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Abstract

Computer program SPCFRAME, for the material and geometric non-
linear analysis of segmentally erected planar prestressed con-
crete frames including the time-dependent effects due to load
history, temperature history, creep, shrinkage, aging of concrete
and relaxation of prestress, is developed. The program, based on
the finite element method, is capable of predicting the response
of these structures throughout their various stages of construc-
tion and service load history as well as through elastic, crack-
ing, inelastic and ultimate ranges. Changes in boundary condi-
tions and loads, installation and removal of frame elements and
prestressing tendons can be incorporated for modeling segmental
construction operations. User’s guide, illustrative examples and
programmer’s guide are included.
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1. Introduction

1.1 Background

Research efforts on the nonlinear analysis of prestressed
concrete structures have been going on since early 1970’s at the
University of California, Berkeley under the direction of
Professor A. C. Scordelis. The results of these efforts have
been summarized well by Professor Scordelis [1,2,3]. Several
computer programs have emerged from these ongoing research
efforts.

The program PCFRAME [4,5] was written by Kang in 1977. It has
been used for the nonlinear material, geometric, and time-
dependent analysis of reinforced and prestressed concrete plane
frame structures. The program is capable of tracing the behavior
of these structures at any time and under any load or environ-
mental history through the elastic, cracking, inelastic, and
ultimate ranges. One-dimensional frame elements, consisting of
concrete and reinforcing steel layers and prestressing steel
segments, and having three displacement degrees of freedom at
each node are used.

In 1978 Van Zyl wrote the program SEGAN [6,7] for the analysis of
curved segmentally erected prestressed concrete box girder
"bridges including time-dependent effects. Linearly elastic
material properties are assumed. A skew-ended finite element
with eight degrees of freedom at each of its end nodes is used.
Operations used in segmental construction such as addition of
segments, prestressing, changing of support conditions,
application or removal of construction loads and prescribed
displacements can be analyzed.

Van Greunen wrote the program NOPARC [8] in 1979 for the non-
linear geometric, material and time-dependent analysis of rein-
forced and prestressed concrete slabs and panels. Nine DOF



triangular plate bending elements consisting of concrete and
smeared reinforcing steel layers and straight prestressing tendon
segments are used for analyzing the slabs and panels under any
load or environmental history through various stages of service
load and ultimate load ranges.

Mari wrote the program PCF3D [9] in 1984 for the nonlinear geo-
metric, material and time-dependent analysis of three-dimensional
reinforced and prestressed concrete frames. The program has
similar capabilities to those of PCFRAME for three dimensional
frames. The 3D frame elements have six degrees of freedom at
each node, and consist of concrete and reinforcing steel fila-
ments and straight prestressing tendon segments. The displace-
ment control strategy is added to the load control strategy for
the solution of nonlinear equilibrium equations.

In 1986 Ketchum developed the program SFRAME [10] which is
capable of analyzing segmentally erected prestressed concrete
bridges and other plane frame structures for time-dependent
effects. Linearly elastic material properties are assumed. One-
dimensional frame elements made up of concrete, mild steel and
prestressing steel tendons are used. Changes in structural
configuration or loading at any time can be incorporated. These
include restraining and releasing boundary conditions, installing
and removing frame elements, stressing, restressing and removing
prestressing tendons, moving form travelers, and applying or
removing nodal or element loads. Creep analysis is based on an
improved numerical algorithm. The program utilizes the in-core
and out-of-core database manager, and the free field input
interpreter developed by Wilson and Hoit [11].

Most recently in 1986, Choudhury developed the program NAPBOX
[12] for the nonlinear material analysis of curved nonprismatic
prestressed concrete box girder bridges. A series of macro-
elements each having three nodes on the longitudinal axis of the
bridge, and consisting of concrete and reinforcing steel fila-



ments and prestressing tendon segments, are used in the analysis.
Each node has eight degrees of freedom including a longitudinal
warping mode and a transverse distortional mode of the cross-
section.

The programs developed so far are capable of either the nonlinear
analysis of prestressed concrete structures erected in one step,
or the time-dependent analysis of segmentally erected prestressed
concrete structures with linearly elastic material properties.
In order to assess the load carrying capacity of segmentally
erected prestressed concrete structures in their various stages
of construction and service life, it is desirable to have time-
dependent nonlinear analysis capability of these structures.

The present program SPCFRAME has been developed combining the
nonlinear analysis capabilities of the program PCFRAME and the
segmental analysis capabilities of the program SFRAME by incor-
porating the nonlinear one-dimensional finite element of PCFRAME
into SFRAME. A number of improved nonlinear analysis features
have also been added. These will be discussed in detail in
section 1.2.

Another program, called SPCF3D is being developed by Kasti at the
University of California, Berkeley for the nonlinear time-
dependent analysis of segmentally erected prestressed concrete
three-dimensional frames, by combining the capabilities of the
programs PCF3D and SFRAME. The capability for the analysis of
composite three dimensional prestressed concrete frames are also
included in the program. The program is almost completed.



1.2 Program Capabilities

The program SPCFRAME can be used for the time-dependent nonlinear
analysis of segmentally erected reinforced and prestressed conc-
rete planar frames due to any nodal or environmental load history
through elastic, cracking, inelastic and ultimate ranges.
Changes in support conditions and loads, intallation and removal
of frames and tendons can be incorporated for modeling segmental
construction operations. Since SPCFRAME is developed combining
the two earlier programs PCFRAME and SFRAME, the capabilities of
these programs are automatically incorporated. The capabilities
of these three programs are listed and compared in Table 1.1. A
number of improved nonlinear analysis features are added to those
available in the earlier program PCFRAME. These include the
following:

(1) The concrete stress-srain curve is modeled by a parabolic-
linear-linear curve so that the confined concrete behavior can be
properly modeled (see Fig. 2.2(a)).

(2) Tension stiffening effect can be included in the analysis.
The effect is modeled by an unloading branch in the tensile
stress-strain curve of the concrete (see Fig. 2.2(a)).

(3) Improved creep analysis model developed by Ketchum [10] is
incorporated. The creep data can be generated automatically by
the program utilizing ACI or CEB-FIP recommendations, or labora-
tory test data.

(4) Linear axial strain variation along the frame reference axis
is assumed, instead of contant strain variation assumed in the
program PCFRAME, by utilizing additional internal degree of free-
dom. This gives more accurate results for the nonlinear analysis
in ultimate load ranges in which neutral axis of the cross-
section can be shifted by the cracking and yielding of the
material.



(5) Displacement control strategy for the solution of nonlinear
equilibrium equations are added to the load control strategy so
that either method can be selected by the user. The double step
method developed by Powell and Simons [13] is incorporated. This
method can be particularly useful for the post-buckling analysis
and for the ultimate load analysis near the failure load where
the slope of the load-deflection curve is extremely flat.

(6) The symmetric band solver SYMSOL in PCFRAME is replaced by
the symmetric active column solver COLSOL. This should result in
better performance in the iterative solution of nonlinear equi-
librium equations.

(7) Most of the storage-consuming data such as the frame and
tendon element data, and the concrete and reinforcing steel layer
data are stored in a peripheral storage device. They are brought
into the computer’s memory only when necessary. These out-of-
core files and dynamically allocated in-core arrays are effi-
ciently managed by a database manager. As a result there are
virtually no limits on the size of the problems that can be
handled. Frames having more than a hundred nodes and elements
can be solved even on a personal computer.

(8) Restart option has been added. This time-saving feature can
be used conveniently in nonlinear analyses in which it is often
necessary to examine intermediate results before deciding on the
control values for the final analysis.

(9) Some convenience features have been added: free field input
format; extensive data generation options; use of any consistent
set of units.
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1.3 Objective and Scope

The purpose of this report is the description of the computer
program SPCFRAME for the time-dependent nonlinear analysis of
segmentally erected prestressed concrete planar frames, for the
users and programmers who intend to modify the program to suit
their own requirements.

Chapter 1 describes the background to the development of the
program, and the comparison of program capabilities.

The user’s quide, which constitutes the main body of this report,
is given in chapter 2. It consists of the descriptions of the
outline of the program, structural modeling, preparation of input
data, command summary, and the detailed description of each
command syntax.

An illustrative example is given in chapter 3. The structural
modeling, preparation of input data, and the interpretation of
output for a three-span continuous prestressed concrete box
girder bridge are described in detail. 1Input data listings of
this bridge and two more examples are given. The last example
simulates the segmental erection sequence of a continuous post-
tensioned box girder bridge built by the cantilever construction
method. An edited output of the first example is printed.

The programmer’s guide constitutes chapter 4. System implement-
ation notes, program organization, detailed description of incore
arrays, out-of-core file arrays and labeled common variables are
given. This guide is provided for those who intend to modify the
program to suit their own requirements.
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This report constitutes the first part of the study for the time-
dependent nonlinear analysis of segmentally erected prestressed
concrete planar frames. The second report, which will describe
the theoretical developments of this study along with detailed
descriptions of illustrative examples, will be published before
the end of this year.

1.4 Disclaimer

Considerable effort has gone into the development and testing of
this program. It can analyze particular classes of structures
based on the conditions and assumptions described in this report.
The program should be used only under these conditions and
assumptions. The input preparation and output interpretation
must be handled by an appropriately qualified person.

Although the program has been extensively tested, no warranty is
made regarding the accuracy and reliability of the program, and
the author assumes no responsibility in this respect.
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2. User’s Guide

2.1 Outline of the Program

The computer program SPCFRAME has been developed as a tool for
the linear or nonlinear material, geometric and time-dependent
analysis of plain, reinforced and prestressed concrete plane
frame structures which are erected in one step or in multiple
steps segmentally. The program can trace the time-dependent
response of these structures through various stages of construct-
ion and under any load or environmental history through the
elastic, cracking, inelastic and ultimate ranges.

For the quasi-static time-dependent analysis, the time domain is
divided into a discrete number of intervals, and a step-forward
integration is performed in which increments of displacements,
strains and stresses are successively added to the previous
totals as the solution progresses in the time domain. Changes in
the plane frame structural configuration, loading, prestressing
or support conditions are accounted for during each time step.
At each time step, a direct stiffness analysis based on the
displacement method is performed in the space domain in which the
equilibrium equations to be solved are necessarily nonlinear due
to various material and geometric nonlinearities considered. The
nonlinear equilibrium equations are solved by the Newton-Raphson
iteration with unbalanced load corrections for load or displace-
ment increments.

The plane frame is modeled as an assemblage of straight one-
dimensional frame elements having three degrees of displacement
freedoms at each node, and consisting of concrete, reinforcing
steel and prestressing tendon segments. The cross-section which
is prismatic along element axis and has an axis of symmetry,
consists of a discrete number of concrete and reinforcing steel
layers. Prestressing steel tendons are modeled as an assemblage
of multilinear prestressing steel segments each of which spans a
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frame element. Each concrete or reinforcing steel layer or pre-
stressing steel segment is assumed to be in a state of uniaxial
stress defined by given nonlinear stress-strain relationships,
including load reversal. In addition, time-dependent relation-
ships for for creep, shrinkage, aging and temperature history for
the concrete and relaxation in the prestressing steel are given.

Segmental construction methods are implemented by providing the
capability to change the configuration of the structure at any
time step of the solution. Possible changes in structuiral
configuration and loading at any time include restraining and
releasing boundary conditions, installing and removing frame
elements, stressing, restressing and removing prestressing
tendons, moving form travelers, and applying and removing nodal
or element loads. Any statically feasible time-dependent
construction sequence can be considered. Common segmental bridge
construction methods such as free cantilever, span-by-span and
incremental launching construction methods can be analyzed.

Ultimate load analysis at any particular stage of construction
and time can be carried out by either the load control or the
displacement control strategy. The displacement control strategy
can be particularly useful in the post-buckling analysis or the
ultimate load analysis near the failure load where the slope of
the load-deflection curve is extremely flat.

Concrete creep analysis is based on an integral formulation in
which concrete is assumed to be an aging viscoelastic material
and a special exponential form of specific creep compliance
function is used as the degenerate kernel of the superposition
integral for creep. The special exponential form enables one to
avoid the storage of entire stress history except for the stress
history at the last time step to compute the creep strain
increment. 1In the analysis three options are given regarding the
assumption in the variations of the stress and the material
parameters over the length of a time step: (1) constant stress
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and constant material parameters; (2) linear stress variation and
constant material parameters; (3) linear variations of stress and
material parameters. Options (2) and (3) yield more accurate
results in general, especially for relaxation type problems.
Empirical creep data based on ACI recommendations, CEB-FIP
recommendations, or laboratory creep data can be incorporated in
the analysis.

The solution at a particular stage of loading and time consists
of nodal displacements, corresponding total nodal loads, react-
ions at restrained nodes and unbalanced loads, frame element
total forces and moments with contributions from concrete layers,
reinforcing steel layers, prestressing tendons and travelers, and
stresses, strains, material state code numbers of concrete and
reinforcing steel layers and prestressing tendon segments.

2.2 Structural Modeling

A plane frame structure is modeled as an assemblage of plane
frame elements in the global X- Y- plane interconnected at nodal
points (Fig. 2.1(a)). Global displacement degrees of freedom of
the nodes consist of X- and Y- translations and Z-axis rotations.
The boundary condition at each nodal degree of freedom may be
specified as unrestrained or rigidly restrained to zero displace-
ment, and may be changed at any solution step.

A frame element in its local coordinate system with resultant end
forces and moments are shown in Fig. 2.1(b). Local x=-axis is
defined by its two end nodes, i and j. The cross-section has an
axis of symmetry and is prismatic over its element length. Local
y-axis coincides with the axis of symmetry. The origin of the
y-axis does not have to coincide with the centroid of the cross-
section although it is preferrable. The cross-section consists
of a discrete number of concrete and mild steel layers as shown
in Fig. 2.1(c). The layers are defined by their areas and local
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y-coordinates. Each element may be installed into and susequent-
ly removed from the structure at any solution step.

