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ABSTRACT

This report describes a U-bar piping restraint element for the
ANSR-II program. The element is intended for use primarily in analyses
of pipe whip but can be used toc model any uniaxial restraining device
which provides inelastic restraint to structural motion in one direction
(tension) while allowing unrestrained motjon in the other direction
(compression).

The report contains a description of the element behavior, the

theoretical formulation, and a computer program user's guide.
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1. INTRODUCTION

This report describes an ANSR-II element [1] for modelling U-bar

pipe whip restraints of General Electric type (Fig. 1). The element

has the following features:

1.

Idealization as an inelastic bar, arbitrarily oriented
in space. Resistance along restraint axis only (Fig. 1).
Multi-1inear force-extension relationship in tension
(up to 6 Tinear segments), with initial gap. Inelastic
unloading. Zero stiffness in compression.

Option for large displacement analysis, to allow for
change in direction of restraint axis.

Anchorage to either a fixed point or to a node at some
other point on the structure.

Option for pipe displacements perpendicular to U-bar
plane to be ignored, to allow unrestrained axial move-

ment of pipe.

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



2. ELEMENT PROPERTIES

2.1 GENERAL CHARACTERISTICS

A restraining device in the form of a U-bar has been.proposed for
use as a pipe whip restraint by the General Electric Company. The
device is illustrated diagrammatically in Fig. 1.

For analysis, the restraint is idealized as an inelastic bar, as
shown in Fig. 2. The bar possesses only axial stiffness and exerts a
restraining force only along the axis of the restraint. This is a
simplified idealization which ignores such effects as bending of the
U-bar and friction between the U-bar and the pipe. The idealization
may be inaccurate if the pipe displacement is not parallel to the
initial U-bar axis.

A restraint e]ement may be arbitrarily oriented in space. The
orientation is defined by specifying two nodes at the element ends
{Fig. 2). Node I is a node of the piping system. Node J will typically
be a fixed anchor point (i.e. a node with specified zero displacements).
However, node J may be a structural node if desired. If node J is fixed
("single node" option), the element extension depends on the displacements
of node I only. If node J is not fixed, the element extension depénds on
the relative displacements between I and J, and restraint forces are
exerted at both nodes. Two or more elements may be connected to a single
pipe node if desired. |

The relationship between axial force and axial extension is assumed
to be multi-linear, with up to six Tinear segments (Fig. 3}. The stiff-
ness may increase or decrease with increasing extension. The stiffness

in any segment may be negative, but must always be nonzerc. The unloading
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stiffness is always assumed to be the largest of the loading stiffnesses,
In practice, U-bar restraint elements may be quite short in length,

so that displacements of the pipe which are not parallel to fhe initial

restraint axis may produce substantial rotations of the element axis.

That is, for structural analysis purposes fhe displacements may be large,

and the inf]uence of change 1in geometry must be taken into account. The

user may specify that only small displacements (rotations) of the restraint

be assumed or that large displacements be taken into account.

2.2 NORMAL DISPLACEMENT GPTION

Figure 4 shows a typical restraint in which the axis of the pipe is
normal to the plane of the U-bar. In some cases, there may be significant
pipe displacements along the pipe axis as well as in the U-bar plane.

When the Targe displacement option is used, the element extension
is the difference between the current and initial element lengths. All
displacements of the restrained node, including the component along the
pipe axis, thus contribute to the calculated extension. If the U-bar is
placed between collars on the pipe, then the bar will rotate as the pipe
moves axially, and the calculated extension will be correct. However, if
there are no collars present, the U-bar will not be affected by axial
movements of the pipe. In particular, closure of the initial gap will
be governed only by pipe movements in the U-bar plane.

To allow for this effect, an option is provided to allow node
displacements normal to the U-bar plane (i.e. typically axial movements
of the pipe) to be ignored, up to the time the initial gap closes.

Figure 4 shows a length of pipe and a U-bar restraint. The restraint

'e1ement is defined by nodes I and J, as before. In addition, a third node,



K, may be specified, such that the IJK plane is normal to the U-bar
plane. Typically, the U-bar will be at right angles to the pipe, and
node K will be a node on the pipe. The angle JIK will then be a right
angle, and the direction of free movement will be along IK. More gen-
erally, K may be any point in the plane normal to the U-bar plane, as
shown, in which case the free movement is along line IK', where K' is
in the IJK plane and angle JIK' is a right angle. Point K' is deter-
mined automatically by the program.

