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INTRODUCT ION

In the United States, two of the most severe earthquakes did
not happen on the West Coast, but in the East and the Midwest
{Charleston, South Carolina in 1886 and New Madrid, Missouri in
1911 and 1812). 8ut since seismic activity s more freguent on
the wWest Coast, scientists have concentrated efforts there.

This primer 15 emphazising how architectural planning design
affects the performance of buiidings under earthquﬁke conditions.
To date, ‘code requirements essentially deal with the structural
integrity of a building as it affects life safety. But with much
improved structural design methods, building cotlapse has become
less prevalent. This in turn has made architectural
{nonstructural) elements more vulnerable to damage, namely,
glazing, facades, interior partitions, etc.

This primer is established in conjunction with the workbook
which will record the cooperative research project with 3
architects who are chosen among the East Coast architects in
dealing with seismic design, It i; an lntéractive association
between the researchers and East Coast architects in learning and
incorporating seismic designs considerations in the architectural

design practice.
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CHAPTER 1
EARTHQUAKES CAUSES AND EFFECTS

1.1 GENERAL THEQRY OF EARTH MOVEMENT
1.1.1 Plate Tectonics

The theory of plate tectonics asserts that the crust and
upper mantie of the earth ere made up of & major and 6 or more
minor 1nteﬁnally rigid plates (or segments ‘of the |1ithosphere}
which slowly, continuously and independently slide over the
interior of the earth. These plates meet {n Convergence Zones
and separate in Divergence Zones. Plate motion is thought to
create earthquakes, volcanoes, and other geologic phenomenal.

Divergenbe Zones are zones where molten rock from beneath
the crust surges up to fill in the resulting rift and forms a
ridge. Convergence Zones are zohes where subduction occurs, one
plate slides under the other forming a trench, and returns
material frdm the leading edge of the lower plate to the earth's
interior. Figure 1.1 shows the Plates of Earth's Lithosphere.

Ninety percent of all earthquakes occur in the vicinity of
these "Plate Boundaries" where plates push into one another and
one slides beneath the other --shallow to aeep'seated earthquakes
occur, Deep-seated earthguakes aré uncommon where plates slide
past each cather. The othen;ten percent of earthguakes occur at
faults located "Within Plates®. They are much less frequent than
those at plate boundaries, and their causes are less well

understood.
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world's Seismicity Map with epicenters of some 30,000

earthquakes {n the vyears 1961 - 1967, which have focal depths

between 0 and 700 km is {llustrated in Figure 1.2,

1.1.2 Elastic Rebound Theory

Earthquake theory is generally based on the "Elastic Rebound
Theory", proposed by Prof. H.F, Reid. Earthquakes are
associated with large fractures or faults in the Earth's crust
and upper mantie. Figure 1.3 shows the Elastic Rebound Theory of

Earthquake generation.

1.2 MEASURING EARTHQUAKES

About 1,000,000,000 erg of elastic strain energy are
released from each cubic meter (1.3 cu yards) of rock at the time
of an earthquake. If the fault dimension and the distortion on
ceither side are known, the energy released is then computed as
the muitiplication of those dimensions by 1,000,000,000, Energy
release I8 the most precise way of measuring the size of an
earthquake, but it i5 a long, compl!icated process to determine
the fault dimensions, the slip and the other factors needed to
compute it. Therefore, in genera!, earthquake size is measured
by the magnitude ang intensity scale,

The Richter Magnitude Scale is based on the amplitude of
seismic waves recorded by seismographs. These magnitudes are
based on a 1ogarithmicvscale. so a change in magnitude of 1 wunit
corresponds to a change in the amplitude of seismic waves py a
factor of 10. Thus, a "Richter 6" records 10 times the amplitude

of a *Richter 5", and a *Richter 7" records 100 times as much as

Y
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a “Richter 5",
Table 1.1, Table 1.2 and Figure 1.4 show a statistic and
comparison of earthquakes magnitudes, energy and effects,
Table 1.1
Energies of Earthquakes (Richter Magnitude t -9}
Earthguake Approximate Earthquake
Magni tude Energy
1 6 ounces T.N.T.
2 13 pounds T.N.T.
3 397 pounds T.N.T.
4 6 tons T.N.T.
5 199 tons T.N.T.
6 6,270 tons T.N.T.
7 100,000 tons T.N.T.
8 6,270,000 tons T.N.T.
9 199,000,000 tons T.N.T.
Table 1.2
Earthquake Magnitudes,
Effects, and Statistics
Characteristics Approximate Number of
Effects of Magni tude Earthquakes
Shallow Shocks per vear
in Populated Area
Damage nearly total B + 0.1 - 0.2
Great damage 7.4 - 7.9 4
Serious damage 7.0 - 7.3 15
Considerable damage
to buttdings 6.2 - 6.9 100
Stight damage
to buildings 5.5 - 6.1 500
Felt by all 4.9 - 5.4 1,400
Felt by many 4.3 - 4.8 4,800
Felt by some 3.5 - 4.2 30,000
Not felt but
recorded 2.0 ~ 3.4 800,000
Modifled Mercalli Intensity Scales are expressed in 12

categories ranging from: “Not felt, marginal and long-period

to ‘"Damage neanrly

effects of large earthquakes* (Intensity 1I)

total. Large rock masses displaced. Lines of sight and levei

million

A.
B.
C.
D.
E.

125
120 1
115]
110 4
105 -

100 1
95

90
85 J
80 %
75 ¢

70 1
65

60 J
55
50

-1
45
40

35 4
30 ﬁ
25 J
20 4
15 4
10
5 1

1'\
0o 1 2 3
Average Tornado
1957 San Fransisco
1933 Long Beach
Hiroshima Atomic Bomb
1940 E1 Centro

Ff G
A B QE“Eﬂ)
45 6 7

€ 9 Richter Magnitud:«
1968 Iran
1952 Kern County, Calif.
1906 San Fransisco
1964 Alaska
1950 Himalayvas
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distorted., Objects thrown into the air® {Intensity XII).
Earthguakes in the Midwest and Eastern U.S. are in the
category of earthqguakes which occur at faults within plates.
Table 1,3 compares large Eastern erthguakes with East Coast
events, and shows the extent to which energy was dissipated in
the East. Figure 1.5 shows the recorded earthquakes (Intensity V
and above} in the United States through 1970, while Figure 1.6

shows the Selismic Risk Map of the United States.

Tabie 1.3
Comparison of Large U.$S5. Earthquakes
Location Magni tude Peak Felt Area
Intensity S5g.miles

New Madrid 7.1, 7.2, 7.4+ XI1 2,000,000

{(1811,1912)
Charleston (1886) around 7 IX - X 2,000,000
San Fransisco B.3 x1 375,000

(1908)
Alaska (1964) 8.3 X - X 760,000

The average rate of occurence of earthguakes with minimum
Modified Mercallt intensities of VI through VIII in various areas
of the continguous U.5. are given in the Table 1.4 These  rates
are based on an analysis of the historical seismicity. The areas
considered are shown in Figure 1.7. Table 1.4 is given in terms
of intensity because the magnitudes of many Of the earthquakes in
the historical record are unknown. The Eate at which large
shocks will occur in & particular area depends on the validity of

an empirical relationgship derived from historical data.

(M No Damage

Minor Damage

Moderate Damage
BN Major Damage
Seismic Risk Map of the United States

Figure 1.6
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Summary of Earthquakesg Recurrence Formulas

Area

182 California,

4

3

Nevada
Montana, [daho,

Utah, Arizona
Puget Sound,

Washington

8A& Mississippi valey,

7
5
6
9

:1: ]

St.Lawrence Valey
Nebraska, Kansas

Ok 1ahoma
wyoming, Colorado,

New Mexico
Oklahoma,

North Texas

Table t.4
Earthquakes
v VI
300 84.6
64.4 17.7
68.0 16.3
24,2 7.65
13.0 4.20
32,8 6.85
13.3 3.73
12.8 3.39

East Coast

VIiI
23.8
4.89
3.92
2.42

VIil
6.72
1.35
0.94
0.76

0.45

0.31

0.30
0.23

Page ©

per 100 Years per 100,000 km2
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CHAPTER 11
EFFECTS OF EARTHQUAKES ON STRUCTURES

2.1 Four basic causes of earthguakes that induce damage are!

2.1.1. Ground Rupture {n Fault Zones
if a rupture occurs, ground displacement along the fault can
be horizontal! or vertical or both. A structure directly astride

such a break will be severely damaged,

2.1.2. Ground Failure

The result of « sund failure may be in the form of
landslides, settlement and liquefaction. The phenomenon of
liquefaction can occur in sands of relatively uniform size when
saturated with water. when this material is subjected to
vibration, the resulting upward flow of wéteh can turn the
material into a composition similar to "quicksand" with
accompanying loss of foundation support. Ground failure is
particularty damaging to support systems such as water and gas
lines, sewers, commnunication lines and transportation facjlities.
This damage then has a serious effect on both health and 1i{fe

safety (causing fires, spreading disease etc-.).

2.1.3. Tsunamis

Tsunami is a series of traveling ocean waves of great and
long period, generated by disturbance associated with earthquakes
in oceanic and coastsal regions. Tsunami waves may reach forward
speeds exceeding 600 miles per hour. As the tsunami enters the

shoaling water of coastlines {n its path, the velocity of its
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waves diminishes and wave height increases, It is in these
shallow wateprs that tsunamis become a threat to life and
property, for they can c¢rest to heights of more than 100 feet,

and strike with devastating force.

2.1.4, Ground Shaking

As the earth vibrates, alj elements on the ground surface
will respond to that vibration in varying degres., Vibration and
displacement can destroy a structure which is not designed and
constructed to be earthquake resistant, Earthduahke forces in
stiructures result from the erratic omnidirectional motions of the
ground, Vertical motions have customarily been neglected in
building design, because most structures have considerable
strength {in the vertical direction because they are designed to

counteract the force of gravity,

2.2 RESPONSE OF BUILDINGS TO GROQUND MOTION

Ground motions are normally descri{bed in terms of
acceleration, velocity and displacement of the ground at a
particular location. The cycle of displacement of the structure
is a function of the time (duration) of the ground motion,
Therefore, the building must be able to undergo these extended
periods of ground shaking without fajlure, See Figure 2.1,

A building acts as a pendylum with respect to the ground,
with the rate and frequency of the swing (i.e. the swaying) as a
function of building bheight, mass, c¢ross—sectional area and

numerous other factors, as shown in Flgure 2.2.

Pendulum Action
Figure 2.2
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The rate of oscitlation, or "natural period" of a structure,
is an extremely {mportant factor because earthquakes do not
result in ground movement in only one dipection, rather, the
ground oscillates back and forth, in atl directions. Complex
deflections may result as the bullding vibrates in all its modes
of vibration in response to ground motion. The ground motion may
coincide with the natural period of the bullding's motion,
resyliting a resonance. (Figure 2.3).

The way the structure absorbs or transports the energy
released by an earthquake will determine the success or failure
of the buitlding's selsmic resistant design and construction. The
energy transfer and energy dissipation mechanisms involved should
be such that no damage would occur. The degired flexibility is
itlustrated by a flagpole that can sway considerably without
fracture or permanent displacement. The opposite situation |is
represented by a Stack of unreinforced bricks whose movements
result in permanent displacement of the bricks when a horizontal
force is applied, as shown in Figure 2.4.

1n design, one must deal with structural systems that fatl
between these 2 conditions, that {s, between an infinitely !imber
bulldings versus those that will bend {in several parts when
earthquakes forces are applied.

The bending is the result of earthguake forces, and
therefore, the structural members will absorp or temporariiy
store some of this earthauake energy when tt is imparted to the
structure. This capacity for the storage or abscbtion of energy
depends on whether the material operates in its elastic or

inelastic range. When the structure can geform, yet retain the

Effects of Cyeclic Reversals of Ground
Acceleration

Figure 2.3
qQ
%§ P
Q@ 7
Q& 4
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\\ /
A\ F/
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Wi/
A1/
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Ld
Flexibility Permanent Displacement
Figure 2.4
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ability to return to Iits origiral state without permanent
deformation, the material has stayed within its elastic range of
deformation. The range beyond the elastic range is the inelastic
or the plastic range where permanent deformation occurs. 1In this
range fracturing of certain structural building components may
occur.  The designer should be aware that structurai members may
fracture before the building experiences maximum energy i{mpact,
thus residual energy absorbing mechanisms should be provided {n

the sturcture,.

2.3 EFFECTS OF BULDING SHAPE ON RESPONSE TO SEISMIC FORCES

One of the most critical decisions regarding the ability of
buildings to withstand earthquakes is the choice of basic plan
shape and configuration. Given that earthauake forces at a site
can come from any and ali directions, and act upon a!l etements
of the building virtually simultaneously, the obvious "“pest
choice" is a building which is symmetrical in pltan and elevation,
and, therefore, is equally capable of withstanding forces imposed
from any direction. However, given other constraints, such as,
shape of site and functional reguirements, rarely can the
architect satigsfy this demand. Therefore, an understanding of
how variations in plan and elevation symmetry can affect
performance is important. (Figure 2.2 through 2.5).

Since the structure is a unit, torsional movement is created
by the earthqguake. Torsion is the result of rotation of an
eccentric or a less rigid mass about the bagic or the more rigid
mass of the bulding. Torsjon can also occur in regular-shaped

buildings whenever the relative stiffness of one part of the

Stiffness of Structure related to
Building Plan

Figure 2.5
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structure s different from another. Regular-shaped buiidings
with balanced stiffness elements therefore avoid the secondary
effects of torsion and differential! movement. (Figure 2.6).

Any irregularity in building shape, such as, in plan,

section or elevation is subjected to torsion. (Figure 2.7).

