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ABSTRACT

This report describes a 3D gap-friction element developed for the
ANSR-II program.
The report contains a description of the element properties, the

etement theory, and a computer program user's guide.
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1. INTRODUCTION

This report describes a three-dimensional gap-friction element
developed for the ANSR-II code [1]. The element has the fol16w1ng
features:

(1) Arbitrary orientation of bearing plane in 3D space.

(2) Zero stiffness perpendicular and tangential to bearing

plane when gap is open.

(3) Trilinear inelastic force-deformation relationship

for deformation perpendicular to bearing plane fol-
lowing gap closure.
(4) Frictional behavior tangential to bearing plane
when gap is closed, with constant friction coefficent.

(5) Bearing plane may translate in space (for example, to
represent earthquake excitation), but its orientation
must remain fixed.

{6) Internal viscous damping is zero.

This report contains a description of the element and a user's

guide.



2. ELEMENT PROPERTIES

2.1 GENERAL CHARACTERISTICS

The element resists deformation normal and tangential tola
specified bearing plane. The bearing plane may be arbitrarily
oriented in space,

The element consists of two components, namely, (a) a bearing
component acting normal to the bearing plane and (b) a friction
component acting parallel to the bearing plane.

The element is connected to the structure af node N (Fig. 1).
The bearing plane is defined by three nodes, I, N, and J, as shown.
The normal component is oriented along the local z-axis, normal to
the bearing plane. The local x-axis Ties in the bearing plane,
directed from node J to node N. The local y-axis, also in the bearing
plane, is perpendicular to the z-x plane.

If motions of the bearing plane are to be permitted, a fourth
node, M, must be defined. The element then connects nodes N and M,
and the transiation of M defines the motion of the plane. Node M may
be part of a deformable structure. Nodes M and N must have identical
coordinates (i.e. the element must be of zero length). If node M is
not specified, the bearing plane will be fixed in space (in effect,
zero displacement for node M). The element deformations are the rela-
tive displacements of nodes N and M.

The force-deformaiion relationship for the normal component is
shown in Fig. 2. The relationship for the tangential component is as
shown in Fig. 3. For a force less than that required to cause slip,

the behavior 1is elastic with stiffness Kf. When the force equals the
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slip value (normal component force multiplied by the friction coeffi-
cient), slip takes place. If the force in the normal component is zero
(i.e. open gap), both the normal and tangential components have zero

stiffnesses.

2.2 SENSITIVITY

If the stiffness following gap closure is large, large unbalanced
forces may develop, and the solution may be inaccurate or numerically
unstable. Both the normal and tangential stiffnesses should be made as
small as possible, and the results should be studied for signs of

instability. It may be necessary to use a very small time step.



3. THEORY AND COMPUTATIONAL PROCEDURE

3.1 ELEMENT STIFFNESS

The element has three deformations, namely, (a) deformation vZ
along the Tocal z-axis of the normal component and (b) deformations
vy and vy along the local x and y axes, respectively, of the tangential
component. The increments in element deformations are related to the

increments in nodal displacements, as follows (Fig. 4):

dv = Tdr if node M = 0 (1a)
or
dv = [T -T]dr if node M £ 0 (1b)
in which
T .
dv' = (dvx, dvy, dvz) (2)
T _ : -
dr’ = (erN, dryys erN) if node M =0 (3a)
or
T .
dri = (dryys dryys drgy, dryys dryy, drgy)
if node M # 0 (3b)

The transformation matrix T contains the direction cosines of the
local x-y-z axes with respect to the global X-Y-Z axes.

The tangent force-deformation relationship for the normal component
is

dF, = K, dv, (4)

in which dF2 = increment in force and KZ = tangent stiffness of the nor-

mal component, The tangent stiffness, K_, may be equal to zero, K1, K2,

Z
or K3, depending on the state of the normal component (Fig. 2).



The force states required to produce slip of the tangential
component are defined by a "slip circle" in the bearing plane (Fig. b).
The radius, Fs’ of the circle is equal to the normal component force
multiplied by the friction coefficient.