Pre-tensioned and post-tensioned prestressing steel tendons with
arbitrary tendon profiles are modeled with a number of piecewise
linear tendon segments defined by tendon points (Fig. 2.3(a)).
Each tendon point is associated with a node, to which its
displacements are rigidly constrained. Tendon point global
coordinates may be input directly or may be generated automatic-
ally using a parametric generation scheme (Fig. 2.3(b)). Initial
tendon force computation includes the effects of instantaneous
prestressing force losses due to friction and anchorage slip.
The prestressing tendons may be stressed, restressed or removed
at any stage of the solution.

Traveling formworks are modeled with special frame elements which
may be moved around the structure. They consist of linearly
elastic material and are not subject to time-dependent strains.

Instantaneous stress-strain relations assumed in the analysis are
shown in Fig. 2.2(a), (b) and (c), for the concrete, reinforcing
steel and prestressing steel, respectively. Material state code
numbers used in the analysis are also shown in the figure. The
code numbers are explained in detail in section 3.2 (page 76).
The effects of load reversal can be analyzed with these models.
Both confined and unconfined concrete can be modeled, and the
tension stiffening effect can be included in the analysis.

Time-dependent concrete properties are computed in two stages.
The normalized values of the compressive strength, tensile
strength, intial elastic moduli, shrinkage strain, and creep
coefficients at each solution time step are first computed
assuming the unit values of the cylinder strenth, the ultimate
creep and the ultimate shrinkage. The actual values for the
particular concrete properties at a specific solution time are
computed later at each time step.
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Possible structure loadings include internally computed frame
element dead loads, concentrated loads on the nodes, imposed
displacements on restrained degrees of freedom of the nodes,
uniformly distributed global X- and Y- direction loads and
moments along the axis on frame elements, and temperature changes
in the elements which can vary arbitrarily over the depth of the
cross-section. Arbitrary variation of shrinkage over the depth
of the cross-section can also be incorporated.

All nodes, frame elements and prestressing tendons which will
ever exist in the structure are input to the program in a mesh
input phase prior to the time-dependent analysis. These elements
plus additional travelers, are tagged for installation or removal
during additional structure configuration change phase of the
program execution. At the beginning of the analysis, no elements
are considered to be installed. Only when a node, element or
tendon is "defined" as described below is it included in the
analysis. An element is defined if it has been installed into
the structure and has not yet been removed, otherwise the element
is not defined. A node is defined if at least one defined frame
or traveler element is connected to it, otherwise the node is
undefined. The structure configuration change commands affecting
these changes may be issued prior to any solution step.
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2.3 Preparation of Input Data

Input data are provided to the program from a terminal or from a
deck of cards or from an input file of card images, depending on
the computer system used. All input takes the form of Commands
consisting of one or more key-words, followed by optional
numerical data required for the execution of the command. The
actions and the data requirements of the commands are summarized
in section 2.4 and described in detail in section 2.5 of this
chapter. Only the first six characters of the key-words are
recognized by the program. Character data can be input in either
lowercase or uppercase letters. All letters are translated to
capital letters in the program before they are interpreted. All
numerical data are entered in the following free field form:

nl,n2,n3,... A=al,a2,a3,... B=bl,b2,b3, ...

where ni, ai and bi represent input data and the character pairs
A= and B= are identifiers, specified in the input manual, for the
data list which follows. Items in a data list must be separated
by a single comma or one or more blanks. If a numerical data

list without identification, such as nl1l,n2,n3,... above, is
required it must be located as the first data list on the line.
A data list of the form B=bl,b2,b3,... may be in any order or

location on the 1line.

Simple arithmetical statements are possible when entering
floating point real numbers. This can clarify the meanings of
some data. For example the following forms of data can be
entered:

E=29600*144 C=200%12+35, 400/12, 10+20/5-2
These arithmetical statements are evaluated from left to right

without operator hierarchy. The statement 10+20/5-2 is evaluated
as ((10+20)/5)-2. Blank spaces within arithmetical statements
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are not allowed.
The command interpreter in the program recognizes several special
characters used to delimit multiple command lines on one physical
line, continuation of a command line on the next physical line,

and comments to be ignored by the command interpreter.

The exclamation point "!" is a special character used to delimit

several command lines provided on one physical line. The data to
the right of an exclamation point are not considered to be part
of the current command line, and are instead considered as the
next command line. Any number of command lines may be input on
one physical line by separating them with this character.

The backslash "\"™ is a special character used for continuation of

a command on the next physical line. All data to the right of
the backslash are ignored, and the following input line is
interpreted as a continuation of the first line. This option
allows a maximum of 160 characters to be entered as one line of
data.

The semicolon ";" is a special character used to delimit comments
in the input stream. All characters to the right of the
semicolon up to the end of the line are ignored by the program.

If the semicolon is located in the first column in a command line
the entire command line is ignored. An exclamation point "!" to
the right of a semicolon will still be interpreted as a new line
delimiter, and the data to the right of the exclamation point
will be interpreted as the next data line. Two semicolons ";;"
in the first two columns of a physical line will delimit the
entire line, including exclamation points, as a comment.
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2.4 Command Summary

The following list of each command and its input data require-
ments are intended as a summary of SPCFRAME’s command syntax and
as a quick reference guide for the experienced user. Detailed
descriptions of each command and the meaning of all data are
provided in section 2.4 of this User’s Guide.

START R=rstrt
TITLE N=n1
UNIT U=funit-lunit C=cfunit
CONCRETE PARAMETERS N=ncpt T=na,nt,nr P=iprn
n M=model T=nat,ntt,nrt R=rt G=igen \
A=a B=b C=c D=d E=e F=f T=t0 W=w X=rt ( for ACI )

H=humd A=area P=prim X=rt ( for CEB )
A=agel T=time(l),time(2),...,time(ntt) ( for times )
A=agel E=emod S=shrn F=fpc R=fpt T=time(1l),.,time(ntt)
C=crep(l) ,crep(2),...,crep(ntt) ( for LAB )

MESH INPUT

NODES N=nnod
n X=xord Y=yord C=xord,yord S=scale G=nl,n2,inc
SEQUENCE
nl,n2,inc
CONCRETE PROPERTIES N=ncnc
n F=fpc C=ultcrp S=ultshr W=weight M=model A=alfa \
O=r1l =r2 =type
C=rc U=epsu E=eps20 R=r20 K=kts ( for T=2 )
MILD STEEL PROPERTIES N=nmsl
n E=Esl T=Es2 Y=fsy U=epsu A=alfa
PRESTRESSING STEEL N=npsl P=npt
n C=crvf W=wblf F=fpy R=rlxp A=alfa
F=fp(1,n),fp(2,n),...,fp(npt,n)
E=ep(1,n),ep(2,n),...,ep(npt,n)
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SECTION PROPERTIES N=nsct C=mcl S=msl
n N=nc C=ncl S=nsl K=kshr
A=acl(1l,n),acl(2,n),...,acl(ncl,n)
Y=ycl(1l,n),ycl(2,n),...,ycl(ncl, n)
S=shk(1,n) ,shk(ncl,n)
S=shk(1,n),shk(2,n),...,shk(ncl,n)
B=asl(1,n),asl(2,n),...,asl(nsl,n)
Z=ysl(1,n),ysl(2,n),...,ysl(nsl, n)
M=ssl(1l,n),ssl(2,n),...,ssl(nsl,n)
TEMPERATURE PATTERNS N=ntdp
n X=nx K=ktmp
T=tfac(1l) ,tfac(ncl)
T=tfac(1l),tfac(2),...,tfac(ncl)
FRAME ELEMENTS N=nfml
n,ni,nj X=nx D=cd F=if G=nl,n2,...,n7
TENDON GEOMETRY N=ntdn P=iprn
n S=nspn M=matl A=area
ns N=nnis G=nl,n2,inc B=x0,y0 E=x1,yl
I=n(1),n(2),...,n(nnis)
R=rlli,rllp,rlri S=slt,slp,srt
np R=r(np) S=s(np)
TRAVELERS N=ntrv
n E=emod A=area I=izz W=wegt N=nnit
MESH COMPLETE

( for K=2
( for K=3

( for K=2
( for K=3

( for G=0

( TP generation
( direct input
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SET D=day T=temp G=gx,gy A=aclr \

C=ctol(1l),ctol(2),...,ctol(8) I=mxit(1l),mxit(2)

CHANGE STRUCTURE
RESTRAINTS
nl,n2,inc R=rx,ry,rzz
BUILD N=nl,n2,inc D=cd
REMOVE N=n1,n2,inc
STRESS N=n1,n2,inc T=ktns R=ra,rb S=sa,sb
MOVE N=nt D=n(1),n(2),...,n(nnit)
CHANGE COMPLETE

LOADING
N=nl,n2,inc F=fx,fy,fzz
N=nl,n2,inc D=dx,dy,dzz
1=11,12,inc F=fx,fy,fzz
1=11,12,inc P=mtdp T=tmlt

SOLVE T=ktim C=kldc S=nstp D=date L=nlds
N=nodc O=ndof A=cdsp P=iprn Q=lprn
F=fload (1), fload(2),...,fload(nlds)
F=fdisp(1), fdisp(2),...,fdisp(nlds)

CAMBER

STOP

F=fa,fb D=da,db

G=kgn X=kgs

\
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2.5 Detailed Description of Command Syntax

The detailed syntax of each command and a description of its use,
actions and output are described below. The commands appear in
the approximate order in which they will be found in a typical
input file. Most commands are optional, and must not be used
unless required for the structure under analysis. Default values
for input quantities, where implemented in the program, are
indicated by [ ? ] in the descriptions. [pv] indicates a default
value of the previous value entered. The backslash "\" is used
for continuation of a command on the next physical line.

The START Command

START R=rstrt

rstrt = Data restore flag [0]
0 to start a new problem

= 1 to restore database

The START command specifies the location in the input file at
which execution begins. All input lines before the START command
are ignored. All input lines after the START command are
interpreted as input data.

Under most circumstances, this command is the first command in
the input file. It may be located later in the input file when
the analysis is a restart of a prior analysis terminated with the
STOP command. For a restart case, R=1 should be specified on the
command line so that the database will be restored.

Judicious use of the restart option can lead to substantial
savings in the execution time, especially in the nonlinear
analysis of complex structures.
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The TITLE Command

TITLE N=nl

nl = Number of problem identification text lines [1]
The TITLE command prints a program identifier in the output file,
and then prints nl lines of text provided on the nl input lines

immediately following the command line.

The TITLE command is optional, but should be the first command
interpreted, in order to clearly identify the output file.

The UNIT Command

UNIT U=funit-lunit C=cfunit

funit = force unit [1b]
lunit = length unit [in]
cfunit = unit conversion factor [1.0]

Any consistent set of units can be used in the analysis. The
UNIT command specifies the force and length units used in the
analysis. The following combinations of units can be specified.

SI N ,kN - mm,cm,m
Metric kg,ton - mm,cm,m
US Conventional 1lb,kip - in,ft

If the force unit - length unit combination is chosen within the
same unit system listed above the unit conversion factor is
computed internally. If the unit combination is mixed among
different unit systems (e.g. kip-m) or any unit system which is
not listed above is used, the unit conversion factor, cfunit
must be input.
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The unit conversion factor is defined as the multiplier of the
stress unit of the 1lb-in system to convert it to the current unit
system. For example, if kip-m system is used, the conversion
factor, cfunit = 1.55 since 1 psi = 1.55 kips/mz.

Whatever unit system is chosen, consistent units have to be used
throughout the input data except for the CONCRETE PARAMETERS
command in which specific unit systems to be used are designated.
The UNIT command is optional. If the default unit system lb-in

is used this command can be omitted.

The CONCRETE PARAMETERS Command

CONCRETE PARAMETERS N=ncpt T=na,nt,nr P=iprn
( )

( Concrete Parameter Specifications )

( )

ncpt = Number of concrete parameter types

na = Maximum "loading ages"™ in parameter tables [32]
nt = Maximum "times after loading" for parameter tables [48]
nr = Maximum "retardation times"™ in parameter tables [4]

iprn = oOutput print flag [0]

The CONCRETE PARAMETERS command generates tables of initial
elastic modulus, shrinkage strain, compressive strength, tensile
strength and creep coefficients versus time. The CONCRETE

PARAMETERS command must be used prior to the MESH INPUT command
described below.

These tables provide the constitutive constants used in the time
dependent nonlinear analysis of the structure. The values in the
tables are normalized for ultimate creep coefficient Cy = 1.0,
ultimate shrinkage strain = 1.0, and cylinder strength f’,(28) =
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1.0. Prior to use in each solution step, these normalized values
are scaled by the ultimate creep coefficient, ultimate shrinkage
strain and £’(28) values input under the CONCRETE PROPERTIES
subcommand of the MESH INPUT command described below. The values
in the tables are first generated in 1lb-in units, and then
converted to user specified units internally. Only one concrete
parameter type is required under most circumstances.

The quantity of output is controlled using the P= identifier.
For P=0, only the echo print of the input data is output. For
P=1, a summary of material parameters for each loading age of
each parameter type is also output. For P=2, a detailed, very
large table of model diagnostics is also output.

Time dependent concrete behavior can be modeled according to the
ACI recommendations, the CEB/FIP recommendations, or laboratory
test data. Each parameter type can employ a different model.