If node K is specified to be nonzerc in the input data, pipe
displacements along IK' are ignored in computing the new axial length
of the element. This is done until the new axial Tength exceeds the
original length plus the clearance. The U-bar then functions to restrain
the pipe. After this time, all pipe displacements are used to calculate
the axial length of the element (that is, the bar is assumed not to

slip along the pipe), until such time as the gap reopens.

2.3 STRAIN RATE DEPENDENCE

Viscous damping may be specified for the element, if desired, to
introduce a simple form of strain rate dependence. If nonzero values
are specified for factors 80 and/or BT, a viscous damper is introduced
in parallel with the element. When the element gap is closed, the

damping coefficient, C, is given by
C o= Boky * Brky

where K1 = stiffness of first segment, as shown in Fig. 3, and KT = stiff-

ness of current segment (K KZ’ etc., depending on restraint extension).

1‘)
The effect is to increase both the stiffness and strength of the element



by amounts which depend on the rate of extension of the element. When
the restraint is not active (i.e. before the gap closes), the value of
C is set to zero.

Appropriate values of Bo and BT must be selected using experiment

and experience.

2.4 STIFFNESS REFORMULATION TOLERANCE

With the ANSR-II strategy for nonlinear analysis, the structure
stiffness matrix is modified only when changes occur in one or more
elements. If the behavior of the structure is piecewise linear, as is
often the case for small displacement anaiyses, the structure stiffness
is modified only at each yield event. For large displacement analyses,
the element stiffnesses change continuously, and hence the structure
stiffness may be modified in every time step. In many cases, however,
the stiffness change from one step to the next may be small, and it may
be reasonable to retain the same stiffness for several steps. To allow
this, the user may specify a stiffness reformulation tolerance to control
the frequency of stiffness reformulation.

For the U-bar element, stiffness changes occur when the tangent
stiffness changes and as the orientation of the element changes (large
displacements option). The reformulation tolerance applies to the change
of orientation. If the change of orientation is small, the stiffness
change will be small and a modification of the structure stiffness will
not be necessary. The reformulation tolerance is an angle. Each time
the element stiffness is changed, the direction of the element is saved.
If the angle between the current direction and the previous direction is
less than the tolerance angle, the stiffness is not changed. An angle

of about 0.1 radians is suggested.
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3. THEORY AND COMPUTATIONAL PROCEDURE

3.1 ELEMENT STIFFNESS

The matrix of direction cosines of the line from nodé J to node I

(Fig. 2) is

T = <d, dy d, > (1)

where dx’ dy, dZ = direction cosines with respect to the global X, Y,
Z axes. For the large displacements option, the direction cosines are
continually updated. For the small displacements option, they remain
constant.

For any given state of the element, the current extensional stiff-
ness, K, is determined (equal to zero for an open gap; one of the values
K1 through K6 when the gap is closed). Hence, the element sitffness

matrix, K, for the "single node" case {node J fixed) is

U}

A (2)

K

For the "two node" case (node J not fixed), the stiffness matrix, K',

is

3.2 EFFECTIVE DYNAMIC STIFFNESS

If nonzero values are specified for Bo and/or BT, the effective
stiffness for dynamic analysis is determined following the standard

ANSR-I1 procedure [1], except for the following modification. If the
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gap is closed, then the g K  stiffness is determined using K, (Fig. 3).
However, if the gap is open, the value BOKO is assumed to be zero. This
is because it would clearly be incorrect to assume that damping is
present in an inactive restraint. The element resisting forces due to

damping are calculated using the same assumption.

3.3 GEOMETRIC STIFFNESS

For large displacement analysis, a geometric stiffness is included.
If node J is fixed, the geometric stiffness matrix in terms of global

translations of node I is

11
|es
o
fam—y
[am]
Pt
o~
g

L)

where NC is the current axial force and 2. is the current length of the
element,
If node J is not fixed, the geometric stiffness matrix in terms of

global translations at I and J is

L
1 — 5
EG -K K )
% g

The matrix_EG is not strictly correct for an “"engineering" large
displacement formulation. However, it is sufficiently accurate, and it
is convenient to use because it is invariant with respect to element

orientation.

