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ABSTRACT

Base isolation has been proposed as an economical approach to aseismic
design for many types of buildings and structural systems. In general, the
base of a structure is isolated when a support system with extremely low

horizontal stiffness limits the transmittal of horizontal shear from the
ground to the structure. The displacement of such a structure under wind

loading will, however, be excessive since the horizontal stiffness of the
support system is so low. The horizontal deflection of a building with

an isolated natural frequency of 0.5 Hz would, for example, be four inches
for a wind load of one-tenth the weight of the building. While such a
horizontal deflection would not be acceptable, a base isolation system could

be equipped with a mechanical fuse which would be sufficiently strong to
resist wind loading, but which would fracture during an earthquake, leaving
the building free on the isolation system.

In this report we describe an extensive series of shaking table tests

of such a device. The wind restraint consisted of a notched shear pin.
Several shear pins were tested in conjunction with a natural rubber isola
tion system placed beneath a three-story 40,000 lb. steel frame model
structure. Pins with breaking forces ranging from 3% to 20% of the weight
of the model were tested. The model structure was subjected to various
peak accelerations of three earthquake inputs.

The shear pins fractured rapidly and cleanly. The breaking force

for each pin was reasonably predictable. Although higher mode accelerations

were induced in the model structure when the pins broke, these disappeared
rapidly. The design of a shear pin mechanical fuse system for a full-scale

structure is discussed at the end of this report in view of the experimental

results described.
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1. INTRODUCTION

Results of tests of a simple mechanical fuse designed for use in

conjunction with an earthquake-resistant base isolation system that incor

porates natural rubber bearings are reported. The base isolation system

was suggested by Derham, Wootton, and Learoyd [1]; a practical system has

been developed and tested [2, 3]. The lateral stiffness of the natural

rubber foundation bearings is very low; structures and their contents are
protected from the effects of earthquakes because buildings on these
bearings are effectively uncoupled from ground motion. The bearings are
able to undergo relatively large (on the order of several inches) horizontal
displacement. When a structure rests on such a system, the first mode period

of the building is increased to a range above that of most earthquake energy

and the lateral earthquake load on the structure is thereby reduced.

The acceleration of the base-isolated structural model during testing was

reduced by as much as 90% when compared to that induced in the model

structure on a conventional rigid foundation. Such reductions in response

were, however, accompanied by substantial lateral displacement. Further
more, the extremely low transverse stiffness of the isolation system would,
in a full-scale structure, lead to a 1ow-frequency motion under wind loading

that would be uncomfortable for occupants and could induce fatigue in utility

connections. It was therefore necessary to develop a form of restraint

against loading less severe than damaging earthquake ground motion.

Base isolation systems that incorporate wind restraints have been

proposed before. Caspe [4J published a conceptual study of an earthquake

isolation system in which ball bearings were proposed as the basic mechanism

of isolation. Wind restraint in this system was to be provided by control
rods that were to remain elastic under wind loading, but would yield under
earthquake loading. An isolation system developed at the Centre National

de la Recherche Scientifique de France and described by Delfosse in [5]
incorporated wind restraints although the precise form was not specified.

An isolation system suggested by Ikonomu [6] included wind restraint in the

form of steel bars in tension which were intended to break at a specified

force. The use of an energy-absorbing device as a mechanical fuse has been

studied experimentally [3, 7] for the present natural rubber base isolation
system. The elastic stiffness of the energy-absorbing device was very high

relative to that of the bearings. The device was effectively rigid under
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small loads, but yielded under more intense seismic loading, providing a

much reduced stiffness and damping in the isolation system. A detailed
description of the response of the energy-absorbing devices when subjected
to dynamic loading on a shaking table is given in [3J.

An alternative method of restraining structures from movement under
wind and other nondamaging loading is proposed here. A type of wind

restraint has been developed and tested on the shaking table at the
Earthquake Simulator Laboratory at the Earthquake Engineering Research

Center, University of California, Berkeley. The wind restraint is a simple

mechanical fuse system which prevents lateral movement under small hori
zontal loads, but which breaks at a specified force, allowing the structure

to move freely on the rubber bearings. The mechanical fuse comprises a
small steel pin with a notch machined around its circumference. The pin

is loaded in single shear at the notch and when subjected to a dynamic

load breaks suddenly at a reasonably well-defined shear load.

In this test series, pins with breaking forces ranging from 2-1/2%
to 20% of the weight of the model structure in which they were incorporated
were tested. Each of three simulated earthquakes -- the El Centro NS 1940,

Pacoima Dam S16E 1971, and Parkfield N65E 1966 records -- were scaled to
several peak accelerations and used as input to the shaking table. The
results of these tests indicate that the shear pin mechanical fuse is a

simple, effective, and practicable wind restraint. The influence of the
sudden breaking of the pin on the response of the isolated structure was
predictable within the limits possible for brittle fracture, which data is

always subject to some scatter. A design technique for a full-scale system

can be developed from the results of the tests reported herein.

The most interesting physical result of the tests was that the sudden
breaking of the pin induced an acceleration that was predominately in the

second mode of the isolated structure. The pin can be so designed that

this acceleration will be no greater than the peak acceleration induced

predominately in the first mode by earthquake ground motion, which acceler

ation typically occurs very late during an earthquake. A parallel analytical
study of this phenomenon was carried out and the implications of this study

on design are described in a later section of this report.
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2. TEST DESCRIPTION

The tests were conducted at the Earthquake Simulator Laboratory of
the Earthquake Engineering Research Center of the University of California,
Berkeley. The experimental model was a three-story steel frame with natural
rubber bearings under each of four columns. The frame was loaded by concrete
weights. The total weight of the model was 39,500 lbs. and its height was
twenty feet.

Several tests on pins with breaking forces in the range 4.5 to 8.2
kips were performed in May 1977. A further series was carried out in April
1978 on pins with lower breaking forces, in the range 1.0 to 4.5 kips. In
the second series of tests, diagonal bracing was added to the frame in the
first floor as shown in Fig. 1. The long arm connecting the pin mounting
to the frame would not be present in a similar full-scale structure, but
was used here to facilitate mounting of the shear pin on a load cell as
shown in Fig. 2.

The test structure was extensively instrumented to measure displace
ment, acceleration, and shear force under each rubber bearing and in the

shear pin. Data were taken from each measuring device at a rate of approx
imately 50 samples per second. The experimental model and isolation system
were as described in [3J with the exception that shear pins rather than
energy-absorbing devices were used.

2.1 Design and Development of the Shear Pin

A base isolation system must include a mechanism that will restrain
a structure from swaying or undergoing large deflection under wind loading.
This mechanism by which the base is kept rigid must act as a mechanical
fuse that quickly deactivates when lateral shear force reaches a certain
level, e.g. during a strong motion earthquake, thus allowing the base
isolation system to protect the building from structural damage. A notched
shear pin is ideal as mechanical fuse since it is rigid, yet rapidly deacti
vates, and is easily fabricated and adapted to a structure. In this section
the design and development of the shear pin are described and results of
static tests on the device are reported.

The base shear force that will develop from wind loading depends on
building type and geometry, but is unlikely to exceed 5% of structural weight.
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A base shear force induced by a strong motion earthquake of 10% or more

of structural weight would result in severe structural damage unless the
building were extremely ductile. Shear pins with breaking forces between
10% and 20% of structural weight were tested in order to study the effect
of pin rupture on the response of the model structure. The shear pins
were fabricated from cold-finished C10l8 carbon steel rod since this
material was not only suitable, but could be obtained readily and in
several sizes.

The shear pins were tested in single shear in a standard shear box
tester and a Baldwin compression testing machine. From a preliminary anal
ysis, four sizes of steel rod were selected from which shear pins were
fabricated: 1/4 11 ,5/16 11 ,3/8/1, and 1/2/1 in diameter. Notches of various
depths were machined around the circumference of the shear pins where
shearing action would occur. Load versus ram displacement was plotted for
each test. The peak load in each case was read from the load dial of
the Baldwin testing machine and designated the breaking force of the shear
pin. The static breaking forces are tabulated in Table 1.

In each instance, the pins sheared cleanly, indicating that the
design was adequate. Although some plastic flow occurred in the shear
area prior to failure, this was not considered a problem and was not
observed during dynamic testing on the shaking table. The breaking force
of the shear pins under static loading was consistent and predictable given
pin diameter and notch depth. Breaking forces of the shear pins under
dynamic loading were more widely scattered and consistently higher.
Breaking forces of the pins under both static and dynamic loading are
given in Table 1. The numbering system used in this table to distinguish
pin type is as follows: the first number indicates pin diameter in 1/16/1
units and the second notch depth in thousandths of an inch, e.g., 4/07
designates a shear pin with a diameter of 1/4 11 and a notch of .070-inch
depth.

2.2 Incorporation of Shear Pins in Isolation System

A 211 x 211 X 1/4" tubular steel member was joined by a 3/411 pin to
the base floor transverse girder of the steel frame for the shear pin tests
on the shaking table. The other end of this steel member was fastened by
a notched shear pin to the top of a load cell, which was in turn fixed to



- 5 -

the shaking table. This connection is illustrated in Fig. 2. The con

nection was designed and the pin so positioned that all force was trans
ferred at the notched cross section of the shear pin. Nearly all the

shear force at the base level of the frame was transferred to the weakened
section of the shear pin since the horizontal stiffness of the pin assembly
was approximately twenty-five times greater than that of the four rubber
bearings combined. The base of the frame remained fixed to the shaking
table until the base shear was sufficiently great to cause the pin to
break. The frame was then attached to the shaking table only by the
rubber bearings which functioned as an isolation system.

2.3 Earthquake Input

The earthquake signals used in this series of tests were the
El Centro N-S (1940), the Parkfield N65E (1966), and the Pacoima Dam

S16E (1971). The span number associated with a given earthquake signal
is a scaling factor. Shaking table displacement is linearly proportional

to span number. A span of 1000 corresponds to a maximum table displacement

of ~5 inches. Time histories of shaking table displacement and acceleration
for the three earthquake signals are shown in Fig. 3; the peak acceleration
and displacement for the span levels used in the tests are given in Table 2.
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3. TEST RESULTS

More than fifty tests were performed on the notched shear pins
(Table 1) at various intensities of the three earthquake signals (Table 2).
Additional tests were conducted on pins with small diameter holes rather

than notches, but since the results were virtually identical to those for
notched pins they are not described here. Results of tests on pins with
very shallow notches, e.g. less than .040 inch deep, or no notch are also

not reported here since the pins did not break cleanly in these tests, but

bent and pulled out of the connectors. This last result indicates that
the notch on a shear pin must be of at least a minimum depth.

Typical time histories of shear pin force to the breaking point are
shown in Fig. 4a for the shear pin with the lowest value of breaking force
and in Fig. 4b for a shear pin with an intermediate value of breaking force;
both pins were subjected to the El Centro 300 input. Displacement and

acceleration for all four floors of the model structure are shown in

Figs. 5 through 8 for a single earthquake input, El Centro 300, with a
peak table acceleration of 0.200g. A peak third floor acceleration of

.093g was induced in the isolated system when no shear pin was used.