Concrete Parameter Specification :

The first data line for each parameter type is a control data
line which takes the following form. If the internally generated
loading ages and observation times are used, this is the only
line required for the parameter type.

n M=model T=nat,ntt,nrt R=rt G=igen . . . . .

n = Parameter type number
model = Model type used [ACI]
= ACI for ACI recommendations
= CEB for CEB/FIP recommendations
= CEB1 for one component CEB/FIP model
= LAB for laboratory test data
nat = Number of loading ages in this table [na]
ntt = Number of times after loading for this table [nt]
nrt = Number of retardation times in this table [nr]
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rt = Smallest retardation time for creep model (days) [5]
igen = Loading ages and times generation flag [0]

0 for ages and times generated by the program

1 for ages and times to be input on the following
lines

Additional data are interpreted from this line, the meaning of
which depends on the model specified with the M= identifier.

When M=ACI is specified, the following additional data are
interpreted from the control line:

A=a B=b C=c D=d E=e F=f T=t0 W=w X=rt
a [4.0] and b [0.85] are used in the time function for f’,(t):

£/o(t) = - £’-(28)

a + bt
c [1.25] and 4 [0.118] are used in the age function for creep:
K, = c.77d

e [1.0], £ [50.0] and t0 [7.0] are used in the time function
for shrinkage:

(t-to)®© s

s = )
€=(t) f + (t-to)®© € u

w [150.0] is the unit weight of concrete (pcf), used in
E(t) = 33.wl-5[£/(t)]11/2
rt [7.5] is the tensile strength ratio, used in

£r4(t) = rte[£7,(t)11/2

When M=CEB is specified, the following additional data are
interpreted from the control line:
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H=humd A=area P=prim X=rt

humd = Ambient relative humidity (percent) [70.0]

area = Cross sectional area of the specimen (cmz) [30.0]
prim = Perimeter of the specimen (cm) [1.0]

rt = Tensile strength ratio as in ACI input [7.5]

When M=ACI or M=CEB is specified along with G=0, loading ages and
observation times are not generated and must be input from the
following lines. For each loading age 1,2,...,nat, one
additional line of input in the following format is required.

A=agel T=time(1l),time(2),...,time(ntt)

agel = Age at loading (days) for table generation
time(?) = Observation times (days) for table generation

When M=LAB is specified, the loading ages, observation times,
initial elastic moduli, shrinkage strains, compressive strengths,
tensile strengths and creep strains are not generated by the
program and must be input from the following lines. For each
loading age 1,2,...,nat, two additional lines of input in the
following format are required. The units for this case should be
consistent with those which were input under the UNIT command.

A=agel E=emod S=shrn F=fpc R=fpt T=time(1),...,time(ntt)
C=crep(1l) ,crep(2),...,crep(ntt)

agel = Age at loading (days) for table generation
emod = Initial elastic modulus E(agel)

shrn = Shrinkage strain €S (agel)

fpc = Compressive strength f’_(agel)

fpt = Tensile strength £’y (agel)

time(?) = Observation times (days) for creep strains
crep(?) = Creep strains corresponding to agel and time
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The MESH INPUT Command

MESH INPUT

( )
( Mesh Input Subcommands )

( )

The MESH INPUT command has no arguments of its own, but is
followed by a series of mesh input subcommands which specify the
node coordinates, material and section properties, and frame and
tendon element geometries for the plane frame structure. All
nodes, frame elements, tendons and travelers which will ever
exist in the analysis history of the structure are defined using
the mesh input subcommands. The erection sequence is specified
later in the input using the RESTRAINTS, BUILD(frame element),
REMOVE (frame element), STRESS(tendon) and MOVE(traveler)
subcommands of the CHANGE STRUCTURE command.

The mesh input subcommands include NODES, SEQUENCE, CONCRETE
PROPERTIES, MILD STEEL PROPERTIES, PRESTRESSING STEEL, SECTION
PROPERTIES, FRAME ELEMENTS, TENDON GEOMETRY, TRAVELERS, and MESH
COMPLETE described below.

The MESH INPUT command can be used only once in a given analysis.

Each subcommand can also be used only once. The subcommands
should be entered in the order in which they are presented below.

The NODES Subcommand

NODES N=nnod
n X=xord Y=yord C=xord,yord S=scale G=nl,n2,inc

nnod = Total number of nodes in the structure
n = Node number
xord = Global X-coordinate of node nl [0,pV]
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yord = Global Y-coordinate of node nl [0,pV]
scale = Scale factor for global X- and Y- coordinates [1,pV]
nl,n2,inc = Generation parameters described below

The NODES command is used to specify the total number of nodes
and the geometry of the nodes. The node number n must be less
than or equal to the total number of nodes input on the NODES
command line. Node coordinates may be input or generated in any
order with any number of data lines. If a node is input or
generated more than once, only the last specification is used.

Node coordinates are input in the global X- Y- coordinate system
(Fig. 2.1). The input X- and Y- node coordinates are multiplied
by the scale factor immediately after input. Once the scale
factor is entered (usually on the first line of node input data)
do not enter it again unless it is necessary to reset its value.

Additional node numbers and coordinates may be automatically
generated using the G=nl1l,n2,inc parameters. Nodes and node
coordinates are generated at equal intervals along a straight
line between two previously specified nodes. The node generation
parameters are defined as

nl = A previously specified node number
n2 = A previously specified node number
inc = Node number increment defining the generated nodes [1]

If node coordinates are defined more than once, only the last
definition will be used. The final set of coordinates for all
nodes is printed in the output.

This sequence of lines must be terminated by a blank line.
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The SEQUENCE Subcommand

SEQUENCE
nl,n2,inc

nl = First node in a generation sequence
Last node in a generation sequence
Node number increment [1]

n2

inc

The SEQUENCE command is an optional command used to specify the
node number order used for numbering the nodal displacement
degrees of freedom of the structure. Skillful use of this
command can reduce the profile of the stiffness matrix and
increase the program’s efficiency in solving the equilibrium
equations. If this command is not used, degrees of freedom will
be numbered in node number order 1,2,...,nnod.

Data lines must be provided to generate a list of node numbers in
the order in which their degrees of freedom are to be numbered.
Each node number must appear not more than once in this list.
Any nodes which are omitted from this list will be numbered in
numerical order after all other nodes.

This sequence of lines must be terminated by a blank line.
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The CONCRETE PROPERTIES Subcommand

CONCRETE PROPERTIES N=ncnc
n F=fpc C=ultcrp S=ultshr W=weight M=model A=alfa \

O=rl P=r2 T=type

C=rc U=epsu E=eps20 R=r20 K=kts (for T=2 only)
ncne = Total number of concrete types [1]
n = Concrete type number
fpc = 28 day cylinder strength

ultcrp = Ultimate creep coefficient [0.0]

ultshr = Ultimate shrinkage coefficient [0.0]

weight = Unit weight (for computing dead load only) ([0.0]
model = Time dependent model (parameter type) number [1]

alfa = Thermal expansion coefficient [0.0]

rl = Ratio rl1 for effective stress calculation [0.35]
r2 = Ratio r2 for effective stress calculation [1.865]
type = Stress-strain curve type

= 1 for linear curve
= 2 for nonlinear curve

rc = Ratio rc for compressive strength calculation [1.0]
epsu = Ultimate compressive strain [0.0031]

eps20 = Strain at the end of descending straight line [0.003]
r20 = Ratio for computing £20 corresponding to eps20 [0.85]
kts = Tension stiffening code [0]

= 0 if tension stiffening is not considered
= 1 if tension stiffening is considered

The CONCRETE PROPERTIES command is used to specify the different
basic concrete material properties found in the structure. The
concrete types may be supplied in any order; however each type
must be specified once and only once. Absolute values for the
stresses and strains should be entered even though they represent
the compressive region of the stress-strain curve. Proper signs
are assigned in the program. Consistent units as specified in
the UNIT command should be used.
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only the simple descriptive properties listed above are input
under this command. The complete numerical description of the
concrete at different times is found by the program by combining
this data with the time dependent constitutive constants which
were input or generated using the CONCRETE PARAMETERS command.

Nonlinear creep effects at high stress levels are accounted for
by the effective stress concept. The effective stress fg is
defined by the following equations:

fo = £ if £ < ri*f";,
fo = Cl*f + c2*f", if ri*f", < f <
fo = r2*f if £ = f",

In the above equations rl is the stress-strength ratio up to
which creep strain is proportional to stress intensity, and r2 is
the magnifying factor when the stress equals the maximum
compressive stress f".. cl and c2 are computed in the program by
linear interpolation. Nonlinear creep effects can be neglected
in the analysis by specifying rl = r2 = 1.0.

Both linear and nonlinear stress-strain curve types can be used
in the analysis. When the nonlinear type is used, an additional
line of data characterizing the stress-strain curve should be
input. See Fig. 2.2(a) for graphic representation of these data.
rc is used in f"_, = rc*f’, for computing f",, the maximum
cpmpressive stress. The horizontal straigt line branch of the
stress-strain curve is used to model the behavior of the confined
concrete. The stress f20 corresponding to eps20 is computed by

£f20 = r20*f'c. The default values are set for normal unconfined
concrete.

A table of concrete properties is printed in the output.
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The MILD STEEL PROPERTIES Subcommand

MILD STEEL PROPERTIES N=nmsl
n E=Esl T=Es2 Y=fsy U=epsu A=alfa

nmsl = Total number of mild (reinforcing) steel types [1]

n = Mild steel type number
Esl = First elastic modulus
Es2 = Second elastic modulus

fsy = Yield stress
epsu = Ultimate strain
alfa = Thermal expansion coefficient

The MILD STEEL PROPERTIES command is used to specify the
different mild (reinforcing) steel material properties found in
the structure. Mild steel types may be supplied in any order;
however each mild steel type must be specified once and only
once.

Bilinear stress-strain relationship assumed in the analysis is
shown in Fig. 2.2(b). Both linear and nonlinear steel properties
can be modeled.

A table of mild steel properties for all mild steel types is
printed in the output.
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The PRESTRESSING STEEL Subcommand

PRESTRESSING STEEL N=npsl P=npt
n C=crvf W=wblf F=fpy R=rlxp A=alfa
F=fp(1,n),fp(2,n),...,fp(npt,n)
E=ep(1,n),ep(2,n),...,ep(npt,n)

npsl = Total number of prestressing steel types [1]

npt = Number of points on the multilinear stress-strain curve
excluding the origin (maximum 10)

n = Prestressing steel type number

crvf

Curvature friction coefficient [0.0]

wblf = Wobble friction coefficient per unit length [0.0]
fpy = 0.1 % offset yield stress for relaxation calculation
rlxp = Relaxation coefficient [10.0]

alfa = Thermal expansion coefficient [0.0]

fp(?,n) = stress value at point "?" for steel type n
ep(?,n) = strain value at point "?" for steel type n

The PRESTRESSING STEEL PROPERTIES command is used to specify the
different prestressing steel material properties found in the
structure. Prestressing steel types may be supplied in any
order; however each prestressing steel type must be specified
once and only once.

Multilinear stress-strain curve is assumed in the analysis. See
Fig. 2.2(c) for graphical representation. The discrete stress
and strain values at npt points are input on the third and fourth
lines, respectively. Both linear and nonlinear stress-strain
relations can be modeled.

Prestressing steel is considered as a relaxing material. The
yield stress is used only in the relaxation calculation. The
friction coefficients are used in computing the initial tendon
forces under the STRESS subcommand of the CHANGE STRUCTURE
command.
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The SECTION PROPERTIES Subcommand

SECTION PROPERTIES N=nsct C=mcl S=msl
n N=nc C=ncl S=nsl K=kshr

A=acl(1,n),acl(2,n),...,acl(ncl,n)
Y=ycl(1,n),ycl(2,n),...,ycl(ncl,n)
S=shk(1,n),shk(ncl,n) (This line for K=2 only)
S=shk(1,n),shk(2,n),...,shk(ncl,n) (This line for K=3 only)
B=asl(1,n),asl(2,n),...,asl(nsl,n) (Skip if nsl=0)
Z=ysl(1,n),ysl(2,n),...,ysl(nsl,n) (Skip if nsl=0)
M=ssl(1,n),ssl(2,n),...,ssl(nsl,n) (Skip if nsl=0)

nsct = Total number of section types [1]

mcl = Maximum number of concrete layers in any section
msl = Maximum number of mild steel layers in any section
n = Section type number

nc = Concrete type number [1]

ncl = Number of concrete layers [mcl]

nsl = Number of mild steel layers [msl]
kshr = Shrinkage distribution code [0]
= 0 for no shrinkage
= 1 for uniform distribution
= 2 for linear distribution
= 3 for nonlinear distribution
acl(?,n) = Area of concrete layer No. "2?" in section No. n
ycl(?,n) = Local y-coordinate of concrete layer No. "2"
in section No. n
shk(?,n) = Shrinkage factor of concrete layer No. "2"
in section No. n
asl(?,n) = Area of mild steel layer No. "?" in section No. n
ysl(?,n) = Local y-coordinate of mild steel layer No. "2"
in section No. n
Mild steel type number of mild steel layer No. "2"
in section No. n

ssl(?,n)
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The SECTION PROPERTIES command is used to specify the different
section properties found in the frame elements making up the
structure. The section types may be supplied in any order;
however each section type must be specified once and only once.

The cross section is divided into a number of concrete and mild
steel layers as shown in Fig. 2.1(c). Principal properties of
these layers are their areas and local y-coordinates (distances
from the reference axis). Note that the concrete type number is
an attribute of a section type while the mild steel type number
is an attribute of a mild steel layer so that each mild steel
layer can be assigned a different steel type.

Arbitrary distribution of shrinkage strain over the depth of the
cross section can be modeled due to the layer discretization.
The shrinkage factor input can be skipped if the shrinkage is not
considered in the analysis or if the shrinkage distribution is
uniform over the cross section. The shrinkage factors entered
here are fractions of shrinkage strain present in the structure
at a particular time.

