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(? Description of Program
v'.:l
Ko CBNTBM, called XP@65 in the Conversationally Oriented Real-Time Program-
:?2 Generating System (CORPS) Library, is a computer program for the analysis cf
A plane frame structures which are an assemblage of two-dimensional beam-column
- elements with linear and/or nonlinear spring supports. The centroidal axis
of the structure is assumed to be a continuous tortuous line in a single
.:c} plane. CBNTBM uses the finite element method of analysis to analyze the
,\}; frame-spring system. CBNTBM is intended to be an easy-to-use program incor-
::; porating the capabilities required by a diverse group of users.
D Coding and Data Format
L
':1 CBNTBM is written in FORTRAN and is operational on the following systems:
2]
IR a. WES Honeywell DPS/1.
<ot -
oo
o™ b. Harris 500 computers which are located at most district Corps offices.
A4
N ¢. Control Data Corporation, Cybernet Computer Service's CDC CYBER
o systems.
oy
AY
A Data can be input either interactively at execute time or from a prepared
DY) d data file with line numbers. Output may be directed to an output file or
. G, come directly back to the terminal.
N
N How to Use CBNTBM
"
Y
“:“ A short description »f how to access the program on each of the three systems
"l y
& is provided below. it is assumed that the user knows how to sign on the
o appropriate system before trying to use CBNTBM. In the example initiation of
Y& execution commands below, all user responses are underlined, and each should
It ) be followed by a carriage return.
'
¢
? WES Honeywell System
After the user has signed on the system, the two system commands FORT and NEW
get the user to the level to execute the program. Next, the user issues the
run command
RUN _WESLIB/CORPS/XPP65,R
to initiate execution of the program. The program is then run as described
in this user's guide. The data file should be prepared prior to issuing the
RUN command. An example initiation of execution is as follows, assuming a
data file had previously been prepared:
=
RS
>
1
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HIS SERIES 600 ON 03/04/81 AT 13.301 CHANNEL 5647
USER ID - ROKACASECON

PASSWORD -~ XXXXXXXXXXXXXX

SYSTEM? FORT NEW

READY —

*RUN WESLIB/CORPS/XP$65,R

CDC, Cybernet System

The log-on procedure is followed by a call to the CORPS procedure file

OLD, CORPS/UN=CECELB

to access the CORPS Library. The file name of the program is used in the
command

BEGIN, , CORPS, X965

to initiate execution of the program. An example is:

S4/01/25 10.32.51 AC2ESDA

EASTERN CYBERNET CENTER SN487 NOS 1.4/531.281/20AD
FAMILY: KOE

USER NAME: CEROC2

PASSWORD -

XXXXXXX

TERMINAL: 510,NAMIAF

RECOVER/CHARGE: CHARGE, CEXXXXX, YYYYYY

/OLD, CORPS/UN=CECELB

/BEGIN, ,CORPS /X965

Local District Harris Systems

After the user has signed on the system, the command to execute the CORPS
program will be

*CORPS, X@965

An example to illustrate the log-on and execution procedure on one Harris 500
is shown below. There may be some differences at some local Corps sites.

"ACOE - VICKSBURG"
USER #? NNNNWES WESXXX

** Good Morning 25 Jan 84 9:56:31
VED HARRIS 500
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*CORPS, X@@65

-*‘
-:"‘
P
How to Use CORPS
The CORPS system contains many other useful programs which may be catalogued
N from CORPS by use of the LIST command. The execute command for CORPS on the
A WES system is:
‘~‘
RUN WESLIB/CORPS/CORPS,R
ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP)
*?7LIST
On the Cybernet system, the commands are:
OLD, CORPS/UN=CECELB
BEGIN, ,CORPS,CORPS
ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP)
*?LIST
On the Harris local systems, the commands are:
, *CORPS
. ARE YOU USING A PRINTER TERMINAL OR CRT?
X ENTER P OR C
c
ENTER COMMAND (BRIEF,EXECUTE,LIST,HELP,STOP)
LIST
3
k)
A
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PREFACE

This user's guide documents a computer program called CBNTBM that can be
used for analysis of a plane frame structure which is an assemblage of two-
dimensional beam-column elements with linear and/or nonlinear spring supports.
The work in writing the computer program and the user's guide was accomplished
with funds provided to the U. S. Army Engineer Waterways Experiment Station
(WES), Vicksburg, Miss., under the Civil Works Research and Development Pro-
gram of the Office, Chief of Engineers, U. S. Army (OCE), as part of the Struc-
tural Engineering Research Program work unit of the Soil-Structure Interaction
(SS1) Studies Project.

