyed stacks end stachs on ground.

& For flexible end flexibly mounted equipment end machinery, the
appropriste values of C, shall be determined with consideration given to

3-12
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ogquipment

For Bssential Facilities and lifs safety systems f.c., when the value of the I-
coefficient is equal %0 1.5 per paragraph 3-5G)1) the design and deteiling of
oquipment which must remain in plsce and be functionsl following & mejor
earthquahe shall consider the effect of drife.

4 The force shall be resisted by

positive anchorege and not by friction.

& W), for storage racks shall be the weighs of the racke pius contents. The
velus of C, for rachs over two storage support levels in height shell be 0.34
pwmmmnpmmumqwmmyw
.wmmuawummmwamm

cw&mmwawmu‘mquw

partitions which ere laterally supported by the celling.

For purposes of

mmwm.mmmfmw then € pounds per

square foot shell be used.

3-4. Selsmic zone mops. The seismic zones
required for the determination of the cosfficient Z in
table 3-1, paragraph 8-3(D)1, are given on mape

Mnonﬂgms-l.s-&nda-ahtthmﬂn-
ous states, Alaska, and Hawaii, respectively. The
map on figure 3-4 shows the seismic sones for Cali-
fornia and Nevada in greater detail and scale. Sels-
mic sones for specific areas are tabulated in tables
3-6 and 3-6 for localities within the United States
and outside the United States, respectively. The

:ammmmmmwmu

3-8. Types of occupancy. General descriptions
and examples of various occupancy types are given
for the determination of the value of the coefficient I
in table 8-2, paragraph 8-3(D)3.

@ Essential Facilities (I = 1.5). These are struc-
tures housing critical facilities which are necessary
for poet-disaster recovery and require comtinuous

may cause significant loss of strategic and general’
communications and disaster response capability.
Typical examples are:

313
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Table 3-5. Seismic Zone Tabulation, U.8.*

AdaklIsland............cc000000 8 NewHaven .......... A ] INDIANA
Anchorage . ...... P | NewLondoa.......... Ceresenee .2 Fort Ben Harrisou. . ............
Barrow............ tesesesessss 1 PortWayne .....ccooo0enneeee.e 8
Bethal............ teseeesssse..8 DELAWARE Grissom AFB.................
Eielson AFB ........ I Dover AFB ........ sesrssessane 1 Indiana AAP.......

Fairbanks. ........... cesecnenas 3 IOWA
l"ortdudy .......... vesecesss.8  FLORIDA Burlington..........ccc00000000l
JUneRU .....itriennnn R | EginAFB............c.c0000 .. 0 CedarRapids.........cc000000.0d
Fort Huachuea ....... RS | Miamd.....coo000vvvannnnnnesss0 Kansas AAP .........c000vneee
LukeAFB ............... R | Orlando ........... cettenenas ..0 Fort Leaveaworth...............

NavajoAD........ccc0unnn S | Patrick AFB ...................0 McConnell AFB. ................1
Phoemix ..........ccvuvtes AR | Pensacola.................... ..0 FortRiey........cooo00vvennns

]
:
fi
E
:

MarchAFB...........co00v0ee. 8 Hilo, Hawail....... [ ) Brunswick ........coo0000000
Marelsland............co00000u 8 Honoluks,Oabu........c00000... 8 Loring AFB......
Norton AFB......... R | Kaneohe Bay, Oabu..............2 Winter Harbor............0e0e.
Oekland ........ R ) Lihve, Kavad .....c0c000000eneend

w ...... teeseeeess8  IDAHO Annapolls..........c.cc00000nnn
SanDiego......cocotiviininiea d Idaho Falls. .............. veeess 8 Baltimore.........cco0000ieennsl
SanFrancieco ........cc00000ein d Mountain Home AFB............ 1 Pmm ..... S |
TravisAPB........cooovvvnnee d Fort Ritchis . ... ... P |

*Refer to table 3-1 fer prescribed values of Z.
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MASSACHUSBTTS
L.G.HanscomPFMield.............2

MICHIGAN

Fort Mommouth. ................ 3

*Reler to table 3-1 for prescribed values of Z.

Table 3-5 Seismic Zone Tabulation, U.S.*

Albany...... S

NewYork.......oocvvevveereees 8
NisgaraFal IAP............... 8

Syracuse..........cc000000es S |
West Point Military

Reservation .........o00000...8
Waterviiet ........... R

NORTH CAROLINA

TM 5-809-10
NAVFAC P-388
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RHODB ISLAND
Providence

n.--ononototcoc-oobo-’

SOUTH CAROLINA
Shaw AFB....

SOUTHDAKOTA

.'0"00...‘.'...0’

ElP2s0.....ccoo0ee®™vieeeeeeed
1
1
0
0
0

ssesene

.
.
.
.
. e
-
.
.
.

VIRGINIA

3-19
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WASHINGTON
Bremerton..........c00.. ceenas 3
FairchildAFB..........co000000 1
Fortlewis.......ooo00nvniennnns ]
McChord AFB......... ceerenaen ]
Seattdd ........ciiiiiiiiannnn 3
WallaWalla............. ceeeeen 1
Yakima............ cesecsncanna 1

*Refer to table 3-1 fer prescribed valuss of Z.

3-20

Table 3-5. Seismic Zone Tabulation, U.S.*

WASHINGTON, DC WISCONSIN
BollingAFB..............c0000. 1 YN S |
Fort McNalr. ........... RS |
Walter Reed AMC...... N 1 WYOMING

WEST VIRGINIA Yellowstons...........000ue I
Al........... ceeries P |



Alger..... teeeesnesssenceenesd
Oran ........... .

Camaroon:
Bgypt:

Tripoli..... A ]

Blantyre....... [ ]

Lilongwe..... eenee P ]
Zomba. . .... vesees I |

Moroceo:

Rabat ..... ceseren PP

............ PR
RS |

...... TSP ]

...... ceveecettscessass

......... cesercsnnsesss0

Modadiscio. ... .. PP )

Natal........... R |

Pretoria. ........ [ ]
Southern Rhodesia:

Salisbury ....... [

Mbabene. ...... [ |
Tenzenia:

Zansiber . .... P §
Tunisia:

Tunds......cc..nn R

:
i

Table 3-8 Seismic Zone Tabulation, Outside U.8.*

Ugenda:
Zaire:

P TP P |

|

outooo.oo-coo.oo.o.o’

.

i

tecsetnsscncsssecrsssecdh

I

Chine:

..... R |

|

F

A |

f

PP R |

i

i......'..'...l....‘l‘

gt

.Qlt'to.o'..'!.!.tl."

i;

OC'...O...'O..'Q...."

I}

P Y |

;

T |

T PN |

¥

£

¥

...... tessssersssesaasel

Tsrael:

Japen:

P

I

Wakkanal......cooo00000000ec 8
Yokobama .......ccoeveenr. . 4®
Yokots ..... B |

§

)
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NAVFAC P-385
AFM 88-3, Chap. 13

Kuwalt.......coo0000vvennnnesed

Leoe:
Lebanon:
Malsysia:

Nepal:

Pahkistan:

S .1

E

sesecesrsecinessscsce b

|

Seudi Arabis:
AlBatin ........;.co000neen.. (]
Dhahran ...... P |

Theliland:

Y

E

Vietnem:

f

Yemen:

ATLANTIC OCEAN AREA:

CARIBBEAN SEA:

Dominicen Republic:
Heiti:
Jamaicea: s

‘Refer to table 3-1 fer preseribed valuss for sclomic sene nes. § through 4 U denctes unknown sclomieity.
"Uss local code i it is mere severe than selomic sone ne. &
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CENTRAL AMERICA:

CanalZome...........coo000unne 2

Costa Rica:

SanJose............ R |
Bl Salvador:

SenSalvador ..........00000t 4
Guatemala:............ R |
Honduras:

Teguciguipa .. ... Cieeieieraees ]
Mexico:

Ciudad Juares ................ 2

Guadalajara.................. ]

MexicoCity .......coo0nvvnnnn 3

Tuama..........ovevvennnnns 3
Nicaragua:

Managua........ooo000ieennns 4
Panama:

Colom........ovvvvvennnnnnnns 3

Panama.........ccoiiieeeennn 3

EUROPE:

Belgium:
Antwerp.............co0vuen 1
Brussels ..................... 2

England:
Londom.........coovvvvnnnnnn 2
Liverpool .................... 1

France:
Lyod......covvviiiiiiinnnnns 1
Marseille. .................... 3
Nic®.....oooivviiinninnennnns 3
Parls.........ccoeivvvnnnne, 0

Germany:

Beelin .................c.e0l 0

Boan........oooiviiinnnnnnn. 2

Bremen...........co00000nen 0

Dusseldoef ................... 1

Frankfurt.................... 2

Hamburg ............c.00v0en. 0

Munich..........oovvvennnn. 1

Stuttgart ............000enn.. 2
Greece:

Athens .........cco0vvvennnns

Thessaloniki.................. 4
Iceland:

Keflavick ........ Ceeeeetaean 3

Reykjavik. ..... P )

Thorshofn ..... [N I |
Ireland:

Belfast .... Ceeeereeeennnn 0

Dublin.............co00n0e ..0

Table 3-8 Seismic Zone Tabulation, Outside U.S.*

Italy: SOUTH AMERICA:
AvianoAFB.................. ]

Brindisi.............co000ven, 0 Argentina:
Genos..........coc000nee e 8 Buenos Aires .................0
Milan............c00nueen R Bresil: **
Naples.......cooovvvnnnnnnnns 3 Al........ DY ]
Rome......ccovvvvivinnnnnnes 2 Bolivia:
Sledly........ccvviieiiiiinann 4 LaPas...... eeeen PP ]
Trieste..........coo0vvnvnnnnn 3 SentaCrus......... R |
Turle  ........... AP Chile:

Netheriands: Santiago............... R |
All...... it 0 Colombia:

Norway: Bogota ........ covsscesscesecd
O8lo. ...ooovviiiiienniinnnnns 2 Ecuador:

Portugal: Quito............... Y
Lishon.........ooovevvnvnnns 4 Guayaquil....... teresenncen e ]
Opporto .......ccovvvvnevnnnn ] Paraguay:

Scotland: Asuncioa. . ..... P ]
Aberdeen.............o00000. U Perw:
Edinburgh ........ RS | Lima....... R |
Edsell ..........coc0vvvennnn 1 Plura.......... Y |
Glasgow/Renfrew.............. 1 Uruguay:
Londonderry ................. 1 Montevideo ......... P |
Prestwick.................... U Venezuela:
Shetland Islands. .............. U Maracabbo. .......... Ceereeeas ]
Stornoway................... U Caracas......... Ceesetnnennns 4
Thured .......covvvvvvnennnns 1

Spain: PACIFIC OCEAN AREA:
Blbao. . s Ak
Modrid ....oooviinnnnnennnn, 0 Canberra.............. reeeeel
Rota ......oovvvevvnnnnnnnns 1 Melbourne ............... -1
SanPablo.................. ..U Perth........ reeeenieieneead
Seville...............o00vnnen 2 Sydney ...... Srecresesesennes 1
ZAraQORS . .......covierninnns U Caroline Islands:

Sweden: Kuot.hulmll..... esvee .3
Goteborg .............. IR Ponape .......cccoeieveen.. 0
Stockholm . .................. 1 Fyt:

sw‘nm m OOOOOOOOOOOOOOOOO ®e 0000 8
BOD oo, 2 Johnson Island ........... RS §
Geneva................. S | Mariana Islands:
Zurich.........cooo0enuvnnnnn 2 Guam ............eenen ceee.3

Kwajalein . ....... RS |

AMERICA: Selpan...........c00000nn R
NORTH CA: Tinian ...... N ..8
Marshalllslands . ...............1

Canada:

MM“.NAB-.--. ........... ] “M'Mo-o.--.o ..... ....U
Churchil, Man.. ............... 0 New Guines:

wuh'm e | Pﬂtum. ..... [ ]
Edmoaton, Ab. ............... 1 New Zealand:

E.Harmon AFB............... 2 ‘Aww seeereeenne. 8
me‘m'mt .......... ...0 m....-oo¢oc-o-oo.--.‘
Frobisher, NW.Ter. ........... 0 Philippine Islands:

Gooss Alrport. ........... 7 Cobu...ooovvviennnrncnnnieecd
Om'..on‘ ............... “.2 m.... essscesen ........-‘
&Jml."m .......... ceesee 2 m.. .. LI N ) ‘0-.00‘008
Tm'mt .......... eeee .l mv oio DR Y 00..000‘08
wm.uu ‘..“...‘...1 m M . e ........U

Greenland. .............co00nn0 1 WeheIsland. ...................0

*Refer to table 3-1 for prescribed values for sclsmic 50ne n0s. 0 through 4. U denstes unknown selomicity.
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(1) Hospitals.

(2) Fire stations, rescue stations, and garages
for emergency vehicles.

(3) Power stations and other utilities required
as emergency facilities. :

(5) Facilities involved in operational missile
control, launch, tracking or other critical defense

ties.

(6) Facilities involved in handling, processing,
or storing sensitive munitions, nuclear weaponry or
procesees, gas and petroleum fuels, and chemical or
biological contaminants.

b High Rish (I = 1.95. Those structures are

where primary occupancy is for assembly of a large
number of people, where the primary use is for
people that are confined (e.g., prison), or where serv-
ices are provided to a large area or large number of
other buildings. Buildings in this category may suf-
for damage in a large earthquake but are recognised
as warranting a higher level of safety than the aver-

_ age building. Typical examples are:

(1) Buildings whose primary occupancy is that
of an suditorium, a recreation facility, dining hall, or
commissary which is subject to occupancy by more
than 300 persons.

(2) Confinement facilities (¢.g., prisons).

(8) Central utility (power, heat, water, sewage)
that are not covered by paragraph a(3) above, and
that serve large areas.

(4) Buildings having high value equipment
when justification provided by using agency.

¢ All Others (I = 1.0. This includes all struc-
tures not covered by the above categories.

3-6. Summary of approved structural sys-
fems. The minimum values of the base shear
coefficient K are set forth in table 3-8. Table 3-7 is
provided as a guide to interpret table 8-3 and to
summarise the approved structural systems for
Seismic Zone 1, Seismic Zone 2, and Seismic Zones 8
and 4. The designations used for frame and wall
specifications are described below. Note that the
wall specifications include braced frames.

TM 5-809-10
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a. Frame Specifications. (The design require-
ments are covered in chapter 7.)

(1) Concrete Frame Type A. Ductile moment re-
sisting space frame.

(2) Concrete Frame Type B. Moment resisting
space frame. Qualifies as a ductile moment resisting
space frame in Seismic Zone 1 only. May be used as
a lateral force resisting system in Seismic Zone 2
with certain height and K limits.

(8) Concrete Frame Type C. Moment resisting
space frame. May be used as a lateral force resisting

(4) Concrete Frame Type D. Vertical load carry-
ing space frame in accordance with ACI 318-177.
(6) Steel Frame Type A. Ductile moment resist-

space

(6) Steel Frame Type B. Moment resisting
space frame. May be used as a lateral force
system subject to certain height and K limits.

(7) Steel Frame Type C. Vertical load carrying
space frame in accordance with AISC Specifica-
tions. May be used as a moment reeisting space
frame lateral force resisting system in Seismic Zone
1 only for buildings less than 80 feet in height.

(8) Wood frames.

b. Wall Specifications (Includes Braced Frames).
(The design requirements are covered in chapter 6.)

(1) Shear Wall Type A. Concrete (or steel) shear
walls with vertical boundary elements.

(8) Shear Wall Type B. Concrete shear walls.

(8) Braced frames. Steel or concrete.

(4) Masonry. Masonry shear wall. When ma-
sonry shear walls are used as part of a dual system
in Seismic Zones 2, 3, or 4, vertical boundary mem-
bers are required.

(5) Wood. Wood stud shear walls with plywood
or diagonal wood sheathing.** (Note: Stud wall
shear walls other than thoee listed above limited to
3 stories with K > 1.33. See Stud Walls below.)

" (6) Stud walls. Wood or metal stud walls that
comply with chapter 6, paragraphs 6-5 and 6-6.
*¢See footnote on the bottom of table 3-3 for 1980
SEAOC modification.

-3
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Table 3-7. Approved Building Systems
Zome 1 | Zone 2 Zones 3 ond 4
Basic N Rl mr in [T Min -
Syste' | value | (ool oired  Nequired uired vired vired opired
‘.#- Nall rems 1 .1:- h:;‘
Concrete 8 Concrete A Concrets A
0.6 None or or or
Frames Steel A Steel A Steel A
(100% of
F:m ;n ) not
rase). 160 Asplicadle
categortes | 1.00 stee) 8 Stdel 8
1aend 2 Concrete C | Concrete 8
80 or .oer
Stee) C Steel B Stee! 8
cmnullsuu.~mu Concrete A | Shear 4a11 A Concrete A | Sheer w11 A
None or or or or or -
Steel A Braced Frame] Steel A Sraced Frems] Stee! A Sreced Freme
Ol ' Shoar ¥al1 A Coacrete 8 | Shear 11 A
Systems | g 90 160 o o o ot
(Freme 255, Stoe) 8 | oraced Frame| steel 8 | sraced Frame]| APPlicabIe | Apltcable
Wal) 100%),
Category 3 Concrete 8 | Shear ¥all 8] Concrete 8 Concrets A
80 or or or Masonry? or Naseary®
Steel 8 Masonry Stee) 8 Steel A
Concrete D3| Shear Mall 8
None or or Not permitted over 160 fest
Stee) C | Sraced Frame]
Ceerets 0°| Shear Wal) A Concrete Shear Wl A
160 Yot Yot o or o -
1.00 Mopticadle | Appl1cab1® | Boge) ¢ | praced Frame] steet ¢ | draced Preme
Shoar Concrete 0 Ooncrate 09| shear 11 8] concrete 03] Sheer w11 8
alls or ") or Masenry [+ “or - o
Sreced Stee) C Sweel ¢ Mseary | steel C Mesoary
Fremes
(1008 of o Wood ** Wood i Voot
Force 1n 3 storfes
wan), Shear ¥all 8
Categorfes None or Not permitted over 160 fest
4,5, and 6 Sraced Freme ,
Shear Mall A / Shoar W11 A
1.9 160 hot or -
Aoplicable Sraced Srame Sreced Freme
' Shear W1 3 Shoar W11 B
00 Masonry o o
Masenry Masonry
|2 stortes Stud Halls® Stud WM11g® Stud Me1Ns®

iCatagories as defined in Table 3-3.
2vertical boundary elements 1 accordence with Chapter 6, paregraph 6-8.

SFremes required for gravity losds only. See requirement ¢ of Teble 3-3, category 4.
“Mood frame or stud wall comstruction mot i arcordance with requirement b of Table 3-3, cotegery 6.

"ogee !o.onon on the bottom of Table 3-3 for 1980 STAOC modificetioms.
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CHAPTER 4
DESIGN PROCEDURE

4-1. Purpose and scope. This chapter describes
& general procedure for the design of buildings to re-

the mechanical and electrical , selection of a
workable structural system, and selection of trial
member sises.

fer to chap 2, para 2-7). In some cases geotechnical

and electrical sytems (refer to chap 2, para 2-8).

¢. Selection of Structural System. Before select-
ing the structural system, a familiarity with the
techniques and application of seismic design is ee-
sential (refer to chap 2, para 2-9). Also the possibil-
ity of future must be considered (chap 2,
para 2-11). The limitations on structural systems
(chep 3, para 3-3 and 3-6) and the special require-
ments for ductility, tall buildings, concrete frames,
braced frames, shear walls, concrete and masonry,
disphragms, foundations, and exterior elements
(chap 8, paragraph 3-3(J)) must be reviewed.

d. Selection of Trial Structural Member Size.
Some of the structural members of a building are
governed by the gravity load design and are not af-
fected by the seismic loads. For these members the
sizses will have been determined by the usual require-
ments for dead and live loads. For the sizes of mem-
bers that form the seismic lateral force-resisting
system, a trial and error process is required because
of the magnitude of the design forces depends on the

pclodofthbb\dldbgwhﬂcthopcbddtpudlon
the weight and stiffness of the building. First, trial
design lateral forces are obtained from approximate
calculation of period and weight. Next, trial member
sizes are selected using approximate calculations
and judgment. Finally, a preliminary analysis is
made, and the trial sizes are confirmed or revised. If
there are substantial revisions to the initial trial
sizes, the response characteristics of the structure
will change and a reanalysis may be required.
4-3. Minimum earthquoke forces. Every
buﬂdincwmbed-dpdhhwddnicm
acting nonconcurrently in the direction of each main
axis of the structure (also, see para 4-4c). As a mini-
mum, the total forces (V = ZIKCSW) specified in
chap 8, para 8-3(D), will be applied to the structure
as a whole and will be distributed to the various
levels of the structure as prescribed in chapter 8,
paragraph 8-3(E). The coefficients Z, I, K, C, and 8
depend on the seismic zone of the site, occupancy
importance, type of lateral resisting system (e.g.,
shear wall or space frams), the period of the struc-
ture, and the sits characteristics, respectively. W is
the effective weight of the structure. These, as well
as other symbols, are defined in chapter 3, pera-
graph 8-3(C), and methods for determining their
values are discussed below. Some basic terminology
is defined in chapter 8, paragraph 8-3(B). A graphic
representation of seismic forces is shown in figure
4-1. The product of ZIKCS can result in an upper
limit of 0.28 for buildings in zones of the highest
seismicity. The lower limit for ZIKCS in any of the
four seismic zones is 0.018.

a. Z-Factor. The factor Z, which represents the
seismicity of the site, is equal to or less than 1.0. It
is obtained from chapter 3, table 3-1, and is depend-
ent on the seismic zone maps of chapter 3, para-
graph 3-4. For California and Nevada use the map
in figure 3-4; the other Contiguous States, Alaska,
and Hawaii use the maps in figures 3-1, 8-2, and
3-3, respectively. Seismic zones for specific areas
within the United States are tabulated in table 3-8.
For localities outside the United States refer to the
tabulation in figure 3-6. The boundary lines are ap-
proximate. If there is some uncertainty about the lo-
cation or the seismicity of the site, the larger num-
ber will be used.

b. I-Factor. The value of the factor I is deter-
mined from the occupancy classifications of chapter

4
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3, table 3-2. The values range from 1.0 t0 1.5. Exam-
ples of various

tbpopcvaluofthbl-w the
decision will be made by the Design Agent.