The displacement patterns for pins with small, intermediate, and large
breaking forces were nearly identical. After the pins broke, the response
pattern was a rigid body motion with a frequency of approximately 0.55 Hz.

A higher mode acceleration at 4.85 Hz was induced in the frame when pins

with a higher breaking force were tested. While the third and second
floors moved in one direction, the first and base floors moved in the

opposite direction, a pattern of motion and frequency characteristic of

second mode response on the rubber bearings alone. The rigid body motion
clearly visible in the displacement traces is the first mode response of
the isolated system. Second mode response was negligible in tests where
shear pins were not incorporated into the system, but significantly

affected acceleration of the frame when shear pins were used.

Peak third floor acceleration increased linearly with breaking force

as shown in Fig. 9 where peak table acceleration and acceleration induced

when no shear pin was used are also plotted. When the results are extra

polated to zero pin force, the resulting value of peak acceleration does
not correlate with that observed during tests of the system with no shear
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pin. While peak acceleration induced in the system with the shear pin

incorporated occurs when the pin breaks, i.e. early in the input motion,

it occurs late during the ground motion when no pin is present. The two
peaks are thus well separated in time. Time history plots for the Pacoima
Dam 220 and Parkfield 300 earthquake signals (Figs. 10 through 15) indicate
that the response described above for the El Centro 300 signal is charac
teristic.
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4. INTERPRETATION OF RESULTS

An analytical model of the system was developed to facilitate inter

pretation of the experimental results described above in a form useful for
design purposes. The structure was treated as two linear elastic systems,
one that characterized the response of the system before and the other

after the shear pin broke. The system could be so characterized because
stresses in frame members, except in the shear pin, never approach the

yield level. The frame model was idealized as a plane frame. A stiffness

matrix was formed for the system idealized by twenty-three degrees of
freedom. Since the mass of the structure was concentrated at the floor

levels, the horizontal displacement at each of the four floors was desig
nated a dynamic degree of freedom and all others were eliminated by static
condensation.

The coupling of the shear pin to the model structure was much more

flexible than it would be in a similar full-scale structure since the pin

was coupled to the frame by a number of flexible elements, such as the
connecting arm, necessary to incorporate the load cell into the system.

The stiffness between the base floor and the table was estimated from a
number of curves that related load cell output to base floor displacement
for several of the pins tested. A nominal value of 30 kips per inch was
used in these calculations. A first mode natural frequency of 2.31 Hz
and a mode shape of (1.0, 0.79, 0.58, 0.48) from the top of the structure
down were predicted. After the shear pin broke, the horizontal stiffness
between the base floor and the table was that of the bearings alone,
1.2 kips per inch. First and second mode frequencies of .55 Hz and
4.85 Hz, respectively, were predicted for this modified configuration,
corresponding to mode shapes of (1.0, .99, .98, .97) and
(1.0, .20, -.51, -.62), respectively.

In order to illustrate the effect of the pin breaking on accelera

tion in the second mode, the time history of acceleration of each of the
four floors was reduced to modal coordinates based on the modes of the

isolated, pin-free system and the maximum modal acceleration was determined.
The contribution from each modal maximum to third floor acceleration for

various pins and earthquake intensities is plotted in Fig. 16 for the first

mode and in Fig. 17 for the second mode. Third and fourth mode contributions
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were negligible. The second mode contribution was linear with breaking

force to a level of pin force that initially depended on earthquake inten
sity and then increased slowly with pin-breaking force. The pin-independent
maxima occurred late during the earthquake ground motion inputs and the

pin-dependent maxima close to the time when the pins broke. These two
peaks were well separated in time and should not be considered additive
since they represent different maxima.

A design technique for a wind restraint system based on the shear

pin described herein can be developed from the above experimental and
analytical results. Peak acceleration due to pin breakage can be estimated
if the force at which a pin will break is specified and the shape of the

structure is evaluated, where the shape is assumed to be the first mode

of the pin-restrained system with an amplitude sufficiently large to
induce a base shear equal to the pin-breaking force. This displacement

would then be used to establish an initial condition for the second mode

of a pin-free system, from which peak modal acceleration could be easily
calculated if the system were assumed to be in free vibration. This latter
assumption is justified since the contribution of earthquake ground motion

to second mode response of an isolated structure is negligible. For the
model structure studied here, results calculated as described above were
plotted as lines and correlated with experimental results in Figs. l7a

through l7c. A pin-breaking force that will produce accelerations in the
second mode not greater than the acceleration produced by an earthquake in
the first mode can thus be specified. In most cases this pin force will
be greater than that necessary to restrain structures from the undesirable
effects of wind loading.
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5. CONCLUSIONS

The notched shear pin functioned effectively as a mechanical fuse

during tests of the rubber bearings base isolation system. When subjected
to dynamic loading, the pins broke completely and rapidly, and underwent
little plastic deformation. The dynamic breaking force of the shear pins
can be predicted reliably from the results of static tests. The mode shapes
of the model with and without the shear pin in place differed greatly. When
the shear pins broke, frame displacement was approximately in the first mode.

The isolated system then responded in both the first and second modes. The
magnitude of second mode response was approximately proportional to shear
pin breaking force. In tests of shear pins with the highest breaking force,
second mode acceleration in excess of 0.5g was recorded. At the 4.85 Hz
second mode frequency, this acceleration induced a story drift on the order
of .1 inch, negligible in comparison with earthquake-induced displacements
which may be on the order of several inches.

Although accelerations measured during tests of the isolation system
with shear pins with large breaking forces in place exceeded values accept
able in an earthquake-isolated structure, these tests were performed only
to clarify the structural behavior of the model at the instant that the pin
breaks, the breaking forces of these pins being much in excess of that
necessary to restrain a structure under wind loading. The experimental
results confirm that the acceleration induced when the shear pin breaks
does not increase with an increase in earthquake intensity. Second mode
acceleration will therefore be less significant for more intense earth
quakes and smaller pin loads. The shear pins can be used to limit deflec

tion due to wind loads and can be designed so as not to induce excessive
acceleration when they break.
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TABLE 1 SHEAR PIN DIMENSIONS AND BREAKING FORCES

SHEAR PIN DIAMETER NOTCH DEPTH NOMINAL STATIC AVERAGE DYNAMIC
DESIGNATION (D) (INCHES) (d)(INCHES) BREAKING BREA.KING

FORCE (KIPS) FORCE (KIPS)

4/07 1/4 .070 .93 1.48

5/10 5/16 .100 1.58 2.25

5/055 5/16 .055 2.70 3.40

6/09 3/8 .090 3.16 4.09

6/06 3/8 .060 4.30 5.35

8/12 1/2 .120 5.76 6.77

8/08 1/2 .080 7.22 8.22

o

2" NOMINAL

SHEAR PIN DIMENSIONS

Preceding page blank
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TABLE 2 MAXIMUM VALUES OF EARTHQUAKE INPUT SIGNALS

TABLE TABLE
EARTHQUAKE DISPLACEMENT ACCELERATION

SIGNAL
MAXIMUM MINIMUM MAXIMUM MINIMUM
(INCHES) (INCHES) (G) (G)

EL CENTRO 200 1.059 .828 .114 .129

EL CENTRO 300 1.587 1. 241 .176 .200

EL CENTRO 400 2.118 1.663 .240 .280

PACOIMA DAM 100 .534 .454 .115 .127

PACOIMA DAM 150 .803 .684 . 181 .192

PACOIMA DAM 220 1.180 1.000 .269 .272

PARKFIELD 300 1.476 .826 .149 .133

PARKFIELD 400 1.971 1.102 . 191 .184



- 15 -

@'"------ @-p.--- 12' - 0" ---------:l-l
W6xl2

8000 LB.

5'-4"

4'-0"~4'_0"~4'-0"

W6xl2
8000 LB.

<.0 <.0

5'-4"
x x10
3: 10

19'-7 1/2"
3:

8000 LB.
W6xl2

6'-10 1/2"

..... ..
MOTION

FIGURE 1 DIMENSIONS OF TEST MODEL

RUBBER
BEARING
(6 1/4" HIGH)

SHEAR
PIN
BRACKET
AND LINK



S
H

E
A

R
P

IN

L
4

x
4

x
1

/2
x

2
1

/4
"

3
6

"

3
/S

"
ep

B
O

LT
S

(4
TO

P
,

4
B

O
T

T
O

M
)

T
S

E
C

T
IO

N

I"
cp

P
IN

"-
--

-
2

"x
2

'x
1

/4
"

I1
T

U
B

U
L

A
R

l
i
l
~

I

B
A

S
E

FL
O

O
R

LO
A

D
C

E
L

L
-
L

,~
6"

2
0

"1
T

R
A

N
S

V
E

R
S

E
W

IO
x4

9
G

IR
D

E
R

1
2

0
"

0
)

2
-

3
/S

"S
T

IF
F

E
N

E
R

P
L

A
T

E
S

E
S

.
(O

T
H

E
R

S
ID

E
N

O
T

S
H

O
W

N
)

W
S

E
C

T
IO

N
S

T
R

E
S

S
E

D
TO

T
A

B
L

E

N
..

.
.
.

S
M

O
T

IO
N

FI
GU

RE
2

DE
TA

IL
S

OF
SH

EA
R

PI
N

CO
NN

EC
TI

ON



EL
CE

NT
RO

30
0

1
B

1
5

6
9

1
Z

T
IM

E
IN

S
E

C
O

N
D

S
T

A
B

L
E

A
C

C
E

L
E

R
A

T
IO

N

, ,
A

fl.
tv

.".
~

v
V

'1'1
~

·V

,
-

•
&

0
o

z .... ...
,

-
.

1
0

z ::>

.&
0

·
'0

1
B

1
5

6
9

1
Z

T
IM

E
IN

S
E

C
O

N
D

S
T

A
B

L
E

D
IS

P
L

A
C

E
M

E
N

T

)

in
,

~
/'-

..
..

r
\
~

\!
v

W
""-

...
-

"
'-

/
~

,

-

3
,0

0

C
J')

1
,

S
O

W :I
:

U Z ....
.

-
L

S
O

-
3

,
0

0
o

"'-
J

-
•

S
O

!
I

,
•

,
•

•
,

,
,

!
!

•
,

I
,

o
J

S
9'

lt
.

1
S

1&

T
IM

E
IN

S
E

C
O

N
D

S
T

A
B

L
E

A
C

C
E

L
E

R
A

T
IO

N

z
·

as

•
S

O
I

I
I

I
I

.... ...
,
-
.

Z
5

z ::::
J

1
&

PA
CO

IM
A

DA
M

22
0

1
5

9
1

2

T
IM

E
IN

S
E

C
O

N
D

S
T

A
6

L
E

D
IS

P
L

A
C

E
M

E
N

T

,

1\
f\

f\
,

V
V

IV
V

'"
V

,

3
.0

0

-
'3

.0
0

o

'"
1

.
5

0
w :I

: '-
'

Z -
-
1

.5
,0

vv1\1
1

_
•

S
O

!
,

!
•

I
•

•
,

!
,

,
!

!
,

!
I

I
I

o
,

6
9

1
2

I
S

1
9

T
IM

E
IN

S
E

C
O

N
D

S
T

A
B

L
E

A
C

C
E

L
E

R
A

T
IO

N

•
S

O
I

I
I

z
,2

5

.... Z
-
.