2.4 EFFECTS OF SEISMIC FORCES ON BUILDING SYSTEMS AND COMPONENTS
Most bulldings are designed with a combination of flexible
and stiff components. The 1{improper combinations of such
componentg may create problems in building performance under
earthquake loading. The structura)l fprame may absorb the
earthquake forces without significant damage, but the movement of
the building induces . significant secondary damage to
nonstructyral components. Nonstructural components myst be
properly integrated with or effectively isolated from the basic
structural frame if excessive damage and loss of life i{s to be
avoided. The interaction between nonstructural components and

structura) systems can be divided into 2 basic relationships:?

2.4.1. The effects of most nonstructural components on the
performance of the structure in most cases is neutral, however,
in certain cases - significant modifications to the building's
structural response can occur under seismic joading as a result
of nonstructural interaction. These modifications of response
generally occur when the nonstructural component has some degree
of rigidity and /or mass that causes an unexpected stiffening
effect on proportions of the structure. {(For example,
non~bearing masonry walls and fire walls, spandrels, shaft

enclosures and statr framing particularly when intermediate

Torsion Effect on Building Plan

Figure 2.6
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Figure 2.7
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Drift diapram showing lateral displacement and
resulting foreshortening

Fipgure 2,8
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landings are tied to columns.)

2.4.2. The effect of the basic structure movement on the
nonstructural componentdg. This incliudes the effects of building
drift, building torsion, displacement of cantilevered members and

other factora,

2.5 BUILDING DRIFT

The horizontal displacement of basic structure can cause
fallure of the nonstructural components in a flexible multi-story
building. A1l floors do not drift at the same rate or time, and
this action causes a horizontal displacement between floors. Duye
to the action of the forces at the base of the structure, some
floors of the building tend to move in cne direction while floors
above or below these tend to move i{n the opposite direction.
(Figure 2.8).

The differential movement between floors can and does affect
all full-floor height ejements of & butlding, 1.e. exterior
curtain walls, interior partitions, window/ door frames etc. The
exterior curtain wail that is anchored at each floor siab and is
canttlevered both up and down can be severety affected. However,
an exterior curtain wall that spans floor~to-floor in a simple

span is seldom affected by cummulative action. (Figure 2.9).

2.6 BUILDING TORSIGN

This action is wusualily brought about by the eccentric
lateral resistance or mass of the basic structure, and causes the
bulding to twist vertically. It should be noted that torsion in

a buitding sometimes results from the Stiffness of rigid onr

y
ilr =
qﬂ ==

./

/

Effect of Cantilevered Exterior Walls

V5.

Simple Span
Figure 2.9
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masstve honstructural components, such as, infiltl walls, The
basic effects of torSion on components are guite simitar to drift

and will result in the same problems as those produced by drift.

2.7 DISPLACEMENT OF CANTILEVERED MEMBERS

The unrestrained end condition of cantilevered members can
resuit {in vertical displacement. This vertical displacement can
be expected to be in opposite directions on adjacent floor,
Since cantilever construction usually involves exterior walls
these conditions can create hazard to life safety due to glass

breakage and falling wall elements. (Figure 2.10).

2.8 OTHER FACTORS

Seismic forces are time processes i{n addition to force
processes. As such, the various components of a building wiil
not neccessarily move as a unit even within a single fiocor, Aty
the above actions may commonly take place simultaneously and
produce movement between the nonstructural and structural
components that are AqQuite complex, 1t is important that the
designer wunderstands that these forces and motions are
transmitted to each component of the structure, Understanding
the origins of the forces is vital in dealing with them 1in the

design of nonstructural systems,

%
S

N
.

Displacement of Cantilevered Memhers

Figure 2.10
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CHAPTER 111
CONSIDERATIONS IN DESIGN

Earthquake damage to buildings 1is critcal because it
disrupts vital funcitons; it represents economic loses for
families, businesses, and most importantly, it threatens injury
and death to the building occupants and people in the vicinity of

the building.

The consideration in design should include the following:

1. The expected performance of the building as it affects 1ife

safety and property damage.

2. Proper integration of the various building components within
the basic planning and design parameters, giving attention to

appropriate 1ife safety criteria.

3. Establishment of basic planning and design parametens { form,

shape) that will best meet the performance criteria,

3.1 PERFORMANCE REQUIREMENTS

3.1.1 Protection of occupants within, and the public adjacent to,

a buflding during an earthquake.

Hazards:

a. Danger of being hit by falling objects (free standing

furniture, equipment, suspended ceilings, lighting fixtures,



Page 15

hanging objects, falling parapets, facade paneis/elements, ¢lass

and other debris.

b. Danger of electric shock, fire and gas in case of failure in

utitity lines, and danger of flgooding if water lines faitl.

To protect people from such hazards, building components and
systems must be designed with the potential danger in mind,
Population densities of buiildings aliso are included in these

critical conditions.

3.1.2 Disaster control and Emergency SubSystems must premain
operable after an earthquake.

In situations in which people wili be unable to escape,

they, and the building 1{tself will be subjected to secondapry
hazards caused by earthquake damage. Among the most critical
are:

a. Fire: can begin at varjous locations of the building during

an earthquake, wherever fuel or electric lines rupture.

b. Electrical hazards: collapse of ceilings or partitions or
distocation of electrical appliances may leave wiring exposed
which creates danger of shock, or resulits in sparkling which can

tead to fire or expiosion.

¢. Fiooding: broken water pipes or sanitary lines may lead 1to

flooding of various parts of the building.
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To prevent such secondary disaster, Control and Emergency
systems such as the fire protection system should be designed to

remain {ntact after the earthquake.

3.1.3 Dccupants must be able to evacuate a building quickly and
safely after an earthguake when it is safe to do so.

Hazards such as secondary disasters (explosions, fires,
aftershocks) and other potential hazards to life safety should be
mitigated thhbugh careful consideration in design. Among them
are: Debris of falling objects may hinder safe passage in an
exit corridor or on a stairway. A doorway biocked by collapsed
objects may also slow egress, or the door {tself may not copen if
the frame has been out of alignment. Elevators are vulnerable to
damage in earthquahkes. Darkness in a staircase makes §t
impossible to see missing a statrs and railings. Once outside,
the evacuee also risks being Struck by lposened debris falling

from the builidng's exterion.

3.1.4 Rescue and Emergency workers must be able to enter the
building immediately after an earthquake, encountering minimuym
interference and danger.

Rescue and Emergency Personnel need clear passage ways to
remove casualities and must have opérable Control and Emergency
Subsystems operabie in order to cope with fire and fliooding, i{f

they exist.

3.1.5 The building must be returned to useful service as quickly

as possible.
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The total "cost" of earthquakes {s measured in two parts.
First, cost as the direct conseguences of bodily injury or deagh
and property damage. Second, cost of social disruption and
economic losses related to the inability of a city to function at
full capacity after an earthquake (it includes the 1loss of
business activity and revenues and the cost of having to divert
many resources to repair and restore services and buildings). In
order to minimize the ‘'"gcosts'" above, the architects need to
concentrate upon pveventiye design for these subsystems.
Availibility of the following systems is critical in returning a
buiiding to service,

Sewage disposal and potable water supply! these subsystems
are important in larger bujldings and are especially critical in
facilities, such as, hospitals. Vertical piping systems anre
particularly subject .to damage due to bhorizontal forces and
over—-stressing of connections and joints.

Electric power: many ijmportant functions in all types of
buildings are critically dependent upon the availabitity of
electrical power, inciuding tighting, communications, heating
/coolting, vertical transportation etc.

Mechanical systems should be sufficiently operational to
provide at least minimum environmental control, particulariy {n
critical use facilities.

The relative importance of subsystems depends a great ’deal
on factors such as building occupancy, size, Jocation and
climate. For example, maintenance of a communications system s
more critical in & hospital or police station than in a

residenttal building.
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3.1.6 the bullding and personal property within the building
should remain as secure as possible after the earthquahe.

Danger of looting and vandal{sm: Broken windows and doors,
and the collapse of any part of lower facades cause a prcblem in
security. Maintaining the integrity of the exterior shell of the
building and reducing property damage is important in maintaining

security.

3.2 DESIGN STRATEGIES FOR COMPONENTS

Basically 2 design concepts can be utilized in the approach
to nonstructural component design. First, the deformation
approach, where components are designed with the ability to
absorb stress through elastic response. It is very useful when
the structure is rigid and the expected movements are small,
Most non structural component materials will egual or exceed the
basic structural material! in allowable deformation. However,
consideration must be given to component shapes and connection
details, also brittle materials such as glass must be isolated
properly to protect them.

Second, the detached approach, where components are free
from movement and thus avoid direct stress. This method
extensively uses hinges, siip joints and regilient edge
condittons. Consideration must be given to rotation and three
dimensional movement in order to avoid any binding action that
will negate the effective action of these details.

Other factors to consider in detailing with architectural
components are the interworkings of one nonstructural component

with another in addition to being able to effectively respond to
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the basic structural movement. A failure in one component may
cause a fallure in another or ultimately the entire system. For
example, rigidly fastened duct—-work or sprinklers penetrating a
non-laterally braced suspended ceiling may move, tearing off
sprinkler heads, duct-work, and/or ceiling parts. The failure of
a masonry wall in a stair enclosure may cause the failure of the
elevators, emergency power, as well as make the stairs
ineffective for egress.

Importance of connections and fastenings also can not be
negiected. Connections are the weakest links in seismic design,
both in fastening of non-structural components to the structure
and in the basic structural system, Often a conpection is
designed with structural consideration in {ts normal position and
not in jts extended position which is the ¢ritical condition when
subjected to stress.

Inadequate tolerances for sSeismic movement will transmit
impact load to adiacent parts. Tolerance for movement must be
provided 1in addition to normal construction tolerances,
inadequate bearing on fastenings, such as in screw thread
fastenings where the thread reduces the cross section, as well as
bearing area of members, In light gauge materiatl, for examplet
aluminum, excessive bearing pressure may cauSe screws to "pull
out” ~-1ike the use of screws in extruded siots.

Improper detailing, in adjustable anchors, such as, the
double angle c¢lip is used often on curtain walls. Frequently,

the lack of bearing may cause improper distribution of the loads.

(Figure 3.1).

Connection of Double Clip Angles

Figure 3.1
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Improper welding: welds should be considered as a bn@ttle
connection. Welds build up local stresses, particularly at end
joints. These residual stresses can inppease the chance of
failure when the connection is stressed due to movement resuiting
seismic action. Light gauge welding often results in burn
through, especially when a light gauge metal is connected to a
heavy structural shape. Tack welds are not considered as
structural welds due to their noneffectiveness. wWelding 1ight
gauge galvanized metal may reduce the strength of the weld due to

gas pockets in the welid bead, (Figure 3.2),

3.3 BASIC PLANNING, SEISMIC DESIGN AND BUILDING CONFIGURATION
Buflding configuration is important in seismic design in two
basic ways. First, configuration influences or even determines
the kind of resistance system that can be used and the extent to
which they will be effective, Second, many failures of
engingering detail which result in severe damage or collapse,
originate as fajilures of configuration. That is, the
configuration of the building either as a whole or in detail is
such that seismic forces place intolerable stress on some

structural member or connection Causing faiture. .

3.4 CONFIGURATION DETERMINANTS

Configuration and the formal elements that create it
originate in the building program, which can be summarized as a
description of the activities that are housed in the building,
the services, furniture and equipment they need, and the space

that they require. Activities produce a demand for certain

Figure 3.2
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settings and kinds of Space division connected by a circulation
pattern; the combination of activity spaces and circulation tead
to certain dimensions which geperate a bullding configuration,
But there are other determinants of configuration which sometimes
may domlinate: site, geology, size and geometry, urban design
requirements and architectural stylistic concerns. The final
configuration choice 15 the result of a decision-process which,
by some means, balances these varying requirements and

influences, and resolves conflicts into a single result.

3.5 CONFIGURATION PRUBLEMS

In his article "Configuration and Seismic  Design",
Christopher Arnolid stated that there are eleven problem areas in
which configuration is5 a8 major issue, that can be identifijed,
These problem areas can then further be divided into two parts!

The first type involves problems intrinsic to the geometpy
of the overatll configuration'df the building and is an aspect of
the form of the building as a whole.

The second type is related to the nature, size and location
of the resistant elements within the form.

it should be npoted that these propblems are not mutually
exclusive: on the contrary they can be combined with one

another, to the overall safety of the seismic design.

3.5.1 Here are building configurations which present intrinsic

seismic problems.

3.5.1.1 Extreme Height/Width Ratio
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This condition creates large overturning forces. D.
Dorwick in Earthquake Resistant Design Ssuggests limiting the
height/width ratio to 3:1 or 4:1. 1In general, our tall buildings
are hot as slender as our recollection would have us believe,
The World Trade Center towers, with a stenderness ratioc of 6.8 to
1 are exceptional, and such unusual buldings can generally afford
a very high level of structural design. The common office or
apartment up to about 18 stories in height will have littile
difficulty meeting a slenderness ration of tess than 4, Unusual

sites may sometimes produce a high slenderness ratio, even though

the building is not unusually high. {Figure 3.3).

3.5.1.2 Extreme Plan Area

When the pian becomes extremely large, even if it is a
symmetrical, simple shape, the bujlding can have trouble
responding as one unit to earth vibration. If the building
program reqguires a large area of building, the solution is to
separate the building by, "seismic joints", into smal ler

buildings of simple form, and reduce the diaphragm forces.

(Figure 3.4).

3.5.1.3 Extreme Elevation Length

This condition may also apply to the large area building,
but it can alsoc apply to a long narrow building such as a school,
apartment, or hotel. Extreme length allows for the build-up of
large shear forces which will seek cut members such as sStiff
short columns or small stiff walls whether designed as shear

walls ob not, The solution consists of subdividing the building

n
\\

L

Extreme Height:Width Ratio
High Overturning Forces

Figure 3.3

/
Extreme Plan Area

Build-up of Large Lateral Forces in Diaphragms

Figure 3.4
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by selismic joints. (Figure 3.5).