If the local x and y forces, FX and Fy, in the tangential com-
ponent are such that VQF;37~17?T§DZ is less than FS, the behavior

of the tangential component is elastic. The tangent stiffness of this

component is then given by

dF, Ke 0 dv_ |
= (5)
dF, 0 K| fdv,

This tangent stiffness assumes two springs, each with stiffness Kf,
along the local x and y axes in the bearing plane (Fig. 5a).
T Y2 1 b 12 -
If the forces F, and Fy are such that ./(FX) + (Py) is equal
to Fs’ the tangential component is assumed to be slipping along the
radial direction of the slip circlie (Fig. 5b). The tangent stiffness

of the component is then given by

dF 0 0 dv
r r
= (6)
dFt 0 Kf dvt

in which r and t are the radial and tangential directions, respectively,
at the point on the slip circle (Fig. 5b). This tangent stiffness
assumes a spring with stiffness Kf along the tangent to the slip circle.

The tangent stiffness in the local x and y axes is thus given by

dF sin®a -sinacosa dv
X X
f : 2
dF -s1hacose CoS“o dvy

H
-~

Y
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Kxx ny jvx
) K K d (7)
xy —yy Yy

in which cosa = FX/FS and sing = Fy/FS.

The tangent stiffness matrix of the complete element, Exyz’ is

obtained by combining Eqs. (4) and (5) or Egqs. (4) and (7}, giving

Kf 0 0 KXX ny 0
Keyz = 0 K. O or Kep = | Ky Kyy 0 (8)
0 0 K 0 0 K

The tangent stiffness matrix in global axes is then given by

- : -
Kyyz = L Exyz T if node M = 0 (9a)

or by

a1«

K
XyZ

Kyz = 1T [T -T]1 if node M # 0 (9b)

3.2 STATE DETERMINATION

Increments of element deformation are computed using Eq. {(la) or
(1b). The force increment in the normal component is then obtained by
following the force-deformation relationship shown in Fig. 2. The com-
putation of force increments for the tangential component is more complex
because during any load or time step the state of force can change in
many ways and because the slip c¢ircle may change in size.

As an example, consider Fig. 6. At the beginning of the step, let
the tangential force be at point A, within the slip circle, so that the
state is elastic. The radius of the slip circle is equal to the normal
force at the beginning of the step multiplied by the friction coeffi-

cient. Assuming linear behavior within the step, let the tangential
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force at the end of the step be at point B. This point is outside the
stip circle, which is incorrect. If the tangential deformations are
assumed to increase proportionately, and if the slip circle is assumed
not to change, point C on path AB can be found such that the tangential
force state 1ies on the slip circle. For the remainder of the deforma-
tion increment, slip occurs, with zero restraint along the radial
direction at any time. The tangential force increment for this remainder
of the deformation increment is computed using Eq. (7). In general,
the coefficients in Eq. {7) will not be constant throughout the step.
In the computer program, however, constant coefficients are assumed and
a force state at D is found. This point Ties outside the circle.
Further, in computing the forces at point D, it has been assumed that
the slip circle does not change during the step, which is not generally
correct. The slip circle corresponding to the normal force at the end
of the step might, for example, be as shown in Fig. 6. The forces at
point D must be corrected to correspond to the new slip circle. If the
force state at D is within the new slip circle, the forces are left
unchanged and the new state is set to be elastic. If the force state
is outside the new slip circle, the forces are scaled radially, as shown,
to give point E on the slip circle,and the new state is set to be slip-
ping.

If substantial deformations occur within a single load or time step,

this procedure may be inaccurate and may lead to large unbalanced loads.