A table of section properties including the total area, the
static moment of area and the moment of inertia about the
reference axis is printed in the output.
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The TEMPERATURE PATTERNS Subcommand

TEMPERATURE PATTERNS N=ntdp
n X=nx K=ktmp
T=tfac(1l) ,tfac(ncl) (This line for K=2 only)
T=tfac(1l),tfac(2),...,tfac(ncl) (This line for K=3 only)

ntdp = Total number of temperature distribution patterns [1]
n = Temperature distribution pattern number
nx = Section type number

ktmp = Temperature distribution code [1]

= 1 for uniform distribution

= 2 for linear distribution

= 3 for nonlinear distribution
ncl = Number of concrete layers in section type nx
tfac(?) = Temperature factor for concrete layer number "2"

The TEMPERATURE PATTERNS command is used to specify the different
temperature distribution patterns found in the the structure.
The temperature distribution patterns may be specified in any
order; however each temperature distribution pattern must be
specified once and only once.

Arbitrary distribution of temperature over the depth of the cross
section can be modeled due to the layer discretization. The
temperature factors entered here are multiplied by the element
temperature multipliers input under the LOADING command to
produce the actual temperatures at each part of the structure.

The temperatures of mild steel layers and prestressing tendons
are computed in the program based on their locations within the
cross section.

The TEMPERATURE PATTERNS command is optional. If the temperature
variation is not considered in the analysis this command can be
omitted.
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The FRAME ELEMENTS Subcommand

FRAME ELEMENTS N=nfml
n,ni,nj X=nx D=cd F=if G=nl,n2,...,n7

nfml = Total number of frame elements [1]

n = Frame element number

ni = Node number for node i

nj = Node number for node j

nx = Section type number

cd = Casting date (days)

if = Creep integration type [3]

nl - n7 = Generation parameters described below

The FRAME ELEMENTS command is used to define all the frame
elements used in modeling the structure. The frame element
descriptions may be supplied in any order; however each frame
element description must be specified or generated once and only
once.

The geometry of frame elements is shown in Fig. 2.1. Frame
elements consist of parallel concrete and mild steel layers. The
structural properties of a frame element are determined by the
specificaion of its two end nodes and the section type. The
casting date (in days) may be specified with the D= identifier,
but this specification can be overridden under the BUILD
subcommand of the CHANGE STRUCTURE command.

The type of creep strain integration over a time step is
specified with the F= identifier. With F=1, constant stress and
constant material parameters are assumed over a time step. With
F=2, linear stress variation and constant material parameters are
assumed. With F=3, linear variations of both the stress and the
material parameters are assumed.

Additional frame elements may be automatically generated using
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the G=n1,n2,...,n7 parameters. Frame elements are generated by
incrementing the input parameters by their respective increments,
which are input using the G= identifier. The generation

parameters are defined as

nl = First element in generation sequence (usually = n)
n2 = Last element in generation sequence

n3 = Frame element number increment

n4 = Node i increment

n5 = Node j increment

né = Cross section type increment

n7 = Casting date increment

A table of frame element specifications is printed in the output.

This sequence of lines must be terminated by a blank line.

The TENDON GEOMETRY Subcommand

TENDON GEOMETRY N=ntdn P=iprn
( )

( Tendon Geometry Specifications )

( )

ntdn = Total number of prestressing steel tendons [1]
output print flag [1]

1 for short form

= 2 for long form

iprn

The TENDON GEOMETRY command is used to specify and generate the
geometry of all the prestressing steel tendons.

Each tendon is modeled as a series of segments connected at
tendon points (Fig. 2.3(a)). Each tendon point is rigidly
constrained to a specified node, which is usually different for
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each tendon point. Each tendon segment must lie entirely within
one frame element. The global X- and Y- coordinates of the
tendon points completely define the tendon’s geometry. These
coordinates may be input directly for each tendon point, or they
may be generated using a parametric generation scheme. The input
or generation can be in an alternative, translated and rotated
local r- s- coordinate system specified by the user. The r- and
s- coordinates are converted internally to the global X- Y-
system.

For input convenience, each tendon may consist of several spans.
These spans are defined by the node numbers corresponding to the
tendon points along their length, and need not correspond to the
actual spans of the structure. The tendon point geometry of each
span may be either directly input or parametrically generated.

Tables of tendon point and segment geometry may be printed in the
output. The P= identifier on the TENDON GEOMETRY command line is
used to set the amount of output and the number of tables
printed. If P=0, only an echo of the input is printed. If P=1,
a table of final tendon point coordinates is added. If P=2,
detailed tables of tendon point local and global coordinates and
tendon segment geometries are added. Use of P=2 produces
voluminous output.

Several lines of input, described below, are required to specify
the geometry of each span of each tendon. This set of input
lines must be provided for each tendon.

Tendon Geometry Specification :
The first line of each tendon is the tendon control data line.

Tendon numbers must be supplied in ascending consecutive order
starting with tendon 1.
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n S=nspn M=matl A=area

n = Tendon identification number

nspn = Number of spans used to define the tendon geometry
matl = Presressing steel type number

area = Cross section area for the tendon

For each span, several lines must be provided to input or
generate the tendon point geometry for that span. The first line
specifies the number of nodes and the node numbers defining the
span, and alternatively the base vectors for the local r- s-
coordinate system (Fig. 2.3(a)) in which the tendon geometry is
input or generated. Once these base vectors have been entered
for a particular span, they need not be entered again for other
spans or other tendons unless it is necessary to reset them. The
initial default local coordinate system is the global X- Y-
coordinate system. Span numbers must be supplied in ascending
consecutive order starting with span 1.

ns N=nnis G=nl,n2,inc B=x0,y0 E=x1,yl

ns = Span number

nnis = Number of nodes in the span (including both end nodes)
nl = Node number at "left" end of the span

n2 = Node number at "right" end of the span

inc = Node number increments for generating nodes

x0,y0 = Global coordinates of the origin of the local r- s-
coordinate system [0.0,0.0]

x1,yl = Global coordinates of a point on the local r- axis
[1.0,0.0]

If the node numbers cannot be generated for a particular span,
then the G= identifier above should be excluded, and the next
line must provide a list of the nnis node numbers included in the
span, in order from "left" to "right" in the span.
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I=n(1) ,n(2),...,n(nnis)

n(?) = Node number included in the span
nnis

Number of nodes in the span (input on previous line)

The next line(s) provide data for generation or direct input of
tendon point coordinates for the span. If parametric tendon
point generation is used for the span, one line with the
following data must be provided. See Fig. 2.3(b) for the
graphical description of terms to be input.

R=rlli,rllp,rlri S=slt,slp,srt

rlli = Fraction of the total span length of the distance
between the "left" end of the span and the "left"
inflection point (a positive number)

rllp = Fraction of the total span length of the distance
between the "left" end of the span and the point of
zero tendon slope ("low point") relative to the r- s-
coordinate system (a positive number)

rlri = Fraction of the total span length of the distance
between the "right" inflection point and the "right"
end of the span (a positive number)

slt = s- coordinate of left end of tendon
slp = s- coordinate of point of zero slope
srt = s- coordinate of right end of tendon

If direct tendon point coordinate input is used for the span, the
following nnis lines must be provided in place of the one above.
In this case the default r- coordinates are the r- coordinates of
the nodes included in the span.

np R=r(np) S=s(np)

np = Tendon point number

r(np) = r- coordinate of tendon point np
s(np) = s- coordinate of tendon point np
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The TRAVELERS Subcommand

TRAVELERS N=ntrv
n E=emod A=area I=izz W=wegt N=nnit

ntrv = Total number of travelers

n = Traveler number

emod = Elastic modulus of material
area = Cross section area

izz = Moment of inertia

wegt = Total weight of traveler
nnit = Number of nodes in traveler

The TRAVELERS command is used to describe all the traveling
formworks used in modeling the construction sequence. Traveler
numbers must be supplied in ascending consecutive order starting
with traveler 1.

Travelers are modeled as linear elastic frame elements linearly
connecting several nodes. Only the traveler properties are input
under this command. The locations of the travelers may change at
any time are input under the MOVE subcommand of the CHANGE
STRUCTURE command.

The MESH COMPLETE Subcommand

MESH COMPLETE

The MESH COMPLETE command has no arguments. It signals the
program that the mesh input phase of the analysis is complete.
No mesh input commands are allowed after this command has been
interpreted.
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The SET Command

SET D=day T=temp G=gx,gy A=aclr \
C=ctol(1),ctol(2),...,ctol(8) I=mxit(1l),mxit(2)

day
temp =
gx =
gy =
aclr =
ctol (1)
ctol (2)

ctol (3)
ctol (4)
ctol (5)
ctol (6)
ctol (7)
ctol (8)

mxit (1)

mxit (2)

Current date (days)
Current temperature [0.0]

Global X- direction gravity load multiplier [ 0.0]

Global Y- direction gravity load multiplier [-1.0]

Time step solution covergenge acceleration factor [.71]

tols, Stress ratio tolerance for time step solution
tolf, Displacement ratio tolerance for final load or
displacement step

toli, Displacement ratio tolerance for intermediate
load or displacement steps

tolc, Displacement ratio tolerance for changing
stiffness matrix

toll, Maximum unbalanced force allowed in iteration

= tolm, Maximum unbalanced moment allowed in iteration

= told, Maximum translation allowed in iteration

= tolr, Maximum rotation allowed in iteration

Maximum number of iterations allowed for final load
or displacement step [50]

Maximum number of iterations allowed for
intermediate load or displacement steps [30]

The SET command is used to set and reset the basic environmental

factors influencing the solution, as well as solution convergence

and acceleration which influence the accuracy and cost of the

analysis.

The command may be issued any number of times in order

to change these factors as required.

The D= identifier is used to set the date at the end of the next
solution step. This date can also be set under the SOLVE

command.
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The T= identifier is used to set the element temperatures for
succeeding solution steps. This temperature is used for the
calculation of temperature strains only. This temperature
specification overrides any previously specified temperature
gradients entered using the LOADING command.

The G= identifier is used to set the load multipliers for gravity
loads in the global X- and Y- directions. The gravity load
multipliers gx and gy, however, influence only the gravity load
increment and should be set only once, prior to any construction
operations performed under the CHANGE STRUCTURE command.

The A= identifier is used to set the convergence acceleration
factor for the creep solution. The default value has proven
satisfactory in most cases.

The C= identifier is used to set various convergence tolerances
required to control the flow of the nonlinear analysis solution
scheme. Since these tolerances are the most important parameters
which control the nonlinear analysis procedure, each term will be
described in detail. All the convergence tolerance values should
be input in absolute values.

ctol(1l) = tols. The stress ratio tolerance is used to control
the time step solution. The stress ratio is defined as the ratio
of the stress increment for the current iteration to the total
stress increment of the time step up to previous iteration. 1If
the stress ratio is greater than tols, then the iteration
continues. The stress component to be checked is the maximum
stress occurring on the first iteration of the time step.
Specifically, the location of the maximum stress is identified by
the Gauss integration point number, concrete layer number and the
frame element number. This location identification data along
with the stress ratio value is printed in the output. The tols
value on the order of 0.01 has yielded satisfactory results.
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ctol(2) = tolf. The displacement ratio tolerance is used to
control the nonlinear load or displacement step solution. The
displacement ratio is defined as the ratio of the displacement
increment for the current iteration to the total displacement
increment up to previous iteration of the current load or
displacement step. 1In the final load or displacement step, if
the displacement ratio is greater than tolf, then the iteration
continues. The displacement component to be checked is the
maximum translation or rotation occurring on the first iteration
of the current load or displacement step. Between the
translational and rotational components, the one which yields the
greater ratio is the controlling displacement component. In the
displacement step solution, the controlled displacement component
cannot be selected as the controlling displacement component.
The controlling displacement component and the displacement ratio
is printed in the output. The tolf value between 0.001 and 0.05
has been used successfully.

ctol(3) = toli. 1In intermediate load or displacement steps, if
the displacement ratio is greater than toli, then the iteration
continues. The toli value between 0.001 and 0.05 has been used
successfully.

ctol(4) = tolc. Either constant stiffness or variable stiffness
iteration can be selected by this tolerance. If the displacement
ratio is greater than tolc, then new structure tangent stiffness
matrix is formed and used for the next iteration. Otherwise,
previously formed and reduced stiffness matrix is used. The
number of iterations required to arrive at the solution is
affected by the value of tolc. 1In a typical nonlinear analysis
problem the state determination phase takes up more computer time
than the stiffness formation and reduction phase. Thus the use
of small values for tolc, which results in the smaller number of
iterations, is recommended, especially for ultimate load analyses
in which structure tangent stiffness varies steeply. However,
for creep analyses in which the structure tangent stiffness stays
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essentially the same, larger value for tolc is recommended. The
tolc value between 0.0001 and 0.1 has yielded satisfactory
results.

ctol(5) = toll, ctol(6) = tolm. These tolerances set the ceiling
on the maximum unbalanced load allowed in an iteration. If the
maximum unbalanced force component is greater than toll or the
maximum unbalanced moment component is greater than tolm, then
the iteration continues. Note that for an iteration to be
terminated, the conditions for the unbalanced load as well as the
displacement ratio or the stress ratio have to be satisfied. The
values for toll and tolm obviously depend on the units used in
the analysis. Approximately 1/1000 to 1/100 of the maximum
expected nodal force or moment is recommended.

ctol(7) = told, ctol(8) = tolr. These tolerances set the ceiling
on the maximum allowed values of translational and rotational
displacement increments in an iteration. These are provided in
order to guard against the displacement overshoot which may occur
in a geometrically nonlinear analysis or a load reversal analysis
with material nonlinearities. Approximately 10 times the maximum
expected displacement or rotation increment value is recommended.

mxit (1) and mxit(2). In addition to the convergence tolerances
described above, a ceiling is provided to limit the number of
iterations performed for each load or displacement step in case
the tolerances provided are too stringent. mxit(1l) is for the
final load or displacement step and mxit(2) is for intermediate
steps. Default values can be used for ordinary problems.
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The CHANGE STRUCTURE Command

CHANGE STRUCTURE
( )

( Construction Subcommands )

( )

The CHANGE STRUCTURE command has no arguments of its own, but is
followed by a series of construction operation subcommands which
specify the current boundary conditions, the installation and
removal of frame elements and prestressing steel tendons, and the
movement of travelers in the plane frame structure. The
structure to be analyzed at a particular time is completely
defined by the cumulative effects of CHANGE STRUCTURE commands.