3.4 STIFFNESS REFORMULATION

The stiffness reformulation code is set if (a) the extensional
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stiffness, K, changes or (b} the angle between the current restraint
axis and the axis when the stiffness was last reformed exceeds the user-
specified tolerance (the latter for the large displacement option only).
The tolerance is exceeded if the dot product of the direction cosine

vectors is less than the cosine of the tolerance angle.

3.5 DISPLACEMENTS NORMAL TG U-BAR PLANE

If node K is specified and the gap is open, the components of nodal
displacement parallel to the IK' direction (Fig. 4) are ignored for cal-
culating element deformations and direction cosines.

Let Iﬂ be the direction cosine matrix of IK'. This matrix is cal-
culated for the initial configuration and is assumed to remain constant
during the analysis. For the "single node" option, let the vector of
increments in nodal translations at I be Ar;.  Then the components of

displacement increment parallel to IK' are given by

R B
SETERN R

Hence, a modified displacement increment is calculated as
i —
ary = Arp - Argy

This modified increment is used to calculate the element extension and
to update the element orientation.
For the "two node" option, the procedure is applied to the displace-

ments of both node I and node J.



4, USER'S GUIDE

U-BAR RESTRAINT ELEMENT (TYPE 11)

1. CONTROL INFORMATION - Two cards

1(a) First Card

Columns Note Name Data
4- 5(I) NGR Element group indicator. Punch 11.
6-10(1) NELS Number of elements in group.
11-15(1) MFST Element number of first element in group.
Default = 1.
16-25(F) (1) DKO Initial stiffness damping factor, Bo'
26-35(F) DKT Tangent stiffness damping factor, Br-
41-80(A) Optional group heading.

1(b) Second Card

Columns Note Name Data
1- 5(1) NMST Number of different property types.
10(1) JFIX Connection code.

(a) Zero or blank: single node option.
NODJ assumed fixed.

(b) 1: two node option. NODJ assumed
not fixed.

2.  PROPERTY TYPES - Three cards per type

2(a) First Card: Cohtro] Information

Columns Note Name Data
1- 5(1) N Type number, in sequence beginning with 1.
6-10(1) NSEGG Number of segments in force-extension
relationship. Max. 6; Min. 2.
11-20(F) DBB Initial clearance.
21-30(F) (2) TOLL Stiffness reformulation tolerance (radians).

Suggested value = 0.1,

-9 .



2(b) Second Card: Stiffnesses
Columns Note Name Data
1-60(F) SPSTT Up to 6 fields, each 10 columns. Specify

NSEGG stiffnesses (Kl’ KZ’ etc.-Fig. 3).

2{c) Third Card: Strengths
Columns Note Name Data
1-50(F) FFF

3.  ELEMENT DATA - NELS cards

Columns Note Name
1- 5(I) MEL
6-10(1) NODI

11-15(1) NODJ

16-20(1) IMBT

25(1) KGEOM
30(1) KoUuT
31-35(1) (3) NODK

Up to 5 fields, each 10 columns. Specify
NSEGG-1 strengths (Fl’ F2, etc.-Fig. 3).

Data

Element number,

Node number I (Fig. 2).
Node number J.

Property type number.

Large displacement code.
(a) Zero or blank: small displacements.
(b) 1: large displacements

Time history code.
(a) Zero or blank: no output.
(b) 1: output reguired.

Node number K. Optiocnal, to define normal
direction.

- 10 -
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FIG. 2 IDEALIZATION FOR ANALYSIS
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NODE K'(TYP SAME AS
POINT K )

POINT K

IJK' DEFINES NORMAL PLANE
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FIG. 4 NORMAL DISPLACEMENT OPTION
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1973 (PB 248 3153}A09

"Experimental Investigation into the Seismic Behavior of Critical Redions of Reinforced Concrete Components
as Influenced by Moment and Shear,"” by M. Celebi and J. Penzien - 1873 (PB 215 884)A09

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

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

"A Computer Program for Earthquake Analysis of Gravity bams Including Reservoir Interaction," by
P, Chakrabarti and A.K. Chopra — 1373 (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)Al12