3.3 ANGLE TOLERANCE FOR STIFFNESS REFORMULATION

If sTip continues to occur in the tangential component over several

load steps, the element stiffness will generally change continuously,
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because angle o (Fig. 7 and Eq. (7)) will generally change. If the
change in o is small, the change in stiffness can be ignored, and
computer costs for reforming the stiffness can be saved. 1In the
computer program, an option is provided for the user to specify a
tolerance for the angle a. If a nonzero tolerance is specified, the
element stiffness is reformed only when the change in state is such
that the angle between the current state and that at which the stiff-

ness was last reformed exceeds the tolerance.



4. RESULTS QUTPUT

The following response results are printed at the specified output
intervals in static and dynamic analyses for those gap-friction elements
for which the response results are requested.

(a) Element number.

{b) Node numbers N and M.

(c) VYield code for the normal component (Fig. 2).

(d) Normal component deformation.

(e) Normal component force.

(f) S1ip code for the tangential component. Zero indicates
that the component is elastic; one indicates that it is
slipping.

(g) Local x-axis and y-axis deformations of the tangential
component.

(h) Local x-axis and y-axis forces of the tangential component.

The results envelopes consist of the following:

(a) Element number.

{b) Node numbers N and M.

(c) Maximum positive and negative values of the normal
component deformation and force, and the times at which
these maxima occur.

(d} Maximum positive and negative values of the resultant
tangential component deformation and force, and the

times at which these maxima occur.



5. USER'S GUIDE

3D GAP-FRICTION ELEMENT (TYPE 7)

5.1 CONTROL INFORMATION - Two cards

1(a) First Card

Columns Note Name Data
5 (I) NGR Element group indicator. Punch 7.
6-10(1) (1) NELS Number of elements in group.
11-15(1) MFST Element number of first element in group.
Default = 1.
41-80(A) GRHED Optional group heading.

1(b) Second Card

Columns Note Name Data
1- 5(I) NMAT Number of different stiffness types.
Default = 1.
6-10(1) IFIX Fixity indicator.

(a) Zero or blank: NODM must be zero
{see Section 3.3).

(b) 1: NODM must not be zero,

5.2 STIFFNESS TYPES - NMAT cards

- Columns Note Name Data
1-10(F) (2) Gap Clearance {CL)
11-20(F) Stiffness Kl
21-30(F) Yield force YF1
31-40(F) Stiffness K2
41-50(F) Yield force YF2
51-60(F) Stiffness K3
61-70(F) Tangential stiffness (KF)
71-80(F) Coefficient of friction (u)
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5.3 ELEMENT DATA - NELS cards

Columns Note Name Data
1- 5(I) (3) MEL Element number.
6-10(1) (4) NODN Node number N.
11-15(1) NODI Node number I.
16-20(1) NODJ Node number J.
21-25(1) NODM Node number M. Leave blank if IFIX = 0.
26-30(1) MAT Stiffness type. Default = 1.
31-35(1) KTHO Response output code.

(a} Zero or blank: no output.
(b) 1: output required.

36-45(F) {5) TOLA Stiffness reformulation angle tolerance
{radians). Default = 0.

5.4 USER'S GUIDE NOTES

NOTE (1) The elements in the group are numbered sequentially,
starting with MFST (i.e. MFST, MFST+1, MFST+2,..., MFST+NELS-1).

NOTE (2) Each stiffness type requires six constants for the normal
component and two constants for the tangential components.
These constants are defined in Figs. 2 and 3. Stiffnesses
K1 and K2 must not be zero.

NOTE (3) Cards for all elements in the group must be provided, in
order of increasing element number. That is, an element
generation option is not included.