The computer program and user's guide were written by Dr. William P.
Dawkins, P.E., of Stillwater, Okla., under Contract No. DACW39-81-M-0715 with
WES.

Dr. N. Radhakrishnan, Special Technical Assistant, Automatic Data
Processing (ADP) Center, WES, and SSI Studies Project Manager, coordinated
and monitored the work. Messrs. H. Wayne Jones and Reed L. Mosher, Computer-
Aided Design Group, provided technical assistance in developing and evaluating
the program. Mr. Donald R. Dressler, Structures Division, Civil Works
Directorate, was the OCE point of contact.

Commanders and Directors of WES during the development of the program
were COL Nelson P. Conover, CE, and COL Tilford C. Creel, CE. Technical

Director was Mr. F. R. Brown.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)

UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

units as follows:

Multiply

feet

inches

kip (force)-feet

kips (1000 1b force)
kips (force) per foot
kips (force) per inch
kips (force) per square inch
pound (force)-inches
pounds (force)

pounds (force) per foot
pounds (force) per inch

pounds (force) per square inch

square inches

By

s O O O O 2 O O O

ot
&

- RSN DO VA TR R S S R T G

.3048
.0254
.00135582
.448222
.0145939
.17512685
.894757
.1129848
.448222
.5939
175.
.894757
.00064516

12685

To Obtain

meters
meters
newton-meters
kilonewtons
newtons per meter
newtons per meter
me ascals
1 ton-meters
Lons

#' S per meter
newtons per meter
kilopascals

square meters

~
At

4
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Si . USER'S GUIDE: COMPUTER PROGRAM FOR ANALYSIS OF

" ede TWO-DIMENSIONAL BEAM-COLUMNS WITH NONLINEAR

J SUPPORTS (CBNTBM)

.

R

R PART 1: INTRODUCTION

o Background

: 1. A beam-column is usually understood to be an initially straight

3 structural member in which axial internal forces amplify the effects produced
L by lateral loads. A finite element model and a general-purpose computer pro-
‘E gram for analysis of straight beam-columns--CBEAMC--are described in Dawkins

. (1982).%

$ 2. This report presents an extension of the beam-column analysis to a

A special class of plane frame structure in which the frame is composed of an

assemblage of beam-column elements. Documentation for a computer program--

CBNTBM--employing the technique is provided.#*

b ANy oy O

-

Organization of Report

3

s

N 3. The remainder of this report is organized as follows:
f a. Part II: Describes the structural system considered and the
2 mathematical model used for analysis.
b. Part III: Presents the force-displacement relationships for the
N mathematical model and describes the computational procedure used
A for solution.
42 c. Part IV: Describes the computer program.
N rart Iv:.
2 d. Part V: Guide for data input.
e. Part VI: Provides example solutions obtained with the program.
;: * W. P. Dawkins. 1982. "User's Guide: Computer Program for Analysis of
h Beam-Column Structures with Nonlinear Supports (CBEAMC)," Instruction Re-
- port K-82-6, U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Miss.

#*% CBNTBM is designated X0065 in the Conversationally Oriented Real-Time
Program-Generating System (CORPS) library. Three sheets entitled "PROGRAM
INFORMATION" have been hand-inserted inside the front cover of this report.

‘ They present general information on CBNTBM and describe how it can be

K accessed. If procedures used to access this and other CORPS programs should

change, recipients of this report will be furnished revised versions of the

"PROGRAM INFORMATION" sheets.

I P N G S Y N I R N T e O T T R N N R A
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Remarks

4. CBNTBM has been checked for computational accuracy within reasonable
limits. However, there may exist unusual situations which were not anticipated
which may cause the program to produce questionable results. It is the respon-

sibility of the user to use good engineering judgment to determine the validity

of the results.




