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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 to model any uniaxial restraining device

which provides inelastic restraint to structural motion in one direction

(tension) while allowing unrestrained motion 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 [lJ 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).

2. Multi-linear force-extension relationship in tension

(up to 6 linear segments), with initial gap. Inelastic

unloading. Zero stiffness in compression.

3. Option for large displacement analysis, to allow for

change in direction of restraint axis.

4. Anchorage to either a fixed point or to a node at some

other point on the structure.

5. 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 user1s guide.
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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 the initial

restraint axis may produce substantial rotations of the element axis.

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

and the influence of change in 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 OPTION

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 large displacement option is used, the e"!ement 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

element is defined by nodes I and J, as before. In addition, a third node,
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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 Kwill 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 nonzero 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 length 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 So and/or ST' a viscous damper is introduced

in parallel with the element. When the element gap is closed, the

damping coefficient, C, is given by

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

ness of current segment (K1, K2, etc., depending on restraint extension).

The effect is to increase both the stiffness and strength of the element
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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 So and ST 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 analyses, 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 node J to node I

(Fi g. 2) is

T = < d d d >x y z (1)

where d ~ d ~ d = direction cosines with respect to the global X~ Y~x y z
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~ ~, for the "s ingle node" case (node J fixed) is

K = TT • K • T (2)

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

is

K'

3.2 EFFECTIVE DYNAMIC STIFFNESS

(3)

If nonzero values are specified for So and/or ST~ the effective

stiffness for dynamic analysis is determined following the standard

ANSR-II procedure [1J. except for the following modification. If the
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gap is closed, then the SoKo stiffness is determined using K1 (Fig. 3).

However, if the gap is open, the value SoKo 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

100

001

K =
~

o 1 o (4 )

where Nc is the current axial force and £c 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

(5)

The matrix ~ is not strictly correct for an "eng ineering"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

- 7 -



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 TO 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 T be the direction cosine matrix of IK'. This matrix is cal­
-'-fl

culated for the initial configuration and is assumed to remain constant

during the analysis. For the II single node ll option, let the vector of

increments in nodal translations at I be ~rI. Then the components of

displacement increment parallel to IK' are given by

flr IK = ~ • In . flr I

Hence, a modified displacement increment is calculated as

fir'-I

This modified increment is used to calculate the element extension and

to update the element orientation.

For the IItwo node ll option, the procedure is applied to the displace­

ments of both node I and node J.
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4. USER'S GUIDE

U-BAR RESTRAINT ELEMENT (TYPE 11)

1. CONTROL INFORMATION - Two cards

l(a) First Card

Columns

4- 5( 1)

6-10( 1)

11-15( I)

16-25(F)

26-35(F)

41-80(A)

Note

(1)

Name

NGR

NELS

MFST

DKO

DKT

Data

Element group indicator. Punch 11.

Number of elements in group.

Element number of first element in group.
Defaul t = 1.

Initial stiffness damping factor, S .
o

Tangent stiffness damping factor, ST.

Optional group heading.

l(b) Second Card

Columns

1- 5( 1)

10( 1)

Note Name

NMST

JFIX

Data

Number of different property types.

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: Control Information

Columns

1- 5( 1)

6-10(1)

11-20( F)

21-30( F)

Note

(2)

Name

N

NSEGG

DBB

TOLL

Data

Type number, in sequence beginning with 1.

Number of segments in force-extension
relationship. Max. 6; Min. 2.

Initial clearance.

Stiffness reformulation tolerance (radians).
Suggested value = 0.1.
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2(b) Second Card: Stiffnesses

Columns

1-60(F)

Note Name

SPSTT

Data

Up to 6 fields~ each 10 columns. Specify
NSEGG stiffnesses (Kl~ K2~ etc.-Fig. 3).

2(c) Third Card: Strengths

Columns

1-50( F)

Note Name

FFF

Data

Up to 5 fields~ each 10 columns. Specify
NSEGG-l strengths (Fl~ F2~ etc.-Fig. 3).

