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ABSTRACT

It is shown that, when column mass is taken into account in ﬁhe
vibration of buildings, the system acquires additional degrees of
freedom. If column mass is small compared to floor mass, then the modes
obtained from conventional analysis persist virtually unchanged; the
additional modes involve almost exclusively column motion, the character-
istic frequencies being in the low audio range. The nature of the modes,
as well as the transmission of ground motion, depend on whether the

columns in adjacent stories are tuned to each other.
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INTRODUCTION

'The conventional dynamic analysis of framed buildings is largely
concerned with those modes of vibration in which the floors are assumed
to move horizontally as rigid masses, while the columns (and shear walls,
if any) act as massless shear springs. The angular frequencies corre-
sponding to these modes are of order Vi7ﬁ , where k 1is a typical value
of the total column shear stiffness of a story, and M is a typical floor
mass. That these modes {which will here be called the "primary modes")
are studied to the virtual exclusion of any others is due to several
factors. First: these are normally the modes with the lowest natural
freguencies, and will consequently respond to a random energy input with
the greatest amplitudes, thus being the likeliest contributors to struc-
tural damage. Second: these frequencies are of the order of 1 to 10 Hz,
which is precisely the range which predominates in the spectra of seismic
shocks. Third: the viscous damping model--almost universally used in
structural dynamics--predicts an attenuation rate that is directly propoxr-
tional to frequency, leading to the conclusion that high-frequency modes

will be rapidly damped out and are therefore negligible.

Now let us list some reasons why it may be necessary to derive a

model that takes high-frequency vibration into account.

(1) It is a simple matter to conceive of a damping model that
predicts relatively undamped high-frequency modes: for example, the
Maxwell model [1], or a model with essentially frequency-independent
attenuation [2]. It is the latter model that most closely describes

the actual behavior of structures [3].

(2) 1In a building that does ncot collapse in an earthquake, the
principal danger to occupants comes from loose wall or ceiling material
or other objects that may be dislodged, and typically it is the high-

frequency vibration that creates this danger.

(3) Audible noise is a troublescme by-product of civilization, and
it is important to study the role of buildings in transmitting such noise,
both from within and from without. There exists some literature on struc-
ture-bourne sound [4,5] but not, to my knowledge, in relation to framed

buildings.






The principal model of dynamic analysis of framed buildings of
moderate height (to about 25 stories) is the well-known "shear building,”
in which the floors move as rigid'masses, while the massless columns
transmit shear passively from floor to floor. It is this model, with
one degree of freedom per story, that is responsible for the aforementioned
low-frequency modes. Additional degrees of freedom appear when the columns
are allowed to deflect in modes other than the shear mode shown in Figure la--

particularly in the so-called "fixed-fixed" mode shown in Figure 1lb.

By giving the building two degrees of freedom per story, we are
modeling it somewhat as an array of alternately heavy and light masses
connected by springs. sSuch a model recalls the "NaCl" structure of
solid~state physics [6]. It will be remembered that the chéracteristic
frequencies of this structure fall into twe disjoint bands: a lower band,
known as the "acoustic branch," in which the frequencies range from zero

{(at infinite wave length) to a cut-off frequency ww, = vYk/M , corresponding

to a mode in which the light masses remain still while the heavy masses
move with equal amplitude in alternately opposed directions (Figure 2a)
and whose wave length is twice the spatial period; and a narrow band
{(the so-called "optical branch") in which the frequencies range from

wz = VE?E corresponding to a mode similar te that just described, but
with light and heavy masses reversed (Figure 2b) to w3 = /ETE?E:TI7ET
corresponding to the infinite~wave-length mode in which all the heavy
masses move together in one direction and all the light masses move
together in the opposite direction (Figure 2¢). The addition of further

degrees of freedom per period introduces additional frequency bands.

In what follows we shall attempt to determine to what extent a
building with two degrees of freedom per story resembles the periodic

structure just described.

ANALYSIS

Let w(y, t) "'2‘5 Vs j_% denote the transverce displacement at

time t of a section of the column whose height above the midpoint is

y . In the absence of transverse forces, w is a solution of the partial
differential equation
4 2
o w mad w
—— —_— ——— = l
Bl —5 + 3§ ~% 0 (1)






where EI is the flexural stiffness and m the total mass of the column.
The general solution is a superposition of solutions of the type

. . it
(d cosh By + Bcos By + Csinh By + Dsin By)e (2)

where w is an angular frequency and B = (mw2h3/EI)l

/4/h .

all sclutions of (1) must gatisfy the rigid attachment condition
ow

%Y | yminy2

Thus, for each partial solution of the form (2), two of the coefficients
are eliminated. However, the condition that the displacement of the

column at the joint equal that of the floor is a time-dependent, nonhomo-
geneous boundary condition which does not furnish a discrete frequency
spectrum. Nonetheless, we know that the characteric frequencies of motion
of the floors are much smaller than the natural frequencies of vibration of
the columns. Consequently the deflection of the column will be close to
the static cne, which we know to be a cubic parabola, and which we can

quite well approximate by
1
S e -+
wiy . t) 2[uo(t) ul(t)]

1 - fo Y
+2[ul(t) uo(t)]sm n {4)

where u and uy describe the translation of the lower and upper floors,
respectively. This deflection mode is illustrated in Figure la.

In addition to the deflection induced by floor displacements, however,
the column may also undergo a deflection w which, besides condition (3),

satisfies

wi{t

W

r t) = 0 ! (5)

as illustrated in Figure lk. Egquations (3) and (5) applied to the solu-
tion (2) produce an eigenvalue problem, the characteristic problem for

the so-called "fixed-fixed" column. The first fixed-fixed mode corresponds
to Bh = 4.73 and the mode shape is giwven by

Wiy) = 0.1127cosh4..73~i—+O.8873cos4.73% , (6)

so that W(0) = 1 , while w(i%&==w'(i292:0 .  An adequate approximation
to this is

wily) = %{l-*cos 2%20 ; (6)






with this function, Rayleigh's method leads to the value 4.77 as an

approximation to PBh , an error of less than 1%,

It will be assumed that the deflection of the i-th story columns,
wi(y ) , is given by & superposition of the guasi-static deflection
induced by the fleoox displacements U and a, . as approximated in
equation (4). and of the lowest fixed-fixed mode as approximated by

expression (6), with amplitude vi(t) . Consequently,

‘=% y el - Iy 1 2ny.
wiw, )_2“&+ubl+%f+2mi %fﬁsm. +>=v, cos

h 2 i h n

The potential energy is

h/2 2 4
o, = 5 f"a"lzi)zdy - 525 {(ui_ui—l)2+l6v§.]
-h/2 9y 8h

We can identify ﬁ4EI/8h3 with the i=-th column shear stiffness ki
(the difference between this and the static stiffness 12EI/h3 is 1.5%).
Thus, the potential energy of an n-story building can be expressed as:

n
1
U—Ez

[(u, ~u, )2 + 16v°]
i i=-1 i

ks
1
with u = 0.