. . PART 11: STRUCTURAL SYSTEM AND FINITE FLFMENT MODEL
( 5. The structure is assumed to be a special class of plane frame struc-
~‘~': ture in which the centroidal axis is a continuous tortuous line in a single

]
,E‘ plane. Example tortuous line struc.tures are shown in Figure 1. The procedure
::( presented in this report is restricted to those structures in which the

) Y
3 y
' |

N VAN ) \
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$ a. General beam-column b. Pile
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2 c. One-bay, one-story frame d. Pile bent
Y
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. e. Arch f£. U-frame

‘; . Figure 1. Example tortuous line structures
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centroidal axis is composed of a sequence of initially straight segments. Ap-
proximate solutions for initially curved structures may be obtained by replac-
ing the curved structure with straight segments which are chords of the origi-

nal curve.

Global Coordinate System and Nodes

6. Several coordinate systems are required to describe the geometry and
to interpret the behavior of the two-dimensional structure. The centroidal
axis of the structure is assumed to lie in the x-y plane of a right-~handed
Cartesian x-y-z coordinate system referred to as the global coordinate system.
The origin and orientation of the global system are arbitrary.

7. The geometry of the structure is established by the global x-y
coordinates of nodes (joints) on the centroidal axis. Nodes are described as

either "dictated" or "interm. ate."

Dictated Nodes

8. Dictated nodes are those required to establish the overall geometry Ffa

wr

of the structure at: j

a. Each end of the structure.

b. The juncture of two straight segments of the centroidal axis.

c. Each change in cross-sectional or material properties (E--mod-
ulus of elasticity; I--moment of inertia; A--cross-sectional
area).

d. The point of application of a concentrated load.

e. The point of application of a fixed support or concentrated
spring (linear or nonlinear) support.

f. The beginning and end of a distributed load.

g. The beginning and end of distributed spring (either linear
or nonlinear) supports.

Intermediate Nodes

9. Intermediate nodes are those defined between dictated nodes as nec-

essary to improve accuracy of the solution (discussed later) or to provide in-

-

creased detail of the variation of structural response. ‘5&




"’l"
3

A z

)

b~

-~ ) Node Numbers

e e T

_...'I - '_-

(s 10. Nodes are identified by integer numbers starting with node 1 at
one end of the structure and proceeding sequentially along the centroidal
axis. Only the node numbers and global coordinates of the dictated nodes are
required as input to the computer program. Global coordinates (and node
numbers) for intermediate nodes are generated at equal intervals (along a

'32' straight line or circular arc; see Part V, '"Guide for Data Input') between

A . . .

o successive pairs of dictated nodes.

.\ -

-

[

. Element Identification

\':*.

11. An element is defined as the straight segment of the structure be-

P

LA AN
RV N

tween successive nodes and is identified by the lower of its two terminal node

numbers; i.e., element i lies between nodes i and i+1. The structure is thus

composed of n nodes (node 1 at one end, node n at the other) and n-1 elements.

)
A
:f: Local Coordinate Systems
" @
}S 12. Local coordinate systems are established for convenience in describ-
‘lﬁ ing behavior or interpreting the response of loads, spring supports, internal
ﬁs forces, and displacements. The local coordinate system associated with each
item is described below.
X
. Displacements
\l
.'4
':: 13. Displacements of the system are completely defined by global compo-
f: nents of the nodal translations u (parallel
<:ﬁ to the global x axis) and v (parallel to
N
P the global y axis), and rotation 6 about
> 8 y ’ y (Global)
A5 an axis perpendicular to the x-y plane (see v
1 Figure 2). 1m\e
iV* 14. All displacements are assumed to u
;: be "small"; i.e., they do not alter the basic ¢£: Node i
‘;9 geometry of the structure. Rotations 6 are > x (Global)
~}
r‘ - 3 »
- small enough to permit the approximation Figure 2. Nodal
A e !
CH t
hs* Mol cos ® =1 and sin 6 = 0 displacements
759
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Applied Concentrated Loads

y (Global)

Fyi
‘\fi 15. Concentrated loads may be applied to any
Node’i’xi node. These loads are assumed to be applied as com-

x (Global)} ponents parallel to the global x and y axes (Fx and
Figure 3. Applied Fy , respectively) or as couples C about axes
concentrated loads perpendicular to the x-y plane (see Figure 3).