"Earthguake Analysis of Structure-Foundation Systems," by A.K. vaish and A.X. Chopra - 1973 (AD 766 272)}A07
"Deconvolution of Seismic Response for Linear Systems," by R.B. Reimer - 1973 (PR 227 179)A0S8

“"SAP IV: A Structural Analysis Program for Static and Dynamic Responge of Linear Systems,” by K.-~J. Bathe,
E.L. Wilsen and F.E. Peterson — 1973 ({PB 221 967)A09

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

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

"ADRP: 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

"Cyelie Plastic Analysis of Structural Stecl Joints," by R.B. Pinkney and R.W. Clough - 1973 (PB 226 843)208

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

"Dynamic wchavior 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 pDifferent Types of Reinforcing on Seismic Behavior of sShort Concrete Columns," by V.V. Bertero,
J. Hollings, O. Kustl, R.M, Stephen and J.G, Bouwkamp - 1973

"Olive View Medical Center Materials Studies, Phase I,” by B. Bresler and V.V. Berterc - 1973 (PB 235 986)a06

"Linear and Nonlinear Seismic Analysis Computer Programs for Long Multiple-Span Highway Bridges,” by
W.S. 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)A03

"DRAIN - 2D User's Guide," by G.I. Powell - 1973 (PB 227 0l6)A05
"Farthquake Enginecring at Berkeley - 1973,% (PB 226 033}All
Unassigned

"Earthguake Response of Axisymmetric Tower Structures Surrounded by Water,” by C.Y. Liaw and A.X. Chopra
1973 (D 773 0H2)A0G

"Investigation of the Failures of the Ulive View Stairtowers During the San Fernando Barthquake 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-Column Subassemblages," by V.V, Bertero, H. Krawirkler
and E.P. Popov =~1973 (PB 234 172)A06
"Seismic Rigk Analysisg,"” by C.5. Oliveira - 1974 (PR 235 920)A06

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

“optimum Design of Earthquake Resistant Shear Buildings," by D. Ray, K.S., Fister 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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74-6

74-7

74-8

74-9

T4-10

74-11

14-12

74-13

74-14

74-15

75-1

75-2

75-3

75-4

75-5

75-6

75-7

75-8

75=-9

75-10Q

75-11

75-12

75-13

75=14

75-15

75~16

75-17

75-18

"Sensitivity Analysis for Hysteretic Dynamic Systems: Applications to Earthgquake Engineering,” by D. Ray
1974 {PB 233 213}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 240 869)A02

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

“Applications of Reliability-Based, Global Cost Optimization to Design of Earthguake Resistant Structures,"
by E. Vitielleo and K.S. Pister - 1974 (PB 237 231)A06

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

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

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

"Nonlinear Earthquake 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,Vol.I: Description,
Theory and Analytical Medeling of Bridge and Parameters," by F. Baron and S.-H. Pang - 1975 {PB 259 407)Al5
"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure, Vol. Il: Numerical
Studies and Establishment of Seismic Désign Criteria,” by F. Baron and S5.-H. Pang - 1975 (PB 259 408)all
(For set of EERC 75-1 and 75-2 (PB 259 406))

"Seigmic Risk Analysis for a Site and a Metropolitan Area,” by C.S. Oliveira - 1975 (PB 248 134)A09

"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

"An Evaluation of Some Methods for Predicting Seismic Behavior of Reinforced Concrete Buildings," by S.a,
Mahin and V.V. Berterpo - 1975 (PB 246 30A)Alé

"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/AQ08 406)
ACS

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

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vel. 2: Numeriecal
Studies of Steel and Concrete Girder Alternates," by F. Baron and R.E. Hamati - 1975 (PR 251 540)Al0

"Static and Dynamic Analysis of Nonlinear Structures," by D.P. Mondkar and G.H. Powell ~ 1975 (PB 242 434)A08
"Hysteretic Behavior of Steel Columns," by E.P. Popov, V.V, Bertero and S. Chandramouli - 19785 (PB 252 365)Al11
"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.F. Hollings and
H.H. Dovey - 1975 (PB 243 989}AD7

"Determination of S¢il 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. Maves 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 -~ 1875 {PB 246 3BB8}A0S5

"Relationships Between Maximum Acceleration, Maximum Veloecity, Distance from Source, local 8ite Conditions
for Moderately Strong Earthquakes,” 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 Cyclic Stress-Strain Behavior of Sands," by J. Mulilis,
C.K, Chan and H.B. Seed - 1275 (Summarized in EERC 75-28}
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75-39

75-41

76-1

76-2

7e-3

76-4

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

“Dynamic Properties of an Eleven Story Masonry Building," by R.M. Stephen, J.P. Hollings, J.G. Bouwkamp and
D. Jurukovski ~ 1975 (PB 246 Q45)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)A07 .