The construction operation subcommands include RESTRAINTS (to
change nodal boundary conditions), BUILD (to install frame
elements), REMOVE (to remove frame elements), STRESS (to stress,
restress, or remove prestressing steel tendons), MOVE (to move
traveling formworks), and CHANGE COMPLETE (to terminate the
command) described below.

The CHANGE STRUCTURE command can be used any number of times in a
given analysis in order to model the construction sequence. The
effects of the change on the displacements and internal forces in
the structure are found by using the SOLVE command after the
CHANGE STRUCTURE command and any optional loadings commands.
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The RESTRAINTS Subcommand

RESTRAINTS
nl,n2,inc R=rx,ry,rzz

nl = Node number of first node in a series of nodes with
identical restraint specifications

n2 = Node number of last node in the series [nl]

inc = Node number increment used to define nodes in the series

rx = X- displcement restraint specification

ry = Y- displcement restraint specification

rzz = Z- rotation restraint specification

The RESTRAINTS command is used to specify the bundary conditions
on the structure. The data line is repeated as many times as

required to specify the desired boundary condition changes.

Each node has three displacement degrees of freedom (Fig. 2.1(a))
each of which may be specified with one of three restraint types:

r?2 = 0 : Free to displace

"
=

Fixed at current total displacement
r? = 2 : Fixed with zero displacement

If the restraint specification is "0" the degree of freedom is
unrestrained, any existing reaction is applied as a load, and the
displacement or rotation will be evaluated by the program. If
the restraint specification is "1" the total displacement or
rotation is restrained to its current value. If the restraint
specification is "2" the total displacement or rotation is
restrained to zero. Restraint types 1 and 2 are identical except
that for type 2, an imposed displacement equal and opposite to
the total current displacement is applied in the next solution
step.

Any restraint change remains in effect until changed again by a
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subsequent RESTRAINTS subcommand. All unspecified nodes are
assumed to have a "0" (free to displace) boundary condition in
all three degrees of freedom.

The program automatically determines which nodes are defined in
the current structure and includes only their unrestrained
degrees of freedom in the global equilibrium equations. Thus the
user need not restrain unused nodes with this command.

This sequence of lines must be terminated by a blank line.

The BUILD Subcommand

BUILD N=nl1,n2,inc D=cd

nl = Element number of first frame element in a series of
elements to be installed in the structure
n2 = Element number of last element in the series [nl]

inc = Element number increment
cd = Casting date of concrete in the specified elements

The BUILD command is used to install new frame elements into the
structure. The elements can later be removed using the REMOVE
subcommand described below. The sequence of elements generated
with the N= identifier must be statically feasible in order for
node displacement initialization to work properly. Thus, for the
BUILD command, backward generation (i.e. inc less than 0) is
allowed. If a casting date is specified under this command, it
overrides the value input under the FRAME ELEMENTS subcommand of
the MESH INPUT command.

The dead load of the frame element is automatically included as
concentrated forces at the nodes based on the length, cross
section area and material unit weight of the elements input under
the MESH INPUT command, multiplied by the current gravity load
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multipliers specified with the SET command.

The displacements of any previously unrestrained nodes which as a
result of this command are made active, are initialized based on
the total displacements of the node at the other end of the
element and assumed rigid behavior of the element. This makes it
necessary under this subcommand to generate elements in a
statically feasible order.

The REMOVE Subcommand

REMOVE N=nl,n2,inc

nl = Element number of first frame element in a series of
elements to be removed from the structure

n2 = Element number of last element in the series [nl1]

inc = Element number increment

The REMOVE command is used to remove existing frame elements from
the structure. The elements must have been installed using the
BUILD subcommand described above. Once an element has been
removed with this command, it is permanently gone from the
structure and may never be installed again.

The program automatically removes the stiffness, dead load and
internal forces from the system matrices when an element is
removed. Any additional loads applied to the element under the
LOADINGS command described below are not automatically removed,
and must be removed manually (by applying an equal but opposite
force with another LOADINGS command) before removing the element.
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The STRESS Subcommand

STRESS N=nl,n2,inc T=ktns R=ra,rb S=sa,sb F=fa,fb D=da,db

nl = Tendon number of first tendon in a series of tendons
with identical stressing specifications
n2 = Tendon number of last tendon in the series [nl1]
inc = Tendon number increment
ktns = Tensioning operation code [0]
= 0 for post-tensioning
= 1 for pre-tensioning

ra = Jacking stress ratio at tendon end "A"

rb = Jacking stress ratio at tendon end "B"

sa = Jacking stress at tendon end "A"™

sb = Jacking stress at tendon end "B"

fa = Jacking force at tendon end "A"

fa = Jacking force at tendon end "B"

da = Anchorage slip (draw-in) at tendon end "A"™
db = Anchorage slip (draw-in) at tendon end "B"

The STRESS command is used to install, stress, restress and
remove prestressing steel tendons. The tendons’ geometry and
material properties must have been input under the TENDON
GEOMETRY subcommand of the MESH INPUT command.

T= identifier is used to specify the tensioning method. For pre-
tensioned tendons, the friction coefficients must have been set
to zero under the PRESTRESSING STEEL subcommand of the MESH INPUT
command and anchorage slip values should be set to zero under
this command.

A tendon is initially stressed by specifying its jacking force
and anchorage slip values under this command. When the R=
identifier is used to specify the jacking force, the jacking
stress ratio is the ratio of the jacking stress to the 0.1 %
offset yield stress of the prestressing steel. The tendon
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segment initial forces are calculated based on the jacking force
input and the material properties of the prestressing steel. A
tendon may be restressed by specifying a new jacking force under
a subsequent application of this command. A tendon may be re-
moved entirely by use of this command with a zero jacking force.

In the first solution step after a STRESS command has been
applied to a tendon, the prestress is transferred to the
structure as equivalent joint loads. The tendon stiffness is not
included at transfer for post-tensioned structures while it is
included at transfer for pre-tensioned structures. Thus for pre-
tensioned structures, the prestress loss at transfer due to
elastic shortening is taken into account. In subsequent solution
steps the tendon stiffness is included in both cases.

The MOVE Subcommand

MOVE N=nt D=n(1),n(2),...,n(nnit)

nt = Traveler number
n(?) = Destination nodes for the new traveler location
nnit = Number of nodes in traveler

The MOVE command is used to install, move and remove traveling
formwork. The traveler description must have been input under
the TRAVELER subcommand of the MESH INPUT command. A traveler
may be moved to any location on the structure as many times as
desired during the analysis. The traveler may be removed
entirely by specifying destination node n(1) = 0.

The dead load and stiffness of the traveler are automatically
included in the analysis. When the traveler is moved to a new
location, the element geometry of the traveler is adjusted to the
node geometry at the new location and all nodes are automatically
moved.
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The CHANGE COMPLETE Subcommand

CHANGE COMPLETE

The CHANGE COMPLETE command has no arguments. It signals the
program that the interpretation of CHANGE STRUCTURE commands
should stop. The effects of the changes on the displacements and
internal stresses in the structure are found by using the SOLVE
command described below.

The LOADING Command

LOADING

( )
( Loading Data Lines )

( )

The loading command is used to apply concentrated nodal loads,
imposed nodal displacements, uniformly distributed frame element
loads and temperature change loadings to the structure. Any node
or element to which a loading is applied must be a part of the
current structure. All loadings remain in effect until they are
removed by the application of an equal but opposite loading. All
external loadings and imposed displacements should be given in
global directions (Fig. 2.1(a)).

Each data line takes one of several forms depending on the type
of loading. The loading data lines can contain all three forms
in any order.

For concentrated nodal loads the following data must be provided.
Nodal loads may be applied to any degree of freedom, whether or
not it is free to displace. Loads on restrained degrees of
freedom are retained for future use in case the degree of freedom
is ever unrestrained.
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N=nl1,n2,inc F=fx,fy,fzz

nl

n2

inc =

£fx

fy
fzz

Node number of first node in a series of nodes with
identical loading

= Node number of last node in the series [nl]

Node number increment used to define nodes in the series

= X- force increment
= Y- force increment
= Z- moment increment

For imposed nodal displacements the following data must be

provided. Displacements may only be applied to restrained

(fixed) degrees of freedom. Applied displacements on

unrestrained degrees of freedom are neglected.

N=nl1,n2,inc D=dx,dy,dzz

nl

dy

dzz =

Node number of first node in a series of nodes with
identical applied displacements

= Node number of last node in the series [nl1]

= Node number increment used to define nodes in the series
= X- displacement increment

= Y- displacement increment

Z- rotation increment

For uniformly distributed frame element loads the following data

must be provided. Frame element loads are in the global

directions, and are specified as force per unit projected length.

Frame element loads are converted to concentrated nodal forces

for the analysis

I~=11,12,inc F=fx,fy,fzz

11

12

Element number of first node in a series of elements
with identical loading
Element number of last node in the series [11]
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inc = Element number increment

fx = X- force increment per unit Y- projected length
fy = Y- force increment per unit X- projected length
fzz = Z- moment increment per unit element length

For temperature change loadings the following data must be

provided. The temperature of each element may be different and
may vary arbitrarily over the depth of the element. Uniform,
linear and nonlinear temperature distributions can be considered.
The actual temperatures at each part of the elements are computed
by multiplying the temperature factors entered under the
TEMPERATURE PATTERNS subcommand of the MESH INPUT command by the
temperature multipliers given under this command. Temperature
strains are included in the frame elements generated with the L=
identifier, and also in mild steel layers and all prestressing
tendon segments within the elements. The temperatures of mild
steel layers and prestressing tendons within element are computed
in the program based on their locations within the cross section.
Temperature strains in the travelers are not included. The
reference temperature for all elements is taken as the ambient
temperature (see the SET command) on the day the element was
installed.

I=11,12,inc P=mtdp T=tmlt

11 = Element number of first node in a series of elements
with identical temperatures

12 = Element number of last node in the series [11]

inc = Element number increment

mtdp = Temperature distribution pattern number

tmlt

Temperature multiplier

This sequence of lines must be terminated by a blank line.
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The SOLVE Command

SOLVE T=ktim C=kldc S=nstp D=date IL=nlds G=kgn X=kgs \
N=nodc O=ndof A=cdsp P=iprn Q=l1prn
F=fload (1) ,fload(2),...,fload(nlds) ( for nlds>1 and kldc=0 )
F=fdisp(1) ,fdisp(2),...,fdisp(nlds) ( for nlds>1 and kldc=1 )

ktim = Time step solution mode code [0]
= 0 for intantaneous solution
= 1 for time step solution
kldc = Nonlinear solution strategy code [0]
= 0 for load control
= 1 for displacement control
nstp = Number of time steps [1]
date = Day number at end of solution
nlds = Number of load or displacement steps [1 for ktim=1]
kgn = Geometric nonlinearity code [0]
= 0 if geometric nonlinearity is not considered
= 1 if geometric nonlinearity is considered
kgs = Geometric stiffness code [0]
= 0 if geometric stiffness is not included
= 1 if geometric stiffness is included
nodc = Node number with controlled displacement component
ndof = DOF number of controlled displacement component
= 1 for global X- displacement
= 2 for global Y- displacement
= 3 for global Z- rotation
cdsp = Magnitude of controlled displacement
iprn = Output print flag [0]
= -1 for no output
= 0 for output at end of solution
for output at end of each time step
for output at end of each load or displacement step
for output at end of each iteration
for output at end of each iteration

- W N

and structure stiffness matrix printout
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lprn = Layer output print flag [0]
= 0 for no layer output
= 1 for layer output at center of element (Gauss point 1)
= 2 for layer output at all 3 Gauss points

fload(?) = multiplier for load step "2"

fdisp(?) = multiplier for displacement step "2"

The SOLVE command is used to solve the current structure for its
displacements and internal stresses under current loadings at the
specified time. This command performs the majority of the
numerical operations required in the analysis.

All command line data are optional, and need not be entered
unless they are different from the default values. The default
value for the "date" is initially set as the "day" entered under
the SET command. However, if the "date" is changed to a new
value in a previous SOLVE command, then that value becomes the
default value for the "date".

The SOLVE command steps the solution over the time interval from
the time at the end of the previous solution to the day number
specified with the D= identifier on the command line. All
loadings are assumed to be applied gradually over the length of
the time step. Thus any instantaneously applied loads require a
zero length time step. A zero length time step is also required
whenever the structure’s configuration has been changed with the
CHANGE STRUCTURE command. A zero length time step is specified
by omitting the D= identifier on the command line.

In the instantaneous solution mode two options are available for
the nonlinear analysis strategy; load control and displacement
control. Displacement control strategy is useful in the post-
buckling analysis or in the ultimate load analysis near failure
load. Two strategies can be mixed in an analysis. The load or
controlled displacement values are multiplied by the load or
displacement multipliers for each load or displacement step for
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solving in nlds steps. Geometric nonlinearity and geometric
stiffness can be included in the analysis.