Fixed Supports

16. A fixed support is an external influence which results in a spe-
cific value (either zero or nonzero) of one or more of the global components

(u, v, 8) of displacement at a node regardless of any other effects.

Concentrated Linear Springs

17. Concentrated linear springs produce forces on the structure which
are directly proportional to the displacements of the node to which the

springs are attached:  ddar]

a. A translational spring and its attendant local coordinate
system are shown in Figure 4. The local axis extends from
X
y (Globat) s

+a

Node i
x (Global)

Figure 4. Linear concentrated spring

the attachment node toward the fixed base of the spring making
an angle o (positive counterclockwise) with the global x
axis. The deformation of the spring may be expressed in terms
of the nodal translations as

= u, + v, si
As i cos o ; sin o (1)

The force produced on the node is

¢’

10
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F = ksA (2)

where ks is the spring stiffness and Fs acts on the node
parallel to Xy and opposite in sense to AS.

b. A rotational spring (Figure 5) resists rotation of the node. 1
\
\

y (Global)
‘ |

Figure 5. Linear rotation Qéf;
spring
L Node i

x (Global)

The moment produced on the node by the rotational spring is
C, = RO, (3)

where Rs is the spring stiffness and Cs acts opposite to the

nodal rotation Gi .

Concentrated Nonlinear Translational Springs

18. A concentrated nonlinear translational spring (Figure 6) produces a
force which resists translation of the node to which it is attached. The re-
sisting force is a function of, but not directly proportional to, the trans-
lation of the node. The resistance-deformation function of the spring shown
schematically in Figure 6b must be provided as input to CBNTBM (Part V).

Fs
4

y (Global) s ‘
L e _\\ i
X B -t
. ‘\\\__

= x (Global)

a. Nonlinear concentrated spring b. Force-deformation relationship

Figure 6. Nonlinear spring characteristics

11




The local coordinate system associated with the nonlinear spring i1s shown in

Figure 6a. The deformation of the spring 1is

A =u, cos o + v, sin « (4)
s i i
The resisting force Fs produced by the spring is obtained from the
resistance-deformation function. Fs acts parallel to the local X, axis

and opposite in sense to the deformation AS . (Note: Nonlinear rotational

springs are not accommodated by the CBNTBM.)

Element Coordinate System

19. Element force-displacement relationships as well as the effects of
all distributed loads and distributed springs (either linear or nonlinear) are
established in a local coordinate system peculiar to each element. A local
coordinate system and typical element are shown in Figures 7 and 8. As stated
previously, the element is identified by the lower of its two terminal node
numbers. The local X; axis is positive from node i to node i+1. The local z;
axis is parallel to (and in the same positive sense as) the global z axis. f?!
The local ‘A axis is established so that the X,°y;-z, system forms a right-
handed Cartesian system.

20. The following assumptions are employed in interpreting input data
provided to CBNTBM:

a. Distributed loads are described as extending between input pairs
of dictated nodes. If the terminal nodes of any element (e.g.,
element i between nodes i and i+1) are within the specified
distribution, the distributed load is interpreted as being
parallel to the local axes (either-xi or yi) for element i, re-

gardless of whether the terminal nodes of the distribution and
the terminal nodes of element i fall along a single straight
line.

o

Distributed springs are described as extending between input
pairs of dictated nodes. If the terminal nodes of any element
are within the specified distribution, the distributed spring
is interpreted as resisting displacement components parallel to
the local axes (xi or yi) for element i, regardless of whether

the terminal nodes of the distribution and the terminal nodes
of element i fall along a single straight line.
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Characteristics of Nonlinear Springs

21. The force-deformation relationship for a nonlinear spring (either
concentrated or distributed) is assumed to be provided as a piecewise linear

curve, as shown in Figure 9. For any deformaton A parallel to the spring

Spring
Deformation

,// Spring Resisting Force

QO or qO

Qorg,
- o o o o O

Figure 9. Characteristics of nonlinear springs

line of action, the total resisting force (concentrated or distributed) may

be expressed as

Q (or q) = Q, (or qo) + kA (5)

Thus, although an iterative solution is required, during any iteration a non-

linear spring may be replaced by a combination of a fixed load (Qo or qo) and

a linear spring with stiffness Kk .
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PART III: FORCE-DISPLACEMENT RELATIONSHIPS AND SOLUTION PROCEDURE

Element Force-Displacement Relationships

22. An element is defined as that portion of the structure between
adjacent nodes. For reference in the tollowing paragraphs, au element is iden-
tified by the node number at its left end as shown in Figure 7.