o

Similarly, we obtain the kinetic energy of the i-th column:

1™ h/2 dw, 2
e, T 2 h. ), ¥
i ~hy2
a4
1 3.2 .2 iYi-1 1. . .. 3.2
= = = =Ty S+ 2 }
o™ Lo+ ) 3 P oy ey )Y gyl

If the mass of the i-th floor is Mi , then the total kinetic energy is

n
1 .
T o= ) oEM AT )
. 2 1 1 c.
=1 1
The building is now modeled as an elastic system with 2n degrees
of freedom, the generalized coordinates being ui ,vi (i=1l, . - . , n) .
It is convenient to define a set of generalized cooxdinates qi (i=1, ..., 2n)
. =, . =u, (i=1, ... . With respect to these generalized
by Agiq =V r Ty =9y (i=1, ;) P g
coordinates, both the stiffness and mass matrices are banded, with bandwidth

5, and are given, respectively, as follows:






, - i<
kl + ki+l PO | i n
kn y J=i=n
koi,23 =
r - = i <
ki+1 j i+l n
“k, , j=1i-1>1
Kyi-1,24-1 = 16K;
M, + §-(m +m ) =1i<n
i 78 417 4 1T
3
u _ Mn + -é-mn 7 J=1I==n
21,235 - 1 ' .
fodl R = ji+] <
g M1 J =3+l <n
l-m = ji-1 >
8 M v 1 E = n
m = m = 1y
2i,2i-1 2i~1,21 4 i
21,2i+1 2i+1,2i 4 i+l
m = 2a
2i-1,2i~-1 8 i

All other elements are zero.

In order to study the transmission of ground motion, we can define
the u, as floor displacements relative to the ground floor; tﬁe absolute
displacements are then ui-l—ug , where ug is the ground displacement,
and we can simply add &g to each ﬁi in the expression for the total

kinetic energy. If we define
(i=1, . . ., 2n}

then a generalized force ~uiﬁg acts on the i-th degree of freedom.

In particular,

1 .
u2i-l = 5’ mi ' i=l,...,n

1
+ —(m. + i <
Mi 2(ml mi+l) p i n
21 1 .
M+—m ’ 1 =n
n 2 n






The characteristic angular frequencies and the corresponding mode
shapes of free’vibration are given by the solution of the eigenvalue

problem
(K-m2M)r=0 .

k
Let r( ) denote the modal vector (normalized so that the largest com-

~

ponent is 1) corresponding to the angular freguency wk . The motion
of the structure, as given by the vector function g whose components are

the generalized coordinates qi (i=1, ... ,2n) , is then
2n
k
aw = § P p@
=2 Koy ~

where Py is the function describing the time history of the k~th mode.

Under a given ground motion ug ¢ Py is governed by
. 2 .
+ = -
Pr T 9Py blg ’

where T
B k)
% = r B

i I

~ pore

is the ground-motion participation factor for the k-th mode.

DISCUSSION

The eigenvalue problem for two-banded, symmetric, positive definite
matrices is an easy task for computer solution. Nevertheless, it is

worthwhile to make gualitative predictions on the nature of the solution.

We begin by studving a one-story building. Since this is a two-
degree-of-freedom system, it can be dealt with analytically. The char-

acteristic equation with n =1 is

3 5 2 4 51 ., 2 2
(BmM+64m)w - {(le M + 8mmw + 16k = 0 P

where m is the total column mass and M is the upper floor {rcof) mass.
Typically, the former is small compared to the latter. The roots of the

equation can therefore be written as

3 m m

Wy = ws(l ~ 16 m + O(M)) ’
1m m

(Dz = (,UC(]. +E‘I‘E+O(M)) '






where ms = VE?M', the angular frequency obtained by neglecting column

mass ("shear-mode freguency"), while mc = JI§§E7§E—‘is the angular
frequency corresponding to an infinite floor mass ("column-mode frequency").
Tt is seen that the actual frequencies differ only slightly from these
limiting frequencies. Furthermore, the modal vectors are given, again to

within o(%) , by

(1) 1
= <= =,1> '
64

=

[8a]

(2)

r =< 1 ,-

-
=8

Thus, the first mode is virtually indistinguishable from the shear mode,
and the second mode from the column mode. We can therefore say that,

with m/M small, the shear and column modes are practically uncoupled.

We can furthermore surmise that a similar lack of coupling occurs
in multistory buildings provided that column masses are small compared to
beam masses. The 2n modes of vibration in an n~story building are thus
grouped into two families: a low-frequency family which is virtually the
same as that derived from the elementary shear-building model, with the
columns undergoing essentially static deflection; and a high-frequency
family in which the floors are practically still while the columns vibrate

in the fixed-fixed mode.

This grouping into families is analogous to the "acoustic” and
"optical” branches of the frequency spectrum that describes atomic vibra-
tions in crystals [6]: the shear modes correspond to the acoustic and the
column modes to the optical branch (see Figure 2 for illustrations of some
of the modes). It would be misleading, however, to use the nomenclature of
physics in the present case because in fact it is the high-frequency family
that is contained in the audible range: the fixed~fixed column frequency

is given by

£ - & - 1 128 T ET 1
N - 3 pah d
C 27 2T 3 8h P
or
£ = 3—’1% . (8)
Y3 h

where ¢ = YE/p0 is the longitudinal wave speed in a rod of Young's modulus

E and mass density p , and r = vyI/AR 1is the column radius of gyration.






In structural metals the value of ¢ 1is about 5}clO3m/sec; with a column
height of 4m, we have a value for fc (in Hz) of about 5:(103/(h/r).
With a slenderness ratio of about 100, the column frequency is about 50 Hz,

that i1s, in the low audioc range.

There remains the guestion of the transmission of vibration from
story to story. In the shear modes, the columns of course act as passive
transmitters. In the column modes, however, transmission can only take
place through rescnance between columns in neighboring stories. Conse-
quently, if the column frequencies of neighboring stories are sufficiently
far apart (so that the stories are "untuned" relative to each other),
vibration will not be transmitted. Similarly, audio-frequency ground
motion will not be transmitted to the upper floors if the second story

is untuned relative to the first.