¢. K-Factor. The factor K represents the type of

ter 3, table 3-8, varies from 0.67 to 1.38 for build-
ings and from 2.0 to 2.5 for structures other than
buildings, Buildings that are considered to possess
considerable inelastic deformation ability and/or
have inherent redundancy are the lower K
mmqmmdtqh.mmnd
lack|redundancy are assigned the higher|K-values:

to a certain extent, is also considered in

of materials, height limitations, ductility

and other special In

the paragraphs several of the parameters

that the K-factor are discussed as a guide
to selecting the proper value.

(1) Seismic sone. The requirements for the K-
values vary slightly for the different seismic sones.
In Zone 1, there are fower restrictions om buildings
over 160 feet in height. In Zones 1 and 2 there are
mmuwmm ’

Helght of building. Some approved struc-
hnlm restricted by height limitations.
Buildings over 160 feet in height must be ductile
moment-resisting space frames (K = 0.67) or dual
qmm-wrmmwmm
allowed for 1. Some space frames tha: do not

memmmmw
80 fest; walls are limited to 80

three stories or 40 feet in height.

(8) Combinations of K-values. If K = 1.33 is
used in one direction of a building, it must be used in
both direstions. For other values of K, it nesd not be
the same in both directions. Generally the K-value is

throughout
Whea a ehange of structural system does oocur (e.g.,
stoal frame on concrete shear walls, wood box sys-

i

veed to support the vertical floor loads, K = 1.88.

gory 4), (c) a dual
Yo Gthl::;) (d) a space frame

frame (table 3-3, , or (d) a
—ductile moment-resisting or moment-re-

lateral force-resisting
table 8-7 to account for the various requirements in .
the different seismic sones.

@ Buum”tehadﬂdmmm
designed within the scope of this manual must qual-
ify under one of the classifications defined in chap-
ter 8, table 3-8, or table 8-7, or discuseed above. If
there is doubt as to which of two classifications gov
ern, the one with the larger value of K should be
used. If the building does not appear to be covered
by any of the classifications, the structural system
must be modified to conform to one of the classifice-
tions or justification must be made that the strue-
tural system will satisfy the intent of the seismic de-
sign provisions.

d. T, Building Period. The period of vibration, T,

is the time required for one complete cycle of cscille-
tion of an elastic structure in a perticular mode of vi-

3
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bration. The building period referred to in the seis-
mic provisions of this manual is the fundamental
period of vibration for each of the two franslational
directions of the building (e.g., transverse and longi-
tudinal directions). In the fundamental mode the
building acts as a cantilever essentially fixed at the
base, swaying first to one side and then to the other
side. The calculation of the period, in accordance
with formula 3-3, requires a knowledge of the lat-
eral stiffness characteristics of building (i.e., force
versus displacement relationship). The fundamental
period of vibration, T, in each direction of the pro-
posed structure, is required in order to determine
the C-factor, the S-factor, and in some cases to deter-
mine the force distribution, Fy, at the top of the
structure. Because the above factors must be known
during the initial design stage when the sizes and
details of all the structural elements may not have
been established (thus the stiffness characteristics
are not know), an estimated initial value of T must
be used. The estimated value need only be accurate
enough to establish reasonable values for C, S, and
F¢. The product of CS will be underestimated if the
assumed building period is too long, therefore, the
estimated period should be on the short side in order
to be conservative. At the final design stage, the
period must be checked so that C and S values used
in the design are either conservative or consistent
with the final period. The sensitivity of these factors
is discussed in more detail in paragraphs 4-3e, f
and g and 4-4a.

(1) Period for low-rise buildings. For most low-
rise buildings (e.g., up to 5 stories with periods
shorter than 0.5 second) the calculation of T is not
necessary because C and CS are at their maximum
values and F, is equal to zero. Refer to paragraph
4-3g for additional discussion.

(2) Initial period estimation. As an initial step
to estimate the building period in the fundamental
made, the use of Formulas 3-3A and 3-3B, as speci-
fied in chapter 3, paragraph 3-3(D), is acceptable.
These empirical formulas rely only on basic building
dimensions and the number of stories so that they
are easy to apply at the initial stage of the design.
The resulting period is generally shorter than the ac-

tual period; thus it can be safely used for the final

design. However, if feasible, a more accurate esti-
mate of the period should be made after the member
sizes of the lateral-resisting system have been deter-
mined. .

(3) Alternate method for initial period estimo-
tion. For some structures, member sises are con-
trolled by limits on lateral drift (e.g., chap 3, para
8-3(H)1) rather than by strees limitations. This con-
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dition generally applies to structural steel moment-
resisting space framee systems with nonpartici-
pating walls and partitions. If the drift limitations
are used as a basis for determining a predesign ini-
tial period estimation, precautions must be ob-
served in order not to underestimate the total lateral
force by estimating a period that is longer than the
actual period. After member sizes have been deter-
mined, the period must be recalculated as described
in paragraph (4). The limiting values of paragraph
(5) will be applicable (refer to Design Example A-8).

(4) Period calculation. When formula 3-8 is em-
ployed (see fig 4-2), the most difficult part involves
the determination of the story displacements (dy).
The story weights (w;) are relatively simple to esti-
mate, and almost any set of story forces (fj) can be
used (e.g., the inverted triangular distribution such
as obtained from formula 8-7 usually gives good re-
sults), but the corresponding lateral story displace-
ments must be calculated. The basic objective must
be a realistic approach to calculating the actual
period—rather than the manipulation of the struc-
ture model 50 as to obtain a “calculated’’ but non-
valid long period and low base shear. For simple
structures, the lateral displacements required for
Formula 8-3 can be obtained by hand calculation
methods. For complex structures, the calculations
for lateral displacements become lengthy so that the
aid of a computer program is normally used. Some
programs that calculate member forces and frame
deflections include a calculation of periods and made
shapes. Calculations must taks into account all ele-
ments which stiffen the structure even if they are
not part of the seismic-resisting system. (Note: The
assumption for the stiffer structure is used to calcu-
late the period for determination of lateral force
coefficients, but it is unconservative to use this as-
sumed stiffness to satisfy drift requirements as dis-
cussed in para 4-5¢.)

(8) Maximum value for period. Using an un-
realistically long period for calculating the coeffi-
cients C and S can result in an unconservative de-
sign. Because of the many parameters involved, it is
difficult to establish a hard and fast rule for what
the maximum value of the period T should be. The
SEAOC Commentary advises a thorough examine-
tion if the calculated T exceeds 0.5N%2, where N is
the number of stories above the base to level n. This
formula results in periods ranging from 0.8 sscond
for a two-story building to 3.0 seconds for a 15-story
building. Even these periods are felt by some engl-
neers to be too long. The Applied Technology Coun-
cil (ATC), in publication ATC 3-08, ‘““Tentative Pro-
visions for the Development of Seismic Regulations
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for Buildings,’’* recommends that the minimum de-
sign lateral force be based on a maximum value of T
oqual to 1.4 CRh,¥4, whbers hy, is the height of the
building in feet and Cr = 0.025 for concrete frames
and Cr = 0.035 for steel frames.® For steel frame
buildings, the formula results in periods ranging
from 0.5 sscond for a two-story (24 feet) building to
2.4 seconds for a 15-story (180 feet) building. In this
manual the ATC formula is suggested as a limiting
value for the period T for use in calculating the C
and 8 coeffice:..s. in lisu of more civrent data. How-
ever, the designer must not use the above formulas
for estimating the period used in design. The for-
mulas are only to be used to check against the value
of T calculated from the actual building properties.
¢. C-Factor. The factor C is dependent on the
period T of the structure as shown in formula 3-2,
chapter 3. The maximum value of C is 0.12, which
occurs for all values of T less than 0.31 second. At
the other extreme range of the scale, where T is 5.0
seconds (say a 50-story building), the value of C is

0.03 or about one-fourth of the maximum value._

Table 4-11 bolowgivessomevnlmforCasafunc-u
tion of T. This table may be used in lieu of formula
8-2. The factor S is also dependent on the period T.
Refer to paragraph 4-3g for combined CS factors.

f S-Factor and T, The factor S is dependent on
the ratio of building period (T) to characteristic site
period (T,) as shown in formulas 3-4 and 3-4A,
chapter 3. The value of S may vary from 1.0 to 1.5.
The maximum value occurs when T = T,. To use
less than the maximum S, values for both T and T,
must be substantiated. For guidelines for determin-
ing T, refer to paragraph 4-3d above. In order to de-
termine a value for T, a geotechnical investigation
may be necessary (for guidelines for determining

‘Pnblhlnd as National Bureau of Standards Special Publi-
cation 610, US. Government Printing Office, Washington,
D.C. 20402. (Stock No. 003-003-01930-9, Price $6.75)

T,, refer to “SEAOC Standard No. 1, Determination
of the Characteristic Site Period, T,,” Appendix
B of the SEAOC Roeommndnﬁou) However,

-for most low-rise buildings (e.g., T < 0.3 second),

wbers the difference between the minimum and
maximum effective S value is only 5 percent, the
maximum value is used and T, need not be deter
mined (refer to para 4-3g). For taller buildings,
where T, can affect the base shear coefficient by as
much as 50 percent, it may be worthwhile to have a
geotechnical investigation made. On some sites the
values of T, may be obvious without a detailed in-

vestigation. For example, if the building is to be

_located on a firm site, T, will be 0.5 second. A firm

site is defined as a site where bedrock is within 10
feet or where there is very dense granular soils. At
the other end of the scale, where there may be over
500 feet of dense sand or over 300 feet of consoli-

vdnudday.'r.mnybo.bwt&lsmm.

geotechnical investigation is made, T, might not
always be presented as a simple value, but might be
represented by a reasonable range of values. When
this occurs, the building period must be compared
with the range of T, values to obtain the highest
value for S.

(1) Example for T, given as a range of values. If
T, is given to be in the range of 1.0 second to 1.6
seconds, then:

(a) For a building with a period shorter than
1.0 second, use a T, value of 1.0 second.

(b) For a building with a period longer than
1.5 seconds, use a T, value of 1.5 seconds.

(c) For a building with a period within the
range of 1.0 to 1.5 seconds, T/T, will be taken to
equal 1.0 and 8 will equal 1.5.

(2) Table for S-factor. Table 4-2 below gives
some values of S as a function of T/T,. This table can
be used in lieu of formulas 3-4 and 3-4A. Refer to
paragraph 4-3g, below, for CS factors combined.

Table ¢-1. C = VIS/T (8-2)
T <031 . 0.40 0.50 0.76 1.00 1.26 1.0 2.00 3.00 5.00
c 0.120 0.108 0.094 0.077 0.087 0.060 0.054 0.047 0.038 0.0%0

*Ia the ATC publication, the 1.4 coefficiant is applicable to the modal analysis procedure (ATC Sec. 5.9) and a coefficiont of 12 1s
recommeaded for the oquivalent lateral force procedure (ATC Sec. 4.2.2).

Table 4-2. S as a Function of T'T,

TIT, 0.12 0.20 0.30 0.40 0.60

0.80 1.00 1.20 1.60 200 |- >z99 |

] 111 1.18 1.26 1.32 1.42

1.48 1.60 1.49 1.40




(8) T'and T, limitations for the calculation of S.
(a) 1f the period of the building is shorter than
0.3 second,use T = 0.3 second.
() T, will range from 0.5 second to 2.5
seconds. '
(c) 1f T is longer than 2.5 seconds and T is un-
known,use T, = 2.5 seconds.

8. Combined CS Factors. The product of C and S
factors describes the general relationship of base
shear coefficients to building period of vibration (Z,
I, and K are independent of T). CS ranges from a
maximum of 0.140 for short period buildings to a
value of 0.027 for a building with a period of 6 sec-
onds (such as for a 60-story building). Table 4-3
gives some values of CS as a function of building pe-
riod (T) and sits characteristic period (T,). Figure
4-8 illustrates the relationship of CS to T graphi-
cally, showing the maximum and minimum CS
values. Note that for some building periods, C8S is
not very sensitive to a variation in T,

h. Weight. W, the total dead load and applicable
portions of other loads, represents the total mass of
the building. It includes the weight of the structural
slabs, beams, columns, and walls as well as non-
structural components such as partitions, ceilings,
floor topping, roofing, fireproofing material, and
fixed electrical and mechanical equipment. When
partition locations are subject to change, a uniform
distributed dead load of 20 pounds per square foot
of floor space is used. Miscellaneous items such as
ducts, typical piping, and conduits can be covered
by an additional 1 or 2 pounds per square foot. In
storage areas, 25 percent of the design live load shall
be included in the seismic weight W. In areas of
heavy snow loads, some or all of the design snow
load must be included (refer to chap 3, para
3-3(D)6c). At the initial stage of design, the esti-
mated weights of the structural members will be
used. After the final sizes of structural members are
selected, the actual weights must be compared with
the estimated weights. In addition to determining
the overall weight W, the designer must determine
tributary weights at each floor for both vertical and
borizontal distribution. Therefore, the calculations
for W must be done in an orderly manner so that
tributary weights as well as the overall weights can
be accounted for.

(1) Vertical distribution. For vertical distribu-
tion, the weight ‘‘w;"’ that contributes to story level
“x” is calculated separately for each floor (refer to
chap 8, para 3-3(E)). This generally includes the
weight of the complete floor system, plus one-half
the weight of the story walls and columns above the
floor level and one-half of the weight of the story
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walls and columns below thes floor level. If partitions
are laterally supported top and bottom, their weight
is divided between ths two floor levels; however, if
the partitions are free standing, the total weight is
included with thes supporting floor level.

(2) Horizontal distribution. The horizontal dis-
tribution of weight at each floor level is required in
order to calculats the center of mass (chap 3, para
3-3(E)5) and the diaphragm forces (chap 8, para
3-3(J)2d). The weight of the diaphragm and the ele-
ments tributary thereto (designated wp; in formula
38-9) include the floor system, tributary weights of
walls and partitions, and other elements attached to
the diaphragm. The weights of the shear walls (and
items attached thereto) that act in the same direc-
tion under consideration for the diaphragm, used
not be included in the weight of the diaphragm un-
less there is vertical discontinuity such that redistri-
bution of the shear wall weight to other shear walls

necessarily included in the weight W (fig 4-2).

4-4. Distribution of forces. The total lntcll
force is distributed throughout the buildinc
manner that simulates the behavior of the
during an earthquake.

a. Story Forces. The distribution of
force vertically along the height of the building is
determined by formula 3-7 (fig 4-1) except for those
buildings that are considered irregular. A sample
fmtiadotuminingetwyfmhabownln
table 4-4. The procedure given is based
sumption of a uniform building and is aimed at a

reasonable evaluation of the relative maximum
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Table 4-3. (S as a Function of T and T,
T
1 <0.3 | 0.5 0.75 | 1.00 | 1.25 | 1.50 | 2.00 | 3.00 | 4.00 | 5.00 | 6.00

0.5 .140 | .140 | .110 | .080 | .060 | .054 | .047 | .039 | .033 | .030 | .027
0.75 .140 | .136 | .116 | .098 | .082 | .065 | .047 | .039 | .033 | .030 | .027
1.00 140 | .130 | .113 | .100 | .089 | .077 | .057 | .039 | .033 | .030 | .027
1.25 140 | .124 | .109 | .099 | .090 | .080 | .065 | .039 | .033 | .030 | .027
1.50 .140 | .120 | .106 | .096 | .089 | .081 | .069 | .046 | .033 | .030 | .027
1.75 .140 | .117 | .103 | .094 | .088 | .080 | .070 | .052 | .033 | .030 | .027
2.00 137 | .115 | .100 | .092 | .086 | .079 | .071 | .055 | .040 | .030 | .027
2.50 133 | .111 | .097 | .088 | .083 | .077 | .070 | .057 | .046 | .036 | .027
Unknown | .140 | .140 | .116 | .100 | .090 | .081 | .071 | .057 | .046 | .036 | .027

FOOTNOTES TO TABLE 4-3

(1) If T is shorter than 0.3 seconds. This category covers moet shear wall buildings up to four stories and frame structures up to two
or three stories. When T is less than 0.3, the product of CS ranges from 0.133 to 0.140. Unless T, is known to be longer than 1.75 seconds,
useCS = 0.14.

o) At this period range, C equals 0.12.

& The effective value of 8 ranges from 1.11 to 1.17. There is only a 5 percent difference between maximum and minimum. The
minimum value of T/T, equals 0.3/2.8 equals 0.12; thus, from table 4-2, the minimum 8 equals 1.11. The maximum value of CS is 0.14
and C is equal t0 0.13; thus, the maximum value of S equals 0.14/0.12 equals 1.17.

{c) Some low rise moment resistant steel space frames may have calculated periods greater than 0.8 second. If the longer periods
are substantiated, a smaller value for CS may be justified. Refer to paragraphs 4-3d(4), (8) for period calculations and limiting values.

(8) If T is about 0.5 second. This category generally covers shear wall buildings in the order of ssven stories with a 50-foot base di-
mension or 10 stories with a 100-foot base dimension and frame structures up to five stories. CS ranges from 0.111 to0 0.140. If T, is un-
known or if the building is located on a relatively firm site, use CS equal to 0.14. It if appears that T, may be somewhat greater than 1.0
sscond, it may be worthwhile to substantiate a value for T, in order to use a value of CS less than 0.14.

(8) If T is between 0.5 second and 1.0 second. In this period range the values of CS are quite sensitive to period variations, ranging
from 0.14 to 0.08 (fig 4-4). The value of S will range from 1.2 to 1.5, depending on the various combinations of T and T,. The value of C
will range from 0.094 to 0.067 (table 4-1).

@) IfTis 1.0 t0 1.5 seconds. Unless it can be substantiated that the building is located on a firm site (e.g., T, less than 0.6T), the CS
value will be within about 10 percent of tha maximum values shown in table 4-3.

(8) If T is 2.0 to 4.0 seconds. In this building period range, the differsnce between a firm site and a soft site can affect CS by a factor
of 1.5; therefore, the costs of substantiating the value of T, may be justified.

(8) If T is greater than 5 seconds. When the building period is longer than 5.7 seconds, S equals 1.0 and T, has no effect on the value
ofC8.
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Table ¢-4 Force distribution
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The story force Fy is distributed horizontally at
level x in proportion to its mass distribution at that
lovel (refer to para 4-3A(2) and fig 4-4).

(2) Regular building with T>0.7 second. When
the period of the building is greater than 0.7 second,
a lateral force Fi, as determined by formula 3-6, is
applied to the top level of the structure, usually the
roof. Fy will vary from 5 percent (T = 0.7 second)
to 26 percent (T>3.6 seconds) of the lateral force V.
The remaining portion of the force (V - F;) is distrib-
uted throughout the height of the structure in
accordance with formula 3-7. The total applied force
at the level of the structure will be F; + F,,
where F, is the value of F obtained from formula
38-7 for the top level ‘‘n”’ (see fig 4-1).

(8) Additional comments on F, The rationale

for F; is based on the following assumption: For
buildings with periods greater than 0.7 second (e.g.,
tall and/or flexible structures), tha fundamental
made shape may depart from the straight-line as-
sumption (formula 4-1) and the effects of higher
modes of vibration may become more significant. To
account for this, a greater portion of the lateral force
is assigned to the top of the structure by use of F;
from formula 3-6. This additional force is intended
to increase the shear force and the equivalent story

acceleration at the upper stories; however, in some
cases the strict application of F; may result in exces-
sive forces for roof diaphragms and excessive
overturning moments at foundations. To lessen
thess effects for diaphragms, chapter 3, paragraph
3-3(J)2d, places a limit of 0.30ZIwp, on the required
diaphragm force; and for overturning moments at
foundations, the SEAOC Commentary suggests
that F; may be neglected. A better tion of
the force distribution may be made by using the
principles of dynamics which include the significant
modes of vibration (see para (4) below).