3. ELEMENT DATA - NELS cards

Columns

1- 5(1)

6-10(I)

11-15( I)

16-20( I)

25( I)

30(1)

31-35(1)

Note

(3)

Name

MEL

NODI

NOOJ

IMBT

KGEOM

KOUT

NOOK

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 required.

Node number K. Optional~ to define normal
direction.

- 10 -



REFERENCES

1. Mondkar, D. P. and Powell, G. H., IIANSR-II, Analysis of Nonlinear
Structural Response, User's Manual," Report No. UCB/EERC-79/17,
Earthquake Engineering Research Center, University of California,
Berkeley (July 1979).

- 11 -



.....
.

N
,

U
-B

A
R

IN
IT

IA
L

C
LE

A
R

A
N

C
E

P
IP

E

(a
)

B
E

FO
R

E
BR

EA
K

(b
)

A
F

T
E

R
BR

EA
K

FI
G

.
1

U-
BA

R
RE

ST
RA

IN
T

(D
IA

GR
AM

M
AT

IC
)



FIG. 2

PI PE ELEMENT

~u- BAR ELEMENT

IDEALIZATION FOR ANALYSIS

- 13 -



FO
R

C
E

E
TC

.
U

P
TO

K

-
'

+:
-

F
2

......
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

~ CLE
A

R
A

N
C

E

-
::

=
-::

J
K

3
I

~
R
E
V
E
R
S
A
L

S
TI

F
F

N
E

S
S

=
M

A
X

(K
r)

,i
=

I,
6

E
X

T
E

N
S

IO
N

FI
G

.
3

FO
RC

E-
EX

TE
NS

IO
N

RE
LA

TI
ON

SH
IP



NODE K' (TYP. SAME AS
~~----4 POINT K)

I J K I DEFINES NORMAL PLANE
I K PERPENDICULAR TO IJ

FIG. 4 NORMAL DISPLACEMENT OPTION

- 15 -



EARTHQUAKE ENGINEERING RESEARCH CENTER REPORTS

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

EERC 67-1

EERC 68-1

EERC 68-2

EERC 68-3

EERC 68-4

EERC 68-5

EERC 69-1

EERC 69-2

EERC 69-3

EERC 69-4

EERC 69-5

EERC 69-6

EERC 69-7

EERC 69-8

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

Unassigned

"Inelastic Behavior of Beam-to-Column SUbassemblages Under Repeated Loading," by V. V. Bertero - 1968
(PB 184 888) A05

"A Graphical Method for Solving the \;ave Reflection-Refraction Problem," by H.D. McNiven and Y. Mengi - 1968
(PB 187 943)A03

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

"Characteristics of Rock Motions During Earthquakes," by H.B. Seed, I.M. Idriss and F.W. Kiefer -1968
(PB 188 338)A03

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

"Nonlinear Seismic Response of Earth Structures," by M. Dibaj and J. Penzien -1969 (PB 187 904)A08

"Probabilistic Study of the Behavior of Structures During Earthquakes," by R. Ruiz and J. Penzien - 1969
(PB 187 886)A06

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

"Dynamic Programming and the Solution of the Biharmonic Equation," by N. Distefano - 1969 (PB 187 941) A03

"Stochastic Analysis of Offshore Tower Structures," by A.K. Malhotra and J. Penzien -1969 (PB 187 903) AOC'

"Rock Motion Accelerograms for High ~lagnitude Earthquakes," by H.B. Seed and LM. Idriss -1969 (PB 187 940)A02

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

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

EERC 69-10 trDynamic Stress Analysis of Axisymmetric Structures under Arbitrary Loading," by S. Ghosh and E.L. Wilson
1969 (PB 189 026)A10

EERC 69-11 "Seismic Behavior of Multistory Frames Designed by Different Philosophies," by J.C. Anderson and
V. V. Bertero - 1969 (PB 190 662)A10

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

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

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

EERC 69-15 "Influence of Local Soil Conditions on Building Damage Potential during Earthquakes," by H.B. Seed and
I.M. Idriss - 1969 (PB 191 036)A03

EERC 69-16 "The Behavior of Sands Under Seismic Loading Conditions," by M.L. Silver and H.B. Seed-1969 (AD714982)A07