Z
5

::>

1
B

1
5

6
9

12
:

T
IM

E
IN

S
E

C
O

N
D

S
T

A
B

L
E

D
IS

P
L

A
C

E
M

E
N

T

I\
v
~

'--

-
-

3
.

0
0

o

3
.

0
0

'"
1

.5
0

w :I
:

U Z -
-

1
.5

0

PA
RK

FI
EL

D
30

0

FI
GU

RE
3

TA
BL

E
DI

SP
LA

CE
M

EN
T

&
AC

CE
LE

RA
TI

ON
:

EL
CE

NT
RO

30
0,

PA
CO

IM
A

DA
M

22
0,

PA
RK

FI
EL

D
30

0



- 18 -

32

---- 1\
""--"

\
o

2.50

- 5.00
o

- z. SO

(/)

a..

TIME IN
SMEAR PIN FORCE

SECONDS
6REAI<--1.36'l KIP S

s.OO,-----------r-----------r----------,

2. SO

OI--------.,--""7""~~-_+-----\.__-+_-+_+_----------f

- z. 5 ()

II)

a..

TIME IN
SHEAR PIN fORCE

SECONDS
6REAK--'L'l29 KIPS

FIGURE 4 SHEAR PIN FORCE, EL CENTRO 300



1
6

9
1

Z
1

5

T
IM

E
IN

S
f.

C
O

N
D

S
3R

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

,

'
~

~

·
.0

.8
0

-
•

8
0

o

-
.

iO

1.B
6

'a
1

2
1

5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

, ,
/
'.

~
,

~
.....

....

·
iO

.8
0

-
.

6
0

o

-
.1

0

-
'

1.
0

1
8

6
9

1
Z

J
S

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

F
L

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

, I
~

-...
.-"

I

•
1

0

-
•

B
0
o

•
6

0

-
.1

0

3
.

0
0

I
f

I
I

I

<
I) J
: u z

1
•

S
O

-
1

.
S

O

-
3

•
ao

!
I

I
!

,
,

,
•

,
I

,
I

,
!

•
!

o
3

6
'3

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
O

S
R

U
B

B
E

R
P

A
D

O
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

6
9

1
Z

1
5

T
IM

E
IN

S
E

C
O

N
D

S
B

A
S

E
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

1
B

FI
GU

RE
5

EL
CE

NT
RO

3
0
0
~

NO
PI

N



N o

1
8" 1.

(j
9

1
Z

1
5

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

1
'Z

1
5

T
IM

E
IN

S
E

C
D

N
D

S
2N

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

$
1
~

1
5

T
IM

E
IN

S
E

C
O

N
O

S
JR

D
F

L
O

O
R

A
B

S
D

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

, I
.,

"'
v
y
<

J

,

-

, ,
.....

~
-
..

"
.

'-
-
./

,

v
y
.r

I'
-<

.-
r

•
8

0
I

I
[

1
I

i
I

.1
0

_
•

9
0

I
I

I
,

!
!

I

o

z ~ ....
..

-
.

1
0

Z ::>2
:

.1
0

_
.e

o
I

!
I

I
!

I
!

,

o
3

6
9

1
'l

1
5

1
8

•
.0

T
IM

E
IN

S
E

C
O

N
D

S
B

A
S

E
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

.
_
~

-
•

8
0

o

.9
0

.
I
'

,
--

--
,.

z
.1

0

-
•

•
0

0

z

·
.0

.
.0

~ Z
-
.1

0

::> u~ z
-
.

'0

::>~ ....
..

-
•

.,
0

z ::>

3
.

0
0

V
)

1
.

5
0

w :I
:

U Z ~
-
1

.5
0

-
3

.
0

0
0

3
•

9
J

2
1

5
1

6

T
IM

E
IN

S
E

C
O

N
D

S
3

R
D

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

3
.

0
0

V
)

1
•

5
0

w :I
:

j)
U Z ~

-
1

.5
0

-
J

.
0

0
0

J
•

•
1

2
1

5
1

6

T
IM

E
IN

S
E

C
O

N
D

S
2

N
D

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

3
.

0
0

V
)

1
.

5
0

'" :I
:

u Z ~
-

1
.

5
0

-
J

•
0

0
0

3
6

•
1

2
1

5
1

.

T
IM

E
IN

S
E

C
O

N
D

S
J

S
T

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

3
.

aa

V
)

1
•

S
O

"-
'

::t
:

u 2
:
~

-
1

.
5

0

-
3

.
0
a 0

3
6

•
1

2
1

5
1

8

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
PA

D
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

T
O

T
A

B
L

E

FI
GU

RE
6

EL
CE

NT
RO

30
0,

PI
N

4/
07

,
BR

EA
KI

NG
FO

RC
E

OF
1.

36
ki

ps



.8
0

,
,

,
I
i
I
'

·
1

0
z f z

-
.

.,
0

O
J'"

6
9

1.
Z

1.
5

T
IM

E
IN

S
E

C
O

N
D

S
3R

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

)
8

_
.

eo
I

!
I
!
!

!
,

,
,

t
,

!
,

,
,

,
!

I
,

!
!

!
•

I

o
3

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

,
6

S
1

t
1

S

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

I I
hN

.i
L•

•.
-"

"'
-

v
II

I
"Y

'

--
-

I

,
1

0

,8
0

z

-
•

6
0

o

f z
-

.
.,

0

O
J'"

)
8

1
Z

1
5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

N -
-
'

1
8

S
.1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

I I
10

k
.A

...
~
1
~

""'
"

I
-

.
1

0

-
•

8
0

0

z f-

•
1

0

,8
0

z ::
;l

1
.

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

F
L

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

1
Z

1
5

1
.

9
.1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
B

A
S

E
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

I

.j
~1

IA
.

"'"
I

·w
'I

'V
'

I

z
•

1
0

,8
0

-
•

8
0

0

f :z
-
,

.,
0

O
J

1
8

6
'3

1
t

.1
S

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
PA

D
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

FI
GU

RE
7

EL
CE

NT
RO

3
0
0
~

PI
N

6
/
0
9
~

BR
EA

KI
NG

FO
RC

E
OF

4.
43

ki
ps



:3
.0

0
i

I
I

X
I

I
I

'"
1

.
5

0
w :r u z ....

,
-
1

.
S

0

-:
3

•
0

0
'

,
,
I

I
,

!
!

,
,

,
"

!
I

I
,

f
J

o
.,

6
S

1'
Z:

1
5

1
&

T
IM

E
IN

S
E

C
O

N
D

S
3R

D
fL

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

·
8

0
I

j
I

I
1

I
,

.
'0

z I- ...
.

-
..

.
0

z ::>
-

•
B

0
I

!
!

!
I

•
«

!
I

!
,
,
.

I
,

,
I

o
:3

6
9

1
Z

1
S

1
8

T
IM

E
IN

S
E

C
O

N
D

S
3R

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

z -
-
1

.
5

0

-:
3

•
0

0
'

.
,

!
!

,
I

,
'

,
!

,
,

!
,

'
!

!
,
!

t
,

o
3

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

1
S

6
9

1
~

I
S

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

,
A.

,,~
Jl

1.
1

.....
.

,
V
1 1"

I
P~

VV
l~

'
"

Y
'(

"

.
'0

•
S

Q

z

-
•

S
Q
o

<.:
>

I ,..
.,

-
.
"

0
z ::>

1
•

5
Q

:3
.0

O
J

i
I

A
i

I
I

I

'" w :r z ....
.

-
1

.5
0

N N

T
IM

E
IN

S
E

C
O

N
D

S
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

1
S

T

_
.

8
0

!
I

I
,

I
1

'
I

I
o

,
6

9
I
t

1
5

1
8

·
1

Q

z

•
9

0
I

I
I

i
I

I

I- ....
..

-
.

'0
z ::>

TO
T

A
B

L
E

1
.

S
O

:3
•

0
0

.
I
I
i
i

I
I

_
,.

O
O

'
!

'
1

t
I

,
!

,
,

'
!

!
!

,
,

'
I

!
,

,
!

!
t

,

o
:3

Ei
9

I
t

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.

'"w :r

1.
9

1
2

1
S

T
IN

E
IN

S
E

C
O

N
D

S
B

A
S

E
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

.!
!~
~1
1

1!~
J

I
A

I

IV
ii

V~
i

'V
'n

l .
...

.
'w

'll
'Y

O

I

-
.

fJ
0
o

z

•
S

O

.H

I z
-
.

'0

::>
_

,
.

0
0

'
!

,
,

,
!

,
,

I
•

f
1

I
I

,

o
,

6
S

I
t

IS
1

8

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
P
~
D

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

I
I

I
I

'
•

0
0

1
I

1

tr.
l

1
.

5
0

w :r u z -
-
1

,
SO

FI
GU

RE
8

EL
CE

NT
RO

30
0,

PI
N

8/
08

,
BR

EA
KI

NG
FO

RC
E

OF
8.

22
ki

ps



0.
5

- (!) .....
.

E
L

C
E

N
TR

O
3

0
0

IN
P

U
T

o

o

o
0

0

o
0

-
-
-
-
-
-
-
-
M

A
X

.T
H

IR
D

FL
O

O
R

A
C

C
E

LE
R

A
TI

O
N

W
IT

H
N

O
P

IN

z
0.

4
o ~ 0:

:
W ...

J w
0

3
c...

>
•

c...
>

<
{

0:
: o o ii

0.
2

C
l

0:
:

:c ..... <i
0.

1
..... o .....

o
o

-
-

-
M

A
X

.T
A

B
LE

A
C

C
E

LE
R

A
TI

O
N

2

o
o

o

3

o

o

4
5

6
7

8

N W

S
H

E
A

R
P

IN
B

R
E

A
K

IN
G

F
O

R
C

E
(K

IP
S

)

FI
GU

RE
9

TH
IR

D
FL

OO
R

PE
AK

AC
CE

LE
RA

TI
ON

VE
RS

US
SH

EA
R

PI
N

FO
RC

E



,.,.

6
9

.1
'2

.1
s

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

.1
Z

.1
5

T
IM

E
IN

S
E

C
O

N
D

s
3

R
D

F
L

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

; )
r
\

r-
A

.
-

V
"""'

"
-

.....

-

; )
~

r
~

V
'-

0
/

""'"
;

·
1

5

.1
5

.5
0

.5
0

-
•

'2
5

-
•

S
O

o

-
.5

0
o

-.
Z

5

z ~ .... ~ z =>
I

.
,

,
,

,
I

,
,

,
I

,
,

I
9

1
1

1
5

,.
T

IM
E

IN
S

E
C

O
N

D
S

3R
D

F
L

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
,

TO
T

A
B

L
E

I
I

I
'" z ~ .... ~ Z :::

0

1
1

1
5

,.
T

IM
E

IN
S

E
C

O
N

D
S

2N
D

F
L

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
,

TO
T

A
B

L
E

N -1:
:::0

,.
6

'3
.1

l
.1

5

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

F
L

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

I
~

'J
'-

..
./

---

•
5

0

·
z

5

-
.