(4) Irregular and setback buildings. For irregu-
lar structures or framing systems (chap 3, para
8-3(E)8) or for setback buildings (chap 3, para
8-3(E)2), the lateral force cannot be distributed in
accordance with the arbitrary rules for uniform
buildings that are contained in formulas 3-6 and
8-17, but must be distributed by a rational procedure
that takes into account the stiffness properties of
the lateral force resisting system, the mass distribu-
tion, and the principles of dynamics. Refer to
SEAOC Recommendations, appendix C, for pro-
posed provisions on setback buildings. Conditions
of irregularity that require special design proce-
dures include the following:
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(a) Buildings with irregular configuration in
plan or in the vertical dimension (e.g., L-, U-, and T-
plan and setback buildings).

(b) Buildings with abrupt changes in lateral
resistance within any level or between adjacent lev-
els (e.g., discontinuity of shear walls or columns).

(c) Buildings with abrupt changes in lateral
stiffness within any level or between adjacent levels
(e.g., large change in size of shear walls or column
piers).

(d) Unusual or novel structural features.

b. Overturning. The overturning effects are deter-
mined by applying the story forces obtained from
_formulas 3-6 and 3-7 as illustrated in table 4-4 and
figure 4-1. The structure must resist these forces in
accordance with chapter 3, paragraph 3-3(F). In
moment-resistant frame structures, the overturning
is resisted by a combination of coupled axial column
forces and bending moments in the column. In shear
wall buildings, the overturning moments are re-
sisted by bending in the shear walls. When shear
walls are linked together by beams, axial forces are
transmitted to the shear walls. The distribution
between the resisting axial overturning forces and
bending moments are dependent on the relative
stiffnesses of horizontal and vertical structural
elements. Accurate determination of the resisting
forces can be complex; therefore, approximate

methods are generally used. One method may be
used for calculating the axial forces and another
method may be used for calculating bending mo-
ments and shears to assure that the structural
elements are not underdesigned. The forces for the
columns and shear walls must be transmitted to the
foundations. In zones of high seismicity, the appli-
cation of the design forces create an apparent over-
turning instability condition that is difficult to rec-
oncile with observations in past earthquakes. The
SEAOC Commentary suggests supplemental crite-
ria for determining overturning to the foundations
(also refer to para 4-4a(3) and 4-8).
¢. Direction of Force

(1) Horizontal forces. In general, the horizontal
design earthquake forces are applied nonconcur-
rently in the direction of each of the main axes of the
structure (chap 3, para 3-8(D)). However, in some
cases & more severe condition may occur when the
force is applied at a horizontal direction not parallel
to the main axes. For some elements of a building,
the effects of concurrent motion about both princi-
pal axes should be investigated.

(a) Buildings. An independent design about
each of the principal axes will generally provide
adequate resistance for forces applied in any direc-
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tion. Special consideration must be made at outside
corners and re-entrant corners for ths vulnerabile of
fects of concurrent motions about both principal
axes. An approved procedure for investigating the
effects of concurrent motion on the vulnerable de-
ments is to combine the seismic forces acting in the
direction on one axis with 0.3 times the force effects
resulting from the seismic forces acting in the
direction perpendicular to the first axis.

(b) Structures other than buildings. For struc-
tures circular in plan, such as tanks, towers, and
stacks, the design should be equally resistant in all
directions. For four-legged structures substantially
square in plan, seventy percent (70%) of the pre-
scribed forces should be applied concurrently in the
directions of the two principal axes, especially for
purpoees of designing for overturning effects on col-
umns and foundations.

(2) Vertical forces. Vertical components of
ground motion are not usually calculated but con-
sidered to be accounted for in the difference bet ween
the vertical load capacity and actual vertical loads
and in special provisions using reduced dead loads.
Such include the 0.9 factor for dead load
in chapter 6, formula 6-2, and chapter 7, formula
7-2, for considering the minimum gravity losds
(chap 3, para 3-8(J)2c). These reduced loads apply to
axial compression due to gravity in concrete col-
umns and walls when subjected to seismic bending
moments and uplift forces and to beam bending
moments due to gravity when combined with
seismic bending moments in the opposite direction
(i.e., bending moment reversal).

(a) Horizontal elements. In Seismic Zones 3

8-3(AM). An approved procedure for investigating
the effects of vertical accelerations for the horison-
tal prestressed elements is to rely on only fifty per
cent (50%) of the dead load as a minimum gravity
load when the lateral forces. Horisontal
cantilever elements should be checked for the cape-
city of the elements to resist a net upward force of
twenty percent (20%) of the dead load.

(b) Hold-downs. In Seismic Zones 3 and 4, the
design of hold-downs to resist bending moments and
uplift forces will use a maximum of 0.9 of the deed
load for gravity resistance.

d. Path of Forces. All of the inertia forces origh
nating from the masses on and off the structure
must be transmitted from their source to the base of
the structure (see fig 4-5 and 4-6).
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(1) Forces normal to the plane of a wall must be
transferred either vertically to the floors above and

below or horizontally to frames or shear walls. Theee

forces will be governed by formula 3-8.

(2) Diaphragms acting as horizontal beams
must transfer inertia forces to the frames and/or
shear walls. Theee forces will be governed by formu-
las 3-9 and 3-9A. In some cases, the diaphragm
forces are transferred to a collector member (or a
drag strut). This strut load must, in turn, be trans-
ferred to the shear wall.

(3) Frames and shear walls must transfer forces
contributed from the diaphragms as well as their
own inertia forces to the foundations. Theee forces
are governed by formulas 3-1, 3-6, and 3-7.

(4) Forces applied to the foundations by the
shear walls and frames must be transmitted into the
mnd.Soopanmph4—8fordeugnoffounda-

(B)Conmctionnbotmanebmummbo

capable of transferring the applied forces from one
element to another. Special design requirements for
connections are reviewed in paragraph 4-6.

e. Rigidity Analysis

(1) Horizontal forces. For rigid diaphragms,
the horizontal forces are transferred to the vertical
frames and shear walls in proportion to the relative
rigidities. When all the vertical elements (frames or
shear walls) are of equal size in a symmetrical build-
ing, the diaphragm forces are distributed equally.
When there are large differences or a lack of symme-
try, a rigidity analysis must be performed. When
the diaphragms are flexible, the horizontal forces
are transferred in proportion to tributary area. (See
chap 3, para 3-3(E)M, and chap 5, para 5-2d.)

(2) Horizontal torsional moments. For rigid
diaphragms, where the center of rigidity of the verti-
cal lateral elements (frames or shear
walls) is not coincident with the center of mass, pro-
visions must be made for this eccentricity. For a
symmetrical building, a minimum eccentricity of
5 percent of the maximum building dimension is re-
g.ui;;t,l-(ScochApS.plns-S(E)ﬁ.mdchps.m

(8) Distribution between shear walls and frames
(dual systems). When a dual bracing system is used
(table 3-3, Category 3, K = 0.80), a rigidity analysis
must be made to determine the interaction between
the walls and the frames. Generally for tall
buildings, shear walls deflect as vertical cantilevers
in a concave shape and frames deflect in a straight
line or convex shape (see fig 4-7). In a dual system
with rigid diaphragms, the shear walls and frames
are forced to deflect the same amount at each story:
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therefore, some force transfer must occur between
shear walls and frames. Shear walls tend to support
the frame at the lower stories and the frame tends to
support the shear wall at the upper stories (see fig
4-7). (Also, see chap 6, para 6-2d(3).)

f. Elements Not Part of the Lateral Force-Resist-
ing System. The elements designated as the lateral
force must be designed to resist
the total applied lateral force. In addition, all load-
carrying elements not designed to be part of the lat-
eral force-resisting system must be analyzed to de-
termine if they are compatible with the lateral
force-resisting system (see chap 3, para 3-3(J)1d and
6). Any element that is not strong enough to resist
the forces that it attracts or the interstory drifts

“ that occur will be damaged unless it is isolated from

the lateral force-resisting system.

8 Dynamic Apprrach. Alternative methods to
the static distribution of aeismic forces are permit-
ted by chapter 3, paragraph 3-3(I). Some basic
concepts are discussed in chapter 2, paragraphs 2-4
and 2-10.

4-5. Design of the structural elements. De-
sign of diaphragms, walls, and frames are covered
by chapters 5, 6, and 7, respectively. Theee struc-
tural elements must be designed for various com-
binations of loads and must satisfy certain deforma-
tion requirements.

a. Load combinations will be in accordance with
chapter 3, paragraph 3-8(J)2c.

b. Structural elements will be designed to resist
the combined axial, shear, and bending forces.

¢. Deformations will be governed by the provi-
sions for interstory drift (chap 3, para 3-3(H)1),
building separations (chap 3, para 3-3(H)2, and para
4-7), deformation compatibility (chap 3, para
3-3(J)1d), diaphragm deformation (chap 3, para
3-3(J)2d, and chap 6, para 6-2b), and exterior ele-
ments (chap 3, para 3-3(J)3d).

(1) For determining compliance with the defor-

mation provisions, only structural elements should
be considered in the stiffness calculations. It is un-

" conservative to include the stiffness participation of

nonstructural elements without substantiated data.
This is in contrast with the assumptions used in the
period calculation for obtaining values for C and S
(para 4-3d(4)). Thus, it is not uncommon to have one
set of stiffness assumptions for calculating the total
design lateral forces and another set of stiffness
assumptions for calculating the design lateral
displacemente. It is acceptable to calculate the
lateral deformations based on lateral forces corre-
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sponding to a building period Tp longer than the
period T used for the design lateral forces and with-
out the limit specified in paragraph 4-3d(5). An
example is given below.

(2) In the seven-story building example in table
4-4, C and 8 are based on a building period T of 0.8
second. The demign lateral forces include an addi-
tional top story force F, of 44 kips and a total lateral
period based on

the structure (para 4-3d(4)) and it exceeds the rec-
ommended maximum limit in paragraph 4-3d(5).
However, the period of 1.2 seconds may be used as
Tp to calculate the lateral forces used to determine
the lateral displacement. The resulting (Fi)p is 54
kipe and Vp is 644 kipe. Therefore, to calculate the
lateral displacement, the values of 54 kipe and 644
kipe may be used in iieu of 44 kipe and 791 kips, re-
spectively. This reduces the calculated displacement
from 2.7 inches to 2.2 inches. This displacement will
be multiplied by 1.0/K to determine drift compliance
or by 3.0/K to determine deformation compliance
with provisions in chapter 3.

d. The secondary effects of lateral deformation
(P-A effect), when significant, must be investigated

nections (seams and joints) between the structural
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a. Design Criteria. Special design requirements
for connections are included in the following para-
graphs of this manual.

(1) Chapter 3, paragraph 3-3iJ)1g, Braced
Frames. Connections of braced frames must be de-
signed to develop the full tension and compression
capacity of the members or they must be designed
for 1.25 times the design lateral force without the
usually permitted one-third increase.

(2) Chapter 8, paragraphe 3-9J)2d, Dia-
phragms; 3-34J)3a, Anchorage of Concrete or Ma-
sonry Walls; and 3-3(J)3b, Wood Diaphragms Used
to Support Concrete or Masonry Walls. Theee provi-
sions specify the minimum requirements for con-
necting floors and roofs to concrete and masonry

(3) Chapter 8 paragraph 3-3(J)3d, Exterior
Elements. Connections of precast or prefabricated

'non-bearing, non-shear wall panels or similar ele-

ments must be designed in accordance with special
provisions for story drift, seismic design forces, and
ductility.

(4) Chapter 5, Diaphragms; chapter 6, Walls;
chapter 7, Space Frames; and chapter 8, Reinforced
Masonry, provide additional minimum connection
requirements for lateral force-resisting structural
systems.

b. Forces. Forces to be considered in design of
connections between structural elements, in addi-
tion to lateral force shears, are axial loads, flexural
and torsions (twisting), as well as secondary or pry-
ing forces within connections—separately or com-
bined as applicable to the specific case. Theee forces,
at juncture seam along the intersection of ths struc-
tural elements, may be the resultant of gravity
loads, overturning, differential foundation settle-
ments, lateral forces both normal and parallel to
vertical elements, and shrinkage and thermal forces.
Positive means will be provided for transferring
shears from the plane of the diaphragm into the ver-
tical resisting elements, and also for transferring
wind or seismic forces from the vertical elements
into the diaphragm. In designing connections or
ties, it is necessary to make each and every connec-
tion consistent with the basic assumptions and dis-
tribution of forces. Provisions will be made in the
design of connections to lateral force movements in
walls arising from creep, temperature, and shrink-
age movements in decks, including steel beams or
girders when decking is fastened thereto. All signi-
ficant loadings must be considered, and the joints
and connections designed for forces consistent with
all reasonable combinations of loadings.
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¢. Details. Details of connections shall admit to a
rational analysis in accordance with well-established
principles of mechanics. Joints and connections may
be made by welding, bolting, by bond and
of reinforcement, by dowels, and by mechanical de-
vices such as embedded shapes and welded studs.
The transfer of shear may be accomplished by using
reinforcing steel extended as dowels coupled with
cast-in-place concrete placed between roughened
concrete interfaces. The entire shear should be
considered as transferred through one type of de-
vice, even though a combination of devices may be
available at the joint or support being considered
unless one is sure that the combination of devices
will act in unison. Becauss joints and connections di-
rectly affect the integrity of the structure, their
design and fabrication must be adequate for the
functions intended. Rotational forces resulting from
eccentric connections must be considered. In gen-

eral, elements and members should be detailed so
that torsion and moments are held to a minimum at
the connections.

d. Allowable Shear and Tension on Bolts in Cown
crete. Table 4-5 shows the maximum allowable
forces on steel bolts (A307 or better) embedded in
regular weight concrete (3,000 psi mimimum

. Values are based on a bolt spacing of at
least 12 diameters with a minimum edge distance of
6 diameters. The bolts will have a standard bolt
head or an equal deformity in the embedded portion.
In Seismic Zone Nos. 2, 3, and 4, an additional 2
inches of embedment will be provided for anchor
boits located in the top of columns. When combining
tension and shear forces on a bolt, the following in-
teraction formula is applicable:

ﬁs&crwn + ﬁmm <1.0 -2

Tabie ¢-5. Alloweble Shear end Tension on Bolts in Concrete!

Minimum
Diameter embedment?® Shear Tension®
(inches) (inches) (pounds) (pounds)
13 4 2,000 960
/8 4 2,000 1,600
84 [ 3,500 2,260
ms [ ] 4,100 3,200
1 1 4,100 3,200
l - l’. . "m m
1-1/4 ] 5,500 3,900

! Minimum concrete strength is 2,000 pei.

2 An additional 2 inches of smbedment will be provided for anchor bolts at tops of columns for buildings

located in Zones 2, 3, and 4.

3Where special inspection is provided tension values may be doubled.
Note. Adopted from Uniform Building Code, 1979 edition, by International Conference of Building

418




4-7. Special seismic detalling. Some of the

merated and discussed in the following paragraphs.
Also, refer to chapter 2, paragraph 2-9A.

a. Separation of Structures (chap 8, para S-H)S).
In past earthquakes the mutual hammering re
ceived by buildings in close proximity to ome
another has caused significant damage. The sim-
plest way to prevent damage is to provide sufficient
clearance 80 that free motion of the two structures
will result. The motion to be provided for is pro-
duced partly by the deflections of the structures
themselves and partly by the rocking or settling of
foundations. The gap must equal the sum of the to-
tal deflections from the base of the two buildings to
the top of the lower building.

(1) In the case of a normal building, less than 80
feet in height using concrete or masonry shear walls,
the gap shall be not less than the arbitrary rule of 1
inch for the first 20 feet of height above the ground
plus 1/2 inch for each 10 feet of additional height.

(2) For higher or more flexible buildings, the
gap or seismic joint between the structures should
be based on 8/K times the deflections determined
from the required (prescribed) lateral forces. If the
design of the foundation is such that rotation is ex-
pected to occur at the base due to rocking or due to
settlement of foundations, this additional deflection
(as determined by rational methods) will be in-
cluded. .

b. Seismic Joints. Junctures between distinct

parts of buildings, such as the intersection of a wing -

of a building with the main portion, are often de-
signed with flexible joints that allow relative
movement. When this is done, each part of the build-
ing must be considered as a separate structure that
has its own independent bracing system. The crite-
ria for separation of buildings in paragraph a above
will apply to seismic joints for parts of buildings.
Seismic joint coverages will be made flexible, water-
proof, and architecturally acceptable.

(1) An example that is frequently found in large
one-story industrial buildings with a relatively flexi-
ble frame follows:

At one end of the industrial building it is desired to
provide a small office section with stiff exterior or
interior walls. The office unit is relatively much stif-
for than the rest of the building. If these two units
are tied together, the horizontal force of the entire
structure will be delivered to the small stiff unit
which may be incapable of resisting such large
forces (or excessive torsion may be developed in the
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larger structure). Extensive damage has besn ob-
served from past earthquakes which can be attrib-
uted to the omission of such separation. A separa-
tion between the two units will be required in such
cases.
(2) As an alternative to integral construction or
full separation, a properly substantiated separation
by a mechanical acting joint designed to take appro-
priate forces and displacements is permitted.

c. Bridges Between Bulldings. Certain types of
structures commonly found in industrial installa-
tions are tied together at or near their tops by
connecting parts such as piping, conveyors, ducts,
etc. For instance, it may be necessary to comnect
two buildings by a covered bridge or passageway. In
most cases it would not be economically feasible to
make such a bridge sufficiently rigid to force both
buildings to vibrate together. A sliding joint at one
or both ends of the bridge can usually be installed.
In general, it is preferable to avoid bridges between
buildings in Seismic Zone Nos. 3 and 4.

d. Stairways. Stairways may be considered as in-
clined extensions of horizontal diaphragms. Since
the stairway has a vertical component it must be
considered as a vertical shear wall and designed as
such or be cut loose 80 as not to act in the case of
.earthquake shock. If the stiffness of the stairway
acting as an inclined vertical shear wall is relatively
small when compared to other vertical resisting ele-
ments in the building, the problem becomes less
important. Thus, in general, the use of concrete
‘stairs in a stiff building with masonry or concrete
walls may be satisfactory. However, more flexible
steel stairs should generally be used in buildings
having a flexible moment-resisting frame. Interior
stairs usually creats a hole in the diaphragm which
should be treated as an opening in the web of a plate
girder.

¢. “Short-Column' Effects. Whenever the lateral
deflection of any column is restrained, when full-
height deflections were assumed in the analysis, it
will carry a larger portion of the lateral forces than
assumed. In past earthquakes, column faflures have
frequently been inadvertently caused by the stiffen-
ing (shortening) effect of deep spandrels, stairways,
partial-height filler walls, or intermediate bracing
members. Unless considered in the analysis, such
stiffening effect shall be eliminated by proper detail-
ing for adequate isolation at the juncture of the
column and the resisting elements.

4-8. Design of foundations. The foundations
must be designed for the seismic forces transmitted
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by the shear walls and frames of the lateral force-
resisting system. The media used for the transmis-
sion of horizontal forces may be friction between
floor slab and ground; friction between bottom of
footing and ground; and/or passive resistance of
earth against vertical surfaces of footings, grade
beams, or basement walls. The overturning effects,
which require a careful analysis of permissible over-
loads for combined effect of vertical and lateral
loads, will be made as part of the foundation design
(refer to para 4-4b and to the SEAOC Commentary
on overturning for additional discussion of over-
turning effects). Resulting temsile forces mnust be
resisted by anchorage into the foundation. Stability
against overturning must be provided for the short-

time loading during an earthquake (or wind) without
unpomng such restrictions as to create wide dispar-
ity in foundation settlements under normal loading.

This disparity could creats more damage to the
structure than that which might occur in an earth-
quake under highly increased soil pressures. The soil
pressure resisting combined static and prescribed
seismic loads can generally exceed the normal
allowable pressure for static loads by 1/3. However,
the various types of soils react differently to short-
time seismic loading and any increase over normal
allowable static loading will be confirmed by a soils
analysis. In no case will the footing size be less than
that required for static loads alone. Earthquake vi-
brations may cause consolidation or liquefaction of
loose soils, and the resultant settlement of building
foundations usually will not be uniform. In the case
of rigid structures suppon;ua on individual spread
footings bearing on such material, excessive differ-
ential settlements can result in damage to the
superstructure. Stabilization of the soil prior to con-
struction or the use of piles, caissons, or deep piers
bearing on a firm stratum may be the solution to
this problem.

a. Foundation Ties. This paragraph supplements
the design criteria of chapter 3, paragraph 3-3(J)3c.
Individual pile, caisson, and deep pier footings of
every building or structure in Seismic Zones 2, 3,
and 4 will be interconnected by ties. For Seismic
Zone 1, provide ties only when surrounding soil has
low passive resistance valucs. Each tie will be
designed to carry an axial tension and compression
horizontal force equal to 1/10 the larger pile cap
loading. Isolated spread footings on soil with a low
passive resistance will also be tied together in a way
to prevent relative movement of the various parts of
the foundation with respect to each other. Passive
resistance values vary greatly with type of soil and
depth. Adequacy of passive resistance should be de-
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termined by the soils specialist. Passive resistance
or lateral bearing values are permitted only where
concrete is deposited directly against natural
ground or the Lackfill is well compacted. Passive re-
sistance should not be used where the lateral bear-
ing surface is close to an excavation unless such ex-
cavation is carefully backfilled with well

material. The shear in the earth between such bear-
ing surface and open or poorly compeacted excava-
tion or a similar

side of the pile, pier, or caisson. The upper soils may
not have sufficient lateral bearing value to resist the
lateral forces. This creates bending in the piles
which must be provided for in the design. Where a
building is supported on piles driven through very
poor material it is frequently economical to drive
batter piles to take care of horizontal shear transfer
to the ground. In instances where footings are sub-
jected to lateral thrusts due to applied vertical
loads, such horizontal thrust will be added to the
lateral seismic force indicated above. An example of
this case could be the outward thrusts on footings of
arigid gable bent due to applied vertical loads. The
ties can be formed by an interconnecting grid net-
work of reinforced concrete struts or structural steel
shapes encased in concrete. As an alternate, a rein-
forced concrete floor slab, doweled to walls and
footings to provide restraint in all horizontal direc-
tions, may be used in lieu of the grid network of ties.
Slabe-on-grade will not be used as ties when signifi-
cant differential settlement is expected between
footings and slab. In such cases, slabs-on-grade will
be cut loose from footings and made free floating
(note that the effective unsupported height of the
wall is increased for this condition). Strut ties placed
below such slabe shall be cushioned or separated
from the slab sufficiently so that slab settlement
will not damage the strut ties. Alternatively, it may
be more economical to overexcavate the soil under
the footings and recompact to control differential
settlements and to increase passive resistance so as
to eliminate need for footing ties.

b. Pile Foundations. For pile-supported struc-
tures subjected to horizontal loads, it must be
decided whether the lateral load-carrying capacity
of the vertical piles is adequats or whether batter
piles should be used. The lateral load-carrying ca-
pacity of vertical piles is dependent on the proper
ties of the soil; the size, length, and material of the
pile; and the pile grouping and spacing. These fac-
tors should be taken into consideration in estimat-
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ing the ability of vertical piles to withetand the hor-
izontal loads.