NOTE (4) Nodes N, I, and J define the bearing plane (Fig. 1). The
element is connected to the structure at node N, as shown.
If motions of the bearing plane are to be permitted, a

fourth node, M, must be specified (fixity indicator, IFIX = 1).
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Node M may then be part of a deformable structure. Nodes

N and M must have identical coordinates. If the bearing

plane is fixed in space (IFIX = 0), node M must be zero.
NOTE (5) Refer to Section 3.3 for a description of the stiffrness

reformulation angle tolerance.
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J.G. Bouwkamp - 1973 (PB 246 117)al2

"Barthquake Analysis of Structure-Foundation Systems,” by A.K. Vaish and A.K. Chopra - 1973 (AD 766 2721407
"Deconvolution of Seismic Response for Linear Systems," by R.B. Reimer - 1073 (PB 227 173)A08

"SAP IV: A Structural Analysis Program for Static and Dynamic Response of Linear Systems," by K.~J. Bathe,
E.L. Wilson and F.R. Pcterson - 1973 (PB 221 967)A09

e

Analytical Investigations of the Seismic Response of Long, Multiple Span Highway Bridges,” by W.S, Tseng
and J. Penzien - 1973 (PB 227 816)Al0

"Farthquake Analysis of Multi-Story Buildings Including Foundation Interaction," by A.K. Chopra and
J.A. Gutirrrez - 1973 (PB 222 970)AC3

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

"Cyclic Flastic Analysis of Structural Steel Joints,” by R.B. Pinkney and R.W. Clough - 1973 (PB 226 843)A08

"OUAD-4: A Computer Program for Evaluating the Seismic Response of Soll Structures by Variable Damping
Finite Element Procedures,” by I.M. Idriss, J. Lysmer, R. Hwang and E.B. Seed - 1973 (PB 229 424)JA05

"Dynamic wchavior of a Multi-Story Pyramid Shaped Building,”" by R.M. Stephen, J.P. Hollings and
J.G. Bouwkamp - 1973 (PB 240 718JA06

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

"Olive View Medical Center Materials Studies, Phase I," by B. Bresler and V.V. Bertero - 1973 (PB 235 286)A06

"Linear and Nonlinear Seismic Analysis Computer Programs for Long Multiple-Span Highway Bridges,” by
W.8. Tseng and J. Penzien - 1973

"Constitutive Models €for Cyclic Plastic Deformation of Engineering Materials,” by J.M. Kelly and P.P. Gillis
1973 (PB 226 024)AD3

"DRATN - 2D User's Guide,”™ by G.H. Powell -1973 (PB 227 016)A05
"Farthquake Engineering at Berkeley - 1273," (PB 226 033)All
Unassigned

"carthquake Response of Axisymmetric Tower Structures Surrounded by Watexr,“ by C.¥Y. Liaw and h.X. Chopra
1873 (AD 773 052)A09

“"Investication of the Failures of the Olive View Stairtowers During the San Fernando Earthquake and Their
Implications on Seismic Design,” by V.V. Bertero and R.G. Collins - 1273 (PB 235 106)al3

"Purther Studies on Seismic Behavior of Steel Beam-Column Subassemblages," by V.V. Berterc, H. Krawinkler
and E.P. Popov -1973 (PB 234 172)A06
"Seismic Risk Analysis," by C.8. Oliveira ~ 1974 (PB 235 920)A06

“Settlement and Liguefaction of Sands Under Multi-Directional Shaking," by R. Pyke, C.K. Chan and H.B. Seed
1974

“optimum Design of Farthguake Resistant Shear Buildings," by D. Ray, K.5, Pister and A.K. Chopra -1974
(PB 231 172)A06

"LUSH - A Computer Program for Complex Response Analysis of Scil-Structure Systems,” by J. Lysmer, T, Udaka,
H.B. Seed and R, Hwang - 1974 (PB 236 796)A05
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"Sensitivity Analysis for Hysteretic Dynamic Systems: Applications to Earthquake Engineering," by D. Ray
1974 (PB 233 213)a06

"So0il Structure Interaction Analyses for Evaluating Seismic Response,"
1974 (PB 236 519)A04

by H.B. Seed, J. Lysmer and R. Hwang

Unassigned
"Shaking Table Tegts of a Steel Frame - A Progress Report," by R.W. Clough and D. Tang' - 1974 (PB 240 869}a03

"Hysteretic Behavior of Reinforced Concrete Flexural Members with Special Web Reinforcement," by
V.V. Bertero, E.P. Popov and T.Y. Wang - 1974 (PB 236 737)A07