3.5.1.4 Setback

The sethack produces a stress concentration at the notch.
It also praoduces a large shear force which must be transfered
through the djaphragm at the transition. The nparrow tower,
setback from a broad base, is a common building form,
particutarly for hospitals, hotels and offices, in which the

broad base is often used as a parking garage. (Figure 3.6).

3.5.1.5 Re~Entrant Corner and Complex Forms

This 1s a huge family of forms, including L, T, U shapes and
their combinations. Curved forms, and courtyard forms are also
included. The re-entrant corner acts as a notch, producing a
stress concentration; the form alsp tends to induce torsion
since the free ends of the wings are less stiff than the
connected ends. The stress concentration at the hinge produces
high diaphragm forces =——particuiarty if the wings are long-— but
building circulation requirements always tend to place the
elevator and staircase core at this tocation, so that often the
diaphragm {s perforated at the location where it needs maximum
integrity.

The solution is to separate the buitding into simple forms,
taking care to allow adequate separation to obviate pounding,
Other solutions, depending on the size and proportion of the
building, are to enclose the building in a shear-wall box, or to
provide a stiff box at the point of convergence of the wings,

Stress concentration at the notch can be relieved by an

P

Z

Extreme Elevation Length

Build-up of Large Lateral Forces in Perimet o

Figure 3.5

Sethack
Stress Concentration at Notc¢h,

Shear Transter to Diaphragm art

Figure 3.6

Xt reme
Transit ion
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architectural spiay that allows a triangulated horizontal framing

structure. ( Figure 3.7).

3.5.2 Problems due to the size, nature, and location of resisting

elements.

3.5.2.1 Discontinuous Shear Walls

This condition results in a discontinuous !oad path through
walls which are the majfor resistant elements —-and hence most
highly toaded-- of the entire structure. The condition may occur
in a vertical or horizontal sense, of which the vertical is far
more serious.

The solution to this condition is unequivocally to avoid it
(at least in Vthe vertica) sense). There nheed be no penaity in
design or planning if the structural system §s related to the
building program requirements at the outset aof schematic design.

(Figure 3.8).

3.5.2.2 Soft Stories

In i{ts commonest form this is created by a programmatic
requirement for a high first floor, The result is an abrupt
change of stiffness at the transition from long flexible columns
to the stiff superstructure, and a concentration of stress at the
transition. When the soft story may occur at an upper floor, the
condition is not as serious. (Figure 3.9).

Another form of soft story is caused by the discontinuity of
veritcal support, created by the need for wide spans at the first
floor level. Again, the result is an indirect load path, and

stress concentration. 5o0ft story also includes open first floors

e

Re—=Entrant Corner and Complex lorms

Torsion, and Stress concentral {on at Noteh

Figure 3.7
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and building on stilts. (Figures 3.10 a, b, c, d).

3.5.2.3 Variations in Column Stiffness

This condition is created when columns of varying length, or
of wvarying architectural design, form the supporting structure.
Often a sloping site will result in a2 variation in first floor
columns length; sometimes columns are deliberately exposed
free-standing to 2 or 3 stories in length for architectural
effect. The seismic forces will seek out and concentrate on the
stiff elements; the resyit is that these may receive a
dispropértlonate share of the loads and may fail. Two particular
instances are worth comment. [t is a common architectural design
approach to. place @ horizontal! wide window between columns to
provide h{gh level, or clerestory lighting. Its structural
effect 1is counter intuitive, because the short column loocks
stronger than its neighbor: in fact its strength is the same,
but it will receive far more load.

The other instance of note is that often the same kind of
condition is created by an infill wall which, if of masonry wit!
greatly stiffen the panel and leave a short stiff column, with
the same detrimental! result, Such an infill may be done without
the structural engineer's knowledge, either as an architectural
element or even as a later remodeling activity, (Figure 3.11),

The solution is to carefylly equaljze the stiffness of all
columns, 1f long columns are desired for aesthetic effect they
can be braced to reduce their effective length. If infill walls
are required they must be detached from the columns s0 that

inadvertent stiffening does not occur,

unequal
length
columns

change in

column stiffness
by architectural
design

Variations in Ceolumm Stiffness
Stress Concentration at Stif{f Columns

Figure 3.11
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3.5.2.4 Weak Column, Strong Beam

This is a special case cof the conditions noted in "Variation
in Column Stiffness" above in which a stiff (generally very
short) column is rigidly attached or braced by a deep stiff beam.
The characteristic conditicon is that of a deep exterior spandretl
between widely spaced brittie columns. The result is that shear
forces seek ot the stiff cotumns and subject them to extreme
stress. Often the condition is accompanied by conditions of
‘unequal stiffness, as in the above case, and so a small nymber of
columns will be subjected to extreme shear. (Figure 3.12).

The solution is to avoid deep structural spandrels, and to
design non-structural spandrels in such a way that they are

detached from adjoining cotumns and cannot act to stiffen them.

3.5.2.5 Varijation in Perimeter Strength and S5tiffness

This condition occurs in buiidings in which there is wide
variation in facade structure and materials between the
elevations of the building. The reason for this wvariation is
often programmatic: Two common examples are the store, with a
glass . ront and solid masonry side and end walis, and the fire
station with large vehicle oppenings at one facade and so!id walls
on the others. (Figure 3.13).

The solution is to equalize the strength and stiffness of
the facades dynamically. This s not difficult to do, whitle
stil)l maintaining the desired architectural treatment. If the
entire structure is designed as a frame, lightweight cladding can
be transparent (glass) or opaque to suit the program requirements

while maintaining unitformity of resistance.

interior beams and wall

Weak Column, Strong Beam
Extreme Shear Stress in Stiffened Column

Figure 3.12

asymmetrical

symmetrical

Variation in Perimeter Strength and
Stiffness

Torsion and/or Stress Concentration at
Transition

AR
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3.5.2.68 Asymnetricatl Cores

Since the building core i{is often designed as a major
resisting element, 1ts Jopcation s critical. If the core is
located asymmetrically in an otherwise symmetrical structure the
result is to make the eéntire structure dynamically asymmetrical
and to induce torsion. This condition is called "false symmetry®
which means superficially the building apbears symmetrical but
dynamically it is not. Experience has shown that this condition
creates major torsional probiems: furthermore that relatively
small design difference between multiple cores in a builidng may
be enough to induce significant torsionh. However, it is
recognized that the core location has a major impact on the
planning and circulation system of the building and it is
unrealistic to insist that cores be located solely on seismic
requirements. (Figure 3.14),.

The solution is to recognizé the dynamic conditions that
will apply and design the entire resistance system of the
building to counteract detrimental tendencies. As part of this
strategy 1t may prove wise not to use the cores as a major
resistant element at all: {t should be remembered that a core is
basically a hole in the diaphragm (which brings 1ts cwn probiems)
and the enclosing walls do not necessarily have to be heavy

structural wails,

single
core

multiple
/ core

Asymmetrical Core
Torsion

Figure 3.14
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SUMMARY

Although seismic activity is not as frequent on the East
Coast as 1t is on the West Coast, the most intense activity has
occured on the East Coast. From the discussion of seismic cause
and effect, tt is apparent that extensive damage to structure and
danger to the inhabitants can result from even minor seismic
events {if the seismic design issue is neglected in the design
process.

Because of improvements in structural design methods, totai
collapse of a building is not probable uniess extreme seismic
activity occurs. However, danger to life safety and serious
damage to the building are still possible even when the stnuctgpe
holds. When considering this possibility, it 1is obvious that
caoncern in designing for earthguakes goes far beyond assuring the
structural integrity of the butlding. The discussion of the
performance of nonstructural architectural components indicates
the level at which seismic design must be integrated into the
totat design.

The objective of this primer is to acquaint architects with
the nature of seismic activity and how their designs may be
affected by that activity. This knowledge can then be tested and
put to practical use by exercises in the workbhook. As a product
of interactive sessions with East Coast architects, this workbook
can "pull together" information relayed in the primer, and after
design considerations pertinent to East Coast architects

particulariy, and to all architects {n general.
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EXERCISE ONE

/

Given:

A

This three-bay post and beam structure

Add one bay so that the resulting configuration is as stable (or resistant
to ground motion) as possible,

Add two bays to make the resulting configuration as stable as possible.

Add three bays to make the configuration more resistant to ground motion.
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EXERCISE TWO

f

y‘

-

Given : This post and beam structure and four panels
( of approximately the same density and allowable
stress as the column material).

-

A. Draw an arrow in the direction where the structure
would exhibit its greatest resistance to ground
motion.

B. Indicate the wmost vulnerable columns.
C. Change the location of the panels to make the

resulting structural- nonstructural combhination
more resistant to seismic loads.




SOLUTIONS

e

Plan I

Comment on this solution in
terms of part A of the
exercise. (Draw arrows in
direction of greater
resistance and explain why).

] a 8] o
s a 8] a
Plan IT

Place 4 panels to make

the structural-nonstructural
combination resistant to
ground metion, that is,
minimize damage to columns
{(part C).

Answer A and B also.

Change design of panels and
configuration, if desired,
so that the result is the
best possible combination of
panels and columns in terms
of seismic resistance.
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EXERCISE THREE

f

A, If the red beams are removed, what is the effect on
columns a, b, and ¢, in terms of selsmic resistance?

B. What would be the effect on the other columns.
C. Can you "re-balance" the distribution of seismic

loading on the structure by adding elements (other
than replacing the red beams where they were)?




o4

SOLUTIONS

/

Responding to part C, use one story
high column-to-column panels.

Responding to part C, use deepend
beams and/or diagonal bracing.




EXERCISE FOUR

b

-

A
]\ ,

If yellow in-fill panels were concrete hlock:

A. Indicate which columns would receive greater shear
forces under seismic loading, and why?

B. Where would evidence of their failure be observed?

\_

0 (o} O Second level plan

(o] ') e} Ground level plan

Assuming a metal frame with moment
connection. Place 4 panels in the
structure to form a shear wall which will

give lateral resistance in one direction.
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EXERCISE FIVE A

/

This core has the same plan on both levels.
Show where torsion will develop in the structure
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EXERCISE FIVE B

e

(o o o
. o o o
——
o o o o} e)
o o (o] o (o]
i i
| o o o o o
|
) o o o
o o6 o
a, Discuss trade~offs between this configuration
and one which would have the same nunber of bays
in a simple rectangular configuration. For
example, one additional story of 2 x 6 bays,
JL) - m —
b. Place continuous shear walls, core, and
circulation path as if this were a rental
office building. Bay size : 20 x 20 feet.
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EXERCISE SIX

/

Elderly Housing

This is a three story

brick bearing wall structure
housing 97 single dwelling
units, The overall dimensions
are 136' by 224' and each
wing is 38' by 102'.

a. Considering the infirmity
of the residents, the
elevations must remain
functional after an earth-
quake. The likelihood of
torsion in this plan
reduces the probabllity
of keeping the elevators
functional. How can the
plan be revised to make
the elevators more
resistant?

b.

A fire in this é.
type of occupancy

is extremely
dangerous to life
safety. The torsiomnal
effect and difference
in wall strength can
damage electrical
wiring and cause fire.
What measureés can be
taken to reduce the
possibility of fire
after an earthquake?

‘egress, control

\

Analyze the merits
of this plan in
terms of access and

orientation,
adjacencies, natural
lighting, etc. and
the disadvantages in
terms of the
probable response to
ground shaking Alter
the plan to optimize
it for -both seismic
and non-seismic
criteria.




EXERCISE SEVEN

f

Fire station

This fire station is designed
Besides
the fire fighting apparatus,’

for an urban area.

the building also houses a

communicatioan center, offices

for the fire chief and

quarters for the fighters.
The fire fighters' quarters

consist of two stories.
hose-drying tower {(which
also supports the radio

antenna) is 40' high.

The

Because of the unequal
stiffness of the
perimeter of the
structure, the columns
could fail during an
earthquake. Failure of
the columns could
damage or prevent
removal of the
equipment from the
house. Can the design
be altered to prevent
this?

The communication c.
center of the
station must be
operable at all
times. How can the
design provide the
most resistance to
failure of the
watch room?

Since the radio
antenna is also
integral to the
operation of the
fire station, how
would you designate
the optimal
location and
support for the
antenna to avoid
damage to it during
seismic activity?

\\

A hose tower is
essential to the
design. But the
extreme height in
relation to the rest
of the structure
could cause stress
concentrations during
an earthquake that
could cause the

tower to fail. The
torsional stresses
built-up in the tower
could cause damage to
other parts of the
station; falling
debris could injure
fire fighters and
equipment. Can the
preliminary design
make the tower more
resistant?
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EXERCISE EIGHT

//"'

Hospital

This plan 18 for a general
hospital in an urban area.
This 10 story design
accomodates 600 patients,
The overall dimensions are
82' by 166%.

a.

Because of the extreme
width/length and
height/base ratioc of
this design, the
Jbuilding is vulnerable
to the torsional
effects of seismic
activity. The support
systems (heat, water,
electricity) which avre
critical to the
hospital's functioning
can be damaged by this
motion. Can you design
a detail for one of
these systems that
would make it more
resistant to failure?
For example, a way of

connecting a water pipe

to the structure such
that seismic activity

would not tear it away.

b. The nature of this
building type requires
reduced noise levels
and visually pleasant
ceiling surfaces in
the patients rooms.
However, hung ceilings
are very susceptible
to earthquake damage,
Can you provide an

alternate ceiling system

or design a detail to
make the hung ceiling
less likely to £ail?