4-9. Parts and elements of bulldings. Parts
and elements of buildings and their anchorages will
be designed for forces in accordance with chapter 3,
paragraph 3-3(G), formula 3-8, and table 3-4.

a Structural elements include walls and parapets
with lateral loads normal to the flat surface, dia-
phragms as horizontal beams (chap 3, para 3-3
(J)2d), and penthouses (chimneys and smokestacks
are covered in para ¢ below). Theee elements will be
designed to resist the specified lateral forces as well
as to transfer these forces to the structural system
of the building through proper connections.

b. Architectural elements include partitions, or-
namentation, suspended ceilings, exterior panels
(chap 3, para 3-3(J)3d), and storage racks. Architec-
tural elements are covered in chapter 9.

c. Mechanical and electrical elements, which are
covered by chapter 10, include chimneys and smoke-
stacks, as well as equipment and machinery. For
rigid and rigidly attached equipment and machin-
ery, the force factors of table 3-4 will be used; but
for flexible and flexibly mounted equipment and ma-
chinery, the special provisions of chapter 10 are
required. When the mechanical and electrical ele-
ments are part of the life safety system, an “I"
factor of 1.5 will be used. :

4-10. Structurés ether than buildings. This
manual is concerned with the design of
buildings; , provisions are also included for
some other than buildings. When these
structures ar¢ designed in accordance with formula
3-1in 3, paragraph 3-3(D), a K-value of 2.0

or 2.5 is used as specified in table 3-3. This higher .

value is justified by the assumption that these
structures will generally have lower damping char-
acteristics, less inelastic deformation capacity, and
less redundancy than typical buildings. Procedures
and guidelines for structures other than buildings
are included in chapter 11.

4-11. Final design censiderations. After the
structural elements have been selected and anal-
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yzed, a final design check must be made to verify
that the initial assumptions are correct, and
whether or not the resulting structure satisfies the
intent of the seismic provisions.

a. Compare Final Sizes With Initial Estimates

(1) Weights. Compare the final weights of the
building with the weight used to determine the seis-
mic forces. If the weight has increased significantly
(say over 5%), redesign will be necessary.

(2) Stiffness. If the final member sizes are sub-
stantially different than the initial estimates, a re-
evaluation of the design will be necessary (see para
(3) and (4) below). If the relative stiffnesses of the
varying elements have changed significantly, the
distribution of lateral forces must be re-evaluated.

(3) Period. If the initial period was determined
by a method using structural properties and defor-
mation characteristics, such as in formula 3-3, the
initial stiffness and weight properties must be com-
pared to the final properties of the structure. If the
final period is shorter than the initial period that
was used to calculate the lateral forces, a new set of
forces must be calculated and applied to the struc-
ture.
(4) Displacements. If the final stiffness, period,
or forces have changed substantially, displacements
will have to be recalculated to check for compliance
with the various provisions for drift and deforma-
tion.

b. Path of Forces. Upon completion of the design,
a final check will be made to determine that all the
inertia forces can be transmitted without instability
from their source to the base of the structure. (See

para 4-4d.)

¢. Details. Check the structural details to assure
that the intent of the deeign calculations and the
seismic design detailing are properly provided for on
the construction drawings.

d. Specifications. Check the specifications to as-
sure that the intent of the design calculations,
material strength assumptions, and the seismic de-
sign detailing are properly provided for in the job
specifications.

4-&,‘
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CHAPTER §
DIAPHRAGMS

foru'ibum'dchuandp.thofmm
tively.

a. Function. Horizontal forces at any floor or roof
level are distributed to the vertical resisting ele-
ments by using the strength and rigidity of the floor
or roof deck to act as a diaphragm. Horizontal brac-
h(maybouudeo.ctuldhphnmwhm
the horizontal forces to the vertical resisting
elements.

(1) Diaphragms. A diaphragm may be consid-
ered analogous to a plate girder laid in a horizontal
{or inclined in the case of a roof) plane where the
floor or roof deck performs the function of the plate
girder web, the joists or beams function as web stiff-

N8 = North-South direction

EW = East-West direction

¢ = Distance betwesn center of gravity (CG) of forces
and center of rigidity (cr) of the vertical resisting
clements

RR = Relative rigidity

V = Shear (or reaction)

A, =Deflection of vertical slement

&4  =Deflection of diaphragm

eners, and the peripheral beams or integral rein-
forcement function as flanges (fig 5-1, 5-2, and 5-3).
A diaphragm may be constructed of materials such
as concrete, wood, or metal in various forms. Combi-
nations of materials are possible. Strength criteria
for such materials as cast-in-place reinforced con-
crete and structural steel are well established and
present no problem to the designer once the loading
and reaction system is known. Other materials fre-

tics but have required tests to demonstrate their
ability to resist lateral forces. Various types of wood
sheathing and steel decks fall in this category.
Where a diaphragm is made up of units such as ply-
wood, precast concrete floor units or steel deck
units, its characteristics are, to a large degree, de-
pendent upon the attachments of one unit to an-
other and to the supporting members.

(2) Horizontal bracing system. A horizontal
bracing system may be of any approved material,
such as reinforced concrete, structural steel or wood.
The bracing system will be fully developed in both
directions so0 that the bracing diagonals and chord
members form complete horizontal trusses between

_ vertical resisting elements (fig 5-4). Deflections and

span/depth
apply to diaphragms (see para d, ¢, and f below) also
apply to horizontal bracing systems. The general
bracing system and sizing of members
must be determined for each individual case.

b. Symbols and Notations. Additional terminol-
ogy which relates to diaphragms and which will be
used in this chapter is shown below:

> —




TM 5-809-10
NAVFAC P-355
AFM 88-3, Chap. 13

Floor Slab (Web)

-jvSpmdrol Bean ll.

_ or Wall (Flange)

Depth

Figure 5-1. Floor Slab Diaphragm

chord used as a diaphraga,
Depth

(Flange) [ Horizontal truss in plane of lower

(Flange)

| g
Figure 5-3. Truss Diaphragm

Pigure 5-4.

5-2

Bracing an Industrial Building

Upper chord shown

as truss diaphragm.
The truss diaphragm
may also be in lower
chord as shown in
Figure 5-3.




originating from the weight of the diaphragm
and the elemente attached thereto, as well as forces

that are required to be transferred to vertical resist-
ing elements because of offsets or changes of stiff-
mess in vertical resisting elements above and below
the diaphragm (chap 4, fig 4-5 and 4-6).

d. Distribution of Seismic Forces. The total shear,
whichindnduthoforesoontrihudthrmghtho
diaphragm as well as the forces contributed from
the vertical resisting eolements above the dia-
phragm, at any level will be distributed to the var-

mvcﬁaldemcntaofthohtcdﬁotundﬁu‘

system (shear walls or moment resisting frames) in
Pproportion to their rigidities considering the rigidity
of the diaphragm. The effect of stiffness
on the distribution of lateral forces is discussed and
mnymumudwow(ngs-tg. For this
purpose, diaphragms are classified into five groups
of flexibilities relative to the flexibilities of the
walls. Theee are rigid, semi-rigid, semi-flexible, flex-

diaphragm will be considered
to distribute the lateral forces to the vertical resist-
ing elements on a tributary load basis. A flexible

or masonry masees (fig 5-5(d)).
(3) Semi-rigid and semi-flexible diaphragms are
those which have t deflection under load

butvhiehnhohlvomfﬂcimtoﬁﬁnuotodimibuu-

aporﬂonofthdrloodwvcﬂedmuinm
portion to the rigidities of the vertical resisting
dnnu.’l‘hoacﬁoninmnlogouswamﬁnm
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(4) Torsional moment is generated whenever
thoemterofgnvlty(cg)ofthohtcalformhﬂlto
cdnddowiththoenwofdgidity(a)ofthovuﬂul
udmgdanents.mvidingthodhphngmhmf-
ﬁdcntlyrlg&dtotnmfctordon.'l‘homngnitudeof
thototdonalmommtthathnquindwbodhmb-
uted to the vertical resisting elements
phrmhdwcmh.dbythohgcofthoﬁollowlng:
(l)tbmofthomomtaautedbythophydal
eeeanﬁdtyofthotrmalaﬁondformatthobvdof
thodhphmfmmthomwofrigidityoftho
resisting elements (Mt = Fye, where ¢ = distance
megunda)c(b)tbelumofthemu
created by an “acciden

eqnivahnttotheowryshmlcﬁngwlthaneeeen-
tridtyofnotleuthnnb%ofthemximumbuﬂding
at that l:ivlldbom m 3-3(E)6). The

torsional moments through rigid
to the vertical elements in a
Mhodmhooultoth.tordonformuhf-'l‘cl.l
(fig 6-6). Thus the torsional shear forces can be ex-
pressed by the formula Fr=Mrkd/Fkd*, where k is
tho!ﬂfhuaofthowrﬂulndaﬁngehmenu.dh
the distance from the center of rigidity, and . Zkd*

- computer techniques)
proach can be used (refer to SEAOC
on horizontal torsional momente). When dia-
mmmmuwwmwm
ing elements (e.g., wood floor and con-
crete or masonry shear walls), it will be assumed
that the cannot transmit torsional mo-
ments, thus there will be no torsional distribution.
Cnntilcvcdhphnamonthoothchndwmdit
tribuutnmhtiomlforeuwvertiulud-ﬁngdo-
ments, even if the diaphragm is flexible. In this
case, the diaphragm and its chord act as a flexural
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Figure 5-5.
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RR = Relative Rigidities

(a) Schematic Plan
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1 —deck

(b) Rigid Disphrage

- Vertical
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(c) Semi-Rigid Diaphragm
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(d) Flexible Disphrage
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Diaphragm Flexibilities Relative to

Negative torsional shears

(:) No Rotation (b) Rotation on Rigid
on Diaphragm Diaphragm
Figure 5-6. Torsional Moments on Diaphragms
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beam supported by the vertical resisting elements
(fig 5-6(c)).

¢. Diaphragm Deflections. A diaphragm will be
designed to provide such stiffness and strength so
that walls and other vertical elements laterally sup-
ported by the diaphragm can safely sustain the
stresess induced by the response to seismic motion.
The total computed deflection (Ag) of diaphragms
under the prescribed static seismic forces consists of
the sum of two The first component is
the flexural deflection (4¢) of the diaphragm which is
determined in the same manner as the deflection of
beams. The assumption thet flexural stresess on the
diaphragm web are neglected will be used except for
reinforced concrete slabs. For such slabs the propor-
tional flexural stresses also may be assumed to be
carried by the web. The second component is the
web (shear) deflection (Ay) of the diaphragm. The
specific nature of the web deflection will vary de-
pending on the type of diaphragm. The total deflec-
tion of the diaphragm under the preecribed static
forces will be used as the criteria for the adequacy of
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the stiffness of a diaphragm. The limitation on de-
flection is the allowable amount prescribed for the
relative deflection (drift) of the walls between the
lovel of the and the floor below. Refer to
chap 6, fig 6-2 and para 6-2b. The limitation im-
posed on diaphragms supporting flexible walls is a
maximum span-to-depth ratio, see table 5-1.

f. Flexibility Limitations. The determination and
limitations of the deflections of a diaphragm is a de-
sign function. The deflections of some diaphragms
can be computed with reasonable accuracy. How-
ever, other diaphragms have characteristic and fab-
rication variables making an accurate solution of de-
flection characteristics meaningless. Thus the
methods of determination of the deflection char-
acteristics for diaphragms of all materials given
herein will be used to keep the range of diaphragm
deflections within reasonable limits.

(1) P-factor. In order to provide a means of
properly classifying and identifying the stiffness of
a diaphragm web, the factor ‘‘F*’ will be introduced.
The factor F is equal to the average deflection in

TABLE 5-1. Plexibility Limitation on Diaphragms

Span/Depth Limitations
Mazximum
Flexibility Span No torsion considered Torsion considered
category F (foot) in diaphragm? in diaphragm?
Brittle Flexible  Brittle Flexible
walls! walls walls! walls
Not Not
Very Over tobe tobe
flexiblet 160 50 used 2:1 used 1-1/2:1
Not
tobe
Flexible 70-160 100 21 31 used 21
Not
Semi- . tobe
flexible 10-70 200 2-1/2:1 41 used 2-1/2:1
Semi-rigid 1-10 300 31 51 21 31
Lese Deflection Deflection
than regm't No reqm’t
Rigid 1 400 only limitation only 3-1/2:1
Notes:

1Walls in concrete and unit-masonry are classified as brittle; in all cases, check allowable drift before selecting type of diaphragm.

3When applying these limitations to cantilever diaphragme,

3No torsion in diaphragm other than the 5% “accidental” torsion required by chapter 3, paragraph 3-3E)S.

4For Zones 1 and 2, diagonally sheathed and plywood diaphragms in the *Very Flexible' category may be used to support laterally
masoary and concrete walls in one-story buildings where the diaphragm is not required to act in rotation.

the span/depth ratio shall be limited to one-half that shown.
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micro inches (millionthe of an inch) of the diaphragm
web per foot of span stressed with a shear of one

pound per foot. Expressed as a formula this be-
comes:

F where (6-1)

L; = Distance in fest between vertical resisting element
(such as shear wall) and the point to which the
deflection is to be determined

Qeve ™ Average shear in diaphragm in pounds per foot
over length L,

A, = Web component of A4

Using the factor F, the flexibility categories of dia-
phragm webe have designated values as prescribed
in table 5-1. The span-depth limitations do not di-
rectly reflect deflections. The web deflection will be
determined by the equation

o Awx10*
Gaveln

QuvelaF
108 6-2)

(2) Determination of F-factors. The equations
for use in determining the strength and stiffness ca-
pabilities of various diaphragm materials have in
most cases only been published in the literature of
the companies supplying these materials. These
have been based usually on a limited number of
tests and have been derived empirically to fit the
test data available to them. As more and more tests
were run, these equations were altered to incorpo-
rate the new data. This led to many somewhat sim-
ilar equations for identical diaphragm components
supplied by different manufacturers. The equations
used in this manual have been developed using as a
basis all of the test data made available to the
Triservice Seismic Design Committee at the time of
the last edition of this manual (April 1973) and may
be subject to some revision in the future as new data
are obtained.

8-3. Diaphragm selection. In most buildings it
is economical to use the roof and floor systems as
diaphragms; therefore, the overall structural sys-
tem, including the vertical load resisting elements,
affects the selection of the diaphragm (or horizontal
bracing) system. The selected system must be com-
patible with the criteria governing the vertical load-
carrying capacities and the fire resistant qualities.
Relative costs of various types of suitable dia-
phragms should be investigated to achieve the
greatest economy. Some of the most common items
that affect the selection of the diaphragm system
are summarized below.

a. Transverse Frames and Longitudinal Walls or

Ay =

-6

tion should be given to the selection of a horizontal
steel bracing system as a diaphragm. If the frames
are of reinforced concrete, a concrete deck will nor-
mally be used. When applicable, torsion will be con-
sidered (para 5-2d(4)).

b. Multi-Story Frame Structures. For tall, multi-
story buildings with moment resisting frames, dia-
phragms will be rigid enough to distribute horizon-
tal forces and torsion in proportion to the relative
rigidities of the frames. A more flexible diaphragm
on such structures must be avoided because it will

beams or other members) at the edges will resist the
bending moments. Webs of precast concrete units or
metal deck units will require details for joining the
units to each other and to their supports so as to dis-
tribute shear frrces. Boundary members at edges of
diaphragms must be designed to resist direct tensile
or compressive (chord) stresses, including adequate
splices at points of discontinuity. For instance, in 2
steel frame building the spandrel beams acting as a
diaphragm flange component require a splice design
at the columns for the tensile and compressive
stresses induced by diaphragm action.

(1) Openings. Diaphragms with openings, such
as cut-out areas for stairs or elevators, will be ans-
lyzed similarly to a plate girder with a hole in the
web, and require complete detailing to show that all
the stresses around the opening will be developed.

(2) L- and T-shaped buildings. The L- and T-
shaped buildings will have the flange (chord)
stresses developed through or into the heel of the L
or T. This is analogous to a girder with a deep
haunch.

d. Braced Frame Systems. When planning a
bracing system of a building, consider the structure
as a whole. Visualize the ways in which the struc-
ture might fail and provide bracing with adequate

j—




strength and rigidity to keep the structure upright.
Before deciding upon the position of bracing, the
structural engineer must be certain just where every
obetruction and other controlling features will be
located (see para 5-8). (Refer to chap 6, para 6-2d,
for vertical bracing.)

e. Connections. Connections and anchorages be-
tween the diaphragms and the vertical resisting
elements will be designed to conform to chapter 3,
paragraphs 3-3(J)1g, 2d, 3, and chapter 4,
paragraphs 4-4d(6) ard 4 -6.

5-4. Concrete diaphragms. a. General Design
Criteria. The criteria used to design concrete dia-
phragms will be ACI 318-77 (except appendix A) as

modified by this paragraph. Concrete diaphragm

webs will be designed as concrete slabe which may
be designed to support vertical loads between the
framing members or rest on other vertical load-car-
rying elements such as precast concrete elements or
steel decks. If shear is transferred from the dia-
phragm web to the framing members through steel
deck fastenings, the design will conform to the re-
quirements in paragraph 5-6, Steel Deck Dia-
phragms.

b. Span and Anchorage Requirements. The fol-
lowing provisions are intended to prevent dia-
phragm buckling.

(1) General. Where reinforced concrete slabe are
used as diaphragms to transfer lateral forces, the
clear distance (Ly) between framing members or me-
chanical anchors shall not exceed 38 times the total
thickness of the slab (t).

(2) Cast-in-place concrete slabs not monolithic
with supporting framing. When concrete slabs are
not monolithic with the supporting framing mem-
bers (e.g., slabs on steel beams) the slab will be
anchored by mechanical means at intervals not ex-
ceeding four feet on center along the length of the
supporting member. This anchorage is not a com-
puted item and should be similar to that shown on
figure 65-7. For composite beams, anchorages pro-
vided in accordance with AISC provisions for com-
posits construction will meet the requirements of

this paragraph.

(3) Cast-in-place concrete diaphragms yertically
supported by precast concrete slab units. If the slab
is not supporting vertical loads but is supported by
other vertical load-carrying elements, mechanical
anchorages will be provided at intervals not exceed-
ing 88;. Thus, the provisions of (1) above will be sat-
isfied by defining L, as the distance between the
mechanical anchorages between the diaphragm slab
and the vertical load-carrying members. This me-
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chanical anchorage can be provided by steel inserts
or reinforcement, by bonded cast-in-place concrete
lugs, or by bonded roughened surface, as shown on
figure 5-8. Positive anchorage between cast-in-place
concrete and the precast deck must be provided to
transmit the lateral forces generated from the
weights of the precast units to the cast-in-place
concrete diaphragm and then to the main lateral
force resisting system.

(4) Precast concrete slab units. If precast units
are continuously bonded together as shown on fig-
ure 5-9, they may be considered concrete dia-
phragms and designed accordingly as described
hereinbefore. Intermittently bonded precast units
or precast units with grouted shear keys will not be
used as a diaphragm.

EXCEPTION: In Seismic Zone 1 (fig 5-9a),
the use of hollow core planks with grouted
shear keys is permitted. Also the use of con-
nectors, in lisu of continuous bonding, for
precast concrete members is permitted if the
following considerations and requirements
are satisfied:

(a) Conformance with Prestressed Concrete
Instituts (PCI)—Design Handbook seismic
design requirements.