“Frequency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundations," by A.K. Chopra,
P. Chakrabarti and G. Dasgupta - 1275 (PB 248 121)A07

"Hysteretic Behavior 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. Popov and
T. Endc -~ 1975

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

"The Generation and NDissipation of Pore Water Pressures during Soil Liquefaction,® by H.B. Seed, P.P. Martin
and J. Lysmer - 1975 (PB 252 648)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}Al3

"Representation of Irregular Stress Time Histories by Equivalent Uniform Stress Series in Liquefaction
Analyses,” by H.B. Sced, I.M. Idriss, ¥. Makdisi and N. Banerjee - 1975 (PB 252 635)A03

"PLUSH - 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

"ALUSH - A Computer Program for Seismic Response Analysis of Axisymmetric Soil-Structure Systems," by
E. Berger, J. Lysmer and H.B. Sced - 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)A(3

"Efficient Finite Element Analysis of Seismic Structure - 8oil - Directicn," by J. Lysmer, H.B. Seed, T. Udaka,
R.N. Hwang and C.~F. Tsai - 1975 (PB 253 570)}A03

“The Dynamic Behavicr of a First Stery Cirder of a Three-Story Steel Frame Subjected to Earthquake Loading,”
by R.W. Cleugh and L.-Y. Li~ 1975 (PB 248 B841)A05

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

"BANSR-I General Purpose Computer Program for Analysis of Non-Tinear Structural Response,” by D.P. Mondkar
and G.H. Powell = 1975 (PR 252 3Be)AQ8 )

"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

"study of a Method of reasible Directions for Optimal Elastic Design of Frame Structures Subjected to Barth-
quake Loading,"” by N.D. Walker and K.S. Pister - 1375 (PB 257 781)A06

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

"Effect of Multi-Directional Shaking on Liquefaction of Sands,” by H.B. Seed, R. Pyks and G.R. Martin - 1978
{PB 258 781)A03
"Strength and Ductility Evaluation of Existing Low-Rise Reinforced Concrete Buildings ~Screening Method," by

T. Okada and B. Bresler - 13976 (PB 257 906)ALl

"FExperimental and Analytical Studies on the Hysteretic Behavior of Reinforced Concrete Rectangular and
T=Becams,"”" by S.-Y.M. Ma, E.P. Popov and V.V. Bertero -1976 (PR 260 843)AlZ2

"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. Makdisi & C.-Y. Chang - 1876
{PB 2982 065)A08
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EERC 76-5 "Analysis and Design of Tube~Type Tall RBuilding Structures," by H. de Clercq 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, 5.W. Chen
and R.W. Clough - 1976 (PB 270 098)A05

FERC 76-B "Cyclic Shear Tests of Masonry Plers, Volume 1 - Test Results," by R.T.. Mayes, Y. Omote, R.W.
Clough -~ 1976 (PB 264 424)A06

EERC 76-9 "A Substructure Method for Earthguake Analysis of Structure - Soil Interaction,” by J.A. Gutierrez and
A.X. Chopra - 1976 (PB 257 783)A0D8

EERC 76-10 "Stabilization of Potentially Liquefiable Sand Deposits using Gravel Drain Systems," by H.B. Seed and
J.R. Booker - 1976 (PB 258 820)A04

ECRC 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)a06

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)A04

EERC 76-13 '"Coupled Lateral Torsicnal Response of Buildings to Ground Shaking," by C.L. Kan and A.K. Chopra -
1976 (PB 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 261 323)A08

EERC 76-16 "Cyclic Shear Tests of Masonry Piers, Volumc 2 - Analysis of Test Results,™ by R.L. Mayesg, 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 (pPB 282 981)al16