Hospitals contain

numerous pteces of
equipment that must

be movable or are
placed adiacent to
the patient's bed.
This equipment can
be dislodged during
an earthquake,
causing injury to
patients or
discontinuity of
care. One
particularly
dangerous element
is the call button/
monitoring system
hung on the wall
above the patlent's
head. Can you detail
a connection to
protect this
console from damage
during an
earthquake?
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EXERCISE NINE

e

Elementary School

The elementary school is
a one story brick bearing
wall structure with
glazed exterior class-
room walls and corridors.

area of glazing
allows natural
lighting in the
classrooms and
corridors. In an
earthquake, this
glazing could
fail causing
injury to the
students. How

can you reconcile
the benefits of
the natural light
and the safety

of the students?

. The large surface b. Tile floors in the

school are easily
maintained and

sound absorbing, but
the ground-shaking
and torsion resulting
from an earthquake
can destroy this
floor surface. Do

the benefits of this
floor system outweigh
the vulnerability to
damage?

¢, One advantage to this

plan type is the ease
with which new class-
rooms may be added. But
considering that the
longer the classroom
wings extend from the
core of the building
the more wvulnerable they
become to torsion, do
expansion benefits
compensate for the
vulnerability of the
structure?

plan

1__
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EXERCISE TEN

/

Given:

Problem:

A gite located at déﬁntown Pittsburgh, surrounded by commercial, business and
government office buildings. The site is bounded by one-way streets on both
sides, an alley, and a major two-way street with a street car lane in the middle.

Acrass this major street d1is the Allegheny Court House, a Richardsonian building.

Design a 450,000 - 500,000 sqft office building which has a one or two story
commercial base of approximately 20,000 sqft accessible from three sides of the
site. (Alley oniy for service). ioning requires maximum of 80X site coverage,
360 ft height 1imit, Discuss and sketch the choice of building configuration,
structure, mechanical system location, access and egress ( and some specific

details -- exterlor walls, material selection, etc.)}




EXERCISE TEN

/

1 L

commercial 11 story 23 sto.
& parking dept, store offices
garage
17 story 10 story 12 sto.
offices offices offices
parking 150 x 300 ft
1ot site

City County Allegheny parking
Building County lot

Court House

1
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EXERCISE

fb

i

(B AE)

Given : This post and beam structure and four panels
( of approximately the same density and allowable
stress as the column material).

A. Draw an arrow in the direction where the structure
would exhibit its greatest resistance to ground
motion. '

B. Indicate the most vulnerable columns.
C. Change the location of the panels to make the

resulting structural- nonstructural combination
more resistant to seilsmic loads.
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SOLUTIONS

FA

Plan I

Comment on this solution in
terme of part A of the
exercise. (Draw arrows in
direction of greater
resistance and explain why).

Plan II

Place 4 panels to make

the -structural-nonstructural
combination resistant to
ground motion, that is,
minimize damage to columns
(part C).

Answer A and B also.

110

A-~

Change design of panels and
configuration, if desired,
80 that the result is the
best possible combination of
panels and columns in terms
of seismic resistance.
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SOLUTIONS
T~

Responding to part C, use one stor
high column-to~column panels.
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EXERCISE FOUR

(8] o (o]
£ o Second level plan
‘i
(o]
0 o o
o) Ground level plan
{ .
0]
I1f yellow in-fill panels were concrete block:
A. Indicate which columns would receive greater shear Assuming a metal frame with moment
forces under seismic loading, and why? connection. Place 4 panels in the
structure to form a shear wall which will
B. Where would evidence of their failure be cbserved? give lateral resistance in one direction.

_ )
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EXERCISE FIVE A '
- B

. TEES{ON peLEcofs BT COEE
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?

This core has the same plan on both levels.
Show where torsion will develop in the structure




EXERCISE FIVE B

g

|

{

|

W seqtelt \

e
2,

—_//;;co “’V“‘”‘;}S’CK
pevéw? & SET

|~

7
N4

~~""-—-é%///%-}w

volT Lo

ST Wi

WAt ry
vag

a, Discuss trade-offs between this configuration
and one which would have the same number of bays

2.

‘f)(")cé@"r\uu\‘r{ I W\LD\MCJ
WHICH PeePUICES T et

Peg oS o
Cenct il Wit occut
N pr JoiNT

in a simple rectangular configuration, For
example, one additional story of 2 x 6 bays.

. Place continuous shear walls, core, and
circulation path as if this were a rental
office building. Bay size : 20 x 20 feet,

)
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EXERCISE NINE

/

Elementary School

The elementary school is
a one story brick bearing
wall structure with
glazed exterior class-

room walls and corridors.

a. The large surface
area of glazing
allows natural
lighting in the
classrooms and
corridors. In an
earthquake, this
glazing could
fail causing
injury to the
students. How
can you reconcile
the benefits of
the natural light
and the safety
of the students?

b. Tile flcors in the
school are easily
maintained and
sound absorbing, but
the ground-shaking
and torsion resulting
from an earthquake
can destroy this
floor surface. Do
the benefits of this
floor system outweigh
the vulnerability to
damage?

c. One advantage to this

plan type is the ease
with which new class-~
rooms may be added. But
considering that the
longer the classroom
wings extend from the
core of the building
the more vulnerable they
become to torsion, do
expansion benefits
compensate for the
valnerability of the
structure?

plan ﬂ) !
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Cambridge Architects
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EXERCISE TWO

-~

Given

This post and beam structure and four panels
( of approximately the same density and allowable
stress as the column material).

Draw an arrow”in the direction where the structure
would exhibit its greatest resistance to ground
motion. :

. Indicate the most vulnerable columns.

Change the location of the panels to make the
resulting structural- nonstructural combination
more resistant to seismic loads.

-




N

" SOLUTIONS

Plan I

Comment on this solution in
terms of part A of the
exercise. (DPraw arrows in
direction of greater
resistance and explain why).

s‘&wM ond
Wwan, 5w ega
Lot 0w

Plan 1I :

Place 4 panels to make

the structural-nonstructural
combination resistant to
ground motion, that is,
minimize damage to columns
{part C).

Answer A and B also,

‘panels and columns in terms
of seismic resistance.

Change design of panels and
configuration, if desired,
so that the result i1s the
best possible combination of
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EXERCISE THREE

4

» What would be the effect on the other columms. U}m*lgt ChUMULgl

. Can you "re-balance" the distribution of geismic .

(s otcowme Yotlsr amel less et \
50 C.Asw \A-M M)W M&‘Qg—k
%ew@% m)g:‘w»a S\Lﬂ.&ﬂ— \O-d-“-f,

| o readk o Sowme ao
mﬁ,—k\:\ \M%@«ﬁmmma
M etk e Mg Waale. gl cmae
wodk e e valdemie R M&‘\wﬂa

If the red beams are removed, what is the effect on
columns a, b, and ¢, in terms of selsmic resistance?

OnJ

loading on the structure by adding elements (other
than replacing the red beams where they were)?
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<~ EXERCISE FOUR

Second level plan

Ground level plan

If yellow in-fill panels were concrete block:

A. Indicate which columns would receive greater shear Assuming a metal frame with moment
forces under seismic loading, and why? ' connection. Place 4 panels in the

gtructure to form a shear wall which will

B. Where would evidence of their failure be observed? give lateral resistance in one direction.

N
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EXERCISE FIVE A

a

. & N\
N J \\\O

I S~
|

¢' \"l O LI O

This core has the same plan on both levels.
Show where torsion will develop in the structure
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EXERCISE FIVE B
s -

B o ¢ o - I
¢ o o -
by . _
) -1e- . -
O §
) '
,,,,, -lo e W%

VO/U%

| S a. Discuss trade-offs between this ‘configuration -
. ‘ | ‘ %\3‘&' and one which would have the same number of bays

in a simple rectangular configuration. For
().tc' example, one additional story of 2 x 6 bays.

L) ‘ | . —

b. Place continuous shear walls, core, and
circulation path as if this were a rental
office building. Bay size : 20 x 20 feet.

e ———
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EXERCISE SIX

-~

Elderly Housing

is_1s a three story

brick ‘bearing wall)structure
housing € dwelling
units. The overéll dimensions
are 136' by 224' and each
wing is 38' by 102',

mwww

Considering the infirmity
of the residents, the
elevat{dhs must remain
functional after an earth-
quake. The likelihood of
torsion In this plan
reduces the probability
of keeping the elevators
- functional. How can the
plan be revised to make
the elevators more
resistant?

. Y._M«\u)@ Toges ‘G

\wm\%&

Ql!ikﬁ(:um:}jh-a vedmie vftllhdﬁf

gk
‘ruLlPWM

~ b. A fire in this é. Analyze the merits
type of occupancy of this plan 1in
is extremely terms of access and
dangerous to life egress, control

gsafety. The torsional orientation,

effect and difference adjacencies, natural
in wall strength can lighting, etc. and
damage electrical - the disadvantages in
wiring and cause fire. terms of the

What measures can be probable response to
taken to reduce the ground shaking Alter
2w _ possibility of fire the plan to optimize
after an earthquake? 1t for -both seismic

<. Cotr Setimal et J9) (é;. iié:giijuJJH°$ Uz#“‘dj

and non-seismic
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EXERCISE SEVEN

A
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EXERCISE NINE

Z ra33°/ ‘
) e sppripiee

-

Elementary School

The elementary school is
a one story brick bearing
wall structure with
glazed exterior class-
room walls and corridors.

a. The large surface b,
area of glazing
allows natural
lighting in the
classrooms and
corridors. In an
earthquake, this
glazing could
fail causing
injury to the
students. How
can you reconcile
the benefits of
the natural light-
and the safety
of the students?

o quaT

ile/floors in the
school are easily
maintained and

sound absorbing, but
the ground-shaking
and torsion resulting
from an earthquake
can destroy this
floor surface. Do

the benefits of this

floor system_autweigh

T
‘hl@ )%‘o}
V]

wot g0 yubmatle

c. One advantage to this
plan type is the ease
with which new class-
rooms may be added. But
consldering that the
longer the classroom
wings extend from the
core of the building
the more wvulnerable they
become to torsion, fdo

xpansion benefits 4

compensate for the

valnerability of the _

structure? ;ﬁ§:#”

plan

I

\_

8!’

"

Apag 0o TTWS MM

oncl WAt s
” nllo alii. n-fsﬁfn Ala

N danage B, Piaa g F 4,
manla Do AT P

Corlin. e



?_gm | Xé»aém@uo\w T né;\., o@%ﬂ,
&g\% \wqﬁdég/_\ ?doﬂ; QJ‘V..SSQQ? oo...wjl
m&. ~0 4 ‘ J.J(gaqﬁ@mo G rés&\r A B e

.ﬁéﬂu.ué .qJ\J_@ | \ Ve Y SO RA T TV ,7&‘
B e e T
CTIVO LTS : ﬁ%%ﬂ«z& 15?««5 o _,.%Mw«zz

AT AL WS N0 d6 g.z\ya.mw " SO WA Y

@ﬁﬁﬂwﬂ%f Y X\%) S =
A Al (VI e s IR e Y.

SNOILNTOS



EXERCISE TEN

4
She dea 2

Mot 2 Sy
\$t el — 29 sy

KO X300 = —
47 100 M‘Q" A :
commercial 11 story 23 sto.
LAM.QL WRE D gas?o & parking dept. store offices
ALY R '
P : - "
:3 b 200 oo q; ‘;/ AN 17 story 10 story -~ 12 sto.
) .Q.{» . offices B _—6fflces offices
13 20TV °i 050 34 : - e
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EXERCISE TWO -

/

G L?pv:'f Soluf/au Wu{d/ bc\
b AsSumat o, ””*"’2*’0”
bree neutabzs o
bente o ’\/N? paue(s be e
rnLuwS n ;L«Nr' Arvechion

-+ neu’ff&lJL lofee
short divedl (0“4

Given : This post and beam structure and four panels
( of approximately the same density and allowable

stress as the columm material).

A. Draw an arrow in the direction where the structure
would exhibit its greatest resistance to ground
motion. :

B. Indicate the most vulnerable columns.

C. Change the location of the panels to make the
resulting structural- nonstructural! combination

more resistant to seismic loads,




SOLUTIONS

[t e m!l'én -f ‘HAYC
bay s plus oo wfill

er aall dcuclop ‘mote

vesrsfnco_

Plan 1

Comment on this solution in
terms of part A of the
exercise. (Draw arrows in
direction of greater
resistance and explain why).

R =

Plan 11

Place 4 panels to make

the structural-nonstructural
combination resistant to
ground motion, that is,
minimize damage to columns
(part C).

Answer A and B also.

o 2 o8 n
B L
A-A B-B

Change design of panels and
configuration, 1f desired,
so that the result is the
best possible combination of
panels and columns in terms
of seismic resistance.




EXERCISE THREE
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A. If the red beams are removed, what is the effect on
colums a, b, and ¢, in terms of seismic resistance?

B. What would be the effect on the other columns.
C. Can you "re-balance" the distribution of seismic

loading on the structure by adding elements (other
than replacing the red beams where they were)? ({
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SOLUTIONS

//'*

~ high column-to-column panels.

Responding to part C, use one sto

ry

Re
be

g pon
am

ding to part C, use deepend

s and/or diagonal bracing.
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EXERCISE FOUR

o

o

I

G

If yellow in-fil]l panels were concrete block:

A, Indicate which columns would receive greater shear
forces under seismic loading, and why?

B. Where would evidence of their failure be cohserved?

| —————

(e} Second level plan

Ground level plan

Assuming a metal frame with moment
connection, Place 4 panels in the
structure to form a shear wall which will
give lateral resistance In one direction,
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EXERCISE FIVE A

(

This core has the same plan on both levels.
Show where torsion will develop in the structure




EXERCISE FIVE B

e
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a. Discuss trade~offs between this configuration
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: mm‘h0“q' and one which would have the same number of bays
yals '(ao(', (, @W‘dorexample one additional story of 2 x 6 bays.

