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1. INTRODUCTION

The purpose of this report is to summarize some of the results obtained
trom the analysis of three different types of buildings; |

‘a) 13~story steel frame (pilot building)

b) 11-story concrete momenf resisting frame

¢) 17-story concrete shear wall building
Details about the design data, the underlying assumptioné of the analysis
and the computer program used, can be found in referenges (1), (2) and (4).
Here we will 1imit ourselves to a rather general discuséion of the resujts
obtained and at the same time we will try to predict the damagé states of

these buildings from the various intensities of the earthquake motion used,

2. 13-STORY STEEL FRAME BUILDING (PILOT BUILDING)

This building was designed and built according to the Bostdn Code whfch
had no provis{ons for earthquake Toads. It was found however that the
original design that accounted only for gravity and wind, was §ufficient for:
earthquake Toads corresponding to U.B.C. seismig zones 1 and 2. Then the
building was redesigned for zones 3 and 4 and dynamic analysis of the three
different designs were performed. Block masonry walls which form the ele-~
'vator area were included in the analysis, as elements that break in shear
when their interstory deflection exceeds a limiting value. This limiting
value was estimated from the properties of the materials used, the totat
gross area of the walls and from assumptions about workmanship. The numbers

used are:

Block walls in the x direction: 6br .02

Block walls in the y direction: 6br = ,033"



It should be emphasized again that there is a lot of guessing in these two |
numbers. However, it is believed that their accuracy‘is consistent with
other phases of the project, namely, the seismic risk estimate and the
evaluation of damage from both the empirical data and the theoreticé]
analysis.,

In the following pages interstory displacements and damage states will
be summarized for the various levels of the earthquake intensities used,
Also the number of block walls that break in each direction will be 1isted,

so that a better distinction of the estimated damage states gan be made.

2.1 Design for Zones 0 - 1 - 2

a) Natural periods (sec.)

1.53 T 1.95 (block walls included)

X y

% 5.27 Ty

#

T

]
H

T 4.5 (block walls not included)

b) Yield displacements* (in.)

i) x direction

3

3 1.30"

max B . st ]
oo ggn Caver 7% (i, (17" yield) = .0619)
min )

ii) y direction
§ = 1.25" | |
" 0 = .70" (i (1°F yield) = .085g)
S . = .5Q" aver g
min

* Yield displacements correspond to the 1St breaking point of a trilinear
force-deflection diagram, for which total shear for the frame is half
the ultimate.



Interstory displacements {in.)
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2.2

a)

b)

2.3

a)

Design for Zone 3

Natural periods (sec)
Tx = 1.5 Ty = 1,82 (Block walls included)

T = 4,2 Ty = 3.31 (Block walls not included)

Yield displacements (in)

i) x direction

Smax = 1,03"
8 = .90 (i (1st yield) = ,106g)
5. = 65" aver g
min '
ii) y direction
8 = 1.1
max Sypep = +75 (i (Tst yield) = .064g)
§ . = .54 ver g
min

Interstory displacements (in) (see chart on following page)

Design for Zone 4

Natural periods (sec)

X
Tx = 3.08 Ty = 2.95 (Block walls not included)

T =1.42 Ty = 1.75 (BTock walls included)

Yield displacements {in)

i} x direction

8.0, = 1.08"
max 5. = ,70" (U (st yield) = .078g)
§ . = .52" aver 4
min °
ii) y direction
& =1.04"
max . " - . -
s - 5aver =~ 82 (ug(Tst yield) = .093g)

min



Interstory Displacements - Zone 3
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c) Interstory displacements (Zone 4)
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7

Certain conclusions can be reached by looking at the results for the
three different designs of the pilot building. .First, the interstory dis-
placements depend very heavily on the state of the non-structural block
walls. For any particular story in which the block walls haye not cracked,
the corresponding interstory drift is very small andlhence the damagek(stkuctura1
and non-structural) should be negligible. On the other hand if thé inten-
sity of the shaking is such that it breaks the block walls, then the inter-
story drift is a function only of the frame stiffness (which is several
times smaller than that of the walls). In this case the increase of the
interstory drift and subsequently of the damage goes in proportion tq the
intensity, at least in the elastic range. When the frame starts yielding,
this increase is less rapid, but at that point structural damage starts
occurring, in which case, the estimated maximum‘ductf11ty factors must be
used in conjunction to the maximum interstory drifits for assessing the
damage states. It should be noted however that the way the computer pro-
gram deals with these block walls is highly ideal. In reality even after -
considerable cracking has taken place, unless the walls collapse, they
still have considerable amounts of resistance left, which could influence
the interstory drift rather significantly.

The most important observation, however, . is thatxincrease of the earth-
quake design level does not seem to reduce the damage potential of the
original design. The damage states seem to be almost the same for all
three designs and it is only for the last case (design for Zone 4) that
the intensity to cause first yield has slightly increased. The explanation
for this rather odd behavior can be found in references (1) and (3) andv;

the obvious conclusion is that the optimum design for this particular (very



flexible) building is that with no earthquake provisions.

3. 17-STORY CONCRETE SHEAR WALL BUILDING

This building was again designed for 5 eartthake zones 0, 1, 2, 3
and 4. Concrete moment resisting frames were used in tﬁé longitudinal
direction and shear walls in the transverse. The interior columns, designed
only for gravity loads, were included in the analysis as parts of frames,
whose girders were portions of the slab. This was done in ap attempt to
reproduce the response better, because although these qolumns do not con=-
tribute signif{cantly to the ultimate strength of the bﬁi]ding, they add
considerable stiffness, shifting it to a different speétral‘region. In
addition to that, the calculated maximum ductility factors for these frames
are a good measure of the damage at the points where the interior columns
support the slabs.