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 - 197& (PB 271 425)Al4

EERC 76-23 "A Study on the Major Factors Influencing the Strength of Masenry Prisms," by N.M. Mostaghel,
R.L. Mayes, R. W. Clough and S.W. Chen - 1976 (Not published)

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

BERC 76-25 “Seismic Safety Evaluation cof a R/C School Building," by B. Bresler and J. dxley - 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)Al1

EERC 76-27 V“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 “Analysis and Design of Numerical Integration Methods in Structural Dynamics,” by H.M. Hilber - 1976
(PR 264 410)R06

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 (PB 272 247)al3

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 Frames in Earthquake Resistant Construction," by R.E. Klingner and V.V. Bertero - 1976
{PB 265 B92)Al3
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UCB/EERC~77/07
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UCB/EERC~77/09

UCB/EERC-77/10

UCB/EERC-77/11

UCB/EFRRC-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

UCB/EERC-77/28

UCB/EERC-77/29

UCB/BERC-77/30

"PLUSH = A Computer Program for Probabilistic Finite Element Analysis of Seismic Soil-Structure Inter-
action,” by M.P. Romo Organista, J. Lysmer and H4.B., Seed - 1977

"Soil-Structure Interaction Effects at the Humboldt Bay Power Plant in the Ferndale Earthguake of June
7, 1975," by J.E. Valera, H.B. Seed, C.F. Tsai and J. Lysmer — 1977 (PB 265 795)}A04

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

"Seismological Studies of Strong Motion Records," by J. Shoja-Taheri - 1977 (PB 269 £355)al0

"Testing Facility for Coupled-Shear Walls," by L. Li-Hyung, V.V. Bertero and E.P. Popov = 1377

“Developing Mcthodologies for Evaluating the Earthguake Safety of Existing Buildings,™ by No. 1 -
B. Bresler; No. 2 - B. Bresler, T. Ckada and D. Zisling; No. 3 - 7. Okada and B. Bresler; No. 4 - V.V.
Bertero and B. Bresler ~ 1977 (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 - 1877 (PB 277 933)A07

“DRAIN-TABS: A Computer Program for Tnelastic Barthquake 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)A05

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

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

"putomated Design of Parthguake Resistant Multistory Steel Building Frames,” by N.D. Walker, Jr. - 1977

(PB 276 B26)A09

"Concrete Confined by Rectangular Hoops Subjected to Axial Loads," by J. Vallenas, V,V, Berterc and
E.P. Popov = 1977 (PB 275 165)A06

"Seismic Strain Induced in the Ground During Earthguakes,' by Y. Sugimura - 1977 (PB 284 201)AC4

"Bond Detericration under Generalized Loading," by V.V. Berterc, E.P. Popov and S. 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-RAbsorbing Devices," by J.M. Kelly and
D.F. Tsztoo — 1977 (PB 273 500)A04

"Tnelastic Behavior of Eccentrically Braced Steel Frames under Cyclic Loadings," by C.W. Roeder and
E.P. Paopov - 1977 (PB 275 526)AlS

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, r.I. Makdisi and p. de Alba - 1977
(PR 276 B21)A04

"Dynamic Plastic Analysis Using Siress Resultant Finite Element Formulation," by P. Lukkunapvasit and
J.M. Kelly - 1377 (PB 275 453)A04

"Preliminary Experimental Study of Seismic Uplift of a Steel Frame,” by R.W. Clough and A.A. Huckelbridge
1977 (PR 278 769)A08

"Farthguake Simulator Tests of a Nine-Story Steel Frame with Columns Allowed to Uplift,"” by &,A.
Huckelbridge — 1977 (pPB 277 944}a09

"Nonlinear Soil-Structure Interaction of Skew Highway Bridges," by M.-C. Chen and J. Penzien - 1977
(PB 276 176)A07

"Seismic Analysis of an Offshorc Structure Supported on Pile Foundations," 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 -
1977 (PR 279 654)A06

"A Practical Soft Story Earthguake Isclation System,” by J.M. Kelly, J.M. Eildinger and C.J. Derham -
1977 (PB 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}A056

“Dynamic Analysis of Electrchydraulic 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. Berterc and E.P. Popov - 1977 (PB 290 870)a06
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UCB/EERC-78/22
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UCB/EERC-78/27

UCB/EERC-78/28

UCB/EERC-78/29
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