(b) Shear forces for diaphragm action can be
effectively transmitted through the connect-
ors. The shear will be uniformly distributed
throughout the depth or length of the dia-
phragm with reasonably spaced connectors
rather than with a few which will have local-
ized concentration of shear stresses.

(c) Connectors will be designed for at least
two times the actual shear force.

(d) Detail structural calculations be made
including the localized effects in concrete
slabe attributed from these connectors.

(e) Sufficient details of connectors and em-
bedded anchorage be provided to preclude
construction deficiency.

(6) Metal formed deck. Concrete slabs that are
cast by use of metal formed deck shall be governed
by either the requirements of paragraphs (2) above,
or the requirements of paragraph 5-6d, Deck with
Concrete Fill, depending on the characteristics of
the metal formed deck.

c. Special Reinforcement. Special diagonal rein-
forcement will be placed in corners of diaphragms as
indicated in figure 5-10. Typical chord reinforce-
ment and connection details are shown in figure
5-11.

d. Flexibility Factor. The web stiffness factor F
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(see para 5-2f) will be determined by the following
formula:

10*
8.5tw! VT,
where:

t = Thickness of the slab in inches

w = The weight of the concrete in pounds per cubic foot.
Minimum value of w will be 80 pounds per cubic
foot.

f. = The compressive strength of the concrete at 28

days in pounds per square inch.

Diaphragms of this type are in the rigid category of
stiffness and are usually limited only by the appro-
priate deflection limitations. The deflections of this
type of diaphragm will be determined using the
unfactored loads specified in chapter 3, paragraph
8-3, when controlled by the limits indicated in
paragraphs 6-2¢ and /.

¢. Electrical Raceways. The placement of eloctri-
cal raceways in concrete topping slabs r=ay result in
the slab being ineffective as a diaphragm. The effect
of the loss of concrete section will be considered.
Coordination of structural diaphragm slab with elec-
trical plans will be provided.

§-5. Gypsum diophragms, cast-in-place.
a. General Design Criteria. The following criteria
will be used to design cast-in-place gypsum dia-
phragms.
b. Shear Capacity
(1) The allowable diaphragm shear on poured
gypsum concrete diaphragms will be as shown in

F = (6-3)

tables 5-2 through 6-4 for roof systems using sub-
purlins and electrically welded wire mesh.

(2) In lieu of tables 5-2 through 5-4, the fol-
lowing formula will be used to determine the
allowable shear of the diaphragm.

@ = [.lOl.tC; + l.000(hd| + kgd’)p, 5-4)

where

qQp = Allowable maximum shear per foot on diaphragm in
pounds per linear foot. The one- third increase usu-
ally permitted to working stresses in seismic design
is not applicable.

fg = Oven-dry compressive strength of gypsum in p.si
:3.472 13 by tosta v

C; = 1.0 for Class A gypsum concrete; 1.5 for Class B

gypsum concrete.

Cs = 1.4 for Class A gypsum concrets; 1.0 for Class B

gYpsum concrete.
t = Thickness of gypsum between subpurlins in inches.

k, = Number of mesh wires per foot passing over

subpurlins.
d; = Diameter of mesh wires passing over subpurlins in
ks = Number of mesh wires per foot paralld to
subpurlins.
ds = Diameter in inches of mesh wires parallel to
subpurlins. .
c. Flexibility Factor. The factor F (para 5-2¢ and
/) for determination of diaphragm stiffnees and de-
flections will be determined by the formula

140
F= —— (6-6)
AT
where
Qp = The allowable shear specified in tables 5-2 through
8-4 or Formula 5-4 in pounds per foot.

Table 5-2. Shear Values of Poured Gypsum Diaphragms
| Poured *ALLOWABLE SHEAR VALUES (qp)
Compressive . Gypsum
Class Strength Thickness Mesh Bulb Tees Trussed Tees
" 4 x 8
A 500 2% - 14 Not Allowed 890
A 500 PIVI R Not Allowed | 1,040
10 - 10 ’
B 1,000 | 228 1,040 1,040
’ 12 - 14 ’ : ’
6 x 6 K
B 1,000 2%" 15 1,140 ;1,140
NOTE: *1/3 increase usually permitted on working stresses in seismic
design not applicable.
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Table 5-3. Shear on Anchor Bolts and Dowels -
Reinforoed Gypeum Comcrete*
Bolt or Dowel Size Embedment Shears
(Inches) (Inches) (Pounds)
3/8 Bolt 5 250
1/2 Bolt 5 350
5/8 Bolt 5 500
3/8 Deformed Dowel 6 250
1/2 Deformed Dowel 6 350

NOTES: *1/3 increase usually permitted on working stresses in seismic
design is not applicable.

See Details Al and A3 in Figure 5-12.

Table 5-4. Maximum Shear on Trussed Teecs*

Class A 840 pounds per foot

Class B 1;140 pounds per foot

NOTES: *1/3 increase usually permitted on working stresses in seismic
design is not applicable.

See Details A2, A4, and A5 in Figure 5-12.
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This indicates that the diaphragm will be in the
semi-rigid category, however the span-depth and
span limitations of the semi-flexible diaphragm
should be used for this type of diaphragm.

d. Typical Details. Refer to figures 5-12, 5-13,
and 5-14.

§-6. Steel Deck Diaphragms (Single and Mul-
tiple Sheet Decks). a. General Design Criteria.
The following criteria will be used to design steel
deck diaphragms. Three general categories of steel
deck diaphragms are Type A (para 5-6b), Type B
(para 5-6¢c), and Decks with Concrete Fill (para
5-6d).

(1) Typical deck units and fastenings. The deck
units will be compoeed of a single fluted sheet or a
combination of two or more sheets fastened to-
gether with resistance welds. The special attach-
ments used for field attachments of steel decks are
shown in figure 5-15. In addition to those shown,
standard fillet (1/8 inch X 1 inch) and butt welds are
also used. The depth of deck units shall not be less
than 1-1/2 inches.

(2) Definitions of special symbols. Definitions
of the special symbols used in the determination of
the working shears and flexibility of steel deck dia-

phragms are as follows:

] = Number of seam attachments in span L, along a
seam.

= Average spacing of profile channel closures, in
foot

- Cn;cwenwlpadn‘ofmmldohfut.
Usually L\/a.

= Spacing of marginal welds in feet.

= Width of deck unit in feet.

= ]

= ] for button-punched seams; 40t,!21,, for welded
seams.

= ] for button-punched seams; 1560t,1,, for welded
seams.

L pove &

[}

C, = ] for button-punched seams; L, for welded
seams.

C; = 12 for continuous angle closure; 1 for

1.44

continuous see closure; &, for profile channel
closure.

d = Distance in fest between outermost puddle

weuds attaching a deck unit to the supporting

framing member.

Components contributing to the flexibility

factor F (F = IF,). See paragraph 5-2f.

fe - Comprndvumahofﬁnmnndayu
in pounds per square inch.

h = Height of fluted elements in inches (1-1/2 inch
minimum).

Fify.. =

T™ 5-809-10
NAVFAC P-355
AFM 88-3, Chap. 13

Ip = Gross moment of inertia of deck unit about
vertical centerline axis through unit in inches to
the fourth power.

Ix = Gross moment of inertia of deck unit about the
horizontal neutral axis of the deck cross-section
per foot of width in inches to the fourth power.

Ly = Distance in fest between vertical resisting
element (such as shear wall) and the point to
which the deflection is to be determined.

Ly = Average length of each deck unit in feet.

| = Length of edge lip on deck panel in inches (see
Detail G in fig 5-15).

Lp = Distance in fest betwesn shear transfer
elements.

Ly = Vertical load span of deck units in feet.

l, = Minimum length in inches of seam weld.

L = Effective length in inches of seam weld. The

ntioofln"forthovariounypnofmwddlh

given in figure 5-18.

n = "Average number of vertical deck elements per
foot which are laterally restrained at the bottom
by puddie welds.

qp = Working shear in pounde per foot. The one-third
increase usually permitted on working stresses
is not applicable to this value.

Q1.Q2. - - = Tomponents or limiting values of working shear
in pounds per foot.

Qave ™= Average sheer in diaphragm over length L, in
pounde per foot.

R =k
L

S = Section modulus in fest of puddle weld group at
supports. (Each weld assumed as unit area.)

t; = Thicknsee of flat shest elements in inches (22
gage minimum).

tg = Thicknsee of fluted element in inches (22 gage
minimum).

t3 - Effoetlvothkkunofﬂuudmuinhchu.

suagms-xoformsoof‘t?
Thickness of closure element in inches.
Thicknees of fill over top of deck in inches.
Thickness in inches of deck sheet at ssams.
Unit weight of fill concrete in pounds per cublc
foot.

(3) Connections at ends and at supporting
beams. Refer to Type A and Type B details, para-
graphs 5-6b and 5-6¢.

(4) Connections at marginal supports. Marginal

te
7]
t,
w

-welds for all types of steel deck diaphragms will be

spaced as follows:
..-‘L”‘"fr*i‘i’_c‘upwhwm 5-8)
..-‘_":‘;'iummmmm (6-7)
In no case will the spacing be greater than 3 feet.
See figures 5-16 and 5-26.

(5) Non-welded fasteners. Fastening methods
other than welds, such as self-drilling fasteners, may
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be used provided that equivalence to the welded

method can be shown by approved test data. The re-

sults of such test data will be presented by means of

equations or tables for qp and F in a manner similar

to that used in paragraphs 5-6b, 5-6¢, and 5-6d.
EXCEPTION: The option to fasten steel deck
by powder actuated or pneumatically driven
fasteners will be limited to Seismic Zone No. 1
and to areas with a wind velocity of less than
100 mph.

(6) Maximum effective thicknesses and weld
lengths. Even though greater thicknesses and weld
lengths may be installed, the maximum values for
use in determining the working shears in each type
of diaphragm will be as follows:

t) =mt; = ¢, = .060inch
tc = .075inch
le = 2inches

(7) Thickness of steel. The thickness of steel be-
fore coating with paint or galvarizing shall be in ac-
cordance with following table. The thickness of the
uncoated steel shall not at any location be less than

95% of the design thickness.
Design Minimum
Gage Thickness Thickness
22 0.0295 0.028
20 0.0358 0.034
18 0.0474 0.045
16 0.0598 0.057

b. Type A Diaphragms—Decks Having Shear
Transfer Elements Directly Attached to Framing.
Multiple plate steel decks with the flat element ad-
jacent to framing members and single plate steel
decks fall into this category of diaphragms when
each deck unit is attached to the framing by at least
2 puddle welds as described on figure 5-15. t, t3, ts
will not be less than 22 U.S. Standard gage. Seam
attachments will be made at least at midspan of L
but the spacing of attachments between supports
will not exceed 3 feet on center. Typical details of
Type A diaphragms and attachments are shown in
figures 5-16, 5-17, and 5-18.

EXCEPTION to 22 gage limitation: 22 gage is
the minimum thickness unless cross bracing is
used to take lateral loads. However, an excep-
tion in Seismic Zone No. 1, for pre-engineered
metal buildings with diaphragms less than 22
gage, requires that load tests be submitted for
evaluation and approval.

(1) Shear capacity. The working shear will be
§-20

limited to that detormined by the following for-
mulas:

m-u,m,%.wm%s C, but qp is not to -8
l,;l(:o‘ .

104 (Applies ouly when
nor L 1< Yoinch,referto  (5-100
1.5 \/ 1..(1-‘.+1-‘,+_i.!. Detail G in fig 5-18)

Q= ’ﬂt.‘““f K 6-11)

Where K=

exceed

1.000

e e~ |

o0, w10

q’-

(2) Flexibility factor. The flexibility factor, F,
will be determined by the following formulas:

F=F,+F;+F, (5-18)
Where

1 (5-16)
Fi= 7o

bL,*C, | 500 Q
Fi= Tt [1.? * TLase 7 ]'T-q: s o

Fy= 12.503C 12" ) 5-18
Adunle

L+

The flexibility of these diaphragms will vary within
a wide range. Arrangements can be used which fall
into the semi-rigid, semi-flexible, and flexible cate-

(8) Sample calculations and tables. A summary
of allowable shear (qq) and flexibility factors (F) for
some of the more common cross-sections is shown in
figure 5-19 and figure 5-20. Sample calculations
using the formulas for these cross-sections are given
in figures 5-21 through 5-25.

¢. Type B Diaphragms—Decks Having an Ele
vated Plane of Shear Transfer. Multiple steel decks
with fluted elements adjacent to framing members
and single plate steel decks with fluted elements in-
capable of being welded to framing with at least two
puddle welds per unit fall into this category of dia-
phragm. This type of diaphragm has only welded
seam attachments. The units will be composed of

F 2%
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Figure 5-21. Steel

Deck Diaphragm Type A -
Sample Caloulation No. 1
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SAMPLE CALC, LO. 2 FOR TYFPE
A DIAPHRAGM

Ly=9-0”

I8 GAGE SIU/GLE PLATE DECHK. |
BUTTON PUNCH SEAIMS 034‘«:.
S e weLos .

- 100

00
k= 1«244 T\ =778
OOxz( 048)'#}'] -« 845

- 22X 2.4 %x.048 x 8345
a9 =505

g = 2x.028% 505 =zoo i
-2

9I
'87. 9
Q= 3600 x.0¥8 x%£.5
: “$

=865
W=(S505+87.9). 985 =324

Lox 10% o 32 L0% 22099) 554 Q.K,
% =580 (FIGURE 8:19:Lys 7', 189a)

F e Tt

. 2x 9% (/5.8).505 _ -
Fe= 720 592.9 =57

79

F:’a

pA . R
O(12.5% 16(043)3)\ " Fx.0l4F = IR
1.5

£l 744187+ 755R ={S5.€+7.GR
(S€e FIGURE 5-19:Ly=9',/84a.)

Figure 5-22, Steel Deck Diaphragm Type A

* 9x%92x e.#(w)']}.
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- Sample Calculation No. 2
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SAIMPLE CALCS. 1JO.3 FOR TYPE 3% 2 3’93
A DIAPHR AGIA .*'I:‘
~

16 -18 GAQE MULTIPLE
PLATE DECK, BUTTON

8 &D W&LLS,
¢, =0.048 tp*53x,048:.0%2

PUUICH SEAILS @ 24", ¢

@y= 3600 %,060 x% o 14 3. Z¥i.2n3et 50
? _ 108 Ix.GOS
w72 ! be2'°  haLs
(MOTE: @, COMPUTED BELOW) f,".'a'f', 2 3:;‘,‘}'{? 2ve
Yo I55
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1¢1.92 Zo* 048)(060. 048 3
(0e07.022500¢0), roox 2 x (042 \/2F (335+m)
] 7‘00 = 9/0

t, 22493009259/ o 920
- 8x.000%
2 Lr__.{yzo [%*m]pn‘

%" 920+ 79.6 = 999.6

xlof o GO0 wy71/3999.6 UK,

% /000 (RIGURE 8-/19: Lys 8', 1G-18gn.)

b= ZrT7om =077
X
Frn 8352 (r) g = 500
g = == /. A st /7R
3 ["”(W) 8x.0747
£-20.77+ 533+ .G7R =G.1+1.7R Figure §-23. Steel Deck
(FIBURE 5-19: Ly=8',16-18 ga.) Diaphragm Type A -

Sample Caleulation No. 3
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MPLE CALCS. 70,

A PIAPHR AGM

K 1900 =796
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Pigure 5-34. Steel Deok Diaphragm Type A - Sample Caloulation No. ¢
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SAMPLE CALCS. KO.5 [~OR TYPS 9"
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Figure. 5-35. Steel Deock Diaphragm Type A - Sample Caloulation No. §
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sheets not less than 20 U.S. Standard gage. Seam
attachment spacing will not exceed 3 feet on center.
Typical details of Type B diaphragms and attach-
ments are shown in figures 5-28 through 5-28.

(1) Shear capacity. The working shear will be
limited to that determined by the following for-
mulas:

Qp = Q. Q. OF G, whichever is the lesser, but

not to exceed 1,080 pounds per foot. (6-19)

= 9{—"‘ (5-20)

Q= %&(—:'.)’ x10°
Cit" X108
w= gh%
(2) Flexibility factor. The flexibility factor, F,
will be determined by the following formulas:
FuP 4P +F
Where

(6-21)

(6-23)

(6-33)

(6-24)

hi=

".a.lg—.w

20,000

Ps -r;-‘-.- (86-98)

The flexibility of thess diaphragms will fall into the
semi-rigid and semi-flexible categories.

d. Steel Decks with Concrete Fill This type of
diaphragm {s composed of a galvanized stesl deck
with & superimposed fill of concrete having & mini-
mum f; of 2,600 p.s.i. at 38 days and & minimum w
of 90 pounds per cubic foot. Minimum concrete fill
over the deck will be 3-1/3 inches. ture rein-
forcement will be used in the fill with the minimum
area of 6X6/#10-410. Stesl decks less than 1-1/2
inches in depth do not qualify as diaphragms, thus
only the concrete is considered as the diaphragm per
paragraph (1) below. To satisfy anchorage require-
ments required in paragraph 5-45, positive inter
locking between the steel deck and the concrete can
.be achieved by either deck embossments or indenta-
tions, transverse wires attached to the deck corru-
gations, holes placed in the corrugations, or deck
profile in which the fluted elements are placed up so
that the fill is keyed with the deck. If interlocking
between the deck and the concrete is not achieved,

(5-36)

then mechanical anchorages will be required to an-
chor the fill to the supporting member as prescribed
in paragraph 5-4b(3).

(1) Concrete as a diaphragm. If the diaphragm
is loaded and reacted without shear stresses passing

through the deck or its attachments, the diaphragm
is a concrete diaphragm as described in paragraph

-3

5-4. Typical attachment details are shown in figure
6-29, Details A and B.
(3) Steeldeck as a diaphragm
(a) Shear capacity. If the diaphragm shears
pass through the deck and its attachments, the
mmmuwwww

W=+ 27
Where
a=  ZRPHEE  penenK=1000  6-29
Q=qe+qg (5-29)
Where
o= s -0
And
Q=2 -":‘:T a-31)
(b) Flexibility factor. The flexibility factor, F,

re .a -39
The flexibility of these diaphragms usually falls into
the rigid category.

(c) Sample calculation and table. Typical at-
tachment details are shown in figure 5-29, Detafls C
andD. A of allowable shears (q4) and flex-
ibilities (F) for a typloal crose-section is shown in
figure 5-30. A solution to the formulas for a typloal
crose-section of this type of diaphragm is given in
figure 5-31.

8-7. Wood chphr:rrm.a General Design Cri-
teria. The following criteria will be used to design
wood (Also, refer to chap 3, para
8-3(J)8b.)
(1) Straight sheathing. Straight sheathing dia-
will be constructed of one- or two-inch
nominal boards, six or eight inches nominal in width
with boards laid at right angies to the rafters or
joists. Boards will be nailed to each rafter or joist
and peripheral blocking using two 8d common nails
for 1-inchX6-inch and 1-inchX8-inch
For 2-inch sheathing, nails will be three 16d. End
joints of adjacent boards will be separated by at
least two joist or rafter spaces with at least two
boards between joints on same support. The dia-
phragm shear value will be as indicated in table 5-6.
Diaphragms of this category will have & value of F .
(see para 5-3f and table 5-1) in the order of 1,600
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h t GAGE OF ANGLE

SEAM ATTACHMENT G
I°'LONGE/I&° o.c.
SEE FISURE 5-/8

CONTINUOUS ANGLE
SHEAR TRANSFER

ELEMENT cace as
REQUIAED
BX1"FILLET WELD @12 ec.
DETAK A
CONTINUOUS A AR TRANSFI M,
SALICE PLATE SAME GAGE AS

SHEAR TRANSFER ELEMENT

SEAM ATTACHMENT G
I°LONG @/2%.c.
SEE FIGURE 5-16

| SoKCE PLATE
(SEE FiuRE 5-28 KoR CROSS SECTION)

Figure 5-27. Steel Deck Diaphragme - Typioal Attachment
of Shear Transfer Elements for Type B Diaphragms




TM 5-809-10
NAVEFAC P-355
AFM 83-3, Chap. 13

SALICE PLATE SAME GAGE AS
SHERR TRANSFER ELEMENT

SEAM ATTACHMENT
/ SEE ncune 5-27

!

B

<

™™

RDRETAIL ¢
SPLICE AT SUPPORT

Figure 5-28. Steel Deck Diaphragms - Typioal Details Type B Diaphragms
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r

suea ’ ) SEE NOTES
. £ AT OETAIL A
CHORD oMY "IN
BAURS -
TYPICAL ow

4 ONC. OR MASONRY WALL-TYPICAL
NOTE : FOR £y S€E ACT 318-77,PARA.12.2

FLOOR WATH DIRECT DiRoHeAGM
COWECTION TO WL COMVECTION TO WLl

NOTE:

e TEEL DECK
+ ¢+ FOR DECK TO BEAM
CONNECTION SEE
\ " FIGURE 5-16

As ol “esm g se camecron .