5
0
o

-.
2

:5

2 2 :::
0

I-
-

,.
6

S
1
~

1
5

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

F
L

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

,.
6

9
1

2
1

5

T
IM

E
IN

S
E

C
O

N
D

S
B

A
S

E
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

; )
,
~

'.
./

-.
..

.r
-

.....
..

; )

•
Z

.5
0

-
.

5

-
•

'2
5

z z =>I-
-'"

_
3

.0
0

'
,

I
!

I
,

,
,

,
•

I
!

f
,

I
I
I
,

I
,

I

o
3

&
9

1
'l

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
PA

D
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
,

TO
T

A
B

L
E

:J
.

aO
I

I
,

I
I

V
)

1
.5

0

w X u z ...
..

-
1

•
so

FI
G

UR
E

10
PA

CO
IM

A
DA

M
22

0,
NO

PI
N



1
6

j
2

1
s

T
IM

E
IN

S
E

C
D

N
D

S
JR

D
fL

D
D

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

I
,1

1M
tJi

II,
...

",
'IJV

'I
'V

W
'

V
'J

"

-
-

.5
0

•
2

5
zl:>

-
.5

0
o

.... ...
.
-
.

2
5

z =>

3
.

0
0

J
i

I
I

i
\

_
J

•
O

O
!

I
[

,
"

!
"
,
!
,

!
,

I
I

o
:3

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
F

L
D

D
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

D
T

A
B

L
E

V
)

l.
S

0

w :I
:

U Z ...
,

-
1

.5
0

I
B

6
9

1
2

1
5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

I.
M

.
...

~

'It
lI

l"
'¥

.....
.,.

"""

•
2

5

.5
0

zl:
>

-
.5

0
o

J- ...
.

-
.

t
5

z =>

1
6

9
1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

3
.

aa

-
:1

,
0

0
a

1
•

so
U

)

W :z
: u z ...
.

-
1

,5
0

N U
1

IB
6

S
1

Z
1

5

rI
M

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

..
h.

i"
W

""
V

"
....

·
5

0

,
2

5

z

-
•

5
0

o

l:
> .... -
.

-
.

'2
5

z =>

3
,

0
0

I
r

I
I

V
')

1
.

5
0

w :I
:

u Z ...
,

-
\

•
S

O

_
:3

,
0

0
I

J
[

,
,

I
.

•
,

,
J
,

"
J
!

J

o
3

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
D

N
D

s
1

S
T

fL
O

D
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TD

T
A

B
L

E

1
6

1
5

I
t

T
IM

E
IN

S
E

C
O

N
O

S
fL

D
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

B
A

S
E

~ ; ,
llJ

c
1\0

\

"1"
VV

'
"
N

'
"'"

I -
-

-

z

-
,

5

.5 ,
2

..
.,

-
.

'2
Z

.

=>....

T
O

T
A

B
L

E

_
:3

•
Q

Q
!

r
"

"
!

I
!

I
I

o
:J

6
9

1
2

lS
I
S

T
IM

E
IN

S
E

C
D

N
D

S
R

U
B

B
E

R
PA

O
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

:3
,

0
0

f
(
I

I
I

I

V
)

L
S

D

w :I
:

U Z

-
1

.
S

O

FI
GU

RE
11

PA
CO

IM
A

DA
M

22
0,

PI
N

4
/
0
7
~

BR
EA

KI
NG

FO
RC

E
OF

1.
51

ki
ps



,
so

I
,

"

,
'Z

5

z

_
.

5
0

!
I

!
,

,
,
,
I

.
,
.

I
!

t
,

I
(

o
:J

6
8

1
2

1
5

1
6

T
IM

E
IN

S
E

C
O

N
D

S
JR

O
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

<.:
>

f -
'
-
.
2

5
Z :0

U
)

1
.5

0

w :I
:

U Z -
-

1
.5

0

-:
3.

0
0

1
I

I
I

,
,

I
,

I
I

I
I

'
I

I
I

a
3

6
9

1
2

1
5

1
6

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
fL

O
O

R
D

Is
P

L
A

C
E

M
E

N
T

R
E

L
.

T
O

T
A

B
L

E

3
.

0
0

I
I

j
\

I
I

i

1
.

9
1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

~
~
,

rlr
c

M

rr
¥

w
v-

--
z

-
.5

0
o

·
,5

·
5

0

f- ~
-.

,5
z :0

I
I

3
.

0
0

I
I

I
\

I
,

I

U
)

1
.

5
0

w :I
:

U Z

-
1

.
S

O

-'
3

.0
0

'
!

I
I

,
I
,

/
,
•
•

1
o

3
6

9
1

2
1

5
1

8

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

T
O

T
A

B
L

E

.5
O

r,
-
-
-
-
-
,
-
-
-
-
-
,
.
.
-
-
-
-
-
-
r
-
-
-
-
-
-
,
-
-
-
-
-
,
-
-
-
-
-
-
,

_
•

S
O

l
!

I
!

,
!

I
(

,
I

o
:3

Ej
'3

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

3
.

0
0

I
i

1\
I

I
I

I

U
)

J
.

S
O

w :I
:

U Z ....
..

-
1

.5
0

_
,

.
0

0
I

!
I

'
I

I
!

I
I

o
3

6
S

J
2

J
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

O
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

·
'5

z I- z
-
.

Z
5

::>

A
JA

.,t
U

v.
,

V'
ll
~~
·I
·'
JI
N'
!

N 0'
>

J
•

1
5

1
2

T
IM

E
IN

S
E

C
O

N
D

S
B

A
S

E
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

; I
V'~

Wuh
~k 'V

W
J

,v
'

V
V

V
·

;

.5
0

-
.

5
0

a

z
.2

5

I ....
..

-
.

'l
S

z ::>

01
I

u
\

J
'I

}
)

/
F

\
1\

I
\

;'
I

\
/

).
<1

--
I

-
3

.0
oJ

I
!

I
I

I
.

I
I

o
3

6
9

1
2

1
5

1
6

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
P

A
D

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

3
.0

0
j

i
1

\
j

I
I

V
}

1
.5

0

w :I
:

U Z -.
-
1

.5
0

FI
GU

RE
12

PA
CO

IM
A

DA
M

22
0,

PI
N

6/
09

,
BR

EA
KI

NG
FO

RC
E

OF
3.

86
ki

ps



9
I
I

1
S

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

I
•

.
5

0

~
.2

5

z ~ f- -
-
.2

5
z '"

-
•

5
0

0

f"
o

I/
""

,.

6
9

1
Z

1
5

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

1
• ,.

9
1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

/"
0

/"
",

.

\.
V

"
-
'"

~

-
-

.5
0

.2
5

-
.5

0
o

~ z f- 2
:

-
.

l5

'"
1

•
9

1
2

1
5

T
IM

E
IN

S
E

C
O

N
D

S
ZN

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

,.
a0
i
i
i

i
j

I
i

<I
I

1
.

5
0

w :I
:

w Z ~
-
1

.5
0

_
'3

.
0

0
I

,
,

,
,

,
!

"
,

I
I

•
,

I
I

I
,

.
•

,
I

I
I
!

,
!

.
r

o
3

,
S

)
l

IS
1

8

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E

r-
...

.

•
9

1
2

1
S

T
IN

E
IN

S
E

C
O

N
D

S
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

I.

r'
\)

""
'J

'3
.0

0
.
i
i
i

i
i
i

(/
)

1
.

SO

w :I
:

w z "
"

'-
1

.5
0

_
')

•
0

0
I

I
I

•
t

,
I

I
I

.
•

I
,

!
i
t
!

,
!

o
3

6
S

I
l

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
PA

D
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

TO
T

A
B

L
E

"

6
9

1
Z

1
5

T
IN

E
IN

S
E

C
O

N
D

S
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

1.

FI
GU

RE
13

PA
RK

FI
EL

D
30

0,
NO

PI
N



1
B

1
B

1
~

1
s

T
IM

E
IN

S
E

C
O

N
D

S
JR

O
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

S
1

Z
1

5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

l.
.I

,M
.

.!'
Iv

I
V

j'
l

'~
f'I

·v
v·

-

,
~

,L
JIo

..
r-

..
....,

.,.
\1

"
-
J
'

~

.5
0

.2
5

•
Z

5

.5
0

z z

-
.5

0
o

-
•

S
O

o

f- z
-.

Z
5

:::><.:
>

f ,...
.,

-
.

Z
5

z :::>

3
.0

0

V>
1

.
5

0

w ::I
:

0
u z ~

-
1

•
5

0

-
3

.
0

0
0

3
6

9
1

Z
1

5
1

8

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

3
.0

0

V
>

1
.5

0

w ::I
:

u z ~
-
I
.

5
0

-
3

.0
0

0
3

6
9

I
Z

1
5

1
B

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

N C
O

1
8

6
9

1
Z

J
S

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

i

d
.J

V
\.

1
'f

'
f/'

"'"

-
.

5
0

o

f- Z ::
l

-
.

2
5

.Z
5

•
S

O

z

1
B

6
9

1'
Z

1
5

T
IM

E
IN

S
E

C
O

N
D

S
1

sT
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

, ,r
-
-
-
-
-
+
"
"
"
"
"
-
=
"
'
,
d
-
H
-
-
-
-
;
f
-
.
:
.
.
.
.
=
t
-
+
-
+
-
+
~
h
'
'
'
'
-
~
+
_
_
f
I
<
_
_
_
f
-
-
'
'
c
:
7
'
y

1
•

S
O

3
.0

0

z -.
-
1

.5
0

-
3

.0
0

0

'" W ::I
:

3
.

0
0

1
,
i
i
i

I

1
8

IS
1

2

T
IM

E
IN

S
E

C
O

N
D

S
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

B
A

S
E

.l
A

,
,.I

V
\.

""
IV

"
'''

,.
.r

~
~

.5
0

•
Z

5
z

-
.5

0
o

I- ...
..

-
Z

5
Z

.

:::>..,

T
O

T
A

B
L

E

-:
3

•
O

O
!

,
,
"

,
I

I
"
,
!

I
,

I
I

,
I

•

o
3

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
P

A
D

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.

V
)

J
.S

O
W ::I

:
u Z ....

..
-

1
•

S
O

FI
GU

RE
14

PA
RK

FI
EL

D
30

0,
PI

N
4/

07
,

BR
EA

KI
NG

FO
RC

E
OF

1.
49

ki
ps



J
.

0
0

I
,

I
I

I
I

I
.5

0
,
r
_
-
-
-
-
~
-
-
-
-
-
.
_
-
-
-
-
_
_
,
-
-
-
-
-
.
,
.
_
-
-
-
-
-
r
_
-
-
-
-
.
.
.
,

1
•

S
O

·
2

5
zu f- ....

.
-

.
2

5
z ::>

V
)

w :r: u z .-.
.

-
1

.
5

0

_
'3

.0
0

I
!

I
I

•
I

!
!

I
"
"

I
,

!
,

I

o
J

6
9

1
2

1
5

1
8

T
IM

E
IN

S
E

C
O

N
D

S
JR

D
F

L
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

s
o

!
I

,
,

I
I

!
I

,
,

•
•

,
,

!
I

,
,
'

o
3

6
S

1
2

1
5

1
8

T
IM

E
IN

S
fC

O
N

O
S

JR
D

F
L

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

,.
ti

9
1

'2
1

5

T
IM

E
IN

S
E

C
O

N
D

S
2N

D
fL

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

·
5

0
i

I
I

.2
5

-
.

so
!