' in a simple rectangular configuration. For

/’L"\ b Place continuous shear walls, core, and
M !S circulation path as if this were a rental
office building. Bay size : 20 x 20 feet.
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EXERCISE SIX

/

Elderly Housing » a.

This is a three story

brick bearing wall structure
housing 97 single dwelling
units. The overall dimensions
are 136' by 224' and each
wing is 38" by 102°',

Considering the infirmity
of the residents, the
elevations must remain
functional after an earth-
quake. The likelihood of
torsion in this plan
reduces the probability

of keeping the elevators
functional. How can the

plan be revised to make
the elevators more

b. A fire in this d.
type of occupancy

i8 extremely
dangerous to life
safety. The torsional
effect and difference
in wall strength can
damage electrical
wiring and cause fire.
What measures can be
taken to reduce the
possibility of fire
after an earthquake?

Analyze the merits
of this plan in
terms of access and
egresas, control
orientation,
adjacencies, natural
lighting, etc. and
the disadvantages in
terms of the
probable response to
ground shaking Alter
the plan to optimize
it for -both seismic
and non-seismic
criteria.

1'1!"|nth ’



Cotwp {efe. teoom 7umﬁon of
(;::C. Plﬂm%makﬁ&, % g e
| o | *chrebj ae fm? mert 2
! | whole. webasr yni t

s

mabey_ Haw & wanl balovct i l l
i i
J !
! !
! I

_ (mé'(fumf A zfi*‘-d ghf‘f\
p 20 Meav walls (l"> fo

Mba fave e Hlal vwsr%fawe, |
t fha Aaw{ T e

o UL

Folh




Reproduced from W2
best available copy.

S
e
=< ﬁﬂwjm ’:l«( ’A“‘"‘c’? W/t t.f.,’f ﬂ’ é\?« Mf’% 4 f’bt{“ﬂ;(’ >y ‘ZL’{A\Q" & e / 7[ - r:.’: ;/

o 6?,*-:-1- distebdicny oo Thab 1 rpu be pare d
s Led F velal o f ./ 2 gu «f vf? A y . Tl pheidoi f
j‘g/g?@"”‘ ‘?“{tﬂ‘;{f . n! he st _, A szux Ol e e
bur'jﬁ' (V ’}zy4 ?",ﬁ ‘fL*MS bu{‘“ Mf&u He  uug 5}",.,1”&?
pe_ (d\ﬁa“ﬁ ff7 f‘ lare O é ww%ﬂ:ﬁ-&, e € i{c.m:! ve de frocty ’[

Rttt s (f‘ 7’[#(:‘ s 4 ¢~ fﬂcv"f\/ﬂx‘/‘*w f

6Vf!ﬂ lf’f--- ;k';(j s P,{‘wguxlj S’wf« A L«.,g‘«/ff‘ /)ﬂf; el twﬂﬂi/

(E? /({-"fr UU é? q?" Ff‘gx”*f 4/ /ﬁw{}ni}»w 5’* ' ig:,; }f//? In- 244 (;;r
&‘( {’mtc ;".,,f (; (/‘P%#[ /{l/ 74' il d #‘0{; e Lkg ."ff'_",;-"j{ff/y ‘i**,rf* ‘“f

i ' 7 A L peltmpa 5y de oo Sy
[xu.‘&ﬂg__/ _,.f"ff 3o g s £ T

Ay R ~€ [ ‘. ;“ e PRI e o é’ /::‘f e
aAd ! ”f fkf&fﬁaﬂ fa; . a"s‘fugf (‘/w-w"t {qﬁ(ﬁ”"} mlclf ?a'wua/
Y?/Zi L(/) 67 Jrd il 4@\/‘ birer? /7/;” C”?’ﬂ‘/( Sty

.‘ ok v"f atten”  buts

é’ (/(€=(“ iL({‘ SV SVATAY ’({ “H/-ﬁ Cc“i”jl“ MA“‘ efgf' cﬁé'fm’ffg,t 'ﬁ,{__éx’d
Z.lur é ﬂ\{_,, &»ﬂ,m t ,{!e'm A u»{ﬂ'ﬁ" OME. vy ,opll

fﬂ?*; Fj‘!ﬁvﬂ Y e oy *‘*L( . L'5 ﬁ,(“p&pw,& e d/

(mf( Y A dleupon *{" MMM enen ghe ) wed Lo hﬁ{»,

aul t’fffwe;’f Tleve el pe *lm’{@ ,»jrg' hecawre of 11¢.

)"M@ubé'f war fﬂ\ml‘m{r; ﬁﬁ‘“‘? éw’ﬁ T/'[LL/ O(’{”H

werdd) gl teay »M«f@!««# wutlrs The

/0’/(‘5"{ o Pl Se P d"’i‘”‘ﬁ 6“"7( /4? S"/ f 6 d{ér(?(_ A,

.\;["’f “?&, /‘Jﬁ' f”ﬁ.,,.t “Fon. TE AT C v?ﬂm’ﬁu(@ r/’!!!“"%’ ,’“i’{w

h(m "““pr /'e”m”? le. ’/“" e /-ww »J.e‘.} e
)77

Wb NG 8 P
bietfelris L“[’g’ww by



EX

=¥

EXERCISE SEVEN

r

Fire station

This fire station is designed
for an urban area. Besides
the fire fighting apparatus,’
the bulilding also houses a
communicatiou center, offices
for the fire chief and
quarters for the fighters.
The fire fighters' quarters
consist of two stories, The
hose-drying tower (which

also supports the radio
antenna) is 40' high.

stiffness of the
perimeter of the
structure, the columns
could fail during an
earthquake. Failure of
the columns could
damage or prevent
removal of the
equipment from the
house. Can the design
be altered to prevent
this?

a, Because of the unequal b. The communication c.

center of the
station must be
operable at all
timeg, How can the
degign provide the
most resistance to
failure of the
watch room?

Since the radio
antenna is also
integral to the
operation of the
fire station, how
wculd you designate
the optimal
location and
support for the
antenna to avoid
dimige to it during
seismic activity?

A hose tower is
essential to the
design. But the
extreme height in
relation to the rest
of the structure
could cause stress
concentrations during
an earthquake that
could cause the

tower to fail. The
torsional stresses
built~up in the tower
could cause damage to
other parts of the
station; falling .
debris could injure
fire fighters and
equipment. Can the
preliminary design
make the tower more
resistant?
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EXERCISE EIGHT

/

Hospital

This plan is for a general
hoapital in an urban area.
This 10 story design
accomodates 600 patients.
The overall dimensicns are
82' by 166",

a. Because of the extreme
width/length and
height/base ratio of
this design, the
Jbuilding is vulnerable
to the torsional
effects of seismic
activity. The support
systems (heat, water,
electricity) which are
critical to the
hospital's functioning
can be damaged by this
motion. Can you design
a detail for one of
these systems that
would make 1t more
resigstant to failure?
For example, a way of

connecting a water pipe

to the structure such
that seismic activity

would not tear it away.

b. The nature of this
building type requires
reduced noise levels

and visually pleasant
ceiling surfaces in
the patients rooms.
However, hung ceilings
are very susceptible
to earthquake damage.
Can you provide an

alternate ceiling system

or design a detail to
make the nung ceiling
less likely to fail?

Hospitals contain
numerous pijeces of
equipment that must
be movable or are
placed adjacent to
the patient’s bed.
This equipment can
be dislodged during
an. earthquake,
causing injury to
patients or
discontinuity of
care. One
particularly
dangerous element
is the call button/
monitoring system
hung on the wall
above the patlent’'s
head. Can you detail
a connection to
protect this
congole from damage
during an
earthquake?
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" EXERCISE NINE

/

Elementary School

The elementary school is
a one story brick bearing
. wall structure with
glazed exterior clasa-
room walls and corridors.

plan

a. The large surface
area of glazing
allows natural
lighting in the
classrooms and
corridors. In an
earthquake, this
glazing could
fail causing
injury to the
students. How
can you reconcile

b. Tile floors in the
school are easily
maintained and
sound absorbing, but
the ground-shaking
and torsion resulting
from an earthquake
can destroy this
floor surface. Do
the benefits of this
floor system outweigh
the vulnerability to

¢. One advantage to this

plan type is the ease
with which new class-
rooms may be added. But
considering that the
longer the clagsroom
wings extend from the
core of the building
the more vulnerable they
become to torsion, do
expansion benefits
compensate for the
vulnerability of the
structure?

the benefits of damage?
the natural light
and the safety
of the students?
v
—— ) i ] ‘
5
o ; \ l
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EXERCISE TEN

//’”

Given:

Problem:

A site located at déﬁntown Pittsburgh, surrounded by commercial, business and
government office buildings. The site is bounded by one-way streets on both
sides, an alley, and a major two-way street with a street car lane in the middle,

Across this major street 1s the Allegheny Court House, a Richardsonian building.

Design a 450,000 - 500,000 sqft office building which has a one or two story
commercial base of approximately 20,000 sqft accessible from three sides of the
site. (Alley only for service). Zoning requires maximum of 80% site coverage,
360 ft height limit. Piscuss and sketch the choice of building configuration,
structure, mechanical system location, access and egress ( and some specific

details -~ exterior walls, material selection, etc.)




EXERCISE TEN
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" commercial 11 story l 23 sto.
& parking dept. storefvy| offices
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1. APPENDIX C
CODE QUTLINES AND COMMENTARY
Introduction
The codes which deal with the seismic design as it is available now are very
general. A great portion of the subject is found in the Structural Engineering
Association of California {SEAOC) and the Applied Technology Council
(Tentative Provisions) (ATC-3.) The MSBC and the Uniform Building Code
(UBC) °79 have some sections on seismic design.

We have tried to gather the necessary information about the code which will
aid the architects in the process of design. In SEAQC, we found that the code
deals more with the structural design, which is found in the general provision,
the commentary section and the appendix of the code book. The ATC-3 deals
more with .the non-structural design element, such as architecture and mechanical
building components, as well as the structural design requirements. The UBC
and MSBC have very brief sections on seismic design, and can be considered as
cross references of the SEAQC.

A list of topics in SEAQC, ATC-3, and UBC follows on pages 1 to 4.
SEAOC OUTLINE
Recommended Lateral Force Requirements
General Provisions -— Section 2313
p. 158 Minimum Earthquake Forces for structures - part (a)

structures having irregular shape or framing
system — part 2

p. 17 Distribution of Horizontal Shear ~ part (e)
Horizontal Torsional Moments ~ part (g)
Overturning - part (h)
Setbacks ~ part (i)
p. 18 Structural systems - part (3

special requirements:

a) building designed with horizontal force
factor (k)

b) building > 160 ft tall

¢} concrete space frame

d) framing according distribution horizontal
shear (and part e, p. 17)

Design Requirements - part (k)
p. 64 Building separations - part 1
Minor alterations - part 2

Reinforced masonry/concrete - part 3

1



J¥ 5

Combined vertical and horizontal forces
- part 4
Exterior element
specification for connections

Commentary Section of SEAOC

p.42 Minimum Earthquake forces for structures

Total lateral force & distribution of lateral force
base shear V=K C W

" p.p- 47,48  Special requirements ~ K values

P.P. 1436  Box system

P. 50 Space frame -~ K values
P. 50 Rigid elements
P. 62 Setbacks (more of thiss SEAQC Appendix C - Report

on Setbacks)

P.P. 19,64 Design requirements
Building separations
Reinforced Masonry/concrete

P. 86 SEAQC Appendix C: Setbacks
General ‘
Dynamics K/M value {stiffness/mass)
Practical code considerations
if the base portion predominates
if tower portion predominates
if intermediate cases

P. 88 , Frame action for setbacks
ATC-3 OUTLINE

p. 45 Structural design requirements (Chp. 3.)
A. Building configuration {sec. 3.4)

Plan configuration (sec. 3.4.1)
Vertical configuration (sec., 3.4.2)

P. 49 B. Structural component load effect (sec. 3.7)
Diaphragms (sec. 3.7.9)
Bearing Walls (3.7.10)
Inverted pendulum-type structures (sec. 3.7.11)

Arch., Mech., & Elec. components & systems (chap. 8)




. 237

. 409

. 410

. 411

. 411

. 412

. 414

. 416

Non-structural components {Sec. 14.9)
Parapets
Appendages and Veneers
Ceilings
Light fixtures
Fire escapes
Marquees and canopies
Non~bearing part-time
Mech. & Elec. equipment
Stairs
Elevators
Chimney
Water storage tanks

Guidelines for emergency post—earthquake &
evaluation of earthquakes (Chapter 15)
damage in buildings
Emergency Earthquake damage inspection form (Sec. 15.6.1)
Arch., Mech.. & Elec. Components (ATC Commentary Chapters)
Background to architectural considerations
Methodology ‘
Architectural components
Occupancy classification
Performance standards

Background to mechanical & Electrical components

Design considerations
General life safety
Property damage affecting life safety
Functional impairment of critical
facilities imparing recovery
Safety of emergency personnel

Design consideration for non-structural
component/systems
Seismic induced forces acling directly on
component/system
On component/system joints & connections
Deformation of structural frame &
component/system
Deformation of structural frame &
component/system joints/connections
Scope
General requirements (Sec. 8.1)
Connections & attachments {Sec §.1.2)
Performance criteria (Sec. 8.1.3)

Architectura]l Design Requirements (Sec. 8.2)
General (Sec. 8.2.1)
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. 237