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

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

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

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

16



EERC 70-5

EERC 70-6

EERC 70-7

"A Computer Progr",;, for Earthquake Analysis of Dams," by A.K. Chopra and P. Chakrabarti - 1970 (AD 723 994) A05

"The Propagation of Love Waves Across Non-Horizontally Layered Structures," by J. Lysmer and L.A. Drake
1970 (PB 197 896)A03

"Influence of Base Rock Characteristics on Ground Response,1I by J. Lysmer, H.B. Seed and P.B. Schnabel
1970 (PB 197 897)A03

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

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

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

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

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

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

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

EERC 71-5 "Dynamic Behavior of a High-Rise Diagonally Braced Steel Building," by D. Rea, A.A. Shah and C".G. Bouw]:awp
1971 (PB 203 584)A06

EERC 71-6 "Dynamic Stress Analysis of Porous Elastic Solids Saturated with Compressible Fluids," by J. Ghaboussi and
E. L. Wilson _. 19:1 (PB 211 396) A06

EERC 71-7 "Inelastic Behavior of Steel Beam-to-Column Subassemblages," by H. Krawinkler, V.V. Bertero and E.P. Popov
1971 (PB 211 335)A14

EERC 71-8

EERC 72-1

EERC 72-2

"Modification of Seismograph Records 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. Dovey - 1972 (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

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

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

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

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

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

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

EERC 72-9 "Rate of Loading Effects on Uncracked and Repaired Reinforced Concrete Members," by S. Mahin, V.V. Bertero,

D. Rea and M. Atalay - 1972 (PB 224 520)A08

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

EERC 72-11 "Literature Survey - Seismic Effects on Highway Bridges," by T. Iwasaki, J. Penzien and R.W. Clough -1972

(PB 215 613) A19

EERC 72-12 "SHAKE-A Computer Program for Earthquake Response Analysis of Horizontally Layered Sites," by P.B. Schnabel

and J. Lysmer - 1972 (PB 220 207) A06

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

EERC 73-2 "Analysis of the Slides in the San Fernando Dams During the Earthquake of February 9, 1971," by H.B. Seed,

K.L. Lee, LM. Idriss and F. Makdisi -1973 (PB 223 402)A14

17



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

EERC 73-4 "Experimental Investigation into the Seismic Behavior of Critical Re0ions of Reinforced Concrete Components
as Influenced by Moment and Shear," by M. Celebi and J. Penzien - 1973 {PB 215 884)A09

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

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

EERC 73-7 "A Computer Program for Earthquake Analysis of Gravity Darns Including Reservoir Interaction," by
P. Chakrabarti and A.K. Chopra -1973 (AD 766 271)A04

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

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

EERC 73-10 "Deconvolution of Seismic Response for Linear Systems," by R.B. Reimer -1973 (PB 227 l79)A08

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

EERC 73-12 "Analytical Investigations of the Seismic Response of Long, Multiple Span Highway Bridges," by W.S. Tseng
and J. Penzien -1973 (PB 227 8l6)AlO

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

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

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

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

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

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

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

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

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

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

EERC 73-23 "Earthquake Engineering at Berkeley - 1973," (FB 226 033)All

EERC 73-24 Unassigned

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

EERC 73-26 "Investigation 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 -1973 (PB 235 l06)A13

EERC 73-27 "Further Studies on Seismic Behavior of Steel Beam-Column Subassernblages," by V.V. Bertero, H. Krawinkler
and E.P. Popov-1973 (PB 234 l72)A06

EERC 74-1 "Seismic Risk Analysis," by C.S. Oliveira - 1974 (PB 235 920)A06
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V.V. Bertero, E.P. Popov and T.Y. Wang - 1974 (PB 236 797)A07

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

EERC 74-11 "Liquefaction of Gravelly Soils Under Cyclic Loading Conditions," by R.T. Wong, H.B. Seed and C.K. Chan
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and R.W. Clough - 1976

EERC 76-17 "Structural Steel Bracing Systems: Behavior Under Cyclic Loading," by E.P. Popov, K. Takanashi and
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