!
I

I
,

,
,

,
,

o

z f- .....
..

-
.

Z
5

z :0u

1
6

) )

N
'\

f\
f'

1
\

/
\
~
(
'

/
\

/
"

)
~

V
"IV

~
I
~

'
J

V
~

) )
1

Z
1

5

T
IM

E
IN

S
E

C
O

N
O

S
2N

D
fL

O
O

R
D

IS
P

L
A

C
E

M
E

N
T

R
E

L
.

T
O

T
A

B
L

E

-
')

.
0

J
.

0

(/
)

1
.5

0

w :r: u z -
-
I
.

5

N <
.0

,.

) ;

M
I

'""
,

)

V
V

"
V

'~
Pf

lY
'v

V
v·

~

; )
6

9
1

'2
1

S

T
IM

E
IN

S
E

C
O

N
O

S
1

S
T

fL
O

O
R

A
B

S
O

L
U

T
E

A
C

C
E

L
E

R
A

T
IO

N

-
.5

z
·,.5

f-- -
-

2
z

.
::>

,.
S

1'
Z

1
S

T
IM

E
IN

S
E

C
O

N
D

S
1

S
T

fL
O

O
R

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
T

O
T

A
B

L
E

) )

N
'\

1\
f'

1
\

/
\
~
(
'

/
\
/
"

)

V
~

IV
I
~

'-
/

V
'-

/

) )
-

,
.

0

J
.

0

C
/')

l
.

S

w :r: u z ....
.

-
1

.
S

J
.

0
0

I
I

,
·

5
0

I
I

U
')

1
.

S
O

w :r: u z ....
..

-
1

•
S

O

.2
5

z f- ....
.

-
.

2
5

z :0
-:

].
0

0
'

!
!

I
,

!
,

!
I

!

o
')

6
S

1'
Z

I
S

l
e

_
•

S
O

I
!

!
I
"

I
I

I
!
!

!

o
3

6
9

1
2

1
5

1
6

T
IM

E
IN

S
E

C
O

N
D

S
R

U
B

B
E

R
P

A
D

D
IS

P
L

A
C

E
M

E
N

T
R

E
L

.
TO

T
A

B
L

E
T

IM
E

IN
S

E
C

O
N

D
S

B
A

S
E

F
L

O
O

R
A

B
S

O
L

U
T

E
A

C
C

E
L

E
R

A
T

IO
N

FI
GU

RE
15

PA
RK

FI
EL

D
30

0,
PI

N
6/

09
,

BR
EA

KI
NG

FO
RC

E
OF

3.
57

ki
ps



- 30 -

0.2 ELCENTRO (a)

IJ 200
o 300
f). 400 <aIf).

0.1 f). tPf).
of).0 0 IJ

IJ

0

PACOIMA DAM (b).C)

0.2 0 100- 0 150
Z f). 220
0- 60t- 0.1 00<{ f). IJ

f). f).a:: 0 0 0
w 0
...J
W
U 0
U
<{

0.2
PARKFIELD (c)

0 300
o 400

0.1 00 IJ 0
0 0
D 0

o o I 234

SHEAR PIN BREAKING FORCE (KIPS)

FIGURE 16 FIRST MODE ACCELERATION IN THE THIRD FLOOR
VERSUS SHEAR PIN FORCE



- 31 -

lJ

o

lJ

(a)EL CENTRO

lJ 200

o 300
t:. 400

o I 2 3 4

SHEAR PIN BREAKING FORCE (KIPS)

o

0.1

0.2

0.3

0

- 0.3 PACOIMA DAM (b)
(!)

lJ 100- 0 150
Z 6. 220
0 0.2
-
l- e
<3:
a::
lLJ 0.1
~

lLJ
U
U
<3:

0

0.3 PARKFIELD (c)
[] 300
o 400

0.2

0

0.1 0

FIGURE 17 SECOND MODE ACCELERATION IN THE THIRD FLOOR
VERSUS SHEAR PIN FORCE





EERC-l

EAR T H QUA K E ENG I NEE R I N G RES EAR C H C E N T ERR E P 0 R T S

NOTE: Numbers in parentheses are Accession Numbers assigned by the National Technical Information
Service; these are followed by a price code. Copies of the reports may be ordered from the National
Technical Information Service, 5285 Port Royal Road, Springfield, Virginia, 22161. Accession Numbers
should be quoted on orders for reports (PB--- ---) and remittance must accompany each order. Reports
without this information were not available at time of printing. Upon request, EERC will mail
inquirers this information when it becomes available.

EERC 67-1 "Feasibility Study of Large-Scale Earthquake Simulator FaCility," by J. Penzien,
J. G. Bouwkamp, R. W. Clough, and D. Rea - 1967 (PB 187 905)A07

EERC 68-1 Unassigned

EERC 68-2 "Inelastic Behavior of Beam-to-Column Subassemblages under Repeated Loading," by
V. V. Bertero - 1968 CPB 184 888)A05

EERC 68-3 "A Graphical Method for Solving the Wave Reflection-Refraction Problem," by H. D. McNiven
and Y. Mengi - 1968 (PB 187 943)A03

EERC 68-4 "Dynamic Properties of McKinley School Buildings," by D. Rea, J. G. Bouwkamp, and
R. W. Clough - 1968 CPB 187 902)A07

EERC 68-5 "Characteristics of Rock Motions (juring Earthquakes," by H. B. Seed,!. M. Idriss, and
F. W. Kiefer - 1968 (PB 188 338)A03

EERC 69-1 "Earthquake Engineering Research at Berkeley," - 1969 (PB 187 906)All

EERC 69-2 "Nonlinear Seismic Response of Earth Structures," by M. Dibaj and J. Penzien - 1969
CPB 187 904)A08

EERC 69-3 "Probabilistic Study of the Behavior of Structures during Earthquakes," by R. Ruiz and
J. Penzien - 1969 CPB 187 886)A06

EERe 69-4 "Numerical Solution of Boundary Value Problems in Structural Mechanics by Reduction to an
Initial Value Formulation," by N. Distefano and J. Schujman - 1969 (PB 187 942)A02

EERe 69-5 "Dynami c ProgralTl11i ng and the Sol uti on of the Bi harmoni c Equation," by N. Di stefano - 1969
(PB 187 941)A03

EERC 69-6 "Stochastic Analysis of Offshore Tower Structures," by A. K. Malhotra and J. Penzien 
1969 (PB 187 903)A09

EERC 69-7 "Rock Motion Accelerograms for High Magnitude Earthquakes," by H. B. Seed and 1. M. Idriss 
1969 (PB 187 940)A02

EERC 69-8 "Structural Dynamics Testing Facilities at the University of California, Berkeley," by
R. M. Stephen, J. G. Bouwkamp, R. W. Clough and J. Penzien - 1969 (PB 189 111)A04

EERC 69-9 "Seismic Response of Soil Deposits Underlain by Sloping Rock Boundaries," by H. Dezfulian
and H. B. Seed - 1969 (PB 189 114)A03

EERC 69-10 "Dynamic Stress Analysis of Axisymmetric Structures under Arbitrary Loading," by S. Ghosh
and E. L. Wilson - 1969 (PB 189 026)AIO

EERC 69-11 "Seismic Behavior of Multistory Frames Designed by Different Philosophies," by
J. C. Anderson and V. V. Bertero - 1969 (PB 190 662)AIO

EERC 69-12 "Stiffness Degradation of Rei nforcing Concrete Menilers Subjected to Cyclic Flexural
Moments," by V. V. Bertero, B. Bresler, and H. Ming Liao - .1969 (PB 202 942)A07

EERC 69-13 "Response of Non-Uniform Soil Deposits to Travelling Seismic Waves," by H. Deifulian
and H. B. Seed - 1969 (PB 191 023)A03

EERC 69-14 "Damping Capacity of a Model Steel Structure,". by D. Rea, R. W. Clough, and J. G. Bouwkamp 
1969 (PB 190 663)A06

EERC 69-15 "Infl uence of Local Soil Condi ti ons on Bui 1di n9 Damage Potenti a1 duri n9 Earthquakes ,"
by H. B. Seed and I. M. Idriss - 1969 (pa 191 036)A03



EERC-2

EERC 69-16 "The Behavior of Sands under Seismic Loading Conditions," by M. L. Silver and H. B. Seed
1969 {AD 714 982)A07

EERC 70-1 "Earthquake Response of Gravity Dams," by A. K. Chopra - 1970 {AD 709 640)A03

EERC 70-2 "Relationships between Soil Conditions and Building Damage in the Caracas Earthquake of
July 29, 1967," by H. B. Seed, 1. M. Idriss, and H. Dezfu1ian - 1970 (PB 195 762)A05

EERC 70-3 "Cyclic Loading of Full Size Steel Connections," by E. P. Popov and R. M. Stephen - 1970
{PB 213 545)A04

EERC 70-4 "Seismic Analysis of the Charaima Building, Caraballeda, Venezuela," by Subcommittee of
the SEAONC Research Committee: V. V. Bertero, P. F. Fratessa, S. A. Mahin, J. H. ·Sexton,
A. C. Scorde1is, E. L. Wilson, L. A. Wyllie, H. B. Seed, and J. Penzien, Chairman - 1970
(PB 201 455)A06

EERC 70-5 "A Computer Program for Earthquake Analysis of Dams," by A. K. Chopra and P. Chakrabarti 
1970 {AD 723 994)A05

EERC 70-6 "The Propagation of Love Waves Across Non-Hori zonta lly Layered Structures," by J. Lysmer
and L. A. Drake - 1970 {PB 197 896)A03

EERC 70-7 "Influence of Base Rock Characteristics on Ground Response," by J. Lysmer, H. B. Seed, and
P.B. Schnabel - 1970 (PB 197 897)A03

EERC 70-8 "Applicability of Laboratory Test Procedures for Measuring Soil Liquefaction Characteristics
under Cyclic Loading," by H. B. Seed and W. H. Peacock - 1970 {PB 198 016)A03

EERC 70-9 "A Simplified Procedure for Evaluating Soil Liquefaction Potential," by H. B. Seed and
I. M. Idriss - 1970 {PB 198 009)A03

EERC 70-10 "Soil Moduli and Damping Factors for Dynamic Response Analysis," by H. B. Seed and
I. M. Idriss - 1970 (PB 197 869)A03

EERC 71-1 "Koyna Earthquake of December 11, 1967 and the Performance of Koyna Dam," by A. K. Chopra
and P. Chakrabarti - 1971 (AD 731 496)A06

EERC 71-2 "Preliminary In-Situ Measurements of Anelastic Absorption in Soils using a Prototype
Earthquake Simulator," by R. D. Borcherdt and P. W. Rodgers - 1971 (PB 201 454)A03

EERC 71-3 "Static and Dynamic Analysis of Inelastic Frame Structures." by F. L. Porter and
G. H. Powell - 1971 (PB 210 135)A06