. 409

. 410

. 411

. 411

. 412

. 414

. 416

Non-structural components (Sec. 14.9)
Parapets
Appendages and Veneers
Ceilings
Light fixtures
Fire escapes
Marquees and canopies
Non-bearing part-time
Mech. & Elec. equipment
Stairs
Elevators
Chimney
Water storage tanks

Guidelines for emergency post—earthquake &
evaluation of earthquakes (Chapter 15)
damage in buildings
Emergency Earthquake damage inspection form . {(Sec. 15.6.1)
Arch,, Mech., & Elec. Components (ATC Commentary Chapters)
Background to architectural considerations
Methodology ‘
Architectural components
Occupancy classification
Performance standards

Background to mechanical & Electrical components

Design considerations
General life safety
Property damage affecting life safety
Functional impairment of critical
facilities imparing recovery
Safety of emergency personnel

Design consideration for non—structural
component/systems
Seismic induced forces acting directly on
component/system
On component/system joints & connections
Deformation of structural frame &
component/system
Deformation of structural frame &
component/system joints/connections
Scope .
General requirements {Sec. 8.1)
Connections & attachments (Sec 8.1.2)
Performance criteria (Sec. 8.1.3)

Architectural Design Requirements (Sec. 8.2)
General ({Sec. 8.2.1)



Forces — (Fp) (Sec. §.2.2}

P, 419 Mechanical and Electrical Design Reguirements
General (Sec. 8.3.1)
P. 413 Forces (Sec. 8.3.2)

U.B.C. OUTLINE

P. 126 Eag. Regplations
Minimum Eq. forces for structures
formulas
P. 130 Distribution of lateral forces

Structures having regular shapes or
framing sysiems
Setbacks
Structures having irregular shapes or
framing systems
Distribution of horizontal shear
Horizontal torsional moments
Overturning
Lateral force on elements of siructures and
non-structural components
Fp = 21 Cp Wp
Drift & building separations
Alternate determination & distribution of
seismic forces
Struciural systems ‘
1. Ductility Requirements
4. Building designed with horizontal force
factor
K = 0.67 / 0.80
. Building > 160 ft. high
Zone 2,3 4-—-concrete space frames
. Zone 2.3.4—-all framing elements (factor K)
Moment-resisting space frames
Necessary ductility for ductile
moment-resisting frame
g. Zone 3 & 4 for building with I > 1.0 in Zone 2
h. Reinforced concrete shear wall
i. Structural elements below the base
2. Design requirements
2. Minor zlterations
b. Reinforced masonry/concrete
c. Combined vertical & horizontal forces
d. Diaphragms
P. 134 3. Special requirements
‘ a. wood diaphragms providing later
support for concrete or
masonry walls
b. Pile caps & caissons
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c. Exterior elements

P. 135 Essential facilities (Hospital, Fire/Police
Stations, etc.)

P. 665 Earthquake-recording instruments
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P. 135

P. 665

¢. Exterior elements

Essential facilities (Hospital, Fire/Police
Stations, etc.)

Earthquake-recording instruments



Chapter 3 Structural Design Requirements (p. 45)

This section speaks 1o the conirol of individual members for shear, axial
forces, and moments produced by seismic forces, development of the sirength of
connections; deformation limits of the building; and the design of a confinuous
Joad path.

It does not cite limits nor describe the use of a linearly elastic model. It

does bring atfention to the problem areas but se..uires more research.

Chapter 3.4 Building Configuration

Indicates two classifications for building configuration / regular and irregular.
Regular being buildings with approximate symmetrical geometric configurations /
building mass & seismic resisting system nearly coincident. (both plan and

vertical configuration)

Gives no limits for any variation of the symmetrical configuration. Other
sources needed to evaluate degree of variation.

Chapter 3.4.1 Plan Configuration

Addresses diaphragm component forces and distribution of seismic forces to
vertical components in terms of "significant” dimensions of re—enirant corners;

eccentricity; charges in diaphragm strength in stiffness.
No measure of "significant™ in any case.

Chapter 3.4.2 Vertical Configuration (p. 48)

Building considered regular or irregular if there is "significant” change in
horizontal off-sets; no "approximate” symmetric geometric configuration about

the vertical axis; "significant™ variation in mass—stiffness ratios between stories.
Generalized limitations with attention brought to problem areas.

Chapter 3.7 Structural Component Load Effects (p. 49)

Seismic force resistance should be calculated into the strength of all building
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Chapter 3 Structural Design Requirements (p. 45)

This section speaks to the control of individual members for shear, axial
forces, and moments produced by seismic forces; development of the strength of
connections; deformation limits of the building; and the design of:a continuous
load path.

It does not cite limits nor describe the use of a linearly elastic model. It
does bring atiention to the problem areas but requires more research.
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sources needed to evaluate degree of variation.
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vertical components in terms of "significant” dimensions of re—entrant corners;
eccentricity; charges in diaphragm strength in stiffness.

No measure of "significant” in any case.

Chapter 3.4.2 Vertical Configuration (p. 48)

Building considered regular or irregular if there is "significant" change in
horizontal off-sets; no "approximate” symmetric geometric configuration about
the vertical axis; “significant" variation in mass—stiffness ratios between stories.

Generalized limitations with attention brought to problem areas.

Chapter 3.7 Structural Component Load Effects (p. 49)

Seismic force resistance should be calculated into the strength of all building



Chapter 8.2.5 Out-of-Plane Bending (p. 79)

See formulz 8-1 for force determination: Systems and component forces

cannot exceed the delta capacity of their materials.

Chapter 8.3 Mechanical and Electric Design Reguirements

Design documents must include the design requirements of the systems {which
are designed according to this chapter).

Chapter 8.3.2 Forces (p. 79)

Designed for forces determined by: Fp= AvCcPacAxWc).

Chapter 8.3.3 Attachment Desion

Fixed or direct attachment see sec. 8.3.2, cha. 9, 10, 11, 12 Resilient
mounting devices required but no limits specified for elastic restraining design
based on Form 8-2. Horizontal and vertical devices designed io generate less
force than that derived in 8-2.

Chapter 8.3.4 Component Design

Manufacturer’s certification required when direct attachments are used for
components of specific levels in specific seismic index areas. (also resilient
mounting devices). Prescribes stable systems.

Chapter 8 Architectural, Mechanical and Electrical Components

Development of performance standards and examination of critical facilities
the aim of the code; from a rational design conception of the "total" building;

integration of all components; and stresses importance fabrication methods.

B. Background to Mechanical & Electrical Components

Objective to develop seismic criteria for the design & construction of systems
and attachments / to increase protection of life & public welfare; to define an

acceptable level of damage.

o
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Chapter 8.2.5 Qut-of-Plane Bending (p. 79

See formula 8~1 for force determination:  Systems and component forces
cannot exceed the delta capacity of their materials.

Chapter 8.3 Mechanical and Electric Design Requirements

Design documents must include the design requirements of the systems (which
are designed according to this chapter).

Chapter 8.3.2 Forces (p. 79)

Designed for forces determined by: Fp= AvCcPacAxWc).

Chapter 8§.3.3 Attachment Design

Fixed or direct attachment see sec. 8.3.2, cha. 9, 10, 11, 12. Resilient
mounting devices required but no limits specified- for elastic restraining design
based on Form 8-2. Horizontal and vertical devices desighed to generate less
force than that derived in §-2.

Chapter 8.3.4 Component Design

Manufacturer’s certification required when direct attachments are used for
components of spécific levels in specific seismic index areas. (also resilient

mounting devices). Prescribes stable systems.

Chapter 8 Architectural, Mechanical and Electrical Components

Development of performance standards and examination of critical facilities
the aim of the code: from a rational design conception of the "total" building;
integration of all components; and stresses importanice fabrication methods.

B. Background to Mechanical & Electrical Components

Objective to develop seismic criteria for the design & construction of systems
and attachments / to increase protection of life & public welfare; to define an
acceptable level of damage.
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Chapter 8.2.5 Out-of-Plane Bending

Conventional limits based on deflection "may be used.”

Chapter 8.3 Mechanical & Electrical Design Requirements

Chapter 8.3.1 General

Lists assumed design forces.
Chapter Forces

Formula 8-2 "shall be wused” in component and attachment design.
Attachments “shall be" either fixed or directly attached. Friction "cannot” be
used to resist seismic force. Certification of manufacturer "must be obtained”
for components with certain performance levels. Resilient mounting devices "to
decelerate movement and forces" generated by it not more than the forces
calculated in formula 8-2. Fp = AvCCACAXWcP

Chapter 8.3.5 Utility and Service Interface

Automatic shut—off devices are "required” for certain groups in specific area.

Systems "must” remain operational in S performance charc, level. {on site

mechanical & electrical utility services are recommended). Chapter 9 Wood

Reference Documents

Chapter 9.3 Seismic Performance Category A

Specifies materials and procedures.

Chapter 9.4 Seismic Performance Category B (p. 86)

Requirements of A plus more restrictions

Chapter 9.5 Seismic Category C

Requirements of B plus more restrictions.

Chapter 9.5.1 Materials
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Chapter 8.2.5 Out-of-Plane Bending

Conventional limits based on deflection "may be used.”

Chapter 8.3 Mechanical & Electrical Design Requirements

Chapter 8.3.1 General

Lists assumed design forces.
Chapter Forces

Formula 8-2 "shall be wused"” in component and attachment design.
Attachments "shall be" either fixed or directly attached. Friction “cannot” be
used to resist seismic force. Certification of manufacturer "must be obtained"
for components with certain performance levels. Resilient mounting devices "to
decelerate movement and forces” generated by it not more than the forces
calculated in formula 8-2. Fp = AvVCcAcAxWcP

Chapter 8.3.5 Utility and Service Interface

Automatic shut-off devices are "required” for certain groups in specific area.

Systems "must” remain operational in S performance charc. level. {(on site
mechanical & electrical utility services are recommended). Chapter 9 Wood

Reference Docuinents

Chapter 9.3 Seismic Performance Category A

Specifies materials and procedures.

Chapter 9.4 Seismic Performance Category B (p. 86)

Regquirements of A plus more restrictions

Chapter 9.5 Seismic Category C

Requirements of B plus more restrictions.

Chapter 9.5.1 Materials
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Chapter 12.A.4.5 Holes, Pipes and Conduits

Prescribes sleeving and embedding in masonry per sec. 6.3.ACI standard 318.

Chapter 12.A.6 Design Requirements

Prescribes use of higher stresses; fm and loading age shown on plans; stresses

and capacities based on net dimensions, elc.

Chapter 12.A.6.4 Masonry Shear Walls

A. Boundary c¢lements

Prescribes the effective flange width at shear wall intersection with other
walls; the overhanging effective flange width for reinforced and un-reinforced

masonry.

Performance in consideration of vertical shear at intersection of web and

flange of shear wall.

B. Vertical Tension and Compression Stresses (p. 151)

Prescribes formula 3-2A for unreinforced masonry. Performance statement

for consideration vertical stresses; minimum vertical loads; allowable tension.

C. Horizontal Elements

Performance standards for shear & flexural effects; allowable shear & tensile

stresses; horizontal span of the element — outside reinforcing needed.
Shear reinforcing' is prescribed for certain horizontal elements.

D. Wall Shear

Shear wall resistance computed only by the web (unreinforced masonry—depth
of web out to flange). No limits given.

Unreinforced masonry prescribed by form 12A-8

Shear resistance based on net area — prescribes the area to be considered.
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Chapter 12.A.4.5 Holes, Pipes and Conduits
Prescribes sleeving and embedding in masonry per sec. 6.3.ACI standard 318.

Chapter 12.A.6 Desien Requirements

Prescribes use of higher stresses; fm and loading age shown on plans; stresses
and capacities based on net dimensions, eic. '

Chapter 12.A.6.4 Masonry Shear Walls

A. Boundary elements

Prescribes the effective flange width at shear wall intersection with other
walls; the overhanging effective flange width for reinforced and un-reinforced .

masonry,

Performance in consideration of “vertical shear at intersection of web and

flange of shear wall.

B. Vertical Tension and Compression Stresses (p. 151).

Prescribes formula 3-2A for unreinforced masonry. Performance statement
for consideration vertical stresses; minimum vertical loads; allowable tension.

.C. Horizontal Elements

Pe:formance standards for shear & flexural effects; allowable shear & tensile
stresses; horizontal span of the element - outside reinforcing needed.

Shear reinforcing is prescribed for certain horizontal elements.

D. Wall Shear

Shear wall resistance computed only' by the web (unreinforced masonry-depth
of web out to flange). No limits given,

Unreinforced masonry prescribed by form 12A-§

Shear resistance based on net area - prescribes the area to be considered.
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B. Appendages and Veneers
Describes means of attachment but gives no limits.

C. Ceilings

Gives allowable attachment of plastic ceilings. Describes how hung ceilings
may be made more resistant but gives neither prescriptive or performance
standards. Nailing by code. ‘

D. Light Fixtures

Must be evaluated for resistance to lateral forces - no limits.

E. Marquees and Canopies

Anchors "should be exposed. Bring up to code requirements.
F. Fire Escapes
"Should” be lateral load tested or visually inspected.

G. Non-bearing Partitions

Anchorage "should"” be strengthened; partitions "should" be separated from

walls: "should" resist forces normal 1o the wall

H. Mechanical & Electrical Equipment

Stability must be evaluated; allows attachment to structural frame; no limits.
1. Stairs

Does not limit material, but specifies for resistance to lateral load.

J. Elevators

Enclosures, . guides, anchorage or motor equipment "may" be strengthened and
"should” be evaluated. Support beams "analyzed by an engineer.”
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B. Appendages and Veneers
Describes means of attachment but gives no limits.
C. Ceilings

Gives allowable attachment of plastic ceilings. Describes how hung ceilings
may be made more resistant but gives neither prescriptive or performance
standards. Nailing by code.