"Applications of Reliability-Based, Global Cost Optimization to Design of Earthaquake Resistant Structures,"
by E. Vitiello and K.S. Pister - 1974 (PR 237 23])A06

"Liquefaction of Gravelly Soils Under Cyclic Loading Conditions,” by R.T. Wong, H.B. Seed and C.K. Chan
1874 (PB 242 042)A03

"Site-Depcndent Spectra for Farthquake-Resistant Design,” by H.B. Seed, C. Ugas and J. Lysmer - 1874
(PB 240 953)A03

"Earthguake Simulator Study of a Reinforced Concrete Frame," by P. Hidalgo and R.W. Clough - 1974
(PB 241 944)Al3

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

"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,Veol.I: Description,
Theory 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.IT: Numerical
Studies and Establishment of Scismic Design Criteria," by F. Baron and 5.-H. Pang - 1975 (PB 259 408)All
(For set of EERC 75-1 and 75-2 (PB 259 406})

"Seismic Risk Analysis for a Site and a Metrcpolitan Area," by C.S5. Oliveira - 1975 (PB 248 134)A0%9

"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 Scme 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 Bernardino Intake Tower," by D. Rea, C.-Y. Liaw and A.K. Chopra - 1975 (AD/A008 406)
AGS

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Veol. I: Description,
Theory and Analytical Modeling of Bridge Components," by F. Baron and R.E, 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 - 1375 (PB 251 540)Al10

"Statie and Dynamic Analysis of Nonlinear Structures,” by D.P. Mondkar and G.H. Powell - 1975 (FB 242 434}a08
"Hysteretic Behavior of Steel Columns," by F.P. Popov, V.V. Bertero and S. Chandramouli ~ 1975 (PB 252 365)Aal1
"Earthquake Engineering Research Center Library Printed Catalog,” - 1975 (PB 243 711)a26

"Three Dimensional Analysis of Building Systems (Extended Version)," by E.L. Wilson, J.P. Hollings and
H.H. Dovey = 1975 (PB 243 9893)A07

"Determination of Scil Liguefaction 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)Al0

"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 Earthguakes," by H.B. Seed, R. Murarka, J. Lysmer and I.M. Idriss -1975 (PB 248 172)}A03

"The Effects of Method of Sample Preparation on the Cyeclic Stress-Strain Behavior of Sands," by J. Mulilis,
C.XK. Chan and H.B. Seed - 1975 (Summarized in EERC 75~2R)
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"The Seismie Behavior of Critical Regions of Reinforced Concrete Components as Influenced by Moment, Shear
and Axial Foree,” by M.B. Atalay and J. Penzien - 1975 (PB 258 842}All

“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

"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)AQ7

“Frequency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundations," by A.K. Chopra,
P. Chakrabarti and G. Dasgqupta - 1975 (PB 248 121)AQ7

"Hysteretic Behavicr of Reinforced Concrete Framed Walls,® by T.Y. Wong, V.V. Bertero and E.P. Popov - 1975
"Testing Facility for Subassemblages of Frame-Wall Structural Systems," by V.V. Bertero, E.P. Pepov and
T. Endo - 1975 .

"Influence of Seismic History on the Liguefaction Characteristics of Sands,” by H.B. Seed, K. Mori and
C.K. Chan - 1375 {(Sumarized in EERC 75-28)

"The Generation and Dissipation of Pore Water Pressures during Soil Liquefaction," by H.B. Seed, P.P. Martin
and J. Lysmexr - 1975 {PB 252 64B}A03

"Identification of Research Needs for Improving Aseismic Design of Building Structures," by V.V. Bertero
1975 (PB 248 136)A05

"Evaluation of Soil Liguefaction Potential during Earthquakes," by H.B. Seed, I. Arango and C.K. Chan - 1975
(NUREG 0026)ALl3

"Representation of Irregular Stress Time Histories by Equivalent Uniform Stress Series in Liquefaction
Analyses,” by H.B. Seed, T.M. Idriss, F. Makdisi and N. Banerjee - 197% (PB 252 635}A03