In the time step solution mode the solution interval is divided
into nstp time steps. For each time step nonlinear analysis is
performed with single load step using load control strategy. The
times for the intermediate solutions are set up for equal step
lengths on a logarithmic scale. Thus if the solution interval is
from day 100 to day 1000 and nstp = 4, intermediate solutions are
performed for days 177.8, 316.2, 562.3 and 1000. This is a
convenience option to simplify input when several time steps are
required. The entire external loading increment, however, is
applied in the first time step.

The convergence tolerances and the maximum number of iterations
allowed for both load/displacement and time step solution modes
must have been input under the SET command. These values can be
reset by using another SET command if necessary.

Standard output at a particular stage of solution step consists
of the convergence information, nodal displacements, current
total external nodal loads, unbalanced loads and reactions, frame
element forces and moments, prestressing tendon segment forces,
material states, stresses and strains. Frame element forces and
moments are output in local element coordinate system (see Fig.
2.1(b)). Contributions from concrete layers, mild steel layers,
prestressing steel tendons and travelers to total frame element
forces and moments are also shown. The standard output can be
printed at various stages of solution step: after each iteration,
after each load/displacement step, after each time step and at
the end of solution depending on the value of the P= identifier.

Concrete and mild steel layer data can be printed by the Q=
identifier. The layer data consist of the material state codes,
stresses, mechanical and non-mechanical strains of concrete and
mild steel layers at Gauss integration points. The distances of
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Gauss points 1,2,3 from node i of the frame element on local x-
axis are 0.5L, 0.11L and 0.89L, respectively, where L is the
element length. See Fig. 2.2 for the definition of material

state code numbers for the concrete, mild steel and prestressing
steel.

The CAMBER Command

CAMBER C=icmp

icmp = Displacement component to be printed [2]
= 1 for X- displacement
= 2 for Y- displacement

3 for Z- rotation

The CAMBER cammand is used to print a history of adjusted nodal
displacements for all nodes in the structure. The displacements
output under this command represent the displacements which must
exist at the given times in order for the current total
displacements to equal zero.

The STOP Command

STOP

The STOP command saves the entire structure database and
terminates program execution. The analysis can be restarted to
analyze for more time steps or load/displacement steps by
providing the saved database files and an appropriate input file

for the additional steps. See the description of the START
command.
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3. lllustrative Example

In order to demonstrate the use of the program, a three-span
continuous post-tensioned box girder bridge designed and analyzed
by Choudhury [12] will be analyzed by SPCFRAME.

3.1 Explanation of the Input Data

Input data listings of the Choudhury bridge is given in Fig. 3.3
(page 69). The configuration of the structure, its loading and
the analysis model are shown in Fig. 3.1 (page 67). The struc-
ture is a post-tensioned three-span continuous box girder bridge
having single cell with cantilevered top slabs. The bridge is
post-tensioned with two parabolic tendons in each of its two
vertical webs.

One half of the structure is modeled with 21 nodes and 20 frame
elements. Kip-in units are selected and the ACI material model
is used. On CONCRETE PARAMETERS command line the W= and X=
identifiers are used to input the concrete weight and the tensile
strength ratio for the calculation of the initial elastic modulus
and the tensile strength of the concrete, because the values used
by Choudhury are different from default values computed by the
program.

In specifying nodal coordinates the foot unit is used in the
input, but these will be converted to inch units by the scale
factor given with the S= identifier.

The 28-day cyliner strength of the concrete is 4.0 ksi. However,
a slightly smaller value is input under the CONCRETE PROPERTIES
command with the F= identifier. This is due to the use of
inexact default values of ACI coefficients for the calculation of
concrete strength in the program. In order to get the exact
strength value at 28 days after casting, the factor 0.99382
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should be multiplied.

The cross-section is divided into 10 concrete layers and 5 mild
steel layers. The mild steel, corresponding to 0.3% of the conc-
rete area, is provided for construction purposes.

The prestressing steel tendon point data are generated by the
parametric generation option. Two spans are used to specify the
tendon configuration.

The convergence tolerances are set under the SET command. Rela-
tively small value for changing stiffness is specified so that
essentially variable stiffness iteration can be performed. The
reason for this is that it is preferrable to keep the number of
iterations small since the state determination phase takes much
more computer time than the formation and reduction of the struc-
ture stiffness matrix for this problem. The maximum unbalanced
force and moment values allowed in iteration are set as approxi-
mately 1/100 of the expected maximum frame element force and
moment values. This relatively crude values are chosen since the
finite element mesh layout used in the analysis is relatively
crude for the accurate determination of the ultimate load.

Under the CHANGE STRUCTURE command all the frame elements are
built into the structure in one step for this example, the
boundary conditions are set, and the tensioning operation is
performed.

The structure is first analyzed for the dead load and the effects
of prestressing under the first SOLVE command. Then the ultimate
load analysis is carried out for the factor of P13 truck load
which is typical of the heaviest vehicles found on California’s
highways. The idealized P13 truck load is shown in Fig. 3.1(c).
The structure is first analyzed with eight load steps up to 5.5
times the truck load, then the displacement control strategy is
used with three displacement steps to determine the ultimate
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load. The final displacement step is separated to avoid the
voluminous printout of layer records during intermediate steps.

In Fig. 3.3 two additional input files for the same structure are
shown. The first file shows the input data for analyzing the
bridge up to 10000 days (27.4 years) after the completion of
construction with 27 time steps. The second file shows the input
data for the ultimate load analysis of the bridge at 10000 days
after construction utilizing the restart option. Eight files are
written after the execution of the first input file EX1.INP; they
are EX1.INP, EX1.0UT, EX1.DSP, EX1.FRM, EX1.CNC, EX1l.STL,
EX1.TDN, and EX1.COR. Among these the last six files, in which
all the results of the first analysis are stored, should be made
available for the second analysis with the restart option. The
second input data file must be named identically with the first
input file; that is EX1.INP.

In Fig. 3.3 the input data for two more examples are given. One
is for the post-buckling analysis of an eccentrically loaded pre-
tensioned column (example 2), the other is for the creep and
ultimate load analyses of a three-span cantilever construction
post-tensioned box girder bridge (example 3). Example 3 is taken
from Ketchum’s report [10]. This example shows the capability
and applicability of the program SPCFRAME for the time-dependent
nonlinear analysis of practical segmentally erected bridges. The
results of these and other examples will be presented in more
detail in the forthcoming report mentioned earlier.
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3.2 Description and Interpretation of Output

An edited version of the output for example 1 is shown in Fig.
3.4 (page 78). The data for the structural configuration, mate-
rial properties and loading, control data for the nonlinear
solution, which had been directly input or generated by the
program, are printed. The summary output of the analysis for the
dead load and the prestress is first printed.The summary output
for the last analysis step, which represents the ultimate stage,
will be explained in some detail.

The first information concerns the current solution state: these
include the solution date, displacement (or load) step number,
iteration number, displacement ratio, controlling DOF number for
the displacement ratio, multiplier of the nodal load for the
current displacement step, maximum unbalanced force, maximum un-
balanced moment, and current total number of iterations performed
in the analysis. These convergence informations can be noted to
be within the limits set by convergence tolerances.

Nodal boundary conditions and current total displacements are
printed next. Current total joint loads, unbalanced loads and
reactions are given. These values are given in global coordinate
system. In the displacement controlled solution current total
joint loads are computed by the program. For this example the
current total loads represent the truck load multiplier of 5.94.
Restrained DOF are marked by the word "RESTRAINED", and the
corresponding unbalanced load represents the reaction.

Frame element forces and moments are summarized next. These
values are given in local element coordinate system (see Fig.
2.1(b)). Contributions of the concrete layers, mild steel layers
and prestressing tendon segments are shown in addition to the
total values. Contribution of travelers will be included if they
are present. Maximum moment occurs at interior support location
(joint number 11) as expected, where the unbalanced moment shows
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the maximum value also. This unbalanced moment is the difference
between the "MOMENT-J" of element 10 and the "MOMENT-I" of
element 11. This unbalanced moment could have been reduced had
the lower value for the convergence tolerance "TOLM" been
specified, in which case larger number of iterations would have
been required.

Concrete and mild steel layer data are printed if requested.
Oonly the data for element 11 at Gauss point number 2, and element
20 at Gauss point 3 are shown in the edited output. These are
the locations of maximum negative and positive moment, respec-
tively. Gauss integration points 1,2,3 from node i of the frame
element on local x-axis are 0.5L, 0.11L and 0.89L, respectively,
where L is the element length (Fig. 2.1(b)).

Material state code numbers, total stresses, total strains, total
mechanical strains, total non-mechanical strains and total creep
strains are given for each concrete and mild steel layer. Mate-
rial state code numbers represent the current position of the
material in the instantaneous stress-strain curve. The code
numbers for each material are shown in Fig. 2.2.
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different material states are defined for concrete:

compression, not yielded

compression, yielded

compression, yielded and in horizontal path
stiffening range

path from state 2

path from state 3

path from state 4

has
has
has
has
has

In primary tension
primary

In primary
primary

In tension

Cracked

= Crushed

In load reversal
load reversal

In load reversal
state 2, and

In state 3, and
state 4, and

In state 8, and

In state 9, and

In state 10, and

has

been
been
been
been
been
been

cracked
cracked
cracked
cracked
cracked
cracked

different material states are defined for the mild steel:

In primary linearly elastic range
Yielded
In load reversal path
Failed

Prestressing steel material state code numbers are as follows:

Between points (n-1) and n on multilinear stress-strain

curve

In load reversal path

Failed in tension
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Non-mechanical strains consist of creep, shrinkage, aging,
temperature strains and strains due to imposed displacements for
concrete, and temperature strains and strains due to imposed
displacements for mild steel and prestressing steel.

It can be noted from the layer data of this example that in the
maximum negative moment section at interior support, extensive
cracking and yielding of materials have taken place, signifying
the impending failure. The compressive stress in the bottom
concrete layer of the section shows the maximum value in the
structure. Prestressing tendon forces, strains and material
state code numbers are also printed. Extensive yielding of
material and the increase of prestressing forces can be noted in
maximum moment regions.

Based on the above data it can be concluded that the failure is
initiated by the crushing of concrete at interior support, and
the corresponding truck load multiplier of 5.94 represents a
reasonable estimate of the ultimate load. This can be further
confirmed by the failure of convergence on the next displacement
step.

The load - central deflection curves of this example for both
SPCFRAME analysis and Choudhury’s NAPBOX [12] analysis are shown
in Fig. 3.2 (page 68). Very good agreement between the two
results can be noted.

Theoretical aspects of these and other examples will be discussed
in greater detail in the forthcoming report mentioned earlier.
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4. Programmer’s Guide

This programmer’s guide is provided for those who maintain the
program, modify the program to suit their own purposes, or use
this program as a basis for further development.

4.1 Program Organization

The program SPCFRAME consists of a short main program and approx-
imately 130 Fortran subprograms which perform the input and out-
put functions, database management functions, and the numerical
computations required for the time-dependent nonlinear solution.
These subprograms are grouped into 10 source modules, each of
which may be a program overlay if required by the computer used.
The program is written around a named incore array database
manager [11] which dynamically allocates and manages all numeri-
cal array storage, and a free-field input interpreter which
provides the user interface.

The program was developed on a personal computer, which is an IBM
clone based on Intel 80386 processor, under the MS-DOS 3.30 using
Microsoft Fortran 4.1 compiler, and tested on the VAX mini- and
micro-computers at the University of California, Berkeley using
the UNIX operating system and f£f77 Fortran compiler and linker.
The program can also be run on IBM XT and AT class personal com-
puters. All hardware dependent functions are located in several
easily modified subroutines, so that the simple transfer of the
program to other machines is possible.

The functions of 10 source modules will be described briefly:

(1) SPCFRAME
Initializes the database, and the problem solution, controls
the overall program flow, and calls the other modules when
required by the input commands.
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(2) UTILITY
Performs common functions required by all the other modules.
Includes the input interpreter, in-core array manager, and
element array record filing routines. All hardware depend-
ent functions are in subroutines located in this module.

(3) CONCRETE
Inputs and generates the tables of time-dependent concrete
material model parameters for creep, shrinkage, and aging of
the concrete.

(4) INPUT
Inputs and generates the node coordinates, material proper-
ties, cross-section properties, and element types and loca-
tions. Initializes and files the frame, concrete and steel
layer, and tendon element characteristic matrices.

(5) CHANGE
Interprets all structure configuration change commands.
Initializes nodal displacements, tendon segment foces and
traveler element characteristic matrices based on input
commands. Sets environmental conditions and convergence
tolerances for the solution.

(6) LOAD
Inputs, generates and computes various load vectors used in
the analysis. These include nodal loads, loads due to
creep, shrinkage, temperature change, prestress, imposed
displacements and unbalanced loads at various solution time
and load or displacement steps.

(7) STIFF
Computes structure tangent stiffness matrix at various steps
of solution.
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(8) SOLVE
Performs the time-dependent nonlinear solution for the
currently defined structure and loading. This module
performs the bulk of the numerical operations along with the
STATE module.

(9) STATE
Carries out the state determination phase of the analysis
after each iteration. Computes current internal forces and
internal resisting loads based on the displacement incre-
ments of the current iteration.

(10) OUTPUT
Prints and summarizes the convergence information, nodal
displacements, unbalanced loads and reactions, frame element
and traveler forces and moments, concrete and mild steel
layer data, and prestressing tendon stresses and strains.