A

S€E€ NOVES AT
DOETRN. #

¢

DPETAIL C A
ROOF WATH coueCTIoV £90F WATW Do
THROUGH DECK TO WL COMVECTION
DECK TO AeaniNG

WHEN DECKS ARE ATTACHED AT ALL SHEAR TRANSFER POINTS
SIMILAR TO DETAILS A AND B, THE DIAPHRAGHS WILL BE
DESIGNED IN ACCORDANCE WITH PARAGRAPH S-A, CONCRETE
DIAPHRAGMS. WHEN SHEAR TRANSFER IS THROUGH THE
WELDS BETWEEN THE STEEL DECK AND FRAMING, THE
DIAPHRAGM WILL BE DESIGNED IN ACCORDANCE WITH
PARAGRAPH 5-6¢c(2), FORMULAS 5-27 and 5-32.

Figure 5-39. Steel Deck Diaphragms - Typical
Attaolment of Deck with Concrete Fill

5-3
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TABLE OF ALLOWABLE SHEAR (%) AVD
FLEXIBILTY FACTOR (FP)

SPAL (Lv)

secTiod GAaas «4-0"|s20"|@-0"| 7:0"|8“0"|9-0" [t0"-0"
PO 0%87:0 25(0 | 2840|2210| 2120|2040 |r 980
COCRE TS I /LLEP =7 | (53] (39 (%] |[e2).
§ fa = 3 000 R3.1. k3770|2830 [ 2600|2430 | 2300|2200 |2/30)

w wse 145 PC.~ 18-18 =
N FlEE £ ESal | 57
Y 8/G0 | 2870 |2&80]2500| 2380} 2280]
W wiadzl= M=l R EAlEDlZa)
/8 3440|8030 |2150]2660|2420]23/0 12220
|| 7 |33 [ | (F6) |

MOTES:

. BSUTTON PUICH ® 26'.c.

R.THE GAGES FOR IULTIPLE SHEET DECKS ARE NDOSIGN-
ATED WITH THE GAGSE OF THE FLAT SHEET F/IRST
AD FLUTED SHEEY S68COIMD.

3, PGCR SG-CTIOINS ARG MANE PROIM QALVAIIZGH SHEETS

4, CLUD WELNS COAISIST OF 3 BUNNPLE WELNS AT CGACH SUPPORT.

Figure 5-30. Steel Deok Diaphragms with Concrete Fill -
Allowable Shears and Plexibility Factore

%
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SAMPLE CALCS MO, 6 IOR _TYPE
A DIAPHR.AGIM _WITH COMC. AILL

WrU* W
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00
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“ V' d(¢, +te)
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2x6

200

LAY —&Z—G—a-,—',.,g"_;‘.. 5228

Q= I853.2+ 1L +212.822762

2% 2760 say 38

Qs 92x1.92(.06+.082)1,000 ,,s5¢.2

'5 3%t  eYa'"t
RO e s o
uﬁ‘n___. s t 2

g Mo s O, H
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¢ .060 tpe%x.048:.082"

t
3 £Y 222968 ;00

I;-.GO.!

b2 hs)S”
Ly26-0" dsl.92%2%
Neg, s 2

‘WeldsPCP #3+3000 PS1

| (R°2760 IN FIGURE 5-30 FOR L\* &' AND BAGE * /6-18)
S 2.8 .:385(
r f%_ . 20n212:8 ;. 385(58€ FIGURE 5-30)

Figure 5-31. Steel Deck Diaphragms - Sample Caloulation
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Plextbility and Allowable Shears

ALLOWABLE SHEAR
HORIZONTAL DIAPHRAGMS r Lbs, /Lin.Ft. (qp)
1" Straight Sheathing 1,500 50
2" Straight Sheathing 1,500 40
Conventional 1" Diagonal
Sheathing - 1'"x6" & 1"x8" 250 300
Conventional 2" Diagonal
Sheathing 250 400
Special Construction 75 600
NOTE: THE ALLOWABLE SHEARS SHOWN IN TABLE ARE BASIC VALUES TO WHICH THE
FACTORS FOR SPECIES SHOWN IN FIGURE 6-13 WILL BE APPLIED.
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and will be considered a very flexible diaphragm.
They will not be used for laterally supporting ma-
sonry, concrete, or other walls which would be
seriously affected by high floor to floor deflection.

(2) Diagonal sheathing. The one-third increase
usually permitted on working stresses in seismic de-
sign is not applicable to the working shears given in
this subparagraph.

(a) Conventional construction. Theee dia-
phragms will be made up of 1-inch nominal sheath-
ing boards laid at an angle of approximataly 46
degrees to supports. Sheathing boards will be di-
rectly nailed to each intermediate bearing member
with not less than two 8d nails for one-inch by six-
inch (1°X6") boards and three 8d nails for boards
eight inches (8") or wider, and in addition three 8d
nails and four 8d nails will be used for six-inch (6°)
and eight-inch (8”) boards, respectively, at the dia-
phragm boundaries. End joints in adjacent boards
will be separated by at least two joist or stud
spaces, and there will be at least two boards be-
tween joints on the same support. Boundary mem-
bers at edges of diaphragms will be designed to re-
sist direct tensile or compressive chord stresses and
will be adequately tied together at corners.

1. Conventional wood diaphragms may be

used to resist shears not exceeding 300 pounds per

lineal foot of width. Two-inch (2°) nominal diago-
nally sheathed diaphragms may be used with a
maximum design shear of 400 pounds per lineal foot
if 16d common nails are used in lieu of the 8d nails
specified for 1 inch nominal sheathing.

2. This category of diaphragms has a value
of F of approximately 260 and will be considered as
very flexible diaphragms and will not be used to lat-
erally support masonry or concrete walls.

(b) Special construction
sheathed

1. Special diagonally diaphragms
willlndudotwondjoininghmofllnchmmiml
sheathing boards laid diagonally and at 90 degrees

touchother
Spodaldhgoullynhutheddhphnm
uholncludodngb-layenddhphrm conforming
to conventional construction and which, in addition,
will have all elemente designed in conformance with
the follawing provision: Each chord or portion
thereof may be considered as a beam loaded with a
uniform load per foot equal to 50 percent of the unit
shear due to diaphragm action. The load will be as-
sumed as acting normal to the chord in the plane of
the diaphragm and either toward or away from the
diaphragm. The span of the chord, or portion
thereof, will be the distance between structural
members of the diaphragm, such as joists or

40

blocking, which serve to transfer the assumed load
to the sheathing.

8. Special diagonally sheathed diaphragms
may be used to resist shears, due to seismic forces,
provided such shears do not stress the nails beyond
their allowable safe lateral strength and do not ex-
ceed 600 pounds per lineal foot of width. For
approximating deflections, a value of F of 76 will be
used. Thus they fit into the category of flexible dia-

(3) Plywood skeathing

fa) All boundary members will be propor-
tioned and spliced where necessary to transmit
direct stresses. Framing members will be at least a
2-inch nominal width. In general, panel edges will
bear on the members and butt along their
center lines. Nails will be placed not less than three-
eighths inch (8/8°) in from the panel edge, not more
than twelve inches (12°) apart along intermediate
supports and six inches (6°). along panel edge-
bearings, and will be firmly driven into the framing
members. No unblocked panels less than twelve
inches (12°) wide will be used.

(5) The stifiness of plywood diaphragm webs
varies with the thickness of plywood, nailing, and
the joint blocking. Thees variables also occur in the
determination of the working shear valuss of the
diaphragm. An F value for determining the stiffness
category and for estimating deflections will be

determined using the following formula.
Fa '_‘%::m -9
Where
qp = Allowable shear specified in table 5-8 in pounds per
foot.

(c) For plywood diaphragms the tabular
values of qp vary between 110 pounds per foot to
820 pounds per foot. From this, the value of F can be
determined as varying between 300 and 20. Thus,

tion of the type of diaphragm to be used.

(d) Nailing. Pneumatically or mechanically
driven steel wire staples with a minimum crowm
width of 7/16 inch is an acceptable alternate method
of attaching diaphragms. The crown of the staple
will be installed parallel to the framing member.
Minimum staple penetration

Common

wire nail Staple in framing member
ed No. 14 gage linch
ed No. 13 gage linch

10d No. 12 gage 1-1/8inch

Fa &%

-,



Recommended Shear in Pounds per Foot for Horisontal Plywood Diaphrogms with Framiag of Dougilas Fir, Larch or Southem Pine (a)

for Wind or Seismic Loading

Table §5-6.
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NOTE: Table 5-6 is reprinted, with permission, from Table
32 in PLYWOOD CONSTRUCTION GUIDE, € 1978 American
Plywood Association.
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b. Typical Details. Refer to figures 5-32 through
5-85.

should
be made to chapter 3, peragraphs 3-3(J)1g and
3-3(J)2d; paragraphs 5-24(2) and 5-3d; and chapter
6. paragraph 6-7, where applicable.

b. General Discussion
(1) General system. The entire system must be
as simple, direct, positive, and effective as practica-
ble. Although it is ordinarily preferable in nonseis-
mic design to have one definite, predetermined, and
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(8) Connections. In lieu of developing the full
capacity of the member or part concerned, the con-
nections will be designed for 1.26 times the design
force without the one-third increase usually permit-
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CHAPTER 6
WALLS AND BRACED FRAMES

6-1. Purpose and scope. This chapter pre-
ecribes the criteria for the design of walls and
vertical bracing of buildings for seismic resistance;
indicates the principles and factors governing the
application of horizontal forces normal to the plane
of walls, parallel to the plane of walls (shear walls),
and parallel to the plane of braced frames; gives cer-
tain design data; and illustrates typical details of
construction.

6-2. General. Buildings are composed of vertical
and horizontal structural elements which resist lat-
eral forces. The forces originating from the mass of
vertical elements may be transferred either directly
to the ground, as in the case of vertical cantilevers,
or to horizontal resisting elements other than the
ground through vertical beam action of the vertical
elements. The forces originating fromn the mase
tributary to horizontal elements are distributed by
such horizontal elements to vertical elements which
in turn transmit such forces to the ground. Vertical
elements used to transfer lateral forces to the
ground are: (1) shear walls, (2) braced frames, and (3)
moment resisting frames. This paragraph covers
basic functions, essential characteristics, and seis-
mic loads for walls (loaded normal and parallel to
their plane) and braced frames. Specific factors, cri-
teria, and typical details of design of walls and
braced frames using various materials of construc-
tion are described in paragraphs 6-3 through 6-8.
Moment resisting frames are covered in chapter 7.

a. Types of Walls and Loading Conditions. Walls
may be subjected to both vertical (gravity) and hori-
zontal (wind or earthquake) forces. A wall carrying a
vertical load other than its own weight is called a
bearing wall. The horizontal forces acting on a wall
may be either normal to the wall or parallel to the
wall. A shear wall resists horizontal forces parallel
to the wall. Any wall or partition which carries a ver-
tical load other than its own weight, and/ox which
resists a horizontal force parallel to the wall, is
classified as a structural wall. The combined effects
of horizontal forces and vertical load on a wall must
be considered. Walls and partitions must be de-
signed to withstand all vertical loads and horizontal
forces, both parallel to and normal to the flat
surface, with due allowance for the effect of any ec-
centric loading or overturning forces generated.
Any wall which is isolated on 3 sides (both ends and
top) so as not to resist external loads or forces paral-

lel to the wall is classified as nonstructural. A
nonstructural wall shall be able to resist horizontal
wind or seismic forces normal to the wall. Noniso-
lated walls will obviously participats in shear
resistance to horizontal forces parallel to the wall,
since they tend to deflect and be stressed when the
framework or horizontal diaphragms deform under
lateral forces.

b. Loads Normal to Walls. Walls and partitions
must safely resist horizontal seismic forces normal
to their flat surface (figs 6-1 and 6-3 and fig 4-6);
and moments and shears induced by relative
deflections of the diaphragms above and below (fig
6-2). For diaphragm deflections refer to chapter 6.
When a wall resists horizontal forces perpendicular
to it, it usually distributes such loads vertically to
the horizontal resisting elements above or below. It
may also distribute horizontally to shear walls or
frames (chap 4, para 4-4d and fig 4-5). A wall may
be either continuous or discontinuous across ite sup-
ports. The horizontal seismic force normal to a wall
is a function of its weight. The formula given in
chapter 3, paragraph 3-3(G), for the magnitude of
this force is F, = ZIC,Wp with C;, = 0.30. (For
cantilevered walls, see paragraph c¢ below.) This
seismic force will be applied to the wall in both in-
ward and outward directions. However, wind forces,
other forces, or interstory drift will frequently gov-
ern the design.

c. Cantilevered Walls. Where walls, such as para-
pets, are cantilevered, the anchorage for reaction
and cantilever moment is required to be fully devel-
oped (fig 6-3). C, for this condition is 0.80 per
chapter 3, paragraph 3-3(G) and table 3-4. Where a
parapet wall is anchored to a concrete roof slab and
is not a continuation of a wall below, the roof slab
will be designed for the cantilever moment. Where
the parapet is a continuation of a wall below, the
cantilever moment will be divided between the con-
crete slab and the wall below in proportion to their
relative stiffnesses. Where the parapet is an exten-
sion of & wall below and is anchored to a roof or floor
of wood, metal deck, or other similar materials, the
moment at the base of the parapet will be developed
into the wall below. In this case the anchorage force
to the roof will be determined by the usual methods
of analysis, assuming a pinned condition for the con-
nection of the roof to the wall.

d. Shear Walls—Loads Parallel to Wall

(]
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Horizontal forces at any floor or roof level are gener-
ally transferred to the ground (foundation) by using
the strength and rigidity of shear walls (and parti-
tions). A shear wall may be considered analogous to
a cantilever plate girder standing on end in a verti-
cal plane where the wall performs the function of a
plate girder web, the pilasters or floor diaphragms
function as web stiffeners, and the integral rein-
forcement of the vertical boundaries function as
flanges. Axial, flexural, and shear forces must be
considered in the design of shear walls. The tensile
forces on shear wall elements resulting from the
combination of seismic uplift forces and seismic
overturning moments must be resisted by anchor-
age into the foundation medium unless they can be
overcome by gravity loads (e.g., 0.9 of dead load)
mobilized from neighboring elements (this is dis-
cuseed more fully in chap 4, para 4-4b, 4-4¢(2), and
4-8). A shear wall may be constructed of materials
such as concrete, wood, unit masonry, or metal in
various forms. Working stresses of such materials
as cast-in-place reinforced concrete and reinforced
unit-masonry are well known and present no prob-
lem to the designer once the loading and reaction
system is determined. Other materials frequently
used to support vertical loads from floors and roofs
have well-established vertical load-carrying charac-
teristics but have required tests to demonstrate
their ability to resist lateral forces. Various types of
wood sheathing and metal siding fall into this cate-
gory. Where a shear wall is made up of units such as
plywood, gypsum wallboard, tilt-up concrete units,
or metal panel units, its characteristics are, to a
large degree, dependent upon the attachments of
one unit to another and to the supporting members.

(1) Rigidity. The magnitude of the total lateral
forces at any story or level depends upon the struc-
tural system as a whole. The proportion of that total
borizontal load carried by a particular shear wall is
based on ite relative rigidity considering the rigidity
of the other walls and the diaphragms. The rigidity
of a shear wall is inversely proportional to its deflec-
tion under a unit horizontal force. Where shear walls
are tied together by a rigid diaphragm or bracirg so
that all must deflect equally, the total translational
lateral force is shared in direct proportion to their
relative rigidities (torsional moments must also be
considered, chap 4, para 4-4e(2)). Wall deflection is
the sum of the deformations due to shear and
flexure (fig 6-4) plus any additional displacement
that may occur due to rotation at the base.

(a) The rotation at the foundation can greatly
influence the overall rigidity of a shear wall because
of the very rigid nature of the shear wall itself; how-
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ever, the rotational influence on relative rigidities of
walls for purposes of horizontal force distribution
may not be as significant. Considering the complex-
ities of soil behavior, a quantitative evaluation of
the foundation rotation is generally not practical,
but a qualitative evaluation, recognizing the limita-
tions and using good judgment, will be provided.

(b) The relative rigidity of concrete or unit
masonry walls with normal openings is usually
much greater than that of any building framework.
Thus, the walls tend to resist essentially all or a ma-
jor part of the lateral force.

(2) Shear wall with openings. The impact on the
size and number of openings in shear walls to resist
lateral forces must be considered. If openings are
very small, their effect on the overall state of stress
in a shear wall is minor. Large openings have a more
pronounced effect and, if large enough, result in a
system in which typical frame action predominates.
Openings normally occur in regularly spaced verti-
cal rows throughout the height of the wall and the
connection between the wall sections is provided by
either connecting beams (or spandrels) which form a
part of the wall, or floor slabs, or a combination of
both. If the openings do not line up vertically and/or
horizontally, the complexity of the analysis is
greatly increased. In most cases, a rigorous analysis
of a wall with openings is not required. When de-
signing a wall with openings, the deformations must
be visualized in order to establish some approximate
method to analyze the stress distribution to the
wall. Figures 6-4 and 6-6 give some visual descrip-
tions of such deformations. The major points that
need to be considered are: (1) the lengthening and
shortening of the extreme sides (boundaries) due to
deep beam action, (2) the stress concentration at the

.corner junctions of the horizontal and vertical com-

ponents between openings, and (3) the shear and di-
agonal tension in the horizontal and vertical compo-
nents.

(a) Relative rigidities of piers and spandrels.
The ease of methods of analysis for walls with
openings is greatly dependent on the relative rigidi-
ties of the piers and the spandrels, as well as the
general geometry of the building. Figure 6-6 shows
two extreme examples of relative rigidities of exte-
rior walls of a building. In figure 6-6a the piers are
very rigid and the spandrels are very flexible.
Assuming a rigid base, the shear walls act as verti-
cal cantilevers. When a lateral force is applied, the
spandrels act as struts which flexurally deform to be
compatible with the deformation of the cantilever
piers. It is relatively simple to determine the forces
on the cantilever piers by ignoring the deformation

-3
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characteristics of the spandrels. The spandrels are
then designed to be compatible with the pier defor-
mations. In figure 6-6b, the piers are relatively
flexible compared to the spandrels. The spandrels
are assumed to be infinitely rigid and the piers are
analyzed as fixed ended columns. The spandrels are
then designed for the forces induced by the columns.
The overall wall system is also analyzed for over-
turning forces that induce axial forces into the
columns. The calculations of relative rigidities for
both cases shown in figure 6-6 can be aided by the
charts in figure 6-11, paragraph 6-3b(3). For cases
of relative spandrel and pier rigidities other than
those shown, the analysis and design becomes more
complex.

(b) Methods of analysis. Approximate meth-
ods for analyzing walls with openings are generally
acceptable. (See app C, example C-4.) For the simple
cases shown in figure 6-6 the procedure is straight-
forward. For more complex cases, a variation of as-
sumptions may be used to determine the most crit-
ical loads on various elements, thus resulting in a
conservative design. (Note: In some cases a few ad-
ditional reinforcing bars, at little additional cost,
can greatly increase the strength of shear walls with
openings.) However, when the reinforcement re-
quirements or the resulting stresses of this ap-
proach appear excessively large, a rigorous analysis
may be justified.

(3) Dual systems. Buildings may utilize both
shear walls and moment resisting space frames to
resist lateral forces. The total lateral load is
assumed to be resisted by the shear walls and the
frame is assigned to resist nominally 25 percent of
the total lateral load. It is assumed that the contri-
bution of the frame for lateral resistance will
provide redundancy and will provide a reserve
strength against complete collapse if the shear walls
should fail. However, the difference in behavior be-
tween walls and frames results in non-uniform
interacting forces between these elements when
they are connected together by floor slabs (see chap
4, para 4-4¢(3) and fig 4-7). Therefore, the distribu-
tion of forces in accordance with the relative
rigidities and the interaction of walls and frames
must also be considered (table 3-3).

(4) Special loading and detail requirements. All
portions of a shear wall will be designed to resist the
combined effects of axial loads (if any) and other
boundary forces as determined from a rational dis-
tribution of the total prescribed lateral forces on the
structure as a whole. Special criteria to control
brittle behavior and to provide greater elastic re-
sponse capacity of shear walls in concrete and unit-
raasonr-; . ure | s stipulated in paragraph 6-3

-6

and in chapter 3, paragraph 3-3(J)1h, respectively.
A modified load factor for shear and diagonal ten-
sion is used for buildings without a 100 percent
ductile moment resisting space frame. Vertical
boundary elements (e.g., structural steel or confined
reinforcement) are to be provided at the edges of
shear walls (and similar confinement adjacent to
wall openings) under certain prescribed conditions
(para 6-3a(1)d) and 6-8).

¢. Braced Frames. The use of braced frames is an
acceptable alternative method to resist lateral
forces in place of shear walls. The material may be
reinforced concrete, structural steel, or wood. Verti-
cal bracing systems are used to transfer the
horizontal forces at the floor or roof levels to the
foundations. The function of the bracing is to resist
forces that tend to deform the building in the direc-
tion parallel to the plane of that bracing, and to
transmit these lateral loads to the foundation. As
with other systems, the deformations to be expected
in a major earthquake can be much greater than
those found using the prescribed forces. As the duc-
tility of conventional braced systems has not been
adequately demonstrated, multiple braces (see fig
6-7) should be used whenever possible to increase
the redundancy. See paragraph 6-7 for vertically
braced frames.
(1) Layout. When planning a bracing system of
a building, consider the structure as a whole (see figs
5-4 and 6-7; also, refer to chap 5, para 5-2a(2), for
horizontal bracing systems). Visualize the ways in
which a structure might fail, and provide bracing to
keep the structure from collapsing. The designers
must be certain just where every door, window,
passageway, obstruction, and other controlling fea-
tures will be located before placing the bracing. The
architect must be certain just where the bracing is
to be placed before deciding the type of fenestration.
(2) Lateral force resistance. The braced framing
must be designed to carry the lateral force reactions
from the roof and floors. The entire system must be
as simple, direct, positive, and effective as practica-
ble. However, multiple systems will generally be
used for seismic purposes when the damage to a
specific member could cause complete failure. For
example, if one braced frame should be damaged,
the other braced frames would pick up its load suffi-
ciently to prevent complete collapse. Locate vertical
braced frames 50 as to limit torsion.