Shear wails are treated as far-coupled systems with bilinear moment-
curvature diagrams. Stiffnesses and strengths are estimated as described
in (1) from the dimensions and the reinforcement of the walls, For each
story level the maximum shear capacity of the wall was estimated, and at
each time step it was compared with the shear forge carried by the wall
at the same level. If at any instant this shear capacity was exceedéd, a
brittle shear failure was assumed by the program in that story and the
part of the wall above was treated as an infill. In estimating‘struqturai
damage in the shear walls, it is good tp keep in mind that the definition
of the ductility factor here is different than that of a frame (1). Shear‘\
walls are not designed as ductile structures (although they could be) and

small increases of the applied moment above the value that determines the



elastic 1imit can cause excessive amounts of yielding which the wall is not
designed to take, resulting in a catastrophic failure. It is fdr this
reason that it has been recommended for shear walls toc be designed so that
they remain elastic under the strongest earthduakes. [t is the author‘§
feeling that small increase of the wall reinforcement would be sufficient
for elastic behavior for many of the cases analyzed,

At the time this report is written, complete resuits are available

only for two designs: Zones 0 and 3. They are tabulated below:

3.1 Design for Zone 0

a) Natural perieds (sec)

TX

T
y

4.38

It

3.14

b) VYield displacements (ft) (for frames only)

i} x direction

5 .04 + .08 *CMRF: .18g
max Saver = .06 Ug(]st yield)
o 7
Spin 0038 %0 *N.S.FR: .03 + .06g
ii) y direction
Gmax ~ 01 : .018 X N.S.FR; .03 = .042¢g
aver = ,015 i (Ist yield) ; '
§ . = .05 % .01 g - ;
min SH.WALL  .08g

¢) Interstory displacements (ft) (see following page)

3.2 Design for Zone 3

*CMRF = Concrete moment resisting frame
N.S.FR = Non-structural frame (formed from the interior columns)
SH,WALL = Shear wall
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(2}

a) Natural periods (sec)

Tx = 3,13

= 2.
Ty 32

b) Yield displacements (ft) (for frames only)

i) x direction

.04 = .08 - G.MJRLF.

max § .06 Ug(1st yield)

Spin = <02 + .04 N.S.FR

R

8

2]

.07 + .l4g

[=1]
o«
D
-

[

-4t

.02 + .04g

ii) y direction | |
6max ~ 0] + .0]8 s | N.S.FR '3'.04 ¥ .0659
aver =~ 015 Ug(]st yield)

min = 05+ .01 SH.MALL =~ .14g

2

3

14

c) Interstory displacements (ft) (see following page)

Due to the relatively Targe stiffness of the shear walls, the jnter-
story displacements for this type of building are small, at least bhefore
the walls start yielding or cracking. So very Tittle damagé (at least of
the type associated with interstory drift) is to be expected even for inten-
sities up to VII. After cracking starts occuring howeyer, because of the
brittle nature of the walls, structural damage is probably inevitable and
transition from a lower damage state to a very high one, is possible eyen:
if the Mercalli intensity of the earthquake changes only by one scale.

Another interesting observation is that the distribution of damage
with height is different than that of a building with framés, because of
the difference in the deflected shapes of the two types of structures,
Framed structures deforming like a shear beam will have most of the

damage at the lower floors, while shear wall buildings that deform as canti-
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cements (Zone 3) (ft)
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levers should be expected to suffer more at the top. Structural damage
of the walls, however, should be expected at the lower floors 6r in case
of interaction with frames around the middle.

As a final comment in this section, it should be mentioned that abselute |
accelerations for the shear wall buildings are relatively higher than thOsé'
in framed structures, so damage associated with acceleration should be |

expected higher.

4. 11-STORY CONCRETE FRAME BUILDINGS

This building has the same floor plan with the 17-story shear wall
building, but uses moment resisting concrete frames in thg transverse
direction instead of shear walls. As of this moment we have complete
results for the zone-3 design, while for zones 2 and 4 we have resuits ohly

for the transverse direction and the strongest earthquake.

4.1 Design for Zone 3

a) Natural periods (sec)

Tx = 2,35

:2.
Ty 04

b) Earthquake to first yield CMRF ~ ,07 = ,149

i) x direction: Ug (1st yield)
N.S.FR = .13 + ,26g

ii) y direction: Ug(lst yield) CMRF =~ .06 = .12g

c¢) Interstory displacements (ft) (see following page)
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(ft)

Interstory Displacements (Zone 3)
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4.2

d)

4.3

b)

d)

15

Design for Zone 2

Natural period

Ty = 2.65 sec
Interstory displacements (ft)for the strongest earthquake (1.75 « VIII)
S =~ 14"
" Saver = -080
Smin ~ 027
Maximum ductility factor: u = 4.6

max
Damage state: 5 + 7

Design for Zone 4

Natural period

T =1.79 sec

y _ ‘
Interstory displacements (ft) for the strongest earthquake (1.75 % VIII)

§ = .16'

max _ Saver © 065
5m_in = .(/16
Maximum ductility factor: u = 6.17

max
Damage state: 5 + 7

The main observation here (which is also true for both the pilot and the

shear wall buildings) is that increase of the design forces even up to

superzone-4, does not alter the damage state caused by the very strong earth~

quake (1.75 = VIII). If this is set as an objective when designing for

Zone 4, then the doubling of the base shear coefficient is not sufficient,

Other factors and strategies should probably be sought.

As a final summary we have tabulated the damage states of all the cases

analyzed, in the next page. Blanks are to be filled when more results from

the analysis become available.
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