Numerical results confirm all these surmises. With column masses
of the order of 10% of beam masses, there is virtually no coupling between
shear and column modes. As to the eifect of tuning, if fC is the same
in every story, then (1) every column mode involves significant partici-
pation by most, if not all, stories, {2) all the characteristic frequencies
of the column modes are clustered around fc , and {(3) every column mode
has a ground-motion participation factor that differs significantly from

Zexro,

If, at the other extreme, all the values of ki/mi {(i=1, .. ., n)
dAiffer, then each column mode has a characteristic frequency that is very
close to one particular value of fc and the vibration is largely confined
to the corresponding story. For example, if in a six-story building the
values of fC vary from story to story by as little as 5%, then, compared
with the principal vibrating story, the vibration of a neighboring story
will be attenuated to some 15%. With variations of 10% and 15%, the
respective attenuations are 7.5% and 5%. In a ten-story building, fre-
quency variations of 5%, 10%, and 15% produce attenuations of some 25%,
13%, and 8.5%, respectively. Illustrations of typical results appear in

Figures 3 through 5.

Similar results apply to the transmission of ground motion. 1In a
building in which the upper stories are “tuned" but the ground floor is

"untuned" by 10% to 15%, the participation factor for the mode that is






centered in the ground story is arocund 0.65; while for the other modes it
does not exceed 0.02. If the "untuning"” is only around 4% to 6%, then the
participation factors for the upper~story modes are still no more than 0.05.
If the whole building is untuned, then the participaticon factor decreases
with the number of the story in which the mode is centered, while in a
tuned building all the participation factors are approximately equal in

magnitude.

From extensive computations on sample buildings, it appears that
an approximate empirical relationship among the degree of untuning u
{percentage variation in fc from story to story), the attenuation a

(in per cent), and the number of stories can be expressed in the form
2= . o . (9)

where C 1s a constant equal to about 12.5.

Equation (9) is proposed as a design formula for situations in
which the spread of audio-frequency vibration (such as that from machinery)
from the story in which it is produced through the walls to neighboring
stories is to be prevented. Let us recall that fc is given by eguation (8)
for columns of a single material, such as steel. With all stories having
egqual height, then, untuning is produced entirely by varying the column

radius of gyration r .

In the case of reinforced concrete columns, on the other hand, the
cross section (and hence the mass) is customarily constant from story to

story; thus, it is the variation in reinforcement that produces untuning.






[1]

(2]

[31

[4]

[51

(el
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MODE 1 MODE 2 MODE 3
ANGULAR ANGULAR ANGULAR
FREQUENCY 6.650 FREQUENCY 6.692 FREQUENCY 6.581

MODE 4 MODE 5 MODE 6
ANGULAR ANGULAR ANGULAR
FREQUENCY 6.535 FREQUENCY 6.551 FREQUENCY 6.615

FIGURE 3 COLUMN MODES AND CHARACTERISTIC ANGULAR
FREQUENCIES (IN ARBITRARY UNITS) FOR A
TUNED SIX-STORY BUILDING






MODE 1

ANGULAR
FREQUENCY 6.306

MODE 4

ANGULAR
FREQUENCY 5.843
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MODE 2

ANGULAR
FREQUENCY 6.639

MODE 5

ANGULAR
FREQUENCY 4.937

\/

MODE 3

ANGULAR
FREQUENCY 6.245

MODE &

ANGULAR
FREQUENCY 5.409

FIGURE 4 COLUMN MODES AND CHARACTERISTIC ANGULAR
FREQUENCIES (IN ARBITRARY UNITS) FOR AN

UNTUNED SIX-STORY BUILDING
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MODE 1 MODE 2 MODE 3

ANGULAR ANGULAR ANGULAR
FREQUENCY 6.682 FREQUENCY 6.305 FREQUENCY 6.542

MODE 4 MODE 5 MODE 6
ANGULAR ANGULAR ANGULAR
FREQUENCY 6.640 FREQUENCY 6.604 FREQUENCY 6.569

FIGURE 5 COLUMN MODES AND CHARACTERISTIC ANGULAR
FREQUENCIES (IN ARBITRARY UNITS) FOR A
SIX~STORY BUILDING WITH THE FIRST STORY UNTUNED
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"The Propagation of lLove Waves Across Non-Horizontally Layered Structures,” by J. Lysmer and L.A. Drake
1970 (PB 197 B896}Aa03

"Influence of Base Rock Characteristics on Ground Response,” by J. Lysmer, H.B. Seed and P.B. Schnabel
1970 {(PB 197 897)a03

"ppplicability 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

“a simplified Procedure for Evaluating Soil Liguefaction Potential,"” by H.B., Seed and I.M. Tdriss - 1970
{PB 198 009}A03

"Soil Moduli and Damping Factors for Dynamic Response Analysis,” by H.B. Seed and I.M. Idriss ~1970
(PB 137 863)201

"Koyna Earthquake of December 11, 1987 and the Performance of Koyna Dam," by A.K, Chopra and P, Chakrabarti
1971 {AD 731 495)A06

"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)203

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

"Regearch MNeeds in Limit Design of Reinforced Concrete Structures," by V.V. Bertero - 1971 (PB 202 943)A04

"Dynamic Behavior of a High=Rise Diagonally Braced Steel Building,"” by D. Rea, A,A. Shah and J.G. Bouwhawp
1971 (PB 203 5B84)A06

"Dynamic Stress Analysis of Porous Elastic Solids Saturated with Compressible Pluids," by J. Ghaboussi and
E. L., Wilson - 1971 (PB 211 396)acns

"Inelastic Behaviar of Steel Beam-to-Column Subassenblages,"” by H. Krawinkler, V.V. Bertero and E.P. Popov
1971 (PB 211 33%)Al4

"Modification of Seismograph Recoyds for Effects of Local Soil Conditions," by P. Schnabel, H.B. Seed and
J. Lysmer - 1971 (PB 214 450)A03
“Static and Earthquake Analysis of Three Dimensional Frame and Shear Wall Buildings," by E.L. Wilson and

H.H. bDovey - 1572 (PB 212 904)a05

“"Accelerations in Rock for Earthquakes in the Western United States," by P.B. Schnabel and H.B. Seed ~ 1972
{(PB 213 100)a03

“Elastic-Plastic Earthquake Response of Scil-Building Systems,” hy T. Minami - 1972 (PB 214 868)A08

"Stochastic Inelastic Response of Offshore Towsrs to Strong Motion Earthquakes," by M.K. Kaul =-1972
(PB 215 713}A05