6-3. Cast-in-place concrete shear wells and
concrete braced frames. a General Design
Criteria. The criteria used to design reinforced con-
crete shear walls will be ACI 318-77 except Appen-
dix A, and as modified by the SEAOC Section 3 (re-
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Concrete Ploor and Roof
Disphragms, (assumed) '

(NOTE: See Figure 5-4 for system with horlzontel bracing
system,)

Mgure 0-7, Braoing for A Tier Building
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printed below) and in this manual. For tilt-up and
other precast concrete shear walls, refer to para- and Braced Framess (Modifications are in italics).

graph 6-4.

(A) General.

Design and construction of reinforced concrete shear walls and reinforced
concrete braced frames used to resist seismic forces shall conform to the re-
quirements of the A.C.1. Building Code, A.C.1. 318, and all the requirements of
SEAOC Section 3 as modified herein.

Shear walls and braced frames shall be designed by the strength design
method except that the alternate dssign method may be used provided that
the factor of safety in shear and diagonal tension is equivalent to that achieved
with the strength design method.

A.C.1. 318, for earthquake loading, shall be modified to:

U = 1.4D+L) + 14E 6-1p

U = 09D + 14E 6-2)
provided further than 2.0 E shall be used in both equations in calculating shear
and diagonal tension in buildings other than those complying with require-
ments for buildings with K = 0.67.

(8) Braced Frames.

Reinforced concrete members of braced frames subjected primarily to
axial stresses shall have special transverse reinforcing as set forth in Section
2(E)4¢ throughout the full length of the member. Tension members shall addi-
tionally meet the requirement for compression members.

EXCEPTION: In Zone 1 and for Zone 2 buildings under 160 feet, the pro-
visions of chapter 7, paragraphs 7-4a(15) and (16) will satisfy this requirement.

(C) Shear and Diagonal Tension Strength Design.

1. Shear $tress. The nominal ultimate shear stress v,, resulting from
forces acting parallel to shear walls shall be computed by

V= Vy
R 7. 6-9)
where
Vu= Ultimate shear computed according to Section 1 and including
the effect of gravity loads.

Ac= Area of concrete sections resisting V.

2. Shoer Stress Limits. The ultimate shear stress v, thus computed shall
not exceed that given by

Vy= 2%:'.’ pf’. (6.‘)
where “‘p”’ is the ratio of the area of reinforcement to the area of concrete

*From the publication * Recommended Lateral Force Requioments and Commeatary” by the
Selsmelegy Committes, Structural Engineers Asseciation of California. Cepyright 1976,
Structural Engineers Asseclation of Californie, and reproduced with permissicn.

SFermulas have besa renumbered such that SEAOC Formula 3-1 is designated as 6-1 in this
manual.

*SEAOC Section 2, Concrete Ductile Mement Resisting Space Frames, is reprinted, as modi-
fied in this manual, as chapter 7, paragraph 7-38(1)e.g., Secticn EM is paragraph 7-3(1NEM).

(1) SEAOC Section 3, Concrete Shear Walls

¢
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section resisting the shear V. At least an equal percentage of reinforce-
ment “‘p” shall be provided perpendicular to that required to satisfy
Formula (6-4).

The average horizontal shear v, for all wall piers sharing a common lateral

force component shall not exceed

svi (6-5)
and the v, in any of the individual wall piers shall be not more than

10VE; (6-6)
The value of the vertical shear v, shall not exceed

10VE 6-1)
for horizontal wall elements.

3. Minimum Reinforcement. The minimum reinforcing ratio “‘p”’ for
all walls designed to resist seismic forces acting parallel to the wall shall be
0.00256 each way. The maximum spacing of reinforcement each way shall not
exceed d/3 or eighteen inches (18°), whichever is smaller, where ‘d”’ is the di-
mension of the wall element parallel to the shear force. That por*ion of the wall
reinforcement required to resist design shears shall be uniformly distributed.
See figure 6-8.

4. Anchorage of Reinforcement. Wall reinforcement required to re-
sist wall shear shall be terminated with not less than a 90 degree bend plus a 6
bar diameter extension beyond the boundary reinforcing at vertical and hori-
zontal end faces of wall sections. Wall reinforcement terminating in boundary
columns or beams shall be fully anchored into the boundary elements.

(D) Vertical Boundary Members for Shear Walls. (See figure 6-9)

Special vertical boundary elements shall be provided at the edges of con-
crote shear walls designated as Shear Wall Type A in chapter 3, table 3-7.4
These elements shall be composed of concrete encased structural steel ele-
ments of ASTM, A36, A441, A500 (Grades B and C), A501, A572 (Grades 42,
45, 50 and 55) or A588 or shall be concrete reinforced as required for columns in
Section 2(E) with special transverse reinforcement as described in Section
2(EM for the full length of the element. The longitudinal reinforcing in these
concrete’ boundary elements shall conform to the requirements of Section
2(CJ2.:¢ (i.¢., chap 7, para 7-3a(1XC)2).®

The boundary vertical elements and such other similar vertical elements
as may be required shall be designed to carry all the vertical stresses resulting
from the wall loads in addition to tributary dead and live loads and from the
horizontal forces as prescribed in chapter 3. Horizontal reinforcing in the walls
shall be fully anchored to the vertical elements.

Simijlar confinement of horizontal and vertical boundaries at wall openings
shall also be provided'unless it can be demonstrated that the unit compressive
stresses at the opening are less than the prescribed limits when using For-
mulas (6-1) and (6-2) modified with 2.0E instead of 1.4E.

“In Zones 2, 3, and 4 this includes K > 1.0 buildings over 80 feet in height and all K = 0.8
In Zome 1, this includes K = 0.8 buildings over 80 feet in height.
1980 SEAOC Revisions.
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NOTES: For Sections A-A, B-B, and C-C, see Figure 6-10.

Special vertical boundary members, as shown above, shall be
provided at the edges of concrete shear walls designated as
Shear Wall Type A (paragraph 6-3a(1)(D)).

Figure 6-9. Shear Wall Type A - Special Boundary Members
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(2) Classification of concrete shear walls and
concrete braced frames. Concrete shear walls and
braced frames are classified under three categories
for use in table 3-7 in section 3-6.

(a) Shear Wall Type A. Reinforced concrete
shear walls with vertical boundary members, de-
signed in accordance with the provisions of para-
graph 6-3a(1), are classified as Shear Wall Type A.

(b) Shear Wall Type B. Reinforced concrete
shear walls designed similar to Shear Wall Type A,
with the exception of paragraph 6-3a(1XD) (i.e., spe-
cial vertical boundary elements are not required),
are classified as Shear Wall Type B.

(c) Braced frames. Reinforced concrete braced
frames will be designed in accordance with the pro-
visions of paragraph 6-3a(1}B).

b. Discussion of Wall Deflections, - Shear Distribu-
tion, and Assumptions

(1) Wall deflections. The deflection of a concrete
shear wall is the sum of the shear and flexural deflec-
tions. In the case of a solid wall with no openings the
computations of deflection are quite simple. How-
ever, where the shear wall has openings in it, as for
doors and windows, the computations for deflection
and rigidity are much more complex. An exact anal-
ysis, considering angular rotation of elemente, rib
shortening, etc., is very time consuming. For this
reason, several short-cut approximate methods in-
volving more or less valid assumptions have been
developed. These do not always give consistent or
satisfactory results. Therefore, conservative ap-
" proach and judgment must be used. Refer to para-
graph 6-2d(2) for additional discussion.

(2) Shear distribution. It is necessary to make a
logical and consistent distribution of story shears to
each wall. Rigidity analysis is discussed in chapter
4, paragraph 4-4¢, and in paragraph 6-2d of this
chapter. An exact determination of the story shear
distribution is very difficult and is not necessary.
Approximate methods in which the deflections of
portions of walls are combined usually are adequate.
Examples illustrating various methods of rigidity
computations are shown in appendix C.

(3) Deflection charts. Deflection charts for
fixed-ended corner and rectangular piers are shown
in figure 6-11. Curves 5 and 6 are for cantilever cor-
ner and rectangular piers. The corner pier curves are
for the special case where the I (moment of inertia)
of the corner pier is 1.5 times the I of a rectangular
pier. For other I values the bending portion of the
deflection would be proportional. The deflections
shown on the charts are for a horizontal load P of
1,000,000 pounds. The deflections shown on the
charts are reasonably accurate. The formulas writ-
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ten on the curves can be used to check the results.
However, the charts will give no better results than
the assumptions made in the shear wall analysis.
For instance, the point of contraflexure of a vertical
pier may not be in the center of the pier height. In
some cases the point of contraflexure may be
selected by judgment and an interpolation made be-
tween the cantilever and fixed conditions.
(4) Assumptions

(a) The foundation is unyielding or that soil
pressures will vary as a straight line under a wall
when subjected to overturning. These may not al-
ways be realistic assumptions, but are generally
adequate for design purposes.

(b) Where the openings in a shear wall are so
large that the resulting wall approaches an assem-
bly similar to a rigid frame (h/d values off the chart),
the wall will be analyzed as a rigid frame.

c. Construction Joints and Dowels. The contact
faces of shear wall construction joints have exhib-
ited slippage and related drift damage in past
earthquakes. Consideration must be given to loca-
tion and details of construction joints. They must be
clean and roughened. It is highly desirable to pro-
vide intermittent shear keys in Seismic Zone Nos. 3
and 4. Shear friction reinforcement may be provided
in accordance with ACI (318-77) Section 11.7. A co-
efficient of friction of 0.6 is suggested to account for
seismic effects.

6-4. Tilt-up and other precast concrete shear
walls. a. Analysis. Where tilt-up or precast con-
crete walls are used as shear walls, the basic
analysis is the same as that for walls of cast-in-place
concrete. In this case the boundary conditions be-
come critical and the shears between precast and
cast-in-place elements must be analyzed. Shears be-
tween two precast elements or between a precast
element and a cast-in-place element may be devel-
oped by shear keys, dowels, or welded inserts. The
contact joint itself is a cold joint and will be given no
shear or tension value.

b. Joints. Weakened plane joints are frequently
provided in poured-in-place concrete to routs cracks
caused by shrinkage or temperature change. These
joints normally do not affect the analysis of shear
walls. However, in precast concrete elements, joints
are frequently provided which structurally separate
one element from another. In the case of precast
wall construction, for instance, one might have a se-
ries of concrete elements tied together at top and
bottom but structurally separated from each other
by vertical joints. Since all elements ‘- ~ line are tied
together at the top they must » “izontal
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Figure 6-11b. Design Curves for Masonry
and Concrete Shear Walls
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deflections and therefore a horizontal force parallel
with the line of units will be resisted by the individ-
ual elements in proportion to relative rigidities.
Such elements may not have equal rigidities since
some may contain large openings or may be of dif-
ferent height-width ratios. Some elements may
deflect primarily in shear and others primarily in
flexure. Where significant dissimilar deflections are
found, the building elements tying the individual
units together inust be analyzed to determine their
ability to resist or accept such deformations in-
cluding angular rotation without losing their ability
to function as ties or diaphragm chords or footings.
The use of mechanical keys or sleeved dowels may
be used to assist in eliminating differential move-
ment of adjacent precast panels separated by
control joints where appearance and weather-tight-
nees are otherwise satisfactorily provided.

c. Connectors for Shear Walls. Past experience in-
dicates that the performance of weld plates or other
nonductile connectors has been poor and in many
cases they have resulted in failures during earth-
quakes. These connectors have been weak links in
the shear wall connection. It is important that the
load bearing shear walls be more stringently or con-
servatively designed since any connector failure
during an earthquake may result in progressive fail-
ure to collapse. Therefore, all connectors for load
and nonload bearing walls will be designed for three
times the actual seismic shear forces. The shear
force will be uniformly distributed throughout the
height or length of the shear wall with reasonably
spaced connectors (maximum spacing 4'-0°) rather
than with a few which will have localized concentra-
tion of stresses. Detailed calculations will be made
including the localized effects in concrete walls
attributed from these connectors. Sufficient details
of connectors and embedded anchorage will be pro-
vided to preclude construction deficiency.

d. Typical Details. Refer to figure 6-12 for typical
details of attachments.

6-8. Wood stud shear walls. a Working

Shears Except Plywood. Figure 6-13 gives in tabu-
lar form the maximum height-width ratios and
allowable shear per lineal foot for wood stud shear
walls with various types of sheathin or plaster ex-
cept for plywood sheathed walls. The usual 33-1/3
percent increase for short-time seismic loads is not
spplicable to theee allowable shear values. The
strength of any wood stud shear wall may be made
up of a combination of the materials listed. In no
case shall the allowable shears for combinations of
materials exceed 600 pounds per lineal foot.

TM 5-809-10
NAVFAC P-388
AFM 88-3, Chap. 13

b. Working Shears for Plywood. Details of ply-
wood sheathed walls are shown on figure 6-14 and
the allowable working shears are shown in figure
6-16. When a combination of plywood and other ma-
terials is used, the shear strength of the walls will be
determined by the values permitted for plywood
alone (fig 6-16).

¢. Deflections. The deflection of wood frame shear
walls at the present time is not readily computable.
The maximum height-width limitations given herein
are presumed to satisfactorily control deflections.
Relative stiffnesses of wood stud shear walls will be
measured by the effective lineal width of walls or
piers between openings.

d. Let-In Brace. Except when used in combina-
tion with diagonal sheathing or plywood, a one-inch
by four-inch brace let into the studs may be used to
resist an additional horizontal force not exceeding
1,000 pounds, provided the total value of the shear
wall does not exceed 600 pounds per foot. Each such
brace shall be nailed to each stud and to the top and
bottom plates with two 8d nails.

e. Wall Tie-Down. The end studs of any plywood
sheathed shear wall and/or shear wall pier will be
tied down in such a manner as to resist the overturn-
ing forces produced by seismic forces parallel to the
shear wall. This overturning force is sometimes of
sufficient magnitude to require special steel attach-
ment details. A commonly used detail is shown on
figure 6-16. Tie-downs will be computed using the
required stresses for wood and its fastenings in-
creased 33-1/3 percent for seismic forces.

6-6. Steel stud walls. Some small structures
may be constructed using steel stud structural
walls. In order for this type of wall to be capable of
acting as a shear wall, some form of bracing is re-
quired. When the design forces permit, the detail
shown on figure 6-17a may be used to resist a total
of 1,000 pounds. In larger buildings where the de-
sign forces become greater, this method is impracti-
cal and other shear wall systems may be required.
Figure 6-17b shows typical details at top of walls.

6-7. Vertically braced frames. a. Gensral De-
sign Criteria. The criteria governing the design of
vertical braced frames will be chapter 3, paragraph
8-3(J)1g, paragraph 6-2 of this chapter, and as pre-
scribed in this paragraph.

(1) Structural steel braced frames. Members of
braced frames will be composed of ASTM AS6,
A441, A500 (Grades B and C), A501, A572 (Grades
42, 45, 50, and 55), or A588 structural steel and will
conform to the AISC ‘“‘Specification for Design,

-7
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Fabrication, and Erection of Structural Steel
Buildings.”

(2) Reinforced concrete braced frames. Will con-
form to the requirements of paragraph 6-3a(1)(B).

(3) Wood braced frames. Wood braced frames
will be designed using normal procedures illustrated
in many easily obtainable texts and are not covered
in this manual. “National Design Specifications for
Wood Construction” (1977 Edition and 1980 Sup-
plement), NFPA, applies.

b. Generai Discussion.

(1) Definition of braced frame. In chapter 3,
paragraph 3-3(B), a braced frame is defined as a
truss system or its equivalent which is provided to
resist lateral forces and in which the members are
subjected to axial stresses. The determination of
whether a bracing system, such as one utilizing deep
knee braces, is a braced frame or a moment resisting
frame is in the 1960 SEAOC Commentary
(p. 32) as follows: “If the deflection of a braced bent
is predominantly due to bending and rotation of in-
dividual members rather than the direct stress
distortion of shear carrying bracing members, it
may be considered a frame; if it deflects primarily
due to the distortion of the shear carrying member it
is a shear wall.” Braced frames may be made of any
approved structural material (para 6-2¢). Braced
frames may be of various forms. The X-braced pan-
els, consisting of diagonal tension members and
vertical compression members, are most frequently
used (fig 6-18). Trussed portal bracing or K-bracing
is frequently used to permit unobstructed openings
(fig 6-20). Braced frames with single diagonal mem-
bers capable of taking coinpression as well as
tension are used to permit flexibility in the location
of openings (fig 6-19). The deflection of braced
frames is readily computed using recognized
methods. ‘

(2) Function of braced frame. The function of
the bracing is that of resisting forces that tend to
deform the building in a direction parallel to the
plane of that bracing, and to transmit these lateral
loads to the foundation. As with other systems, the
deformations to be expected in a major earthquake

T™ 5-809-10
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can be much greater than those found using the pre-
scribed forces. As the ductility of the usual braced
systems has not been adequately demonstrated.
multiple braces should be used whenever possible
(see para 6-2s).

(8) Connections. Obviously, a member will not
support loads in excess of what its connections and
other details can hold. As a general principle, these
details should be sufficient to develop the useful
strength of the member or part concerned, regard-
lese of calculated stress. In lieu of developing the
full capacity of the member or part concerned, the
connections will be designed for 1.25 times the de-
sign force without the one-third increase usually
permitted.

¢. Special Requirements for Braced Frames. Refer
to chapter 8, paragraph 3-3(J)1g, for special load
factor and connection requirements for braced
frames. Reference should also be made to the
SEAOC Commentary, pages 47-C and 48-C.

6-8. Masonry shear walls. Distribution of
shears to masonry walls will be in a similar manner
as described for cast-in-place concrete walls. For
typical masonry shear wall details, see chapter 8,
Reinforced Masonry. When masonry shear walls are
used as part of a dual system (i.e., K=0.8 per cat-
egory 3 in table 3-3) in Seismic Zones 2, 3, or 4,
special vertical boundary elements are required.
These elements will be composed of structural steel
or reinforced concrete in accordance with paragraph
6-3a(1)(D) or will be composed of masonry columns
or pilasters in accordance with chapter 8, paragraph
8-14.

6-9. Metal wall systems. Metal wall panels or

sidings less than 22 gage are not permitted for use

as shear walls. Metal decking and attachments com-

plying with chapter 5, paragraph 65-6 will be

permitted for use as shear wall diaphragms.
EXCEPTION: In Seismic Zone 1, a pre
engineered metal building with panels less than
22 gage requires that load tests be submitted
for evaluation and approval.
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CHAPTER7?7
SPACE FRAMES

7-1. Purpose and scope. This chapter pre-
scribes the criteria for design of moment resisting
space frames of buildings in seismic areas; indicates
principles, factors, and concepts involved in seismic
design of moment resisting frames; gives design
data; and illustrates typical details of construction.
For braced frames which act as shear walls, refer to
chapter 6.

7-2. General. A space frame, as defined in chap-
ter 3, paragraph 3-3(B), is a three-dimensional
structural system, without bearing walls, composed
of interconnected members laterally supported so as
to function as a complete self-contained unit with or
without the aid of horizontal diaphragms or floor

bracing systems.

a. Seismic Space Frames. Horizontal forces at
any floor or roof level are transmitted to the founda-
tion (ground) by using the strength, rigidity, and
ductility of a moment resisting space frame. A seis-
mic space frame will be based on the assumption
that the frame depends on its own bending stiffness
for the lateral stability of the structure (fig 7-1). It
is important to remember that deformations result-
ing from the dynamic response of a major
earthquake are much greater than those determined
from the application of the prescribed forces. This
means that a space frame that conforms to the mini-
mum requirements of this manual will survive a
major earthquake only if it can yield without essen-
tial loss of lateral resistance or vertical load
capacity. Since normal building materials have very
limited energy-absorbing capacity in the elastic
range of action, it follows that what is nseded is a
large energy capacity in the inelastic range. The
term “‘ductility’’ is used to denote this property.
Providing a ductile seismic frame may well prove to
be the difference between sustaining tolerable and,
in many cases, repairable damage, instead of cata-
strophic failure. The energy dissipation, ductility,
and structural response (deformation) of space
frames depend upon the type of members, connec-
tions (joints), and materials of construction used.
The behavior of joints is a critical factor in the effi-
ciency of building frames during high intensity cy-
clic loading. A seismic space frame will be a moment
resisting space frame or a ductile moment resisting
space frame.

b. Moment Resisting Space Frames. A moment
space frame is a vertical load-carrying space frame

in which the members and joints are capable of re-
sisting design lateral forces by bending moments.
Although a moment resisting space frame need not
comply with all the special requirements of a ductile
moment resisting space frame, it will comply with
the applicable requirements set forth in this chapter
to qualify as a seismic space frame.