"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 - 1275 (PB 259 332)A07

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

"TRIP and TRAVEL - Computer Programs for Solil-Structure Interaction Analvsis with Herizontally Travelling
Waves," by T. Udaka, J. Twsmer and H.B. Seed -1975

"predicting the Performance of Structures in Regions of High Seismicity," by J. Penzien - 1975 (PB 248 13C)A03

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

“The Dynamic Behavior of a First Story Gixder of a Three-Story Steel Frame Subjected to Earthquake Loading,"
by R.W. Clough and TL.-Y. Li =~ 1975 (PB 248 841)a05

"Earthquake Simulator Study of a Steel Frame Structure, Volume II -Analytical Results,” by D.T. Tang - 1975
(PB 252 926}AL0

"ANSR-T General Purpose Computer Program for Analysis of Non-Linear Structural Response,” by D.P. Mondkar
and G.H. Powell - 1975 (PB 252 3B6}A08

"Nonlinear Response Spectra for Probabilistic Seismic Design and Damage Assessment of Reinforced Concrete
structures,” by M. Murakami and J. Penzien - 1975 (PB 259 53C)A05

"study of a Method of Feasible Directions for Optimal Elastic Design of Prame Structures Subjected to Earth-
quake Loading," by N.D. Walker and K.S. Pister - 1975 (PB 257 7B1)A06

"An Alternative Reprcsentation of the Elastic-Viscoelastic Analogy," by G. Dasgupta and J.L. Sackman - 1975
(PB 252 173)A03 ‘

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

T. Okada and B. Bresler - 1976 (PB 257 906)All

“Experimental and Analytical Studies on the Hysteretic Behavior of Reinforced Concyete Rectangular and
T-Beams,” by S.-Y.M. Ma, E.P. Popov and V.V. Bertero - 1976 (PB 260 843)Al2

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

“Earthguake Induced Deformations of EBarth Dams,"” by N. Serff, H.B. Seed, F.i. Makdisi & C.-Y¥. Chang - 1976
{PR 292 065)A08
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76-17
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76=21

76-22

76-23

76-24

76-25

76-26
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76-29

76-3C

76-31

76-32

"Analysis and Design of Tube-Type Tall Buiiding Structures,” by H. de Clercq and G.H. Powell - 1276 {PB 252 220)

Al0

"Time and Frequency Domain Analysis of Three-Dimensional Ground Motions, San Fernando Farthquake," by T. Kubo

and J. Penzien (PB 260 556)All

"Expected Performance of Uniform Building Code Design Masonry Structures,” by R.L. Maves, ¥, Omote, S.W. Chen
and R.W. Clough - 1976 (PB 270 098)A05

“Cyclic Shear Tests of Masonry Piers, Volume 1 - Test Results,™ by R.L. Mayes, Y. Omote, R.W.

Clough - 1976 (PB 264 424)}A06

"A Substructure Method for Earthguake Analysis of Structure - Scil Interaction,” by J.A. Gutierrez and

A.K. Chopra - 1976 {PB 257 783)A08

"Stabilization of Potentially Liquefiable Sand Deposits using Gravel Drain Systems," by H.B. Seed and

J.R. Booker - 1976 (PB 258 820)A04

"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)a0¢

"Sensitivity Analysis for Hysteretic Dynamic Systems:

B. Polak - 1976 (PB 262 853)R04

Theory and Applications,” by D. Ray, K.S. Pister and

"Coupled Lateral Torsional Responsc of Buildings to Ground Shaking,”" by C.L. Kan and A.K. Chopra -

197¢ (PB 257 907}A09

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

"Reinforced Concrete Frame 2: Seismic Testing and Analytical Correlation," by R.W. Clough and