"¢yclic Behavior of Three Reinforced Concrete Flexural Members with High Shear,” by E.P. Popov, V.V. Bertero
and H. Xrawinkler - 1972 (PB 214 555}A05

“Rarthquake Response of Gravity Dams Including Reserveir Interaction Effects," by P. Chakrabarti and
A.K. Chopra - 1972 (aD 762 330)A08

“Dynamic Properties of Pine Flat Dam," by D. Rea, C.Y. Liaw and A.K. Chopra - 1972 {AD 763 92B)A05
"Three Dimensicnal Analysis of Building Systems," by E.L. Wilson and H.H. Dovey - 1972 (PB 222 438}A06

"nate of loading Effects on Uncracked and Repaired Reinforced Concrete Members," by §. Mahin, V.V. Bertero,
D. Rea and M. Atalay - 1972 (PB 224 520}A08

"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 43T7)A04

"Literature Survey - Seismic Effects on Highway Bridges," by T. Iwasaki, J. Penzien and R.W. Clough - 1972
(PB 215 ©13)A19

"SHAKE-A Computer Program for Earthquake Response Analysis of Horizontally Layered Sites,” by P.B. Schnabel
and J. Lysmer - 1972 (PB 220 207)R06
"Optimal Seismic Design of Multistory Frames," by V.V. Bertero and H. Kamil - 1973

"analysis of the Slides in the San Fernando Dams During the Earthquake of Febrvary 9, 1971," by H.B, Seed,
X.L. Lee, I.M. Idriss and F. Makdisi - 1973 (PR 223 402)Al4
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74~3

EERC-3

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

"Experimental Investigation into the Seismis Behavior of Critical Recions of Reinforced Concrete Components
as Influenced by Moment and Shear," by M. Celebi and J. Penzien - 1973 {PB 215 884}2a09

"Hysteretic Behavior of Epoxy-Repaired Reinforced Concrete Beams," by M. Celebi and J. Penzien-1973
{PB 239 568)AC3

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

"A Computer Program for Earthguake Analysis of Gravity Dams Including Reservoir Interaction," by
P. Chakrabarti and A.K. Chopra - 1873 {AD 766 271)A04

"Behavior of Reinforced Concrete Deep Beam~Column Subassemblages Under Cyclic Loads," by O. Kustu and
J.G. Bouwkamp - 1973 {PB 246 117)}AlZ

"Earthquake Analysis of Structure-Foundation Systems,” by A.K. Vaish and 4.K. Chopra - 1973 (AD 766 272}A07
“Deconvolution of Seismic Response for Linear Systems," by R.B. Reimer - 1973 (PB 227 179)AD8

“SAP IV: A Structural Analysis Program for Static and Dynamic Response of Linear Systems,' by K.-J. Bathe,
E.L. Wilson and F.E, Peterson - 1873 (PB 221 967)A02

"Analytical Investigations of the Seismic Response of Long, Multiple Span Highway Bridges,” by W.S. Tseng
and J. Penzien -1973 (PB 227 B16)Al0

"Earthquake Analysis of Multi-Story Bulldings Including Foundation Interaction,” by A.K. Chopra and
J.A, Gutierrez - 1973 (PB 222 970)A03

"ADAP: A Compufer Program for Static and Dynamic Analysis of Arch Dams,” by R.W. Clough, J.M. Raphagel and
S. Mojtahedi - 1973 (PB 223 763)A009

*Cyclic Plastic Analysis of Structural Steel Joints.” by R.B. Pinkney and R.W. Clough - 1973 (PB 226 843)a08

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

"Dynamic uchavior of a Multi-Story Pyramid Shaped Building," by R.M. Stephen, J.P. Hollings and
J.G. Bouwkamp - 1973 (PB 240 718}a06

"Effect of Different Types of Reinforcing on Seismic Behavior of Short Concrete Columns," by V.V. Bertero,
J. Hollings, O. Kustii, R.M. Stephen and J.G3, Bouwkamp - 1973

"Qlive View Medical Center Materials Studies, Phase I,” by B. Bresler and V.V. Berteroc - 1973 (PR 235 98&}A06

"Linear and Nonlinear Seismic Analysis Computer Programs for Long Multiple-Span Highway Bridges,” by
W.8. Tseng and J. Penzien - 19373

"Constitutive Models for Cyclic Plastic Deformation of Engineering Materials,” by J.M. Kelly and P.P. Gillis
1973 (PB 226 024}A03

“DRAIN - 2D User's Guide," by G.H. Powell -~ 1973 (PB 227 016)A05
"Earthquake Engineering at Berkeley -~ 1973," (PB 226 033)All
Unassigned

"Farthquake Response of Axisymmectric Tower Structures Surrcunded by Water," by C.¥Y. Liaw and A.K. Chopra
1973 (AD 773 0521409

“Investigation of the Failures of the Olive View Stairtowers During the San Fernando Earthguake and Their
Implications on Seismic Design," by V.V. Bertero and R.G. Collins - 1973 (PB 235 106)A13 ’

"Further Studies on Seismic Behavior of Steel Beam-Colwnn Subassemblages." by V.V. Bertero, H. Krawinkler
and E.P. Popov -1973 {FB 234 172)A06
"Seismic Risk Analysis,” by C.S. Oliveira - 1974 (PB 235 920)A06

"Sgttlement and Liquefaction of Sands Under Multi-Directional Shaking,” by R. Pyke, C.K. Chan and H.B. Seed
1274

"Optimum Design aof Earthguake Resistant Shear Buildings," by D. Ray, K.S5. Pister and A.K. Chopra - 1974
(PB 231 172)A06

"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
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EERC-4

"Sensitivity Bnalysis for Hysteretic Dynamic Systems: Applications to Earthquake Engineering,” by D. Ray
1974 (PB 233 2131)A06

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

Unassigned

"Shaking Table Tests of a Steel Frame - A Progress Report,” by R.W. Clough and D. Tang - 1974 (PB 240 8#69}A03

"Hysteretic Behavior of Reinforced Concrete Flewural Members with Special Web Reinforcement,™ by
V.V. Bertery, E.P. Popov and T.Y. Wang - 1974 {PB 236 797)A07

"Applications of Reliability—Baséd, Global Cost Optimization to Design of Barthquake Resistant Structures.*
by E. Vitiello and K.S. Pister - 1874 (PR 237 231)A08

"Liguefaction of Gravelly Soils Under Cyclic Loading Conditions,”™ by R.T. Wong, H.B. Seed and C.K. Chan
1974 (PB 242 042)A03