The overall flow of the program from one module to another is
determined by the input commands. A typical analysis will start
at the root (SPCFRAME) module, which will first call the CONCRETE
and INPUT modules in order to input the structural geometry and
material properties. For each construction step, the CHANGE and
SOLVE modules will be called once. Then for each time step in
the analysis the SOLVE module will be called once. Whenever
SOLVE module is called several calls to LOAD, STIFF, STATE and
OUTPUT modules will be made. Execution always stops in the root
module after saving the in-core array database to a file named
??2??.COR where ???? is the filename of the input data. The analy-
sis can be restarted by restoring the database from this file and
the separate element and layer data files named ???7?.FRM,
??2??.CNC, ???2?.STL, and ?2??7?.TDN.
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4.2 System Implementation Notes

(1) This version is for Microsoft FORTRAN 4.1 under MS-DOS 3.30.
Oonly minor modifications are required for VAX-UNIX and IBM-CMS
versions. Modifications to be made on subroutines START and FREE
are marked on comment lines in these routines.

(2) The program can operate in terminal or batch mode. For batch
mode, define files NTM and NTR at the JCL level. File NTR should
then contain the following lines:
<FILENAME> where <FILENAME> is the name of the input file
START R=?7?
STOP
And the JCL would look like:
<FILE DEFINITION FOR FILE ’NTM’>
<FILE DEFINITION FOR FILE ’NTR’>
<COMMAND TO EXECUTE SPCFRAME>
For interactive mode, the program prompts for this input.

(3) Core memory is set in blank common. To change the core size,
change the following two lines in SPCFRAME to reflect the desired
size:

COMMON MTOT,NP,IA(15000)

MTOT = 15000

(4) Disk file sizes are set in START through subroutine calls.
Some operating systems do not require setting this size. For
very large or very small problems, these sizes can be changed.
See the comments in START.

(5) Machine precision is set in START in the array IP. IP(1l) is
bytes per integer, IP(2) is bytes per real, IP(3) is bytes per
character. These values are used for allocating the incore data-
base.

(6) Frame, concrete layer, steel layer and tendon segment data
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are kept in direct access disk files. All access is through
routines GETFRM, PUTFRM, GETCL, PUTCL, GETSL, PUTSL, GETTDN,
PUTTDN. These routines may need to be changed for some operating
systems.

(7) All input is translated to uppercase before it is interpreted
by the program. Subroutine UPPER does this, assuming ASCII char-
acter coding. This subroutine will need to be changed if EBCDIC
code is used.

(8) There are a few undocumented commands for debugging purposes:
P Prints any array in the database.
L Lists a directory of arrays in the database.
CLEAR Reinitializes the database.
SUBMIT Reads commands from file when in interactive mode.
RETURN Go back to interactive mode.

4.3 Detailed Description of Arrays and Variables

Major arrays and variables in in-core database, out-of-core files
for frame elements, concrete layers, mild steel layers and tendon
segments, and in labeled COMMON will be described in detail. The
description includes the names of the subroutines where these
arrays and variables are defined, computed, updated and deleted.
Temporary in-core arrays for dgenerating concrete parameter tables
and arrays for the parametric generation of prestressing tendon
points are excluded.
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4.3.1 Directory of In-core Arrays

1. %CPT(4,NCPT) Concrete parameter type control data
NCPT = No. of different concrete parameter types
1 = KM : Model No. (LAB=1,ACI=2,CEB=3)
2 = NA : No. of loading ages

LX)

3 = NR : No. of retardation times

4 = KL : No. of loading terms (1 for LAB & ACI,2 for CEB)
defined in CONCRETE

computed in CNCTYP

2. $PRM(NA,NCPC,NCPT) Creep data for each concrete parameter
type
NA = No. of loading ages
NCPC = 5 + 2*%NR
NCPC = Loading age T

EMOD at 7 for £f’.(28)=1.

1

2

3 = Shrinkage strain at 7 for €5, = 1.

4 = £/ (1) for £’ (28)=1.

5 = £/ (1) for £’ (28)=1.

6 to 5+NR = Creep coefficients aj(7) for Cy=1.
and f£’,(28)=1.

6+NR to 5+2NR = Second set of a;(7) for CEB

(KL=2,recoverable creep only)
defined in CONCRETE
computed in CRPCFT

3. %GAM(NCPT) Smallest retardation times
defined in CONCRETE
computed in CNCTYP

4. $CNC(13,NCNC) Concrete property data for each concrete type
NCNC = No. of different concrete types
1 = fpc, Cylinder strength f’,(28)
2 = ultcrp, Ultimate creep factor C,
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= ultshr, Ultimate shrinkage strain €S,

= weight, Unit weight (for computing dead load only)
= alfa, Thermal expansion coefficient a

= gam0, Smallest retardation time Iy

= rc in f" _=rc*f’,

= epsu, Ultimate strain €,

VW 0 4 6o O W

= eps20, Strain at the end of descending straight line
10 = r20, Ratio in £20=r20*f",

11 = cl in effective stress calculation for creep

12 = c2 in effective stress calculation for creep

13 = Ratio r1=f/f"_ up to which 0,=0 in creep calc.
defined in MESHIN

computed in INPCNC

5. $CNI(6,NCNC) Concrete creep data and stress-strain curve type
1 = Parameter type No.

= KM, Concrete model No. (LAB=1,ACI=2,CEB=3)

= NA, No. of loading ages

= NR, No. of retardation times

= KL, No. of loading terms in aj

= kcurve, Stress-strain curve type (linear=1,nonl=2)

N o O W

= kts, tension stiffening code (0=no,l=included)
defined in MESHIN
computed in INPCNC

6. S$MSL(5,NMSL) Mild steel properties for each steel type
NMSL = No. of different steel types

= Esl, 1st modulus in bilinear stress-strain curve

= Es2, 2nd modulus in bilinear stress-strain curve

= fsy, Yield stress Osy

= epsu, Ultimate strain €y,

a & W N P

= alfa, Thermal expansion coefficient a
defined in MESHIN
computed in INPMSL

7. $PSL(5,NPSL) Prestressing steel properties for each P.S. type
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NPSL = No. of different prestressing steel types
= crvf, Curvature friction coefficient p

= wblf, Wobble friction coefficient x

= fpy, 0.1% offset yield stress

= rlxp, Relaxation coefficient

O & W N R
!

= alfa, Thermal expansion coefficient a
defined in MESHIN
computed in INPPSL

8. $FPS(npt,npsl) Stress values at discrete points on mutilinear
stress-strain curve of each prestressing steel type
npt = No. of points on the stress-strain curve
defined in MESHIN
computed in INPPSL

9. $EPS(npt,npsl) Strain values at discrete points on
multilinear stress-strain curve of each prestressing
steel type
defined in MESHIN
computed in INPPSL

10. $MOD(npt,npsl) Modulus from point (i-1) to point i on
multilinear stress-strain curve of each prestressing
steel type
defined in MESHIN
computed in INPPSL

11. $SCT(4,NSCT) Section properties of each different section
type
NSCT = No. of different section types
1 = nc, Concrete no.
2 = ncl, No. of concrete layers
3 = nsl, No. of steel layers
4 = kshr, Shrinkage distribution code
(0=none, 1l=uniform, 2=linear, 3=nonlinear)
defined in MESHIN
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13.

14.

15.

16.

17.

18.
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computed in INPSCT

$ACL(mcl,nsct) Areas of concrete layers for each section type
mcl = No. of maximum concrete layers in any section
defined in MESHIN
computed in INPSCT

$YCL(mcl,nsct) Y coordinates of concrete layers for each
section type
defined in MESHIN
computed in INPSCT

$YCT (mcll,nsct) Y coordinates of concrete layer boundaries
mcll = mcl + 1
defined in MESHIN
computed in INPSCT

$SHK(mcl,nsct) Shrinkage factors of concrete layers for each
section
defined in MESHIN
computed in INPSCT

$ASL(msl,nsct) Areas of steel layers for each section type
msl = No. of maximum steel layers in any section
defined in MESHIN
computed in INPSCT

$YSL(msl,nsct) Y coordinates of steel layers for each section
type
defined in MESHIN
computed in INPSCT

$SLS(msl,nsct) Material no’s of steel layers for each section
type
defined in MESHIN
computed in INPSCT
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19. $SLC(msl,nsct) Corresponding concrete layer no.’s of steel
layers for temperature calculations for each section type
defined in MESHIN
computed in INPSCT

20. $TMP(mcl,ntdp) Temperatures of concrete layers for each
different temperature distribution pattern
ntdp = No. of different temperature distribution patterns
defined in MESHIN
computed in INPTMP

21. $FRM(3,NFML) Frame existence and node data for each frame
NFML = No. of frame elements
1 = Frame element existence flag
= 0 : Element has never existed
2 : To install next assembly
= 1 : Currently installed
= =1 : Currently removed
= -2 : To remove next assembly
2 = Node I
3 = Node J
defined in MESHIN
computed in INPFRM, FRMINS
updated in FRMILD, FRMRMV

22. &TYP(3,NFML) Frame property data for each frame

1 = Section type No.
2 = Casting date
3 = Creep integration type No.

defined in MESHIN
computed in INPFRM ( IFTP(3,NFML) in INPFRM )
deleted in MESHIN

23. &SEC(NFML) Section No.’s of each frame
defined in MESHIN
computed in INPFRM
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24. $FTD(8,nfml) Frame and tendon interchange data for state

determination

1 = clm, Current length

2 = cosn

3 = sinm

4 = oang, Original angle in radians

5 = esap, 0.75ES/EA term for internal dof recovery
6 = slp, Contribution of tendon or traveler to sl
7 = s2p, Contribution of tendon or traveler to s2
8 = s3p, Contribution of tendon or traveler to s3

defined in MESHIN
computed in INPFRM(1-4),STIFF(5),TDNINC,TRVINC(6-8)
updated in FRMINC(1-3)

25. $CSL(2,nfml) Layer record No. pointers for each frame
1 = Zeroth concrete layer No.
2 = Zeroth steel layer No.
defined in MESHIN
computed in INPFRM

26. &TDP(nfml) Temperature distribution pattern No. for each
frame
defined in LODINP
computed in LODFRM
deleted in LODINP

27. &MLT(nfml) Temperature multiplier for each frame
defined in LODINP
computed in LODFRM
deleted in LODINP

28. S$TDN(2,NTDN) Tendon data for each tendon
NTDN = No. of prestressing steel tendons
1 = Tendon existence flag
= 0 : Tendon does not exist
= 2 : To install next assembly
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= 1 : Currently installed
2 = No. of segments in the tendon
defined in MESHIN
computed in TDNINP

29. S$TDR(NTDN) Zeroth segment No. of each tendon
defined in MESHIN
computed in TDNINP

30. $TRV(2,NTRV) Traveler existence data for each traveler
NTRV = No. of travelers
1 = Traveler existence flag (0 or 1)
2 = No. of nodes
defined in MESHIN
computed in TRVCHG

31. $TRR(NTRV) Zeroth element No. of each traveler
defined in MESHIN
computed in INPTRV

32. STRP(4,NTRV) Traveler property data for each traveler
1 = Area
2 = Inertia
3 EMOD
4 Total weight
defined in MESHIN
computed in INPTRV

33. $TRN(NNIM,NTRV) Node No.’s of each traveler
NNIM = Maximum No. of nodes for any traveler
defined in INPTRV
computed in TRVCHG

34. S$TRL(NNIM,NTRV) Nodal dead loads of each traveler
defined in INPTRV
computed in TRVSTF
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35. $TRF(NLIM,NTRV) Frame element No.’s of each traveler
NLIM = Maximum No. of elements for any traveler
defined in INPTRV
computed in TRVCHG

36. $STRA(86,NLTT) Traveler properties for all traveler elements
NLTT = Total No. of traveler elements
FSTF(6,6), DTOF(4,6), FTOR(6,3), FORC(4),FPRV(4)
of each traveler element
defined in INPTRV
computed in TRVSTF

37. $SAMB(2) Environment data
1 = Current temperature
2 = Convergence acceleration factor
defined in SET
computed in SETCHG

38. $DAY(3) Dates
in SET
1 = Current date
in SOLVE
1 = Date at the end of current solution step
2 = Date at the end of previous solution step
defined in SET
computed in SETCHG,SOLVE

39. $GRV(2) Gravity load multipliers in X and Y directions
defined in SET
computed in SETCHG

40. $TOL(8) Convergence tolerances
1 = tols, Stress ratio tolerance
2 = tolf, Disp. ratio tol. for final load step
3 = toli, Disp. ratio tol. for intermediate load steps
4 = tolc, Disp. ratio tol. for changing stiffness
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= toll, Maximum unbalanced force
= tolm, Maximum unbalanced moment
= told, Maximum allowed translation

0 N 6 U
|

= tolr, Maximum allowed rotation
defined in SET
computed in SETCHG

41. $XIT(3) Maximum No. of iterations allowed
1 = for final load step
2
3 Current total No. of iterations performed
defined in SET
computed in SETCHG

for intermediate load steps

42. -TDT(NSTP) Day No.’s at the end of each solution time step
NSTP = No. of solution time steps
defined in SPCFRAME
computed in SOLTIM
deleted in SPCFRAME

43. $XYZ(2,NNOD) X and Y coordinates of each node
NNOD = No. of nodes in the structure
defined in MESHIN
computed in INPXYZ

44. $SEQ(NNOD) Node No. sequence in the global equilibrium
equations
defined in MESHIN
computed in INPSEQ

45. $NXF (NNOD) Node existence flag of each node (0,1 or -ND)
defined in MESHIN
computed in FRMINS, FRMRMV, TRVCHG, CHGNXF

46. $MBC(3,NNOD) Boundary condition code for each DOF (0 or 1)
= 0 if free to displace
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48.

49.

50.

51.

52.

53.