23. Each element is characterized by modulus of elasticity E , cross-
sectional area A , moment of inertia I , and length h and is subjected to
distributed loads and springs as shown in Figure 8.

24. Interaction of internal axial stress resultants with lateral de-
flections will affect the bending response of the element. When this effect is
included, the bending resistance of the element is developed using a constant

average axial stress resultant given by
- AE -
P=5 (ui+1 u;) (6)

25. The relationship between element end forces and end nodal displace-

ments, obtained by procedures given in standard texts,* is

i (i il i,
£ ‘[§E+§k]‘3 + £ (7

where

i [ii It i i 9 i i i i T
£ = [fi £i+l:| = [fx,i foil fia By in Mi+l:|

6 X 1 vector of element end forces

SE = 6 X 6 axial and beam bending stiffness matrix including the effects
- of the axial stress resultant on bending
S; = 6 X 6 stiffness matrix representing the effects of distributed

springs
i T T
v [91 9i+1] = [“i Vi 85 Y41 Vin ei+1]

= 6 X 1 vector of end nodal displacements

* R. W. Clough and J. Penzien. 1975. Dynamics of Structures, McGraw-Hill,
New York.
J. S. Przmieniecki. 1968. Theory of Matrix Structural Analysis, McGraw-
Hill, New York.
0. C. Zienkiewicz. 1971. The Finite Element Method in Engineering Science,
McGraw-Hill, New York.
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Yo Sl T A R [ s .
GO ~e ~e,i .e,itl ex,i ey,i e,i .-
0 ! g
A i i i T )
(*\ fex,i+l fey,i+1 Me,i+J
'f{d = 6 X 1 vector of fixed end forces due to distributed loads
e
P
;fﬁ 26. Coefficients for matrices SE , S; , and f; are given in Fig-
; ures 10-12 and Table 1.
o
oo
- Solution Procedure ‘
i |
)
> |
b 27. After all local force-displacement relations (elements and concen- ‘
» :
:ﬁt trated springs) are transformed to the global coordinate system, satisfaction |
o |
:fﬁ of joint equilibrium results in a system of 3n (for a structure with n nodes) |
|
,;f: simultaneous equations which may be solved for the nodal displacements. Back ‘
substitution of nodal displacements into force-displacement relations allows
7.
G evaluation of all internal forces.
2%
R AN
“v:,‘-
ot Iterations .
1 - ..,
i &i
,,.\\ ) j
N 28. Whenever nonlinear spring supports are present and/or the effect of
Y
o the axial stress resultant on bending is included, an iterative solution of
< 'nNI
o) the simultaneous equations is required. The iterative solution is initiated
3 by evaluating axial stress resultants and nonlinear spring stiffnesses for
A, . . . .
:, zero displacements. On each succeeding iteration, the solution of the preced-
X
::b ing iteration is used for evaluating system properties. The process is con-
S Lo . )
N tinued until the results of two successive iterations differ by an acceptably
. small amount.
'
P
4 Effect of Node Spacing on Solution
-\
29. The finite element procedure described above produces "exact" solu-
Jj' tions for systems possessing the following characteristics:
,qi a. The structure is piecewise prismatic and composed only of
S0 straight segments.
b. Only concentrated external loads and linearly varying lateral
4 (local y) loads are present. Or, if the effect of the axial :1
e S
e
23
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- N
(20 q + 10 qx,i+,)
(bl qy,n b2 qy,|+l)
h h(b3 qy,i + blo qy,i+l) where by, bz,.b3, t:.q,
- 33< """"""" = constants given in
Table |
(10 q it 20 qy,i-i-l)
(b, h,i* b qy.i+l)
\oh(by ay ; +b3a, 1))

a. Explicit

~e,i+l

b, Partitioned symbolic

Element fixed end forces due to distributed loads
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"ii .. stress resultant on element bending stiffness is excluded,
XA distributed (local x) loads vary linearly.