"Site-Dependent Spectra for Earthquake-Resistant Design,” by #.B. Seed, C. Ugas and J. Lysmer - 1974
{PB 240 953)A03

"Earthquake Simulator Study of a Reinforced Concrete Frame,” by P. Hidalge and R.W. Clough - 1974
(PR 241 944)Al13

“"Nonlinear Earthquake Response of Concrete Gravity Dams," by ¥W. Pal -1974 (AD/A 006 583)AD6

"Modeling and Identification in Nonlinear Structural Dynamics - I. One Degree of Freedom Models," by

N. Distefano and A. Rath - 1974 (PB 241 548)A06

"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure,Vol.I: Description,
Theoty and Analytical Modeling of Bridge and Parameters,” by F. Baron and S.-H. Pang - 1975 (PB 259 407}Al15
"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure, Vol,1I: 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 259 406})

"Seiswmic Risk Analysis for a Site and a Metropclitan Area,™ by C.S. Oliveira - 1975 (PB 248 134)A0%

"Analytical Investigations of Seismic Response of Short, Single or Multiple-Span Highway Bridges,” by
M.-C. Chen and J. Penzien -~ 1875 (PB 241 454)A09

“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)Al6

"Earthquake Simulator Study of a Steel Frame Structure, Vol. I: Experimental Results,” by R.W. Clough and
D.T. Tang - 1975 (PB 243 981)Al3

"Dynamic Properties of San Bernardinc Intake Tower,” by D. Rea, C.-Y. Liaw and A.X. Chopra - 1975 (AD/AGOS 406)
AOS

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vol. I: Description,
Theory and Analytical Modeling of Bridge Components," by F. Baron and R.F. Hamati - 1975 (PB 251 539)A07

"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

"Static and Dynamic Analysis of Nonlinear Styuctures," by D.P. Mondkar and G.H. Powell - 1975 (PB 242 434)ACB
"Hysteretic Behavior of Steel Columns,” by E.P. Popov, V.V. Bertero and §. Chandramouli ~ 1975 {PB 252 3A5)All
"Earthquake Engineering Research Center Library Printed Catalog,” ~1975 (PB 243 711)A26

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

"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 '

"A Literature Survey - Compressive, Tensile, Bond and Shear Strength of Masonry," by R.L. Mayes and R.W.
Clough - 1975 (PB 246 292)A10

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

"Relationships Between Maximum Acceleration, Maximum Velocity, Distance from Source, Local Site Conditions
for Moderately Strong EBarthquakes,“ by H.B. Seed, R. Murarka, J. Lysmer and I.M. Idriss - 1975 (PB 248 1721A03

"The Effects of Method of Sample Preparation on the Cyclic Stress-Strain Behavior of Sands," by J. Mulilis,
C.K. Chan and H.B. Seed - 1975 (Summarized in EERC 75-28}
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EERC-5

"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 (PR 258 842)Al11

"Dynamic Properties of an Eleven Story Masonry Building,” by R.M. Stephen, J.P. Hollings, J.G. Bouwkamp anu
b. Jurukovski -~ 1975 (PB 246 945)A04 .

"Spate-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

"rrequency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundatibns," by A.K. Chopra,
P. Chakrabarti and G. Dasgupta - 1975 (PB 248 121)A07

"Hysteretic Behavior of Reinforced Concrete Framed Walls," by T.Y. Weng, V.V. Bertero and E.P. Popov - 1875
"Testing Faciliry for Subassemblages of Frame-Wall Structural Systems," by V.V. Bertero, E.P. Popov and
T. Endo - 1975

"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)

"The Generation and Dissipation of Pore Water Pressures during Soil Ligquefaction,” by H.B, S¢ed, P.P. Martin
and J. Lysmer - 1975 (PB 252 648)A03

"Identification of Research Needs for Lmproving Aseismic Desiygn of Building Structures," by V.V. Bertero
1875 (PB 248 136)A05

"Evaluation of Soil Liquefaction Potential during Earthguakes,” by H.B. Seed, I. Arango and C.K. Chan - 1278
(NUREG 0026)A13

"Representation of Irreqular Stress Time Histories by Equivalent Uniform Stress Series in Liquefaction
Analyses,”™ by H.B. Seed, T.M. Idriss, F, Makdisi and N. Banerijee - 1975 (PB 252 £35)A03

"FLUSH - B 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)AQ7

"ALUSH - A Computer Program for Seismic Response Rnalysis of Axisymmetric Soil-Structure Systems,” by
E. Berger, J. Lysmer and B.B. Seed ~ 1975

"TRIP and TRAVEL - Computer Programs for Soil-Structure Interaction Analysis with Horizontally Travelling
Waves," by T. Udaka, J. Lvsmer and H.B, Seed - 1975

"Predicting the Performance of Structures in Regions of High Seismicity,” by J. Penzien - 1975 (PB 248 130)A0s

"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

"The Dynamic Behavior of a First Story Girder of a Three~Story Steel Frame Subjected to Earthquake Loading,”
by R.W. Clough and L.-¥. Li -1975 (PB 248 841)a05

"Earthquake Simulator Study of a Steel Frame Structure, Volume IT - Analytical Results,” by D.T. Tang - 1975
(PB 252 926)A10

“ANSR~I General Purpose Computer Program for Analysis of Non-Linear Structural Responsge,” by D.P. Mondkar
and G.H. Powell - 1975 (PR 252 386)A08

"Nonlinear Response Spectra for Probabilistic Sejismic Design and Damage Assessment of Reinforced Concrete
Structures." by M, Murakami and J. Penzien - 1975 (PB 259 5301a05

"study of a Method of Feasible Directions for Optimal Elastic Design of Frame Structures Subjected to Eartl -
quake loading," by N.D., Walker and K.5, Pister -1975 (PB 257 781)A06

"An Alternative Representation of the Elastic-Viscoelastic Bnalogy," by G. Dasgupta and J.L. Sackman - 1375
(PB 252 173)AC3

"Effect of Multi-Directional Shaking on Liquefaction of Sands,” hy H.B. Seed, R. Pyke and G.R. Martin - 1975
(PB 258 781)A03
"Strength and Ductility Evaluation of Existing Low-Rise Reinfarced Concrete Buildings - Screening Method,” by

T. Okada and B. Bresler - 197¢ {PB 257 206)All

"Experimental and Analytical Studies on the Hysteretic Behavicr of Reinforced Concrete Rectangular and
T-Beams," by S.-Y.M. Ma, E.P. Popov and V.V. Bertero - 1976 (PR 260 843}Al2