54.
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= 1 if restrained
defined in MESHIN
computed in RSTINP

$XLD(3,NNOD) External load increment {ARj}
defined in MESHIN
computed in LODNOD, LODTOT

$XDS (3,NNOD) External displacement increment
defined in MESHIN
computed in LODNOD,RSTINP

SNTD(3,NNOD) Node total displacement {r}
defined in MESHIN
computed in INCDSP

$SNTF (3,NNOD) Node total joint load {Rj}
defined in MESHIN
computed in LODTOT

$UBI (3,NNOD) Unbalanced loads (RY)
defined in MESHIN
computed in LODLDS, FRMINC,UBLOAD

SRAC(3,NNOD) Internal resisting loads {Ri}
defined in MESHIN
computed in FRMINC,TDNINC, TRVINC

-EQN(3,NNOD) Equation No.’s of 3 dof at each node
defined in SOLVE
computed in EQNMBR
deleted in SOLVE

-ADR (NEQN) Diagonal element addresses of each equation No.
in 1-D structure stiffness matrix array
NEQN = No. of active structure dof
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56.

57.

58.

59.

60.
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defined in SOLVE
computed in STFADR
deleted in SOLVE

-DLI(3,NNOD) Nodal dead load {ARY)

defined in SOLVE
computed in FRMILD,TRVILD
deleted in SOLVE

-ILD(3,NNOD) Nodal load due to non-mechanical strains (ARN™)

defined in SOLVE
computed in FRMILD,TDNILD,TRVILD
deleted in SOLVE

-GSF (NSIZ) 1-D structure stiffness matrix

NSIZ = Size of 1-D structure stiffness matrix
defined in SOLVE

computed in STIFF,FRMSTF,TDNSTF, STFSUM
deleted in SOLVE

-GDS (NEQN) Global load increment or displacement increment

defined 1in SOLVE
computed in LODSRT, COLSOL
deleted 1in SOLVE

-GDU (NEQN) Global load increment or displacement increment

due to unbalanced load in displacement control solution
scheme

defined in SOLVE

computed in LODSRT,COLSOL

deleted in SOLVE

-LST (NMEL) List of active frames, tendons or travelers

NMEL = MAXO (NTDN,NFML)
defined in SOLVE
computed in FRMILD,TDNILD, TRVILD
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deleted in SOLVE

4.3.2 Directory of Frame File (NT8) Arrays

1. L Frame No.

2. ITYP(3) Frame type identitification No.’s
1 = ic, Concrete No.
2
3 = im, Creep integration type
computed in INPFRM

ix, Section No.

3. LEQN(6) Equation No.’s of nodes i and jJ
computed in STIFF,FRMILD

4. s123(9) Frame element forces in element coordinates
1 - 3 = Total values of sl1,s2,s3
4 - 6 = Concrete contributions to s1,s2,s3
7 - 9 = Steel contributions to s1,s2,s3
computed in FRMINC

5. DLDV(6) Dead load (in,Fyi,ij,ij)
computed in FRMILD

6. DATE(3) Dates and initial elastic modulus
1 = Casting date
computed in FRMINS
2 = tj-l' Date at the end of previous time step
computed in FRMSTP
3 = EMOD, Initial elastic modulus of concrete
computed in FRMINS, FRMILD

7. CCOF(5,2) ai(tj), Current creep coefficients for NR=1,5
and KL=1,2
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computed in FRMILD
8. CCOP(5,2) ai(tj-l)r Previous creep coefficients for NR=1,5
and KL~1,2

computed in FRMSTP

9. ALFA(S5,2) Bj(ty) for NR=1,5 KL=1,2
computed in FRMILD

10. RLXK(2) R(tj) for each KL
computed in FRMILD

11. PHIT(5) Current values of (1 - ¢3) for NR=1,5
computed in FRMILD

12. fdpc Current value of f",
computed in FRMINS, FRMILD

13. fdpcp Previous value of f",
computed in FRMILD

14. fpt Current value of £’y
computed in FRMINS, FRMILD

4.3.3 Directory of Concrete Layer File (NT3) Arrays

1. 1 Frame No.
2. kcl Concrete layer No.
3. tempcr Reference temperature

computed in FRMINS
updated in TEMPER



10.

11.

12.

13.

14.

tempcc

epsscp

FHSV (5, 3)

DERP (3)

mcodec(3)

emodc(3)

sigmac(3)

sigmap(3)

tepsc(3)

tepsic(3)

tepsnmc(3)
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Current temperature
computed in FRMINS
updated in TEMPER
Previous shrinkage strain
computed in FRMILD

gi(tj-l)r Values of the hidden state variable
at previous time step at each Gauss points for
NR=1,5

computed in FRMSTP

Previous values of R-Aaj at each Gauss point
computed in CNCSTD

Concrete material state No’s at each Gauss point
computed in CNCSTD

Concrete elastic modulus values at each Gauss
point
computed in CNCSTD

Total concrete stresses 0 at each Gauss point
computed in CNCSTD

Total concrete stresses op at previous time step
computed in FRMSTP

Total concrete strains e® at each Gauss point
computed in CNCSTD

Total non-mechanical concrete strains e’®
computed in FRMILD

Total mechanical concrete strains e
computed in CNCSTD
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15. tcreep(3) Total creep strains €€
computed in FRMILD,CNCSTD

16. dcrepl(3) Creep strain increments Ae©
computed in FRMILD

17. dcrep2(3) Creep strain increments for CEB, recoverable
part only
computed in FRMILD,CNCSTD

18. epsrc(3) Residual mechanical strains of concrete €Ff

in case of load reversal
computed in CNCSTD

4.3.4 Directory of Steel Layer File (NT4) Arrays

1. 1 Frame No.
2. ksl Steel layer No.
3. mcnc Corresponding concrete layer No.

computed in INPSCT,FRMINS

4. tempsr Reference temperature
computed in FRMINS
updated in TEMPER

5. tempsc Current temperature
computed in FRMINS
updated in TEMPER

6. mcodes(3) Steel material state No,’s at each Gauss point
computed in FRMINS
updated in STLSTD
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7. emods(3) Steel elastic modulus values
computed in FRMINS
updated in STLSTD

8. sigmas(3) Steel stresses 0g
computed in STLSTD

9. tepss(3) Total steel strains et
computed in STLSTD

10. tepsms(3) Total mechanical steel strains e®
computed in STLSTD

11. tepsis(3) Total non-mechanical steel strains e
computed in STLILD

12. epsrs(3) Residual mechanical strains of steel €Ff

in case of load reversal
computed in STLSTD

4.3.5 Directory of Tendon File (NT7) Arrays

1. MTDN Tendon No.
2. MSEG Segment No.
3. MFRM Frame No.

computed in TDNFIL

4. NODI Node i
computed in TDNFIL

5. NODJ Node j
computed in TDNFIL
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MATL Material No.
computed in TDNINP

AREA Area
computed in TDNINP

ANGL Cumulative angle change for friction calculation
computed in TDNFIL

geom(6) Geometric properties

1 = olps, Original length

2 = clps, Current length

3 = ecci, Eccentricity at node i -in local
coordinates

4 = eccj, Eccentricity at node j in local
coordinates

5 = cosp, Cos a in local coordinates

6 = sinp, Sin @ in local coordinates

computed in TDNFIL

updated in TDNINC

FINI Initial force
computed in TDNLOS

FORC Current force
computed in TDNLOS
updated in TDNILD,TDNINC

rlxp Current total relaxation in prestress force
computed in TDNILD

mcodep Material state code No.
computed in TDNFIL

updated in TDNINC

emodp Elastic modulus



15.

16.

17.

18.

19.

20.

21.

22.

23.

tepsp

tepsmp

tepsip

epspp

TREF

tcur

LEQN (6)

DATE (2)

al(3)
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computed in TDNLOS
updated in TDNINC

Total strain €p
computed in TDNLOS
updated in TDNINC

Total mechanical strain et
computed in TDNLOS
updated in TDNINC

Total non-mechanical strain ePm
computed in TDNILD

Previous value of mechanical strain on the main
stress-strain curve in case of load reversal
computed in TDNINC

Reference temperature
computed in TDNLOS
updated in TEMPER

Current temperature
computed in TDNLOS
updated in TEMPER

Equation No.’s of node i and j
computed in TDNSTF,TDNILD

Dates

1 = Stressing date

2 = tj_1, Date at the end of previous time step
computed in TDNLOS

updated in TDNSTP

Displacement transformation from local frame
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deformation dof to local tendon dof
computed in TDNFIL
updated in TDNINC

24. al23(3)
dof to local tendon dof
computed in TDNFIL
updated in TDNINC

4.3.6 Directory of Labeled Common Variables and Arrays

1. common /iolist/ ntm,ntr,nin,not,nsp,nfl,nt7,nt8,nt3,nt4

ntm = terminal output

ntr = terminal input

nin = input file

not = output file

nsp = camber file

nfl = incore data file

nt7 = tendon data file

nt8 = frame data file

nt3 = concrete layer data file
nt4 = steel layer data file

2. common /funit / cfunit

Displacement transformation from global frame

cfunit = conversion factor from lb-in units to other units

Unit problem arises from the fact that concrete parameter

data are generated in 1lb-in units for ACI and CEB models

assuming £/,(28) = 1. Since concrete modulus is computed

by E = c*sqrt(f’,), modulus factors in CRPCFT are
multiplied by square root of the conversion factor.
example, since 1 psi = 0.144 ksf, modulus factors are
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multiplied by cfunit = sqrt(0.144). Creep factors

represent creep strains produced per unit stress, thus

they are divided by cfunit. Actual values of modulus

and creep strain corresponding to £/, input in INPCNC

are obtained by multiplying or dividing by sqrt(f’.)
in FRMCNC. The values in INPCNC and FRMCNC are in user
selected units defined by UNIT command.

3. common /solvei/ kantim,kanldc,kgn,kgs,it,nit,1lds,nlds,

kantim

kanldc

kgn =

kgs =

nit

lds =
nlds =
ns =
nstp =

maxkd

maxkr
maxgpt

maxcl

ns,nstp,maxkd, maxkr,maxgpt,maxcl.macfrm,ndof

solution mode flag [0]

= 0 for instantaneous solution

1 for time step solution
solution strategy flag [0]
0 for load control

= 1 for displacement control

geometric nonlinearity code [0]
0 if geometric nonlinearity is not considered

= 1 if geometric nonlinearity is considered

geometric stiffness code [0]

= 0 if geometric stiffness is not included
= 1 if geometric stiffness is included
it =

iteration number

maximum no. of iterations allowed

load or displacement step number

number of load or displacement steps [1 for kantim=1]
time step number

number of time steps [1]

dof no. where max. translation occurs on 1lst
iteration

dof no. where max. rotation occurs on 1lst iteration
gauss point no. where max. stress occurs on 1st
iteration

conc. layer no. where max. stress occurs on 1lst
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ndof
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iteration
frame no. where max. stress occurs on 1lst iteration
dof no. of controlled displacement component

4. common /solvef/ fload(20),fdisp(20),dratio,dmax,rmax,sratio,

fload =
fdisp =

ufmax

ummax =

dmax

rmax

dratio

sSmax

sratio

smax,tdelta,delta,alpha,ufmax,ummax

load step multipliers

displacement step multipliers

maximum unbalanced force

maximum unbalanced moment

total displacement increment at dof no. = maxkd up to
previous iteration for current load or disp. step
total rotation increment at dof no. = maxkr up to
previous iteration for current load or disp. step
displacement ratio to be compared with convergence
tolerances, defined as the ratio of the displacement
increment at dof no. = maxdof for the current
iteration to the total displacement increment at dof
no. = maxdof up to previous iteration (dmax or rmax).
maxdof is selected from maxkd and maxkr which gives
greater value of dratio. ndof cannot be selected as
maxdof. if dratio < tolc new stiffness matrix is
formed. if dratio < toli or tolf, and ufmax < toll,
ummax < tolm iteration is terminated. toli is used
for intermediate load or displacement steps and tolf
is used for final load or displacement step.

maximum stress value on 1lst iteration which occurs
at gauss point no. = maxgpt, concrete layer no. =
maxcl, frame no. = maxfrm

stress ratio to be compared with convergence
tolerance tols for time step solution. stress ratio
is defined as the ratio of stress increment for the
current iteration to the total stress increment up to
previous iteration for the current time step. stress
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delta

alpha
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increments are checked for smax value which occurs at
maxgpt,maxcl,maxfrm. if sratio < tols, and ufmax <
toll, ummax < tolm iteration is terminated for the
current time step.

magnitude of controlled displacement

increment of controlled displacement for the current
displacement step, obtained by multiplying tdelta by
fdisp(1ds)

joint load multiplier for the current iteration in
the displacement step solution
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4.4 Limitations on the Problem Size and the Computer Time

The size of the core memory required is set in the main program
by assigning the value of MTOT as explained in section 4.2. Due
to the efficient in-core and out-of-core database management of
the program there are virtually no limits on the size of the
problems that can be solved. Most of the storage-consuming data
for frame elements, concrete and mild steel layers, prestressing
tendon segments are stored in peripheral storage devices such as
magnetic disks or tapes for main-frame computers and hard disks
for micro-computers. They are brought into the computer’s main
memory only when they are processed. Even on a personal computer
structures having hundreds of joints and elemnts can be analyzed.

Execution time required for an analysis varies considerably
depending on the computer system used for a given analysis. The
results of the analyses for the three examples listed in Fig. 3.3
(page 69) are summarized in Table 4.1 in order to give a general
idea of the execution times required. The examples were analyzed
on a personal computer, an IBM clone having Intel 80386-based
mother-board with 16-MHz clock speed and Intel 80387 math
coprocessor under Micrsoft DOS 3.30 and Micrsoft Fortran 4.1
compiler and linker. Instead of using the hard disk, the virtual
disk (or so called RAM drive) was utilized for out-of-core files.
This reduces the execution time substantially due to the fact
that extensive file handling operations are required in the
program. This practice is strongly recommended for personal
computer users.
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