J. Gidwani - 1976 (PR 261 323)A08

"Cyclic Shear Tests of Masonry Pilers, Volume 2 - Analysis of Test Results," by R.L. Mayes, Y. Cmote

and R.W. Clough - 197¢

"Structural Steel Bracing Systems:
C.W. Roeder - 1976 (pPB 260 715)}A05

Behaviocr Under Cyclic Leading,"™ by E.P. Popov, K. Takanashi and

"Experimental Mcdel Studies on Seismic Response of High Curved Overcrossings," by D. Williams and

W.G. Godden - 1976 (PB 269 548)A08

“"Effects of Non-Uniform Seismic Disturbances on the Dumbarton Bridge Replacement Structure," by
F. Baron and R.E. Hamati - 1976 (PR 282 081}Alé

"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

"Capacity of Columns with Splice Imperfections,” by E.P. Popov, R.M. Stephen and R. Philbrick - 1976

(PB 260 378)R04

"Response of the Olive View Hospital Main Building during the San Fernando Earthqguake,” by §. A. Mahin,
V.V. Bertero, A.K. Chopra and R. Collins - 1976 (PR 271 425)al4

"n Study on the Majoy Factors Influencing the Strength of Masonry Prisms," by ¥W.M. Mostaghel,
R.1L,, Mayves, R. W. Clpugh and S.W. Chen - 1976 {Not published)

“GADFLEA - A Computer Program for the Analysis of Pore Pressure Generation and Dissipation during
Cyclic or Carthquake Loading," by J.R. Booker, M.3. Rahman and H.B. Seed -~ 1976 (PB 263 947)A04

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

"Correlative Investigations on Theorctical and Experimental Dynamic Behavier of a Model Bridge
Structure," by K. Kawashima and J. Penzien - 197¢ (PB 263 388)All

"Earthaquake Response of Coupled Shear Wall Buildings,"” by T. Srichatrapimak - 1976 (PB 265 157]A07

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

"Analysis and Design of Numerical Integration Methods in Structural Dynamics,” by H.M. Hilber - 1976

(PB 264 410)R06

"Contribution of a Floor System to the Dynamic Characteristics of Reinforced Conerete Buildings," by
L.E. Malik and V.V. Bertero - 127 (PB 272 247)al2

"The Effects of Seismic Disturbances on the Golden Cate Bridge,"

1976 (PB 272 279)A09

by F. Baron, M. Arikan and R.E. Hamati -

"Infilled Frames in Barthquake Resistant Constzuction," by R.E. Klingner and V.v. Bertero - 1976

{PB 265 892)Al3
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UCB/EERC-77/10
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UCB/EERC-77/12

UCB/EERC-77/13

UCB/EERC-77/14

UCB/EERC-77/15

UCB/EERC-77/16

UCB/EERC~77/17

UCB/EERC-77/18

UCB/EERC-77/19

UCB/EERC-77/20

UCB/EERC=-77/21

UCB/EERC-77/22

UCB/EERC-77/23

UCB/EERC-77/24

UCB/EERC-77/25

UCB/EERC-77/26

UCB/EERC-77/27

UCR/BERC-T77/28

UCB/EERC-77/29

UCB/EERC=-77/30

"PLUSH =~ A Computer Program for Probabilistic Finite Element Analysis of Seismic Soil-Structure Inter-
action,” by M.P. Romc Organista, J. Lvsmer and H.B., Seed - 1977

"S8oil-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 (PB 265 795)Aa04

"Influence of Sample bisturbance on Sand Response to Cyclic Loading,” by K. Mori, H.B, Seed and C.K.
Chan = 1977 (PB 267 352)A0N4

"Seismological Studies of Strong Motion Records," by J. Shoja-Taheri - 1977 (PB 269 655)A10

"Testing Facility for Coupled-Shear Walls,” by L. Li-Hyung, V.V. Rertero and E.P. Popov ~ 1977

"Developing Methodologies for Evaluating the Barthquake safety of Existing Buildings," by 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 - 1377 (PB 267 354}A08