"Dynamic Behavior of a Multistory Triangular-Shaped Building,” by J. Petrovski, R.M. Stephen, E. Gartenbaum
and J.G. Bouwkamp ~ 1976 (PB 273 279)A07

"Earthquake Induced Deformations of Earth Dams,” by N. Serff, H.B. Seed, F,I. Makdisl & C.-¥Y. Chang - 1976
(PB 292 005)A08B






EERC~6

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

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

EERC 76-7 "Expected Performance of Uniform Building Code Design Masonry Structures,” by R.L. Mayes, Y. Omote, S5.W. Chen
and R.W. Clough ~ 1976 (PB 270 U%B)A0S

EERC 76-8 "Cyclic Shear Tests of Masonry Plers, Volume 1 - Test Results," by R.L. Mayes, Y. Omote, R.W,
Clongh -~ 1876 (PR 264 424}106

EERC 76~9 "A Substructure Method for Earthqguake Analysis of Structure -Soil Interaction,” by J.A. Gutierrez and
A.K. Chopra~- 1376 (PB 257 783)A08

EFRC 76-10 “Stabilization of Potentially Liquefiable Sand Deposits using Gravel Drain Systems," by H.B. Seed and
J.R. Boocker - 1976 {(PB 238 H20}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 (PB 271 409)}106

EERC 76-12 "Sensitivity Analysis for Hysteretic Dynamic Systems: Theory and Applications,” by D. Ray, X.S. Pister and
E. Polak — 1976 (PB 262 B59)AD4

EERC 76-13 '"Coupled Lateral Torsional Response of Buildings to Ground Shaking," by C.L. Kan and A.K. Chopra -
1576 (FB 257 907)AQ9

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 20l 323)A08

EERC 76~16 "Cyclic Shear Tests of Masonry Piers, Volume 2 - Analysis of Test Results," by R.L. Mayes, Y. Omote
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 (PB 269 548)A08

EERC 76-19 "Effects of Non-Uniform Seismic Disturbances on the Dumbarton Bridge Replacement Structure,” by
F. Baron and R.E. Hamati - 1976 (PR 282 981)alé

FERC 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. Mchiven - 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.X. Chopra and R. Collins - 1976 (PB 271 425)Al4

EERC 76-23 “A Study on the Major Factors Influencing the Strength cf Masonry Prisms,”™ by N.M. Mostaghel,
R.L, Mayes, R. W. Clough and 5.W. Chen - 1976 [Not published)

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

EERC 76-25 “Seismic Safety Evaluation of a R/C School Building," by B. Bresler and J. Axley - 1976

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

EERC 76-27 "Earthquake Responge 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 8939)A03

EERC 76-22 "Analysis and Design of Numerical Integration Methods in Structural Dynamics,” by H.M. Hilber - 1976
(PB 264 410)A06

EERC 76-30 "Contribution of a Floor System to the pDynamic Characteristics of Reinforced Concrete Buildings,™ by
L.E. Malik and V.V. Berterc -~ 1976 (PB 272 247)Al13

EERC 76-31 "The Effects of Seismic Disturbances on the Golden Gate Bridge," by F. Baron, M. Arikan and R.E. Hamati -
1976 (PB 272 279)A09

EERC 76-32 "Infilled Prames in Earthquake Resistant Construction,” by R.E. Klingner and V.V. Bertero — 1976
(PR 265 8392}A13
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UCB/EERC~77/02

UCB/EERC-77/03

UCB/EERC-77/04

UCB/EERC-77/05

UCB/EERC-77/00

UCR/EERC=77/07

UCB/EERC-77 /08

UCB/EERC=77/09

UCB/EERC=77/10Q

UCB/EERC-77/11

UCB/EERC-77/12

UCB/EERC-77/13

UCB/EERC=-77/14

UCB/EERC-77/13

UCB/EERC-77/16

UCB/EERC~77/17

UCB/EERC-77/18

UCB/EERC-77/19

UCB/EERC=77/20

UCR/EERC~T77/21

UCB/EERC=77/22

UCB/EERC~77/23

UCB/EERC-77/24

UCB/EERC-77/25

UCB/EERC-77/26

UCB/EERC-77/27

UCB/EERC-77/28

UCB/EERC-77/29

UCB/EERC~77/30

EERC-7

"PLUSH - A Computer Program for Probabilistic Finite Element Analysis of Seismir Soil-Structure Inter—
action,” by M.P. Romo Organista, J. Lysmer and H.B. Seed - 1977

"Soil-Structure Interaction Effects at the Humboldt Bay Power Plant in the Ferndale Earthquake of June
7, 1475," by J.E, valera, H.B, Seed, C,F. Tgsai and J., Lysmer - 1977 (PB 265 795)a04

,"Influence of Sample Disturbance on Sand Response to (yclic Loading,” by K. Mori, H.B. Seed and C.K.
Chan - 1977 (PB 267 352)A04

"Seismclogical Studies of Strong Motion Records,"” by J. Shoja—-Taheri - 1977 (PR 269 635)A10

"Testing Facility for Coupled-Shear Wallsg,” by L. Li-Hyung, V.V. Berter¢ and E.P. Popov - 1977
“Developing Methodologies for Evaluating the Earthquake Safety of Existing Buildings,” by Ne. 1 -

B. Bresler; No. 2 ~ B, Bresler, T. Qkada and D. Zisling; No. 3 -~ T. Okada and B. Bresler; No. 4 ~ V.V.

Berterc and B. Bresler - 1977 (PB 267 354)R08

"A Literature Survey ~ Transverse Strength of Masonry Walls,"™ by Y. Onote, S.¥W. Chen and

R.W. Clough - 1977 (PB 277 933}A07

R.L. Mayes,

"DRAIN-TABS: A Computer Program for Inelastic Earthquake Response of Three Dimensional Buildings," by
R. Guendelman-Israel and G.H. Powell - 1977 (PB 270 693)A07

"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., Peterson and E.P. Popov - 1977
{(PB 270 567)A0S5

"Experimental Evaluation of Seismic Design Methods for Broad Cylindrical Tanks,™ by D.P. Clough
(PB 272 280)Al3

"rarthquake Engineering Research at Berkeley - 1976," - 1977 (PR 273 507)}A09

"Automated Design of Barthquake Resistant Multistory Steel Building Frames," by N.D. Walker, Jr. - 1977
(PB 276 52€)}A09

"Concrete Confined by Rectangular Hoops Subjected to Axial Iocads,™ by J. Vallenas, V.V, Bertero and
E,P, Popov - 1977 (PB 275 165)A06

“Seismic Strain Induced in the Ground During Earthguakes,” by Y. Sugimura ~ 1977 (PB 284 201)a04