EERC 71-4 "Research Needs in Limit Design of Reinforced Concrete Structures," by V. V. Bertero 
1971 {PB 202 943)A04

EERC 71-5 "Dynamic Behavior of a High-Rise Diagonally Braced Steel Buildin9," by D. Rea, A. A. Shah,
and J. G. Bouwkamp - 1971 {PB 203 584)A06

EERC 71-6 "Dynamic Stress Analysis of Porous Elastic Solids Saturated with Compressible Fluids,"
by J. Ghaboussi and E. L. Wilson - 1971 (PB 211 396)A06

EERC 71-7 "Inelastic Behavior of Steel Beam-to-Column Subassemblages." by H. Krawinkler, V. V. Bertero,
and E. P. Popov - 1971 {PB 211 355)A14

EERC 71-8 "Modification of Seismograph Records for Effects of Local Soil Conditions," by p. Schnabel,
H. B. Seed. and J. Lysmer - 1971 (PB 214 450)A03

EERC 72-1 "Static and Earthquake Analysis of Three Dimensional Frame and Shear Wall Buildings," by
E. L. Wilson and H. H. Oovey - 1972 (PB 212 904)A05

EERC 72-2 "Accelerations in Rock for Earthquakes in the Western United States," by p. B. Schnabel
and H. B. Seed - 1972 (PB 213 100)A03

EERC 72-3 "Elastic-Plastic Earthquake Response of Soil-Building Systems," by T. Minami - 1972
{PB 214 868)A08

EERC 72-4 "Stochastic Inelastic Response of Offshore Towers to Strong Motion Earthquakes," by
M. K. Kaul - 1972 {PB 215 713)A05



EERC-3

EERC 72-5 "Cyclic Behavior of Three Reinforced Concrete Flexural Members with High Shear," by
E. P. Popov, V. V. Bertero, and H. Krawinkler - 1972 (PB 214 555)A05

EERC 72-6 "Earthquake Response of Gravity Dams Including Reservoir Interaction Effects," by
P. Chakrabarti and A. K. Chopra - 1972 (AD 762 330)A08

EERC 72-7 "Dynamic Properties of Pine Flat Dam," by D. Rea, C. Y. Liaw, and A. K. Chopra - 1972
(AD 763 928)A05

EERC 72-8 "Three Dimensional Analysis of Building Systems," by E. L. Wilson and H. H. Dovey - 1972
(PB 222 438)A06

EERC 72-9 "Rate of Loading Effects on Uncracked and Repaired Reinforced Concrete Members," by
S. Mahin, V. V. Bertero, D. Rea and M. Ata1ay - 1972 (PB 224 520)A08

EERC 72-10 "Computer Program for Static and Dynamic Analysis of Linear Structural Systems," by
E. L. Wilson, K.-J. Bathe, J. E. Peterson and H. H. Dovey - 1972 (PB 220 437)A04

EERC 72-11 "Literature Survey - Seismic Effects on Highway Bridges," by T. Iwasaki, J. Penzi en,
and R. W. Clough - 1972 (PB 215 613)A19

EERC 72-12 "SHAKE - A Computer Program for Earthquake Response Ana1ys is of Hori zonta lly Layered
Sites," by P. B. Schnabel and J. Lysmer - 1972 (PB 220 207)A06

EERC 73-1 "Optimal Seismic Design of Multistory Frames," by V. V. Bertero and H. Kamil - 1973

EERC 73-2 "Analysis of the Sl ides in the San Fernando Dams during the Earthquake of February 9, 1971,"
by H. B. Seed, K. L. Lee, I. M. Idriss, and F. Makdisi - 1973 (PB 223 402)A14

EERC 73-3 "Computer Aided Ultimate Load Design of Unbraced Multistory Steel Frames," by M. B. El-Hafez
and G. H. Powell - 1973 (PB 248 315)A09

EERC 73-4 "Experimental Investigation into the Seismic Behavior of Critical Regions of Reinforced
Concrete Components as Influenced by Moment and Shear," by M. Celebi and J. Penzien - 1973
(PB 215 884)A09

EERC 73-5 "Hysteretic Behavior of Epoxy-Repaired Reinforced Concrete Beams," by M. Celebi and
J. Penzien - 1973 (PB 239 568)A03

EERC 73-6 "General Purpose Computer Program for Inelastic Dynamic Response of Plane Structures,"
by A. Kanaan and G. H. Powell - 1973 (PB 221 260)A08

EERC 73-7 "A Computer Program for Earthquake Analysis of Gravity Dams Including Reservoir Interac
tion," by P. Chakrabarti and A. K. Chopra - 1973 {AD 766 27l)A04

EERC 73-8 "Behavior of Reinforced Concrete Deep Beam-Column Subassemblages under Cyclic Loads,"
by O. Kustu and J. G. Bouwkamp - 1973 (PB 246 117)A12

EERC 73-9 "Earthquake Analysis of Structure-Founation Systems," by A. K. Vaish and A. K. Chopra 
1973 (AD 766 272)A07

EERC 73-10 "Deconvolution of Seismic Response for Linear Systems," by R. B. Reimer - 1973
(PB 227 179)A08

EERC 73-11 "SAP IV: A Structural Analysis Program for Static and Dynamic Response of Linear
Systems," by K. -J. Bathe, E. L. Wil son, and F. E. Peterson - 1973 (PB 221 967)A09

EERC 73-12 "Analytical Investigations of the Seismic Response of Long, Multiple Span Highway
Bridges," by W. S. Tseng and J. Penzien - 1973 (PB 227 816)A10

EERC 73-13 "Earthquake Ana lysis of Multi-Story Buildings Including Foundation Interaction," by
A. K. Chopra and J. A. Gutierrez - 1973 (PB 222 970)A03

EERC 73-14 "ADAP: A Computer Program for Static and Dynamic Analysis of Arch Dams," by R. W. Clough,
J. M. Raphael, and S. Mojtahedi - 1973 (PB 223 763)A09

EERC 73-15 "Cyclic Plastic Analysis of Structural Steel Joints," by R. B. Pinkney and R. W. Clough 
1973 {PB 226 843)A08

EERC 73-16 "QUAD-4: A Computer Program for Evaluating the Seismic Response of Soil Structures by
Variable Damping Finite Element Procedures," by I. M. Idriss, J. Lysmer, R. Hwang, and
H. B. Seed - 1973 (PB 229 424)A05



EERC-4

EERC 73-17 "Dynamic Behavior of a Multi-Story Pyramid Shaped Building," by R. M. Stephen,
J. P. Hollings, and J. G. Bouwkamp - 1973 (PB 240 718)A06

EERC 73-18 "Effect of Different Types of Reinforcing on Seismic Behavior of Short Concrete Columns,"
by V. V. Bertero, J. Hollings, O. KUstU, R. M. Stephen, and J. G. Bouwkamp - 1973

EERC 73-19 "Olive View Medical Center Materials Studies, Phase I," by B. Bresler and V. V. Bertero 
1973 {PB 235 986)A06

EERC 73-20 "Linear and Nonlinear Sesismic Analysis Computer Programs for Long Multiple-Span Highway
Bridges," by W. S. Tseng and J. Penzien - 1973

EERC 73-21 "Constitutive Models for Cyclic Plastic Deformation of Engineering Materials," by
J. M. Kelly and P. P. Gillis - 1973 (PB 226 024)A03

EERC 73-22 "DRAIN-2D User's Guide," by G. H. Powell - 1973 (PB 227 016)A05

EERC 73-23 "Earthquake Engineering at Berkeley - 1973 " 1973 {PB 226 033)All

EERC 73-24 Unassigned

EERC 73-25 "Earthquake Response of Axisymmetric Tower Structures Surrounded by Water," by C. Y. Liaw
and A. K. Chopra - 1973 (AD 773 052)A09

EERC 73-26 "Investigation of the Failures of the Olive View Stairtowers during the San Fernando
Earthquake and Thei r Imp1i cati ons on Sei smi c Des i gn," by V. V. Bertero and R. G. Colli ns 
1973 (PB 235 106)A13

EERC 73-27 "Further Studies on Seismis Behavior of Steel Beam-Column Subassemblages," by V. V. Bertero,
H. Krawinkler, and E. P. Popov - 1973 {PB 234 172)A06

EERC 74-1 "Seismic Risk Analysis," by C. S. Oliveira - 1974 (PB 235 920)A06

EERC 74-2 "Settlement and Liquefaction of Sands unGer Multi-Directional Shaking," by R. Pyke,
C. K. Chan, and H. B. Seed - 1974

EERC 74-3 "Optimum Design of Earthquake Resistant Shear Buildings," by D. Ray, K. S. Pister, and
A. K. Chopra - 1974 {PB 231 172)A06

EERC 74-4 "LUSH - A Computer Program for Complex Response Analysis of Soil-Structure Systems," by
J. Lysmer, T. Udaka, H. B. Seed, and R. Hwang - 1974 (PB 236 796)A05

EERC 74-5 "Sensitivity Analysis for Hysteretic Dynamic Systems: Applications to Earthquake
Engineering," by D. Ray - 1974 (PB 233 213)A06

EERC 74-6 "Soil Structure Interaction Analyses for Evaluating Seismic Response," by H. B. Seed,
J. Lysmer, and R. Hwang - 1974 (PB 236 519)A04

EERC 74-7 Unassigned

EERC 74-8 "Shaking Table Tests of a Steel Frame - A Progress Report," by R. W. Clough and D. Tang 
1974 (PB 240 869)A03

EERC 74-9 "Hysteretic Behavior of Reinforced Concrete Flexural Members with Special Web Reinforce
ment," by V. V. Bertero, E. P. Popov, and T. Y. Wan9 - 1974 (PB 236 797)A07

EERC 74-10 "Applications of Realiability-Based, Global Cost Optimization to Design of Earthquake
Resistant Structures," by E. Vitiello and K. S. Pister - 1974 (PB 237 231)A06

EERC 74-11 "Liquefaction of Gravelly Soils under Cyclic Loading Conditions," by R. T. Wong,
H. B. Seed, and C. K. Chan - 1974 (PB 242 042)A03

EERC 74-12 "Site-Dependent Spectra for Earthquake-Resistant Design," by H. B. Seed, C. Ugas, and
J. Lysmer - 1974 (PB 240 953)A03

EERC 74-13 "Earthquake Simulator Study of a Reinforced Concrete Frame," by P. Hidalgo and R. W. Clough 
1974 (PB 241 944)A13

EERC 74-14 "Nonlinear Earthquake Response of Concrete Gravity Dams," by N. Pal - 1974 (AD/A 006
583)A06



EERC-5

EERC 74-15 "Modeling and Identification in Nonlinear Structural Dynamics - 1. One Degree of Freedom
Models," by N. Distefano and A. Rath - 1974 (PB 241 548)A06

EERC 75-1 "Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure,
Vol. I: Description, Theory and Analytical Modeling of Bridge and Parameters," by
F. Baron and S.-H. Pang - 1975 (PB 259 407)A15

EERC 75-2 "Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure,
Vol. II: Numerical Studies and Establishment of Seismic Design Criteria," by F. Baron
and S.-H. Pang - 1975 (PB 259 408)All (For set of EERC 75-1 and 75-2 (PB 241 454)A09]