“A Literature Survey - Transverse Strength of Masonry Walls," by Y. Omote, R.L. Mayes, S.W. Chen and
R.W. Clough - 1977 (PB 277 933)R07

"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 S67)ADS

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

"Earthguake Engineering Research at Berkeley - 1976," - 1977 (PB 273 507)A09

"auromated Design of Earthquake Resistant Multistory Steel Building Frames," by N.D. Walker, Jr. - 1977
(pB 276 526)R09

"Concrete Confined by Rectangular Hoops Subjected to Axial Leads,” by J. Vallenas, V.V. Bertero and
E.P. Popov = 1977 {PB 275 165)A06

"Seismic Strain Induced in the Ground During Earthquakes," by Y. Sugimura - 1277 (PB 284 201)A04

"Bond Deterioration under Generalized Loading," by V.V. Bertero, E.P. Popov and S. Viwathanétepa - 1977

"Computer Aided Optimum pesign of Ductile Reinforced Concrete Moment Resisting Frames," by S.w.
Zagajeski and V.v, Bertero - 1977 (PR 280 137)R07

"Earthquake Simulation Testing of a Stepping Frame with Energy-Abscorbing Devices,” by J.M. Kelly ang
D.F. Tsztoo - 1977 (PB 273 506)Aa04

"Inelastic Behavior of Eccentrically Braced Steel Frames under Cyc¢lic Loadings," by C.W. Roeder and
E.P. Popov - 1977 {PB 275 S526)Al5

"a simplified Progedure for Estimating Earthquake-Induced Deformations in Dams and Embankments,” by F.I.
Makdisi and H.B. Seed - 1977 (PB 27¢ 820)A04%

"The Performance of Earth Dams during Earthquakes," by H.B. $eed, r.1, Makdisi and p. de Alba - 1977
(PB 276 821)AD4

"Dynamic Plastic Analysis Using Stress Resultant Finite Blement Formulation," by P. Lukkunapvasit and
J.M. Kelly - 1977 (PB 275 453)a04

"preliminary Experimental Study of Seismic Uplift of a Steel Prame," by R.W. Clough and A.A. Huckelbridge
1977 (PB 278 763)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 Seil-Structure Interaction of Skew Highway Bridges," by M.-C. Chen and J. Penzien - 1977

(PB 276 176)A07

“seismic analysis of an Offshore Structure Supported on Pile Foundations," by D.D.-N. Liou and J. Penzien
1977 (PB 282 180)a06

"pynamic Stiffress Matrices for Homogeneous Viscoelastic Half-Planes," by G. DPasqupta and A K. Chopra -
1977 (PB 279 ©654)A06

"a Practical Soft Story Earthquake Isolation System," by J.M. Kelly, J.M. Eidinger and C.J. Derham =

1977 (PB 276 814)A07

"Seismic Safety of Existing Buildings and Incentives for Hazard Mitigation in San Francisco: B2An

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

"pynami.c Analysis of Electrohydraulic Shaking Tables," by D. Rea, S. Abedi-Hayati and Y. Takahashi
1977 {FB 282 569)A04

"An Approach for Improving Seismic - Resistant Behavior of Reinforced Concrete Interior Joints,” by
B. Galunic, V.V. Bertero and E.F. Popov - 1277 (PB 290 870)AD6
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UCB/EERC-78/11

UCB/EERC-78/12

UCR/EERC-78/13

UCB/EERC-78/14

UCB/EERC=78/15

UCB/EERC-78/16

UCB/EERC-78/17

UCB/EERC-78/18

UCB/EERC~78/19

UCB/EERC-78/20

UCB/EERC-78/21

UCB/EERC-78/22

UCB/EERC-78/23

UCB/EERC-78/24

CB/EERC-78/25

UCB/EERC-78/26

UCB/EERC—-78/27

UCB/EERC-78/28

UCB/EERC-78/29

“"The Development of Energy-Absorbing Devices for Aseismic Base Isoclation Systems,” by J.M. Kelly and
ND.F. Tsztoo - 1978 (PB 284 978)A04

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