"Bond Deterioraticon under Generalized Ioading,” by V.V. Bertero, E.P. Popov and 8. Viwathanatepa - 1977

"Computer Aided Optimum Design of Ductile Reinforced Concrete Moment Resisting Frames,” by S.W.
Zagajeski and V.V, Bertero - 1977 (PB 280 137)A07

"Earthquake Simulation Testing of a Stepping Frame with Energy-Absorbing Devices,” by J.M. Kelly and
D.F. Tsztoo - 1977 (PB 273 506)A04

"Inelastic Behavior of Eccentrically Braced Steel Frames under Cyclic Leoadings," by C.W. Roeder and
E.P. Popov - 1977 {PB 275 526)Al1S

“a Simplified Procedure for Estimating Earthquake-Induced Deformations in Dams and Embankments,” by F.I.
Makdisi and H.B. Seed -~ 1977 (PB 276 820)A04

"The Performance of Earth Dams during Earthquakes," by H.B. Seed, F.I. Makdisi and P. de Alba - 1977
(PB 276 821)A04

“Dynamic Plastic Analysis tlsing Stress Resultant Finite Element Formulation," by P. Lukkunapvasit and
J.M. Kelly -~ 1977 {PB 275 4531204

vPreliminary Experimental Study of Seismic Uplift of a Steel Frame,” by R.W. Clough and A.A. Huckelbridge
1377 (PB 278 769)A08

“Earthquake Simulator Tests of a Nine-Story Steel Frame with Columns Allowed to Uplift," by A.A.
Huckelbridge - 1977 (PB 277 944}a09

"Nonlinear Soil-Structure Interaction of Skew Highway Bridges,” by M.-C. Chen and J. Penzien - 1977
(PB 276 176)R07

“Seismic Analysis of an Offshore Structure Supported on Pile Foundaktiens,” by D.D.-N. Liou and J. Penzien
1977 (PB 283 180)A06

“Dynamic Stiffness Matrices for Homogeneous Viscoelastic Half-Planes,” by G. Dasgupta and A.K. Chopra -
1377 (PR 273 654)A06

YA Practical Soft Story Earthquake Isolation System," by J.M. Kelly, J.M. Eidinger and C.J. Derham -
1677 (FB 276 B14}A07

"Seismic Safety of Existing Buildings and Incentives for Hazard Mitigation in San Francisco: An

Exploratory Study," by A.J. Meltsner - 1977 (PB 281 970)A05

"Dynamic Analysis of Electrohydraulic Shaking Tables," by U. Rea, S. Abedi-Hayati and Y. Takahashi
1977 {PB 282 569)A04

"An Approach for Improving Seismic - Kesistant Behavior of Reinforced Concrete Interior Joints." by
B. Galuniec, Vv,V, Berterp and E.P. Popov - 1977 (PB 290 870)A06






UCB/EERC-78/01

UCB/EERC-78/02

UCB/EERC-78/03

UCB/EERC-78/04

UCB/EERC-78/05

UCB/EERC-78/06

UCB/EERC-78/07

UCB/EERC-78/08

UCB/EERC-78/09

UCR/EERC-78/10C

UCB/EERC-78/11

UCB/EERC-78/12

UCB/EERC-78/13

UCB/EERC-78/14

UCB/EERC-78/15

UCB/EERC-78/16

UCB/EERC-78/17

UCB/EERC-7B/18

UCB/EERC~78/19

UCB/EERC-78/20

UCR/EERC=-78/21

UCB/LERC-78/22

UCB/EERC-78/23

UCB/EERC-78/24

UCB/EERC=78/25

UCR/EERC-78/26

UCB/EERC-78/27

UCB/EERC-T8B/28

UCB/EERC-78/29

EERC-8

“The Development of Energy-Absorbing Dewices for Aseismic Base Isolation Systems," by J.M. Kelly and
D.F. Tsztoco -~ 1978 (PR 284 378)A04

"Effect of Tensile Prestrain on the Cyeclic Response of Structural Steel Connections, by J.G. Bouwkamp
and A, Mukhopadhyay - 1978

"Expgrimental Results of an Earthguake Isolation System using Natural Rubber Bearings,” by J.M.
gidinger and J.M, Kelly - 1978 (pB 281 686)A04

*Seismic Behavior of Tall Liquid Storage Tanks,” by A. Niwa - 1978 (PB 284 017)Al4

"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 {PB 283 858)Al3

"Inelastic Beam-Column Elements for the BNSR-I Program,™ by a. Riahi, D.G. Row and G.H. Powell - 13978
"Studies of Structural Response to Earthquake Ground Motion," by 0.A. Lopez and A.K. Chopra - 1978
(PB 282 750)A05

"A Laboratory Study of the Fluid-Structure Interaction of Submerged Tanks and Caissons in Earthquakes,”
by R.C. Byrd = 1978 (PB 284 957)A08

"Model for Evaluating Damageability of Structures,™ by I. Sakamote and B. Bresler -~ 1978

"Seismic Performance of Nonstructural and Secondary Structural Elements,” by I. Sakamoto - 1878
“"Mathematical Modelling of Hysterasis Loops for Reinforced Concrete Columns,” by 5, Nakata, T. Sproul
and J. Penzien - 13878

"Damageability in Existing Buildings,” by T. BRlejwas and B. Bresler - 1978

“Dynami¢ Behavicr of a Pedestal Base Multistory Building," by R.M. Stephen, E.L, Wilson, J.G. Bouwkamp
and M. Button - 1978 (PB 286 650)A08

“Seismic Response of Bridges - Case Studies," by R.A. Imbsen, V. Nutt and J. Penzien - 1978
{PR 286 503}Al0

"A Substructure Technique for Nonlinear Static and Dynamic Analysis," by D.G. Row and G.H. Powell -
1978 (pB 288 077)al0

"Seismic Risk Studies for San Francisco and for the Greater San Francisco Bay Area,"” by C.8. Oliveira -
1978

“strength of Timber Roof Connections Subjected to Cyclic Loads,® by P, Gilkan, R.L. Mayes and R.W.
Clough - 1278

“Response of K-Braced Steel Frame Models to Lateral Loads,® by J.G. Bouwkamp, R.M. Stephen and
E.P. Popov ~ 1978

"Rational Design Methods for Light Equipment in Structures Subjected to Ground Motion,® by
J.L. Sackman and J.M. Kelly - 1978 (PR 292 357}A04

“Testing of a Wind Restraint for Aseismic Base Isolation,” by J.M, Kelly and D.E. Chitty ~ 1978
(PB 292 833}A03