EERC 75-3 "Seismic Risk Analysis for a Site and a Metropolitan Area," by C. S. Oliveira - 1975
(PB 248 134)A09

EERC 75-4 "Analytical Investigations of Seismic Response of Short, Single or Multiple-Span
Highway Bridges," by M.-C. Chen and J. Penzien - 1975 (PB 241 454)A09

EERC 75-5 "An Evaluation of Some Methods for Predicting Seismic Behavior of Reinforced Concrete
Buildings," by S. A. Mahin and V. V. Bertero - 1975 (PB 246 306)A16

EERC 75-6 "Earthquake Simulator Story of a Steel Frame Structure, Vol. I: Experimental Results,"
by R. W. Clough and D. T. Tang - 1975 (PB 243 981)A13

EERC 75-7 "Dynamic Properties of San Bernardino Intake Tower," by D. Rea, C.-Y Liaw and A. K.Chopra 
1975 (ADjA 008 406)A05

EERC 75-8 "Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure,
Vol. 1: Description, Theory and Analytical Model ing of Bridge Components," by F. Baron
and R. E. Hamati - 1975 (PB 251 539)A07

EERC 75-9 "Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure,
Vol. 2: Numerical Studies of Steel and Concrete Girder Alternates," by F. Baron and
R. E. Hamati - 1975 (PB 251 540)A10

EERC 75-10 "Static and Dynamic Analysis of Nonlinear Structures," by D. P. Mondkar and G. H. Powell 
1975 (PB 242 434)A08

EERC 75-11 "Hysteretic Behavior of Steel Columns," by E. P. Popov, Y. Y. Bertero, and S. Chandramouli 
1975 (PB 252 365)A11

EERC 75-12 "Earthquake Engineering Research Center Library Printed Catalog" - 1975 (PB 243 7ll)A26

EERC 75-13 "Three Dimensional Analysis of Building Systems (Extended Version)," by E. L. Wilson,
J. P. Hollings, and H. H. Dovey - 1975 (PB 243 989)A07

EERC 75-14 "Determination of Soil Liquefaction Characteristics by large-Scale laboratory Tests,"
by P. De Alba, C. K. Chan, and H. B. Seed - 1975 (NUREG 0027)A08

EERC 75-15 "A literature Survey - Compressive, Tensile, Bond and Shear Strength of Masonry," by
R. l. Mayes and R. W. Clough - 1975 (PB 246 292)A10

EERC 75-16 "Hysteretic Behavior of Ductile Moment-Resisting Reinforced Concrete Frame Components,"
by V. V. Bertero and E. P. Popov - 1975 (PB 246 388)A05

EERC 75-17 "Relationships Between Maximum Acceleration, Maximum Velocity, Distance from Source,
local Site Conditions for Moderately Strong Earthquakes," by H. B. Seed, R. Murarka,
J. lysmer, and I. M. Idriss - 1975 (PB 248 172)A03

EERC 75-18 "The Effects of Method of Sample Preparation on the Cyclic Stress-Strain Behavior of
Sands," by J. Muli1is. C. K. Chan. and H. B. Seed - 1975 (Summarized in EERC 75-28)

EERC 75-19 "The Seismic Behavior of Critical Regions of Reinforced Concrete Components as Influenced
by Moment. Shear and Axial Force," by M. B. Atalay and J. Penzien - 1975 (PB 258 842)All

EERC 75-20 "Dynamic Properties of an Eleven Story Masonry Building," by R. M. Stephen, J. P. Hollings,
J. G. Bouwkamp, and D. Jurukovski - 1975 (PB 246 945)A04

EERC 75-21 "State-of-the-Art in Seismic Strength of Masonry - An Evaluation and Review," by R. L. Mayes
and R. W. Clough - 1975 (PB 249 040)A07

EERC 75-22 "Frequency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundations," by
A. K. Chopra, P. Chakrabarti, and G. Dasgupta - 1975 (PB 248 121)A07



EERC-6

EERC 75-23 "Hysteretic Behavior of Reinforced Concrete Framed Walls," by T. Y. Wang, V. V. Bertero,
and E. P. Popov - 1975

EERC 75-24 "Testing Facility for Subassemblages of Frame-Wall Structural Systems." by V. V. Bertero.
E. P. Popov, and T. Endo - 1975

EERC 75-25 "Influence of Seismic History on the Liquefaction Characteristics of Sands," by H. B. Seed,
K. Mori. and C. K. Chan - 1975 (Summarized in EERC 75-28)

EERC 75-26 "The Generation and Dissipation of Pore Water Pressures during Soil Liquefaction." by
H. B. Seed, P. P. Martin, and J. Lysmer - 1975 (PB 252 648)A03

EERC 75-27 "Identification of Research Needs" for Improving Aseismic Design of Building Structures."
by V. V. Bertero - 1975 (PB 248 l36)A05

EERC 75-28 "Evaluation of Soil Liquefaction Potential during Earthquakes." by H. B. Seed, 1. Arango,
and C. K. Chan - 1975 (NUREG 0026)A13

EERC 75-29 "Representation of Irregular Stress Time Histories by Equivalent Uniform Stress Series in
Liquefaction Analyses." by H. 8. Seed, 1. M. Idriss. F. Makdisi. and N. Banerjee - 1975
(PB 252 635)A03

EERC 75-30 "FLUSH - A Computer Program for Approximate 3-D Analysis of Soil-Structure Interaction
Problems," by J. Lysmer. T. Udaka. C.-F. Tsai, and H. B. Seed - 1975 (PB 259 332)A07

EERC 75-31 "ALUSH - A Computer Program for Seismic Response Analysis of Axisymmetric Soil-Structure
Systems." by E. Berger. J. Lysmer, and H. B. Seed - 1975

EERC 75-32 "TRIP and TRAVEL - Computer Programs for Soil-Structure Interaction Analysis with Hori
zontally Travelling Waves." by T. Udaka. J. Lysmer. and H. B. Seed - 1975

EERC 75-33 "Predicting the Performance of Structures in Regions of High Seismicity," by J. Penzien 
1975 (PB 248 130)A03

EERC 75-34 "Efficient Finite Element Analysis of Seismic Structure-Soil-Direction." by J. Lysmer.
H. B. Seed, T. Udaka. R. N. Hwang. and C.-F. Tsai - 1975 (PB 253 570)A03

EERC 75-35 "The Dynamic Behavior of a First Story Girder of a Three-Story Steel Frame Subjected to
Earthquake Loading," by R. W. Clough and L.-Y. Li - 1975 (PB 248841)A05

EERC 75-36 "Earthquake Simulator Story of a Steel Frame Structure. Volume II - Analytical Results,"
by D. T. Tang - 1975 (PB 252 926)A10

EERC 75-37 "ANSR-I General Purpose Computer Program for Analysis of Non-Linear Structural Response."
by D. P. Mondkar and G. H. Powell - 1975 (PB 252 3B6)AOB

EERC 75-38 "Nonlinear Response Spectra for Probabilistic Seismic Design and Damage Assessment of
Reinforced Concrete Structures." by M. Murakami and J. Penzien - 1975 (PB 259 530)A05

EERC 75-39 "Study of a Method of Feasible Directions for Optimal Elastic Design of Frame Structures
Subjected to Earthquake Loading." by N. D. Walker and K. S. Pister - 1975 (PB 247 78l)A06

EERC 75-40 "An Alternative Representation of the Elastic-Viscoelastic Analogy." by G. Dasgupta and
J. L. Sackman - 1975 (PB 252 173)A03

EERC 75-41 "Effect of Multi-Directional Shaking on Liquefaction of Sands," by H. B. Seed. R. Pyke.
and G. R. Martin - 1975 (PB 258 781)A03

EERC 76-1 "Strength and Ductility Evaluation of Existing Low-Rise Reinforced Concrete Buildings 
Screening Method," by T. Okada and B. Bresler - 1976 (PB 257 906)All

EERC 76-2 "Experimental and Analytical Studies on the Hysteretic Behavior of Reinforced Concrete
Rectangular and T-Beams." by S.-Y. M. Ma. E. P. Popov, and V. V. Bertero - 1976 (PB 260
843)A12

EERC 76-3 "Dynamic Behavior of a Multistory Triangular-Shaped Building," by J. Petrovski,
R. M. Stephen. E. Gartenbaum. and J. G. Bouwkamp - 1976

EERC 76-4 "Earthquake Induced Deformations of Earth Dams," by N. Serff and H. B. Seed - 1976

EERC 76-5 "Analysis and Design of Tube-Type Tall Building Structures," by H. de Clercq and
G. H. Powell - 1976 (PB 252 220)A10



EERC-7

EERC 76-6 "Time and Frequency Domain Analysis of Three-Dimensional Ground Motions.San Fernando
Earthquake." by T. Kubo and J. Penzien - 1976 (PB 260 556)All

EERC 76-7 "Expected Performance of Uniform Buildin9 Code Desi9n Masonry Structures." by R. L. Mayes.
Y. Ornote. S. W. Chen. and R. W. Clough - 1976

EERC 76-8 "Cyclic Shear Tests on Concrete Masonry Piers. Part I - Test Results." by R. L. Mayes.
Y. Ornote. and R. W. Clough - 1976 (PB 264 424)A06

EERC 76-9 "A Substructure Method for Earthquake Analysis of Structure-Soil Interaction." by
J. A. Gutierrez and A. K. Chopra - 1976 (PB 247 783)A08

EERC 76-10 "Stabilization of Potentially Liquefiable San Deposits using Gravel Drain Systems," by
H. B. Seed and J. R. Booker - 1976 {PB 248 820)A04

EERC 76-11 "Influence of Design and Analysis Assumptions on Computed Inelastic Response of
Moderately Tall Frames," by G. H. Powell and D. G. Row - 1976

EERC 76-12 "Sensitivity Analysis for Hysteretic Dynamic Systems: Theory and Applications." by
D. Ray, K. S. Pister. and E. Polak - 1976 {PB 262 859)A04

EERC 76-13 "Coupled Lateral Torsional Response of Buildings to Ground Shaking," by C. L. Kan and
A. K. Chopra - 1976 {PB 257 907)A09

EERC 76-14 "Seismic Analyses of the Banco de America." by V. V. Bertero. S. A. Mahin, and
J. A. Hollings - 1976

EERC 76-15 "Reinforced Concrete Frame 2: Seismic Testing and Analytical Correlation," by R. W. Clough
and J. Gidwani - 1976 {PB 261 323)A08

EERC 76-16 "Cyclic Shear Tests on Masonry Piers. Part II - Analysis of Test Results," by R. L. Mayes,
Y. Ornote, and R. W. Clough - 1976

EERC 76-17 "Structural Steel Bracing Systems: Behavior under Cyclic Loading." by E. P. Popov,
K. Takanashi, and C. W. Roeder - 1976 (PB 260· 715)A05

EERC 76-18 "Experimental Model Studies on Seismic Response of High Curved Overcrossings," by
D. Williams and W. G. Godden - 1976

EERC 76-19 "Effects of Non-Uniform Seismic Disturbances on the Dumbarton Bridge Replacement Structure,"
by F. 8aron and R. E. Hamati - 1976