D. Light Fixtures

Must be evaluated for resistance to lateral forces — no limits.
g Marquees and Canopies

Anchors "should be exposed. Bring up to code requirements.
"Should™ be lateral load tested or visually inspected.

G. Non-bearing Partitions

Anchorage "should" be strengthened; partitions "should” be separated from
walls; “should” resist forces normal to the wail

H. Mechanical & Electrical Equipment

Stability must be evaluated; allows attachment to structural frame; no limits.
Does not 1imit material, but specifies for resistance to lateral load.

J. Elevators

Enclosures, guides, anchorage or motor equipment "may" be strengthened and
"should” be evaluated. Support beams "analyzed by an engineer.”
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K. Chimneys

Anchorage of ties "should be evaluated"” and reinforcement "may be added.”
No limits given.

1. Water Storage Tanks

Chapter 15 Guidelines for Emergency post-earthquake inspection &
evaluation of Damage

"Investigator" must determine whether structural damage has occurred.

Chapter 15.6.1 Emergency Earthquake Damage Inspection Form

"May" be used by the investigator.

SEOAC COMMENTARY

Recommended Lateral Force Requirements

General Provisions - Section 2313

p. 15 . (d) Minimum earthquake forces for structures.

p. 16 2. Structures having irregular shape or framing systems.
The distribution of the lateral forces in structures
which have highly irregular shapes. Large
differences in lateral resistance or stiffness
between adjacent stories or other unusual
features shall be determined considering
the dynamic characteristics of the structure.

p. 17 (e) Distribution of horizontal shear. B
Total shear in any horizontal plane shall be distributed
to the various element of the lateral force resisting
system in proportion to their rigities, considering
the rigidity of the horizontal bracing system or
diaphragm. Rigid elernents that are assumed not to
be part of the lateral force-resisting system may
be incorporated into buildings provided that their
effect on the action of the system is considered and
provided for in the design. '

p. 17 (g) Horizontal torsional moments.
MSBC p. 262 Provisions shall be made for the increase

(sec 716.4.3) in shear resulting from the horizontal torsion

/57
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due to an eccentricity between the center of mass
and the center of rigidity. Negative torsional

shear shall be neglecied. Where the vertical resisting
elements depend on diaphragm action for shear
distribution at any level. The shear

resisting elements shall be capable of resisting

a torsional moment assumed to be equivalent to
story shear acting with an eccentricity of not less
than 5% of the maximum building dimension at

that level.

p. 17 (h) Overturning

MSBC-p. 263 Every building or structure shall be designed to

sec 7.6.4.4 resist the overturning effects caused by the
wind forces and related requirements, or the
earthguake forces specified in this section,
whichever govern.

At any level, the incremental changes of the design
overturning moment, in the story under consideration,
shall be distributed to the various resisting
“elements in the same proportion as the

distribution of the shears in the resisting

system. When other vertical members are
provided which are capable of partially resisting
the overturning moment, a re—distribution may be
made to these members of sufficient strength and
stiffness to transmit the required loads are
provided.

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

p. 17 (i) Serbacks (def: p. 40)
SEAOC(p. 62) Buildings have setbacks where in the plan dimension
of the tower in each direction is at least 75%
of the corresponding plan dimension of the lower
part may be considered as uniform buildings
without setbacks, providing other irregularities as
SEOAC(p. 16) defined in Section 2313 (d)2 do not exist.  Buildings
having such irregularities shall conform to
the provisions of 2313 (d)2. (see appendix G, p. 141)

p. 18 (5 Structural Systems
' 1. Special Requirements (see appendix F & G)

a. All buildings designed with a horizontal
see table 23-C factor k = 0.67 or 0.80 shall have
(p. 20) space frames - ductile moment resisting.
' note: k = Numerical coefficient as set
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.Principal reinforcement in masonry shall be
placed four feet maximum on center except that
a maximum two feet shall be used in buildings
having a moment resisting space frame. (see
Appendix G)

4. Combined vertical and horizontal forces
In comparing the effect of seismic force in
combination with vertical loads, gravity load,
stresses induced in members by dead load
plus design live load, except roof live
load shall be considered.

§. Exterior elemenis
Precast non-bearing non shear wall panels or
or other elements which are attached to or
enclose exterior shall accommodate movements
of the structure resuiting from lateral forces
or temperature changes. The concrete
panels or other clements shall be supported
by means of poured in place concrete or by
mechanical fasteners in accordance with the
following provisions:

a. Connections and panel joints shall allow for
a relative movement between stories of not
less than 2 times the story drift caused
by wind or seismic forces; or one—fourth
inch whichever is greater.

b. Connection shall have sufficient duetility and
rotating capacity so as (o preclude fracture of
the concrete or brittle failures at or
near -welds. Marks in concrete shail be
attached to or hooked around reinforcing
steel or otherwise terminated so as to
effectively transfer forces to the
reinforcing steel.

c. Connections to permit movement in the plane
of the panel for story drift may be
properly designed sliding connections
using slotted or oversized holes or may be
connections which permit movement by bending
of steel. '

p. 20 From table 23 C
Horizontal force factor K for buildings or other
structures.

Type of Arrangements of Resisting Elements
Buildings with a dual bracing system consisting of
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. 20

Principal reinforcement in masonry shall be
placed four feet maximum on center except that
a maximum two feet shall be used in buildings
having a moment resisting space frame. (see
Appendix G)

4. Combined vertical and horizontal forces

In comparing the effect of seismic force in
combination with vertical loads, gravity load,
stresses induced in members by dead load
plus design live load, except roof live

load shall be considered.

5. Exterior elements

Precast non-bearing non shear wall panels or
or other elements which are attached to or
enclose exterior shall accommodate movements
of the structure resulting from lateral forces
or temperature changes. The concreie

panels or other elements shall be supported
by means of poured in place concrete or by
mechanical fasieners in accordance with the
following provisions:

a. Connections and panel joints shall allow for
a relative movement between stories of not
less than 2 times the story drift caused
by wind or seismic forces; or one—fourth
inch whichever is greater.

b. Connection shall have sufficient ductility and
rotating capacity so as to preclude fracture of
the concrete or brittle failures at or
near welds. Marks in concrete shall be
attached to or hooked around reinforcing
steel or otherwise terminated so as to ‘
effectively transfer forces to the
reinforcing steel.

¢. Connections o permit movement in the plane
of the panel for story drift may be
properly designed sliding connections
using slotted or oversized holes or may be

connections which permit movement by bending

of steel.

From table 23 C !
Horizontal force factor K for buildings or other

sfructures.

Type of Arrangements of Resisting Elements

Buildings with a dual bracing system consisting of
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to the main of the clement itself. But for such
elements as are effectively connecied to the structure.
They will participate initially in all of their
rigidities.

By the action described in the "Reserve Energy”
analysis it is anticipated that these elements

that possess & relatively low strength to rigidity

ratio wouid crack first. In doing so, it is a part

of earthquake engineering design to do details

here of elements that do not constitute

a hazard either to people or to the structural system.
Usually these elemenis are non-structural in nature.
Several things which happen in cracking are:

1) damping is increased quite materially by the
frictional energy generated by movement of the
surfaces along the plane of the cracks.

2) the natural period of vibration of the structure
is lengthened and it is progressively lengthened
as various cracks form and propagate.

3) Some incremental shear is transformed
to non—broken structural and probably non-structural
elements.

Let it be assumed that this laieral force resisting
system is composed of 2 basic systems:

1) a shear wall system
2) a moment resisting space frame

Because the preponderant rigidity usually resides in
the shear wall system it would be expected that

in the middle stages of the earthquake the

shear imposed would be resisted primarily, if not
entirely, by this system. Should the earthquake

be of such intensity and duration as to overstress
these shear elements, it is expected that these would
crack. In cracking the same 3 phenomena described
earlier for the cracking of the low strength/rigidity
ratio elements would occur. Some incremental
shear would be transferred to the more flexible
moment resisting space frame,

In the final stages of the earthquake it is

conceivable that the integrity and safety of the structure
and its occupants would be relying primarily upon the
action of this moment resisting space frame. The
action might be called upon only in the

elastic range but in a major earthquake it is

™~
"
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to the main of the element itself. But for such
elements as are effectively connected to the structure.
They will participate initially in all of their
rigidities. ; '

p. 44 By the action described in the "Reserve Energy”
analysis it is anticipated that these elements
that possess a relatively low sirength to rigidity
ratio would crack first. In doing so, it is a part
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here of elements that do not constitute
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Usually these elements are non-structural in nature.
Several things which happen in cracking are:

1} damping is increased quite materially by the
frictional energy generated by movement of the
surfaces along the plane of the cracks.

2} the natural period of vibration of the structure
1s lengthened and it is progressively lengthened
as various cracks form and propagate.

3} Some incremental shear is transformed
to non-broken structural and probably non-structural
elements.

Let it be assumed that this lateral force resisting
system is composed of 2 basic systems:

1) a shear wall system
2) a moment resisting space frame

Because the preponderant rigidity usually resides in
the shear wall system it would be expected that

in the middle stages of the earthquake the

shear imposed would be resisted primarily, if not
entirely, by this system. Should the earthquake

be of such intensity and duration as to overstress
these shear elements, it is expected that these would
crack. In cracking the same 3 phenomena described
earlier for the cracking of the low strength/rigidity
ratio elements would occur. Some incremental
shear would be transferred to the more flexible
moment resisting space frame.

In the final stages of the earthquake it is

conceivable that the integrity and safety of the structure
and its occupants would be. relying primarily upon the
action of this moment resisting space frame. The
action might be called upon only in the

¢lastic range but in a major earthquake it is
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K=1.00 All buildings that do not qualify for K=0.67
or 0.80, or those that do not require
K=1.33 by virwe of the "box system”
characteristic of shear bearing wall buildings.

K=1.33 Buildings with a box system as defined
in section 2313 (6) page 14.

Box system is a structural system without a complete
vertical load carrying space frame. In this system,
the required lateral forces are resisted by shear
walls or braced frames as hereinafter defined.

This type of structural system is characterized by
shear wall lateral force resisting system and a
substantial part of the vertical load carried on
bearing walls, which may or may not be a significant
part of the shear wall system. (max height 160 feet}

The space frame (def: p. 33)

It is imperative that the vertical load carrying space
frame be substantially complete in order to qualify
the structure for some K value less than 1.33. It is
not required that the entire vertical load space frame
be designated the lateral force resisting

system,

Requirements:

a. The ductile momenl resisting space frame must be 50
deployed that, independent of other structural
elements of the building, it is stable under vertical
lpads combined with lateral loads applied from any
direction.

b. 1t must not be jeopardized in its vertical or
lateral load carrving c¢apabilities by the action or
failure of more rigid clemenis of the
building including shear walls.

c. For a K=0.67 building, the entire torsional as well
as direct shears shall be resisted by the ductile
moment resisting frame, neglecting such shear
walls as may exist.

d. K=0.80 buildings must be capable of withstanding
torsional moments corresponding to its polar moment
of inertia compared to the polar moment of inertia
of the total structure considering
interaction of component parts or to the "accidental
torsion,” if greater; direct shear resisted by the frame
shall be distributed to the elemenis of the frame
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p. 14

K=1.00 All buildings that do not qualify for K=0.67
or 0.80, or those that do not require
K=1.33 by virtue of the "box system"
characteristic of shear bearing wall buildings.

K=1.33 Buildings with a box system as defined
in section 2313 (6) page 14.

Box system is a structural system without a complete
vertical load carrying space frame. In this sysieni,
the required lateral forces are resisted by shear
walls or braced frames as hereinafter defined.

This type of structural system is characterized by
shear wall lateral force resisting system and a
substantial part of the vertical load carried on
bearing walls, which may or may not be a significant
part of the shear wall system. (max height 160 feet)

The space frame (def: p. 35)

1t is imperative that the vertical load carrying space
frame be substantially complete in order to qualify
the structure for some K value less than 1.33. It is
not required that the entire vertical load space frame
be designated the lateral force resisting

system.

Requirements:

a. The ductile moment resisting space frame must be so
deployed that, independent of other structural
elements of the building, it is stable under vertical
ioads combined with lateral loads applied from any
direction.

b. It must not be jeopardized in its vertical or
lateral load carrying capabilities by the action or
failure of more rigid elements of the
building including shear walls.

¢. For a K=0.67 building, the entire torsional as well
as direct shears shall be resisted by the ductile
moment resisting frame, neglecting such shear
walls as may exist.

d. K=0.80 buildings must be capable of withstanding

torsional moments corresponding to its polar moment
of inertia compared to the polar moment of inertia
of the total structure considering

interaction of component parts or to ‘the "accidental
torsion,” if greater; direct shear resisted by the frame
shall be distributed to the elements of the frame
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Some codes have gone further by insisting that

buildings be separated to avoid interference

and possible destructive hammering between buildings.
The amount of separation recommended, or in some
cases required, depends upon the movement to be
accommodated. For more flexible types of construction
separation = 1.5 times the expected combined deflections
of the 2 units or buildings separated.

Prior to 1961, the UBC required..."all portions of
structures shall be be designed and constructed
to act as an integral unit in resisting

horizontal forces unless separated structurally by
a distance of at least one inch + .5 inch for
each 10 feet of height above 20 feet.

p. 65 Reinforced Masonry or concrete
All elements of masonry or concrete whether part of the
structural system or the lateral force resisting system
or not, are required to be reinforced to qualify as
reinforced masonry or reinforced concrete in accordance
with the appropriate sections and chapiers of the code
of which these sections, 2313~ General Provisions, p. 34,
2630~ Concrete Ductile Moment REsisting Space Frames, p. 66,
and 2631~ Concrete SHear Walls and Braced Frames, p. 74.
Minimum reinforcing is reguired to assure that a
reasonable "basketing” exists which will prevent cracked
walls from loosing broken pieces and thus preventing
a hazard to building occupants. Such "basketing” is
especiallty important for all walis around exit passages
and for walls which have veneer or precast attachments.

p. 86 Appendix C
_Report on setbacks

General

Setbacks in practice can be symmetrical or asymmetrical about
the base portion in 1 or both axes. Towers

and bases can vary in types of construction, the amount

of setback, and the height of the tower as compared to the
base can cover a wide range.