"APOLLC - A Computer Program for the Analysis of Pore Pressure Generation and Dissipation in Horizontal
sand Layers During Cyclic or Farthquake Loading,” by P.P. Martin and H.B. Seed - 1978 (PB 292 835)A04

“Optimal Design of an Farthquake Isolation System,"” by M.A. Bhatti, K.S. Pister and E. Polak - 1978
{PB 294 735)A06

“MASH ~ A Computer Program for the Non-T.inear Analysis of Vertically Propagating Shear Waves in
Yorizontally Layered Deposits," by P.P. Martin and H.B. Seed -~ 1378 (PB 293 101}A05

"Investigation of the Elastic Characteristics of a Three Story Steel Frame Using System Identification,”
by I. Kaya and H.D. McNiven - 1978

“Investigation of the Nonlinear Characteristics ©f a Three-Story Steel Frame Using System
Identification,” by I. Kaya and H.D, McNiven - 1978

“Studies of Strong Ground Motion in Taiwan," by Y.M. Hsiung, B.A. Bolt and J. Penzien - 1978
"cyclic Loading Tests of Masonry Single Piers: Volume 1 - Height to Width Ratio of 2," by P.A, nidalgo,
R.L. Mayes, H.D. McHiven and R.W. Clough - 1978

"Cyclic Loading Tests of Masonry Single Piers: Volume 2 - Height to Width Ratio of I," by S.-W.J. Chen,
P.A. Hidalgo, R.L. Mayes, R.W. Clough and H.D. McNiven - 1978

"Analytical Procedures in Soil Dynamics,” by J. Lysmer - 1378






UCB/EERC-79/01

UCB/EERC~79/02

UCB/EERC~-79/03

UCB/EERC-79/04

UCB/EERC-79/05

UCB/EERC-79/06

UCB/EERC~79/07

UCB/EERC-79/08

UCB/EERC-79/09

UCB/EERC-~79/10

UCB/EERC-79/11

EERC-9

"Hysteretic Behavior of Lightweight Reinforced Concrete
Bean-Column Subassemblages," by B. Forzani, E.P. Popov,
and V.V. Bertero - 1979

“The Development of a Mathematical Model to Predict the

Flexural Response of Reinforced Concrete Beams to Cyclic
Ioads, Using System Identification,” by J.F. Stanton and
H.D. McNiven - 1279

"Linear and Nonlinear Earthquake Response of Simple
Torsionally Coupled Systems," by C.L. Kan and
A.X, Chopra - 1979

"A Mathematical Model of Masonry for Predicting Its
Linear Seismic Response Characteristics," by Y. Mengi
and H.D. McNiven - 1979

"Mechanical ‘Behavior of Light Weight Concrete Confined
with Different Types of Lateral Reinforcement," by
M.A. Manrique and V.V. Bertero - 1979

"Static Tilt Tests of a Tall Cylindrical Liquid Storage
Tank," by R.W. Clough and A. Niwa - 1979

"The Design of Steel Energy Absorbing Restrainers and
Their Incorporation Into Nuclear Power Plants for
Enhanced Safety: Volume 1 -~ Summary Report," by

P.N. Spencer, V.F. Zackay, and E.R. Parker - 1979

"The Design of Steel Energy Absorbing Restrainers and
Their Incorporation Into Nuclear Power Plants for
Enhanced Safety: Volume 2 - The Development of Analyses
for Reactor System Piping," "Simple Systems" by

M.C. Lee, J. Penzien, A.K. Chopra, and XK. Suzuki

"Complex Systems® by G.H. Powell, E.L. Wilson,R.W. Clough
and D.G. Row - 1979

“"The Design of Steel Energy 2Absorbing Restrainers and
Their Incorporation Into Nuclear Power Plants for
Enhanced Safety: Volume 3 - Evaluation of Commerical
Steels,” by W.S. Owen, R.M.N. Pellcux, R.0O. Ritchie,
M. Faral, 7. Ohhashi, J. Toplosky, S.J. Hartman, V.F.
Zackay, and E.R. Parker - 1979

"The Design of Steel Energy Absorbing Restrainers and
Their Incorporation Into Nuclear Power Plants for
Enhanced Safety: Volume 4 - A Review of Energy-Absorbing
Deviges," by J.M, Kelly and M.S. Skinner - 1979

“"Conservatism In Summation Rules for Closely Spaced
Modes," by J.M. Kelly and J.L. Sackman - 1979






UCB/EERC-79/12

UCB/EERC~79/13

UCB/EERC~79/14

UCB/EERC~-79/15

UCB/EERC-79/16

UCB/EERC-79/17

UCB/EERC-79/18

UCB/EERC-79/19

UCB/EERC-79/20

UCB/EERC-79/21

EERC-~10

"Cyclic loading Tests of Masonry Single Piers
Volume 3 - Height to Width Ratio of 0.5," by P.A.
Hidalgo, R.L. Mayes, H.D. McNiven and R.W. Clough - 1979

"Cyclic Behavior of Dense Coarse-Grain Materials in
Relation to the Seismic Stability of Dams," by N.G.
Banerjee, H.B. Seed and C.K. Chan - 1979

"Seismic Behavior of R/C Interior Beam-Column Subassemblages,"
by $. Viwathanatepa, E. Popov and V.V. Bertero - 1979

"Optimal Design of Localized Nonlinear Systems with Dual
Performance Criteria Under Earthquake Excitations," by
M.A. Bhatti - 19792

"OPTDYN -~ A General Purpose Optimization Program for
Problems with or without Dynamic Congtraints,™ by
M.A. Bhatti, E. Polak and K.S. Pister - 1979

"ANSR-II, Analysis of Nonlinear Structural Response,
Users Manual," by D.P. Mondkar and G.H. Powell ~ 1979

"Soil Structure Interaction in Different Seismic
Environments,” A. Gomez-Masso, J. Lysmer, J.-C. Chen
and H.B. Seed - 1979

"ARMA Models for Earthquake Ground Motions," by M.K. Chang,
J.W, Kwiatkowski, R.F. Nau, R.M. Oliver and K.S. Pister - 1379

"Hysteretic Behavior of Reinforced Concrete Structural
walls," by J.M. Vallenas, V.V. Bertero and E.P. Popov - 1379

"Studies on High-Fregquency Vibrations of Buildings I:
The Column Effect,"” by J. Lubliner - 1979






For sale by the National Technical Informa-
tion Service, U. 5. Department of Commerce,
. Springfield, Virginia 22161.

See back of report for up to date listing of
EERC repcrts.