EERC 76-20 "Investigation of the Inelastic Characteristics of a Single Story Steel Structure using
System Identification and Shaking Table Experiments," by V. C. Matzen and H. D. McNiven 
1976 (PB 258 453)A07

EERC 76-21 "Capacity of Columns with Splice Imperfections." by E. P. Popov, R. M. Stephen and
R. Philbrick - 1976 (PB 260 378)A04

EERC 76-22 "Response of the Olive View Hospital Main Building during the San Fernando Earthquake,"
by S. A. Mahin, V. V. Bertero. A. K. Chopra. and R. Collins." - 1976

EERC 76-23 "A Study on the Major Factors Influencing the Strength of Masonry Prisms," by
N. M. Mostaghe1, R. L. Mayes, R. W. Clough, and S. W. Chen - 1976

EERC 76-24 "GADFLEA - A Computer Program for the Analysis of Pore Pressure Generation and Dissipa
tion during Cyclic or Earthquake Loading," by J. R. Booker, M. S. Rahman, and H. B. Seed 
1976 (PB 263 947)A04

EERC 76-25 "Rehabilitation of an Existing Building: A Case Study," by B. Bresler and J. Axley - 1976

EERC 76-26 "Correlative Investigations on Theoretical and Experimental Dynamic Behavior of a Model
Bridge Structure," by K. Kawashima and J. Penzien - 1976 (PB 263 388)All

EERC 76-27 "Earthquake Response of Coupled Shear Wall Buildings," by T. Srichatrapimuk - 1976
(PB 265 157) A07

EERC 76-28 "Tensile Capacity of Partial Penetration Welds," by E. P. Popov and R. M. Stephen 
1976 (PB 262 899)A03

EERC 76-29 "Ana1ys is and Des ign of Numerical Integration Methods in Structural Dynamics," by
H. M. Hi1ber - 1976 (PB 264 410)A06



EERC-8

EERC 76-30 "Contribution of a Floor System to the Dynamic Characteristics of Reinforced Concrete
Buildings," by L. E. Malik and V. V. Bertero - 1976

EERC 76-31 "The Effects of Seismic Disturbances on the Golden Gate Bridge," by F. Baron. M. Arikan,
R. E. Hamati - 1976

EERC 76-32 "Infilled Frames in Earthquake-Resistant Construction." by R. E. Klingner and V. V. Bertero 
1976 (PB 265 892)A13

UCB/EERC-77/01 "PLUSH - A Computer Program for Probabilistic Finite Element Analysis of Seismic Soil
Structure Interaction," by M. P. Ramo Organista, J. Lysmer, and H. B. Seed - 1977

UCB/EERC-77/02 "Soil-Structure Interaction Effects at the Humboldt Bay Power Plant in the Ferndale
Earthquake of June 7, 1975," by J. E. Valera. H. B. Seed, C. -F. Tsai, and J. Lysmer 
1977 { B 265 795)A04

UCB/EERC-77103 "Infl uence of Sample Disturbance on Sand Response to Cyclic Loading," by K. Mod,
H. B. Seed, and C. K. Chan - 1977 (PB 267 352)A04

UCB/EERC-77/04 "Seismological Studies of Strong Motion Records," by J. Shoja-Taheri - 1977 {PB 269
655)A10

UCB/EERC-77/05 "Testing Facility for Coupled Shear Walls." by L.-H. Lee, V. V. Bertero, and E. P. Popov 
1977

UCB/EERC-77/06 "Developing Methodologies for Evaluating the Earthquake Safety of Existing Buildings,"
No. 1 - B. Bresler; No. 2 - B. Bresler, T. Okada, and D. Zisling; No. 3 - T. Okada and
B. Bresler; No.4 - V. V. Bertero and B. Bresler - 1977 {PB 267 354)AOB

UCB/EERC-77/07 "A Literature Survey - Transverse Strength of Masonry Walls," by y~ Omote, R. L. Mayes,
S. W. Chen, and R. W. Clough - 1977

UCB/EERC-77/D8 "DRAIN-TABS: A Computer Program for Inelastic Earthquake Response of Three Dimensional
Buildings," by R. Guendelman-Israel and G. H. Powell - 1977

UCB/EERC-77/D9 "SUBWALL: A Special Purpose Finite Element Computer Program for Practical Elastic
Analysis and Design of Structural Walls with Substructure Option," by D. Q. Le,
H. Petersson, and E. P. Popov - 1977

UCB/EERC-77/l0 "Experimental Evaluation of Seismic Design Methods for Broad Cylindrical Tanks," by
D. P. Clough - 1977

UCB/EERC-77/11 "Earthquake Engineering Research at Berkeley - 1976," - 1977

UCB/EERC-77/12 "Automated Design of Earthquake Resistant Multistory Steel Building Frames," by
N. D. Walker, Jr. - 1977

UCB/EERC-77/13 "Concrete Confined by Rectangular Hoops and Subjected to Axial Loads," by J. Vallenas,
V. V. Bertero. and E. P. Popov - 1977

UCB/EERC-77 /14 "Sei smi c Strain Induced in the Ground dur-i ng Ea rthquakes ," by Y. Sugimura - 1977

UCB/EERC-77/15 "Bond Deterioration under Generalized Loading," by V. V. Bertero, E. P. Popov, and
S. Viwathanatepa - 1977

UCB/EERC-77/16 "Computer-Aided Optimum Design of Ductile Reinforced Concrete Moment-Resisting
Frames," by S. W. Zagajeski and V. V. Bertero - 1977

UCB/EERC-77/17 "Earthquake Simulation Testing of a Stepping Frame with Energy-Absorbing Devices,"
by J. M. Kelly and D. F. Tsztoo - 1977

UCB/EERC-77/18 "Inelastic Behavior of Eccentrically Braced Steel Frames under Cyclic Loadings," by
C. W. Roeder and E. P. Popov - 1977

UCB/EERC-77/19 "A Simplified Procedure for Estimating Earthquake-Induced Deformation in Dams and
Embankments," by F. 1. Makdisi and H. B. Seed - 1977

UCB/EERC-77/2D "The Performance of Earth Dams during Earthquakes," by H. B. Seed, F. I. Makdisi,
and P. de Alba - 1977



EERC-9

UCB/EERC-77/21 "Dynamic Plastic Analysis Using Stress Resultant Finite
Element Formulation," by P. Lukkunaprasit and J. M. Kelly
- 1977

UCB/EERC-77/22 "Preliminary Experimental Study of Seismic Uplift of a
Steel Frame," by R. W. Clough and A. A. Huckelbridge - 1977

UCB/EERC-77/23 "Earthquake Simulator Tests of a Nine-Story Steel Frame with
Columns Allowed to Uplift," by A. A. Huckelbridge - 1977

UCB/EERC-77/24 "Nonlinear Soil-Structure Interaction of Skew Highway Bridges,"
by M.-C. Chen and J. Penzien - 1977

UCB/EERC-77/25 "Seismic Analysis of an Offshore Structure Supported on pile
Foundations," by D.D.-N. Liou - 1977

UCB/EERC-77/26 "Dynamic Stiffness Matrices for Homogeneous Viscoelastic
Half-Planes," by G. Dasgupta and A. K. Chopra - 1977

UCB/EERC-77/27 "A Practical Soft Story Earthquake Isolation System," by
J. M. Kelly and J. M. Eidinger - 1977

UCB/EERC-77/28 "Seismic Safety of Existing Buildings and Incentives for
Hazard Mitigation in San Francisco: An Exploratory Study,"
by A. J. Meltsner - 1977

UCB/EERC-77/29 "Dynamic Analysis of Electrohydraulic Shaking Tables," by
D. Rea, S. Abedi-Hayati, and Y. Takahashi - 1977

UCB/EERC-77/30 "An Approach for Improving Seismic-Resistant Behavior of
Reinforced Concrete Interior Joints," by B. Galunic,
V. V. Bertero, and E. P. Popov - 1977

UCB/EERC-78/01 "The Development of Energy-Absorbing Devices for Aseismic
Base Isolation Systems," by J. M. Kelly and D. F. Tsztoo 
1978

UCB/EERC-78/02 "Effect of Tensile Prestrain on the Cyclic Response of
Structural Steel Connections," by J. G. Bouwkamp and
A. Mukhopadhyay - 1978

UCB/EERC-78/03 "Experimental Results of an Earthquake Isolation System
using Natural Rubber Bearings," by J. M. Eidinger and
J. M. Kelly - 1978

UCB/EERC-78/04 "Seismic Behavior of Tall Liqiud Storage Tanks," by
A. Niwa - 1978

UCB/EERC-78/05 "Hysteretic Behavior of Reinforced Concrete Columns
Subjected to High Axial and Cyclic Shear Forces," by
S. W. Zagajeski, V. V. Bertero, and J. G. Bouwkamp - 1978

UCB/EERC-78/06 "Inelastic Beam-Column Elements for the ANSR-I Program,"
by A. Riahi, D. G. Row, and G. H. Powell - 1978



EERC-lO

UCB/EERC-78/07 "Studies of Structural Response to Earthquake Ground Motion,"
by o. A. Lopez and A. K. Chopra - 1978

UCB/EERC-78/08 "A Laboratory Study of the Fluid-Structure Interaction
of Submerged Tanks and Caissons in Earthquakes," by
R. C. Byrd - 1978

UCB/EERC-78/09 "Models for Evaluating Damageability of Structures," by
I. Sakamoto and B. Bresler - 1978

UCB/EERC-78/10 "Seismic Performance of Secondary Structural Elements,"
by 1. Sakamoto - 1978

UCB/EERC-78/11 "Case Study -- Seimsic Safety Evaluation of a Reinforced
Concrete School Building," by J. Axley and B. Bresler - 1978

UCB/EERC-78/l2 "Potential Damageability in Existing Buildings," by
T. Blejwas and B. Bresler - 1978

UCB/EERC-78/l3 "Dynamic Behavior of a Pedestal Base Multistory Building,"
by R. M. Stephen, E. L. Wilson, J. G. Bouwkamp, and
M. Button - 1978

UCB/EERC-78/l4 "Seismic Response of Bridges - Case Studies," by R. A. Imbsen,
v. Nutt, and J. Penzien - 1978

UCB/EERC-78/1S "A Substructure Technique for Nonlinear Static and Dynamic
Analysis," by D. G. Rowand G. H. Powell .. 1978

UCB/EERC-78/l6 "Seismic Performance of Nonstructural and Secondary Structural
Elements," by 1. Sakamoto" 1978

UCB/EERC-78/l7 "Model for Evaluating Damageability of Structures," by
I. Sakamoto and B. Bresler - 1978

UCB/EERC-78/18 "Response of K-Braced Steel Frame Models to Lateral Loads,"
by J. G. Bouwkamp, R. M. Stephen, and E. P. Popov - 1978

UCB/EERC-78/19 "Rational Design Methods for Light Equipment in Structures
Subjected to Ground Motion," by J. L. Sackman and
J. M. Kelly - 1978

UCB/EERC-78/20 "Testing of a Wind Restraint for Aseismic Base Isolation,"
by J. M. Kelly and D. E. Chitty - 1978