¢. Ductile Moment Resisting Space Frames. To
qualify for a K-factor of 0.67, the structural system
for resisting lateral forces must be a ductile moment
resisting space frame. A ductile moment resisting
space frame will be required for any building of any
height where a K-factor of less than 1 is used (some
exceptions are permitted for dual systems as pro-
vided for in table 3-7). A ductile moment resisting
space frame will be based on the assumption that
the frame depends on its own bending stiffness for
the lateral stability of the structure. Beams (or gird-
ers) shall be connected to columns by rigid joints
which are capable of developing in the beams the full
plastic capacity of the beams, under moment rever-
sals. To take advantage of the energy absorbing
capacity of the structural members, connections
shall be designed to be at least as strong as the
members connected. A ductile moment resisting
space frame will be constructed of structural steel or
reinforced concrete and will comply with the re-
quirements of Concrete Frame Type A (para 7-38) or
Steel Frame Type A (para 7-6). In Seismic Zone No.
1, Concrete Frame Type B (para 7-4a) qualifies as a
ductile moment-resisting space frame.

d. Classification of Moment Resisting Space
Frames. Space frames are classified under several
categories in chapter 3, paragraph 3-6a, for use in
table 3-7. The design criteria for Types A, B, and C
of both concrete and steel moment resisting space
frames are covered in paragraphs 7-3 through 7-6.
Concrete Frame Type D, which is not classified as a
moment resisting seismic space frame (although
such a frame will naturally have some moment re-
sistant capacity), is a vertical load-carrying space
frame designed in accordance with ACI 318-77.

7-3. Concrete Ductile Moment Resisting
Space Frame—Concrete Frame Type A.

a. General Design Criteria. The criteria used to de-
sign ductile moment resisting space frames will be
ACI 318-77 except appendix A, and as modified by
SEAOC Section 2 (reprinted below) and by this
manual.
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(1) SEAOC Section 2, Concrete Ductile
Moment Resisting Space Frames:® (Modifications
arein italics)

(A) General.

Design and construction of cast-in-place, monolithic reinforced concrete
framing members and their connections in ductile moment resisting space
frames shall conform to the requirements of ACI Building Code, ACI 318.|nd
all the requirements of SEAOC Section 2 as modified herein.

EXCEPTION: Precast concrete frame members may be used, if the
resulting construction complies with all the provisions of this Sec-
tion.

All lateral load resisting frame members shall be designed by the strength
design method except that the alternate design method may be used provided
that it is shown that the factor of safety is equivalent to that achieved with the

design method.
ACI 318, for earthquake loading shall be modified to:
U=1.4(D+L)+14E (7-1)
U=0.9D+1.4E (7-2)

Members of space frames which are designed to resist seismic forces shall
be designed, in accordance with the provisions of this Section, so that shear
failures will not occur if the frame is subjected to lateral displacements in ex-
cess of yield displacements.

(8) Definitions.

CONFINED CONCRETE is concrete which is confined by closely spaced
special transverse reinforcement restraining the concrete in directions perpen-
dicular to the applied stresses.

SPECIAL TRANSVERSE REINFORCEMENT is composed of spirals,
stirrup-ties, or hoops and supplementary cross-ties provided to restrain the
concrete to make it qualify as confined concrete.

STIRRUP-TIES OR HOOPS are continuous reinforcing steel of not less
than a No. 3 bar bent to form a closed hoop which encloses the longitudinal re-

inforcing and the ends of which have a standard 135 degree bend with a 10 bar
diameter extension or equivalent.

(C) Physical Requirements for Concrete and Reinforcing Steel.

1. Concrete. The minimum specified 28-day strength of the concrete,
f;, shall be 3000 pounds per square inch.

The maximum specified strength for lightweight concrete shall be
limited to 4000 psi.

2. Reinforcement. All longitudinal reinforcing steel in columns and
beams shall comply with-ASTM A-615, grade 40 or 60. The actual yield
stress, based on mill tests, shall not exceed the minimum specified yield stress,
fy, by more than 18,000 psi. Retests shall not exceed this value by more than
an additional 3000 psi. In addition the ultimate tensile stress shall be not less
than 1.33 times the actual yield stress, based on mill tests.© Grades other than
theee specified for design shall not be used.

Structural Engineers Association of Califorala, and repreduced
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7-4

Where reinforcing steel is to be welded, a chemical analysis of the steel
shall be provided.? Welding shall conform to “‘Structural Welding Code— Re-
inforcing Steel,"' AWS D1.4-79.

(D) Flexural Members.

1. General. Flexural members shall not have a width-depth ratio of less
than 0.3, nor shall the width be less than ten inches (10°) nor more than the
supporting column width plus a distance on each side of the column of three-
fourths the depth of the flexural member. Flexural members framing into col-
umns shall be subject to a rational joint analysis. (figure 7-2)

2. Reinforcement. All flexural members shall have a minimum rein-
forcement ratio, for top and for bottom reinforcement, of 200/f, throughout
their Jength. The reinforcement ratio “‘p"’ shall not exceed 0.026.

The positive moment capacity at the face of columns shall be not less
than 50 parcent of the negative moment capacity provided. A minimum of one-
fourth of the largei amount of the negative reinforcement required at either
end shall continue throughout the length of the beam. At least two bars shall
be provided both top and bottom. (figure 7-3)

3. Splices. Tensile steel shall not be spliced by lapping in a region of
tension or reversing stress unless the region is confined by stirrup-ties. Splices
shall not be located within the column or within a distance of twice the mem-
ber depth from the face of the column. At least two stirrup-ties shall be pro-
vided at all splices. (figure 7-4)

4. Anchorage. Flexural members terminating at a column, in any ver-
tical place, shall have top and bottom reinforcement extending, without hori-
zontal offsets, to the far face of a confined concrete region, terminating in a
standard 90 degree hook. Length of required anchorage shall be computed be-
ginning at the near face of the column. Length of anchorage in confined re-
gions shall be not less than 56 percent of the development length, but not less
than twenty- four inches (24°). (figurs 7-3)

EXCEPTION: Where the column resists less than 25 percent of the
story-bent shear, at lerst 60 percent of such top and bottom rein-
forcement shall be ar.chored within such column cores and the re-
mainder shall be snchored in regions outside the column core
confined aa specified herein for columns.

5. Web Reinforcement. Vertical web reinforcement of not less than
No. 3 hars shell be provided in accordance with the requirements of ACI 318,
except that:
a. Stirrups shall be spaced to resist the ultimate design shear V, in
sihich ' MA+MB \
Vn’!'"—'t;\;—“— 0+!L4VD+L (7-8)
where M/ and M? are ultimate moment capacities of opposite sense (double
curvature) at each hinge location of the member and Vp 41, is the simple span
shear. Lap is the distance between M2 and M2. Ultimate moment capacities
shall he computed without the ¢ factor reduction and assuming the maximum
reinforcing yield strength based on 26 percent over specified yield. Ultimate
shasr capacities shall be computed with the ¢ factor reduction.

*Formoalan have hesn renurabered such that SEAOC Formula 2-1 is designated as Formula
7- 3o thin maanal,

TR ATE coalorms to these provisions.

“Chagaicel sea'ye's is not required for ASTM A708.



TM 5-809-10
NAVFAC P-388
AFM 88-3, Chap. 13

b. Stirrups shall be spaced at no more than d/2 throughout the length of
the member

c. Stirrup-ties, at a maximum spacing of not over d/4, 8 bar diameters,
24 stirrup-tie diameters, or twelve inches (12”), whichever is least, shall be
provided in the following locations:

At each end of all flexural members, the first stirrup-tie shall be lo-
cated not more than two inches (2”) from the face of the column and
the last, a distance of at least twice the member depth from the face
of the columns.

Wherever ultimate moment capacities may be developed in the flex-
ural members under inelastic lateral displacement of the frame.

Wherever required compression reinforcement occurs in the flexural
members. :

d. In regions whers stirrup-ties are required, longitudinal bars shall
have lateral support conforming to the provisions of ties for tied columns.
Single or overlapping stirrup-ties and supplementary cross-ties may be used.

Section 2(E)
(E) Columns Subject to Direct Stress and Bending.

1. Dimonsional Limitations. The ratio of minimum to maximum col-
umn thickness shall not be less than 0.4 nor shall any dimension be less than
twelve inches (12°). (figure 7-2)

2. Vertical Roinforcement. The reinforcement ration “p” in tied col-
umns shall not be less than 0.01 nor greater than 0.08. (figure 7-3)

3. Splices. Lap splices shall be made within the center half of column
height, and the splice length shall not be less than 30 bar diameters. Continu-
ity may also be effected by welding or by approved mechanical devices pro-
vided not more than alternate bars are welded or mechanically spliced at any
level and the vertical distances between thess welds or splices of adjacent bars
is not less than twenty-four inches (24"). (figure 7-4)

4. Special Transverse Reinforcement. The cores of columns shall be
confined by special transverse reinforcement as specified herein or as required
to meet shear requirements. (figure 7-5)

a. The volumetric ratio of spiral reinforcement shall not be less than
that required in ACI-818 nor .

p'=012 _x _, (7-4)
whichever is greater. t )

b. The total cross-sectional area (A“gp,) of rectangular hoop reinforce-
ment shall not be less than

[ ] L] A f: -—
A"wm0.30ab" - (—:c'- ) (7-6)
nor
A*u=0.128h" —é.u (7-6)

whichever is greater, where

a = center to center spacing of hoops in inches with a maximum of
four inches (4°). A
A, = areaof column core.

7-8
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Ag = gross area of column.

A= total cross-sectional area in square inches of hoop reinforcement
including supplementary crossties having a spacing of (a) inches
and crossing a section having a core dimension of h”.

h® = core dimension of tied column in inches.

f°yn = yleld strength of hoop or spiral reinforcement.

Single or overlapping hoops may be provided to meet this require-
ment. Supplementary crossties of the same size and spacing as hoops using
136 degree minimum hooks engaging the periphery hoop and secured to a lon-
gitudinal bar may be used. Supplementary crossties or legs of overlapping
hoops shall not be spaced more than fourteen inches (14”) on center trans-
versely.

EXCEPTION: Formula (7-5) nsed not be complied with if the column
design is based on the column core only.

c. Special transverse reinforcement shall be provided in that portion of
the column over a length equal to the maximum column dimension or one-sixth
of the clear height of the column, but not less than eighteen inches (18°) from
either face of the joint.

d. At any section where the ultimate capacity of the column is less than
the sum of the shears (£V,) computed by Formula (7-3) for all the beams fram-
ing into the column above the level under consideration, special transverse
reinforcement shall be provided. For beams framing into opposite sides of the
column, the moment components of Formula (7-3) may be assumed to be of
opposite sign. For the purpose of this determination, the factor of 1.4 in For-
mula (7-3) may be changed to 1.1. For determination of the ultimate capacity
of the column, the moments resulting from Formula (7-3) may be assumed to
result from deforination of the frame in any one principal axis.

e. Columns which support discontinuous members, such as shear walls,
braced frames, or other rigid elements shall have special transverse reinforce-
ment for the full height of the supporting columns.

5. Column Shear. The transverse reinforcement in columns subjected
to bending and axial compression shall satisfy the formula

Avfy ‘d?c‘ 8%!“'VQ (7"7)
where V, shall be computed by using the ultimate moment capacity in the
ends of either the beams or columns framing into the connection. Ultimate
moment capacities shall be computed without ¢ or other reduction factors and
under all possible vertical loading conditions and assuming the maximum re-
inforcing yield strength based on 25 percent over specified yield.

VemveAe, where v shall be in accordance with ACI 318, except that V. shall
be considered zero where —:l. <0.12f.

s = spacing, € 1/2 minimum column dimension.

d. = dimension of column core in direction of load.

A, = total cross sectional area of special transverse reinforcement in
tension within a distance, s, except that two-thirds of such area
shall be used in the case of circular spirals.

Ac = Area of column core.

(F) Beam-Column Connection.
1. Analysis. The transverse reinforcement through the connection shall
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be proportioned according to the requirements of paragraph 7-Sa(INEM. The
transverse reinforcement thus selected shall be checked according to the pro-
visions set forth in'paragraph 7-3a(INE)5, with the exception that Vy, acting
on the connection shall be equal to the maximum shears in the connection
computed by rational analysis taking into account the column shear and the
concentrated shears developed from the forces in the beam reinforcement at a
stress assumed at fy.

Within the depth of the shallowest framing member, special transverse
column reinforcement of one-half the amount in the preceding paragraph shall
be required where members frame into all four sides of a column and whose
width is at least three-fourths the column width. When a corner of a tied col-
umn, unconfined by flexural members, exceeds four inches (4 "), the full special
transverse reinforcement shall be provided through the connection and around
bars outside of the connection.

Special transverse beam reinforcing shall be provided through the beam-

column connection to provide confinement for longitudinal reinforcement out-

side the column core where such confinement is not provided by another beam
framing into the connection. P

2. Design Limitations. At any beam-column connection where I:' >

0.12f,, the total ultimate moment capacity of the column, at the design earth-

quake axial load, shall be greater than tha total ultimate moment capacity of

the beams, along the principal planes at that connection.
EXCEPTION: Where certain beam-column connections at any level
do not comply with the above limitations, the remaining columns
and connected flexural members shall comply and further shall be
capable of resisting the entire shear at that level accounting for the
altered relative rigidities and torsion resulting from the omission of
elastic action of the non-conforming beam-column connections.

(G) Inspection.
For buildings designed under this Section, a specially qualified inspector
shall provide continuous inspection of the placement of the reinforcement and

concrete and report to the registered professional engineer responsible for the
structural design. The inspector shall submit to the appropriate authority a

certificate indicating compliance with the plans and specifications.

(2) Summary of Major SEAOC Modifications
to ACI 318-177:

(a) Limitations of precast concrete members
(para 7-3a(1)A)).

(b) Modification to design load factors (para
(A), formula 7-1).

(c) Limitations on grades of reinforcing steel
(para 7-3a(1XC)2).

(d) Limitations are placed on dimensions and
maximum percentage of reinforcing that can be
used (para 7-3a(1XD)1,2).

(e) Special requirements for splices, anchor-
ages, beam stirrups, column ties and hoops, and
joint reinforcement (para 7-3a(1KD)3, 4, (E), (F)).

() Special requirements to provide the forma-
tion of inelastic hinges in beams rather than in col-
umns (para 7-3a(1NE)Md).

(g) The provisions of paragraph 7-3a(1) are
illustrated in figures 7-2 through 7-9.
(3) Special modifications
(a) Prestressed, post-tengioned, and flat-slab
systems are not to be used as part of the lateral
force resisting space frame (see para 7-8b for

discussion).

(5) Column ties will be at least No. 4 bars for
vertical bars No. 11 or larger and for bundled bars
and at least No. 5 bars for vertical bars less than No.
11.

b. General Discussion. Ductility of reinforced
concrete frames is accomplished by: (1) using the
method of design outlined in ACI 318-77 with a
modified load factor, (2) limiting the percentage of
steel reinforcement s0 that the steel will yleld before
the concrete fails in compression, (3) confinement of
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the concrete with special transverse reinforcement
80 as to prevent failure of joints under moment re-
versals (refer to ACI-362),° (4) proportioning mem-
bers so that any yielding will be confined to the
flexural members (girders) rather than to the col-
umns, and (6) avoidance of shear failure. The
standard acceptable method of construction for the
framing members and their connection is cast-in-
place monolithic reinforced concrete. It is some-
times feasible to precast beam-column elements and
join them at pcints of minimum moment with a cast-
in-place splice, so an exception is permitted (para
7-3a(1A)). However, the use of prestressing to
develop ductile moment capacity is a subject for
further study and is not presently permitted. The
use of flat slabs to develop ductile moment capacity
is also doubtful, thus does net qualify without spe-
clal design provisions to provide an equivalent duc-
tile frame within the depth of the slab. Other mem-
bers within the building, not part of the concrete
ductile moment resisting space frame, may be pre-
cast, prestressed, composite, or any other appropri-
ats system if adequats diaphragms and connections
are developed so the building will respond to seismic
input as a unit. These members shall comply with
the design requirements of the ACI Building Code,
ACI 318.

7-4. Concrete Moment Resisting Space
Frames—Concrete Frame Types B and C

a. Concrete Frame Type B. The criteria used to
design Type B concrete moment resisting space
frames will be ACI 318-77 except appendix A, and
as modified below and illustrated in figure 7-10
through figure 7-15. Refer to chapter 3, paragraph
3-6 and table 3-7, for the limitations on the use of
this type of concrete space frame.

(1) The provisions of paragraphs 7-8a(1{A),
(B), and (D) 1 will apply (see fig 7-2).

(2) Prestressed, post-tensioned, and flat slab
systems are not to be used as part of the lateral
force resisting space frame (see para 7-3b).

(8) The specified yield strength of reinforcing
steel will not exceed 60,000 p.s.i.

(4) Members of the momea: resisting space
frame will be designed for the shear that results
from the formation of inelastic joint rotations, in the
same direction, at each end of the member (ses fig
7-14).

SCommittes 352, “Recommendations for Design of Beam-
Celums Jeints in Monolithic Reinforced Concrete Structures,”
ACI Joursal, Proceedings V. 73, No. 28, July 1976. This reference
provides a atate-of-the-art summary of current information.
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(6) All frame flexural members will have a mini-
mum reinforcement ratio, p, for top and bottom
reinforcement of 200/f, throughout their length ex-
cept where a greater minimum is required by ACI
818. At least two bars will be provided, both top and
bottom, throughout their length.

(6) At locations where the ultimate capacity of
a member will be developed under inelastic lateral
displacement of the frame, the maximum p will not
exceed 0.025.

(7) The positive moment capacity of flexural
members at columns will be at least 40 percent of
the negative moment capacity.

(8) Splices in required reinforcing of flexural
members framing into columns will not be located
within the column nor within a distance of twice the
member depth from the face of the column. At least
two closed stirrup ties will be provided at all splices.

(9) Flexural member framing into a column
where there is no flexural member on the opposite
side will have top and bottom reinforcement extend-
ing to the far face of the confined region and
terminated with a standard hook.

(10) The length of anchorage in confined re-
gions may be 0.56 14. In other regions, anchorage
length will be 14. In no case will the anchorage
length be less than 24 inches (14 is development
length per ACI).

(11) Stirrup ties of not less than No. 8 bars will
be provided at a spacing of not over d/4 nor 12° fora
distance of at least the member depth at the and of
each flexural member and wherever ultimate capaci-
ties may be reached under lateral displacement of
the frame. The first stirrup tie will be placed 2° from
the face of the column.

(12) Standard stirrups will be provided at a
maximum spacing of 3/4d throughout the length of
the flexible member, or minimum required by ACI
318, whichever governs.

(13) The reinforcement ratio, p, in tied columns
will not be less than 0.01 nor greater than 0.06.

(14) Lap splices shall be made within the center
half of column height, and the splice length shall not
be less than 30 bar diameters. Continuity may also
be effected by welding or by approved mechanical
devices provided not more than alternats bars are
welded or mechanically spliced at any level and the
vertical distance between these welds or splices of
adjacent bars is not less than twenty-four inches
(24°).

(15) Special transverse reinforcement for col-
umns will be continuous reinforcement enclosing the
longitudinal reinforcement and ending with a 186
degree bend with a 10 bar diameter extension. Sup-
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A D N members. (Frame Type A or
Type B only.) See paragraph
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Pigure 7-2. Concrete Frame Type A - Limitations on Dimensions
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See footnote | [ 1f P/A‘i 0.12 "c
a, paragraph of Columns fncluding effects
7-3b, and of P, must be ® M, of flexural
Exanmple A-2, 5 members,
;gefi 24 of | ~ Min. top reinforcing:
™~ , Tob steel e 2 continuous bars
> (anm (3 gm0
® 252 of top steel at
L 1 @ e |
/

L

— LI '
:‘5'47,‘21-/00/6 LBottc:nn steel - Min. bottom reinforcing:
at column e 2 continuous bars

COUFI//ER — equal to a e p = 200/f
JOWT AREA minimum of y

(See Girder- S0% of top

Column Joint . steel at

Analysis) column

ELEVATION OF GIRDER AND COLUMN

FLEXURAL MEMEER:
£'c = 3,000 p.s.4. min. at 28 days

!, ® 40 ksi (ASTM A615) or 60 ksi (ASTM A615 or ASTM A706)
Reinforcement ratio, p = As/bd or p' = A;/bd: p = 0.025 max.

‘1s is not a code requirement. It is a recommendation of
ACI Committee 352, ACI Journal, July 1976.

L (Anchorage) = 0.56 l;l* OR Min. 24"

. .
L = 14 for Top Member (without column above)

NOTE: For 14,development length of deformed bars
COLUMN: in tension,see ACI 318-77, Sect. 12.2.

£'c = 3,000 p.s.1. at 28 days Min,
!’ s 40 ksi (ASTM A615) or 60 ksi (ASTM A615 or ASTM A706)

Reinforcement ratio, p (for tied columns)

2 0,01 and % 0,06. Reference:
- paragraph 7-3

Pigure 7-3. Concrete Frze Iure 4 - Lomgitudinal Reinforce~ent

w.
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