In addition to the dynamic conditions between 2 (or more) -
building portions, the "notch" effect must be

considered in design, particularly where the tower framing
does not extend downward through the base. A shear

wall type of design for both a tower and a base could
produce sever stresses at and about the 90 degree notches.

Dynamics
The relative values of the k/M of the tower and base
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Some codes have gone further by insisting that

buildings be separated to avoid interference

and possible destructive hammering between buildings.
The amount of separation recommended, or in some
cases required, depends upon the movement © be
accommodated. For more flexible types of construction
separation = 1.5 times the expected combined deflections
of the 2 units or buildings separated.

Prior to 1961, the UBC required..."all portions of
structures shall be be designed and constructed
to act as an integral unit in resisting ‘
horizontal forces unless separated structurally by
a distance of at least one inch + .5 inch for
each 10 feet of height above 20 feet.

p. 65 Reinforced Masonry or concrete
All elements of masonry or concrete whether part of the
structural system or the lateral force resisting system
or not, are required to be reinforced to qualify as
reinforced masonry or reinforced concrete in accordance
with the appropriate sections and chapters of the code
of which these sections, 2313~ General Provisions, p. 34,
2630- Concrete Ductile Moment REsisting Space Frames, p. 66,
and 2631- Concrete SHear Walls and Braced Frames, p. 74.
Minimum reinforcing is required to assure that a
reasonable "basketing” exists which will prevent cracked
walls from loosing broken pieces and thus preventing
a hazard to building occupants. Such "basketing" is
especially important for all walls around exit passages
and for walls which have veneer or precast attachments.

p. 86 Appendix C
: Report on setbacks

General

Setbacks in practice can be symmetrical or asymmetrical about
the base portion in 1 or both axes. Towers

and bases can vary in types of construction, the amount

of setback, and the height of the tower as compared to the
base can cover a wide range.

In addition to the dynamic conditions between 2 {or more)
building portions, the "notch” effect must be

considered in design, particularly where the tower framing
does not extend downward through the base. A shear
wall type of design for both a tower and a base could
produce sever stresses at and about the 90 degree notches.

Dynamics
The relative values of the k/M of the tower and base



portions are basiz in the problem.
= stiffness

M= mass
Relative damping is also important. Unfortunately for general
code purposes, K depends upon many things such as ration
of shear (o flexure resistance, the mass, etc.
However, a tower is more apt to have flexure as an
important action than is the base.

If the values of the X/M and damping should be the same
in tower and base it is conceivable that outside

of any "notch" effect the building would essentially

act as a unit dynamically. The K/M values could be
similar because of variations in wall

openings and other factors.

Practice CQde Considerations

For simplicity 3 basic conditions have been considered:

a. The base portion predominates and the tower may
may be considered as an appendage subject
to & ground motion which is equal in acceleration
to that of the top of the base portion.

b. The tower portion predominates and the portion of the
base not encompassed by the tower extension to the
ground is essentially a structural "lean—to"
which goes along for the ride, but also contribuies
additional mass and resistance.

c. The intermediate cases which are difficult in
determination. IN this category we have 1o consider
the situation where the 2 portions may
average out to acl as 1 building of the full height
or where they may act as independent units but in
such a manner as to affect each other.

p 88 Frame Action for Setbacks

Some setbacks may consist of simple 1 story penthouses.
However, most setbacks are important structural elements.
In view of the dynamic and also the notch effect phenomena
that may occur, it is recommended that structural frames,
“either moment resisting or braced or combinations,

be required for both tower and base of any

setback building with more than 1 story of setback. In
addition it should be required that the columns
supporting the setback be carried straight down from

the setback columns all the way to the foundations

or a special analysis be submitted to demonstrate

that column offsets are fully compatible with the

setback conditions.
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SURVEY QUESTIONNAIRE

PROJECT: The Integration of Seismic Design Principles Into Preliminary
Architectural Design

NSF PFR 7900007 K. BRITZ, PI

This survey is taken as part of an architectural research project sponsored
by the National Science Foundation. Its purpose is to assess the general
level of awareness about eastern U.S. earthquake activity, and knowledge
about seismic design among architects practicing in the eastern U.S. This
questionnaire is not meant to be a test of knowledge or skill. In fact,

if there is a lack of general knowledge about seismic design we want to
know that. Therefore please answer all questions candidly, and where
written replies are requested, please try to be concise and brief. In-
dividual qeustionnaires will not be published and respondents will remain
strictly anonymous. Thank you.

1. If yvou have a professional degree in architecture name the institution
which granted you the degree

3%

. In what state(s) are you registered?

3. How long have you been registered?

4. Do you have a NCARB certificate? Yes No

5. Have you had any experience with applying seismic design principles
either in school or in professional practice (aside from questions
on the professional licensing exam)?  Yes No

6. I1f so, how recent?
within past 2 years within past 5 years longer

7. Please respond to each term by indicating whether you: a) basically

know its definition; b) have heard or read the term but are not
knowledgeable about its meaning; c¢) have not seen or heard the term.

know it heard of it haven't heard of it
a. b. c.
accelerograph
ductility
epicenter

fault line

fundamental period
liquefaction

modified mercalli intensity
moment frame

return period

seismicity

seismic surface wave

story drift

tsunami
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10.

11.

12.

13.

14,

15.

16.

17.

18.

In your current practice how much do you consider seismic safety during
preliminary design? : Check one:

a) High priority among constraints

b) Among the more important constraints

¢) Among the lessor constraints

d) Very low priority among constraints

Can you identify at least four architéctural (non-structural) building
components which have been found to be particularly vulnerable to

earthquake forces? That is they are likely to be damaged to the point
of non—-functionality in the event of a moderate to severe earthquake?

a. b.
C. d.

Can you describe a general type of geometry (shape, plan configuration)
for a building which would be particularly advantageous in resisting
earthquakes?

Can you name at least two areas in the eastern U.S. which have had
several earthquakes in the past?

Are you aware of any seismic zone classification given to the areafs)
in which you practice?

a. Geographic area ‘clagsification

b. Geographic area classificatrion

If so, is this classification recent?
within past 2 years not recent don't know

Do you know whether your state has mandated local building ordinances
requiring design provisions to mitigate against earthquake hazards?

State has State has not Don't know

Have you become aware of specific research efforts involving the

performance of architectural (mon-sturcutral) components under earthquake

loads?
Yes No

If so, from what research organization?
NSF ASCE ATA/RC Other

If so, how did you become aware of such research.
Through colleague(s)

Through AIA publication

Through engineering publication

Through architectural professional journal
Through attendence in a class

Through information received at a conference
Other, please specify.

Can you identify which aspects of preliminary (or schematic) design
might be affected by the consideration of earthquakes?




19.

20.

21.

22.

23.

24,

25.

26.

27.

Suppose you were now practicing in an area known to have strong earthquakes
perhaps once within every fifty years. Also suppose that area was not
strictly regulated by seismic codes. Under these circumstances, rank
order seismic safety among the rest of the following design criteria.

Fire safety Energy conservation
Minimizing construction cost Seismic safety
Functional organization Site context
Aesthetic issues (1 most important, 7 least important)

With your currest knowledge about earthquake design, how concerned
are you that seismic design provisions might constrain the aesthetic
aspects in your design work?

Very concerned Mildly concerned Not concerned

Do you believe that having to comply with seismic codes will usually
make architectural design more difficult?

In what manner would you think it best to integrate seismic design
into preliminary architectural design? Check one or more:

a) After first design iteration, use a checklist to determine
whether seismic safety has been effectively considered

b) Have structural engineer review and comment on seismic
integrity of the plans

c) Use a systematic process of trade-offs to decide whether
seismic criteria will overide other conflicting criteria in
the design ‘

d) Use a checklist of seismic criteria as you begin and proceed
with preliminary design work

e) Merge seismic structural design and schematic space adjacency
and hierarchy as a synthesis of two parallel - but initially
separate design processes.

£) None of the above,

How often do you come across news of significant technological
developments such as solar energy design, people moving systems,
new structutral systems, new building materials and finishes, etc.

Regularly Frequently Infrequently Rarely

In general, where do you gain new technical knowledge?
Classes , Textbeooks or Manuals , Manufacturer's brochures 5

Visiting Products Representatives . Other

In general, do you find it easy to assimilate new technoldgical information
into your practice? Usually easy s Usually difficult .

Are you generally apprehensive about trying a new technique or product
for fear of poor results or uncertainty about performance?

Yes No
What would be the best means for you to learn about seismic design?
Lectures at conferences
Carefully prepared brochures
Classes at architectural school

e
e
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NSF PROJECT PFR 7900007
"THE INTEGRATION OF SEISMIC DESIGN PRINCIPLES
INTO PRELIMINARY ARCHITECTURAL DESIGN"

Ken Britz, P.I.

The following list of questions and instructions should be answered

during the course of preliminary design, where seismic principles as dis-
cussed with the researchers are considered In the design process,

To make the experiences of the three firms comparable, we have listed

~and categorized a set of general questions about the project, the design
team, the design objectives, selsmic design considerations, and the de-
sign process.

We have also requested that a "'log" of decision making be recorded

and be returned to the researchers, along with the answers to the project
related questions,

General Questions About the Project:

1,

2.

10.

What is the building type?

What is the square footage involved in the program?

What 1s the basic program?

Who is the c¢lient?

Who is the user/s?

Where is the location (or iutended locations)?

What are the particular site conditions?

If a system or prefabricated approach is imvolved, expléin how it is
to work (i.e., manufacturing, transportation, erection, finishing
process)?

Is there any extraordinary budget constraints or opportunities present?

Is the time of design or time until completion an unusually important
factor in this project?

General Questions About Design Team:

- 1.

Is a principle or associate of the firm directly involved in the design?
List the other in-house people directly assigned to the project.
Was an engineer involved in the preliminary design?

Can the roles of the individual members of the design team be described?



Design Objectives

ll

List, in terms of desired activity and physical solution, any
special aesthetic and/or functional criteria which are particularly
important in this building.

Whe identified these criteria or objectives?

Was there any significant discussion about criteria? Were clearly
opposing or alternative viewpoints stated?

Which, if any, design issues were identified during a review of
design work already sketched or drawn hardline?

Seismic Considerations During Preliminary Design

1.

Was there initial confusion about what seismic criteria were?
Did the client have any reservation about seismic criteria?

Did codes give any quide to architectural design vis a vis seismic
problems?

Was the client aware of potential seilsmic problems?

Was it anticipated that seismic c¢riteria would conflict with other
criteria, and if so how would they conflict?

Design Process

1.

2.

Was a seismic criteria 'checklist" formulated a prioridy?

Was there confusion about how seismic criteria would be incorporated
into the design?

Was there apparently a situation or situations where other design
criteria conflicted with seismic resistant design?

Was an engineer consulted during preliminary design, and how much in-
volvement did he have?

Did he provide an explanation with his input? Was it he who offered
the solutions?

How far could seismic strategy prevail before it was considered too
impractical or costly given the perceived level

At the appropriate time/s during the preliminary design process, please
record:

A paraphrasing or capsulization of the points made in each case of

deliberative design-decision-making regarding a seismic related design
issue. Relevant points to record would include comments related to the
points listed above under "Seismic Considerations” and '"Design Process”,

2.



What we would like is a set of these seismic-design—-decision-related
discussions for each instance when they occurred and in the order in

which they occurred. The result should be the design teams '"log" of
seismic design decision making.
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NSF PROJECT PFR 79-00007

"THE INTEGRATION OF SEISMIC DESIGN PRINCIPLES INTO
PRELIMINARY ARCHITECTURAL DESIGN"

: EVALUATION GUIDE

As a final contribution from the participating architectural firms,
we are asking for your evaluation of your experience in attempting to
Integrate seismic design in preliminary architectural design. As a guide
to evaluating your experience and as a means to obtain comparable comments
from the three participating firms we have provided a list of questions
evaluative in nature. Even though some 0f these may not be applicable to
your experience, please answer as best as possible those questions which
are relevant., In general we are asking you to evaluate your experience irn
utilizing seismic design strategy in the recent project targeted for this
research effort, Please feel free to add comments additional to the
respenses we are eliciting.

Please respond to the following questions. If a response cannot be
made please explain why.

1. Do you believe you have ascertained the appropriate level of design
response to the seismic hazards in vour area of practice, or the
ar-a where your project was located?

2. In terms of difficulty where did the resolution of seismic criteria
rank relative toc the other criteria listed here?
{ Mest difficult = 1 Mcderate difficulty = 4,5 Least difficult = 8 )

Cfire safety energv conservation
~minimizing constructicn cost seismic safety
_ functiongl organization ] site constraints
aesthetic issues ) other natural hazards
3. If a design checklist were appropriaste for seismic provisions, what

major points would it necessarily contain?

4, Suggest (in outline form) the contents of a useful seismic building
code with respect to non-structural components.

5. Can vou describe the easiest or most practical way to integrate seilsmic
design principles into the preliminary design process.

6. Can you estimate the dollar cost for providing seismic design (as part
of the architect's fees) at this point in time?

7. Do vyou .believe the cost (Question 6) will be reduced in the future,

assuming the same complexity of project and same level of seismic
reinforcement attempted?
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10.

Suggest the best means and format to learn more about seismic
design. *

How would you present the case for seismic design to other clients
and local building officials?

What would you need in the way of information and supporting materials
to make a case for seismic design? ’