Only concentrated springs are present.

e |6

Adjacent elements are approximately equal in length. Adjacent
4 elements having substantially different lengths may result in
significant round-off errors in the solution of simultaneous
equations.

‘

.i. 30. The number of nodes (and elements) used in the finite element model
‘ f may affect the accuracy of the solution. 1In general, as the number of nodes

A % (and elements) is increased, the solution tends to converge to the "exact"

:" solution. There is no rule of thumb to provide the necessary number of nodes

.:é for acceptable results. It may be necessary to perform several solutions for
ﬂé various numbers of nodes and node spacings to ensure that an adequate solution
S{ has been obtained.
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PART IV: COMPUTER PROGRAM

o 31. A computer program implementing the analytical process described

A above has been written in FORTRAN language for interactive execution. With
S .,
::Q minor revisions, the program will be operational on any computer employing a
.lf? 60-bit ( 15-decimal-digit) word length. For systems using fewer than 15 deci-
8 mal digits, it may be necessary to perform some arithmetic operations in
- \O
'{ks double-precision.
Ca %l
3, (C:'
.”'4"-,‘
' Input Data
3
LAY
'§§: 32. Input data may be provided from the user terminal during execution
l.. " s . -
i or from a predefined data file. CBNTBM has been written to generate automat-
Y
S ically intermediate data values from a minimum of user input data. Details
Ef) of required user input data are presented in Part V. The processes and
ﬁ}: assumptions used in converting user input data to intermediate data values are
e described below.
2]
5. Displacement and Load Sign Conventions
., ".l
iy
A,
%A 33. Positive directions for displacements and loads are as follows:
13 Y
74l a. Nodal displacements u and v are positive if the node
; translates in the positive global x and y directions,
2 respectively.
oo . . . .
;§ b. Nodal rotation is positive if the node rotates counterclockwise.
,uf c. Concentrated nodal loads Fx and Fy are positive if they act
) =
.~ in the positive global x and y directions, respectively. Dis-
- tributed loads 9, and qy are positive if they act in the
o, .
A positive element (local) x and y directions, respectively.
-\ -\
e
N Distributed Nonlinear Springs
N
.'-'A,_n
;3:: 34. Distributed nonlinear springs produce distributed forces propor-
e ®
\£$ tional to the translation displacements. The deformation of the spring is
" equal to and has the same sign as the displacement. The distributed force
oo produced on an element by a distributed nonlinear spring is positive if the
| - ’O. 1 i
’{:{ force acts in the positive element local x and y coordinate directions.
Al
'
SO
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v

- . Distributed spring characteristics are assumed to be described by pairs of re-

S, el

TN I sisting force-deformation coordinate values similar to those for concentrated
springs.

Data Generation

35. Concentrated applied loads, concentrated springs, and fixed sup-
= ports occur at the nodes on the structure. All other data (cross-section
properties E , A, and I and distributed loads and springs) are distrib-
uted over a range of nodes. The user is required to provide the locations
(node numbers) at which concentrated effects occur and the terminal values
(beginning and ending node numbers) of distributed quantities. These define
the "dictated" nodes in the model. The program also provides for defining
nodes intermediate to the dictated nodes. The following paragraphs describe
the procedures and assumptions used to obtain global coordinates and system

characteristics at the intermediate nodes.

Node Generation

36. The user describes the basic geometry of the structure by providing
node numbers and global coordinates of the "dictated" nodes beginning with
node 1, proceeding in increasing order of node number, and ending with the
data for the last node (node n) in the structure. Nodes with numbers between
consecutive pairs of "dictated" nodes are the "intermediate" nodes. The user
also designates whether the segment of the structure between consecutive
dictated nodes is a straight line or a circular arc. Coordinates of the inter-
mediate nodes are generated automatically as follows. (The number of elements
in a segment is equal to the difference between the consecutive pairs of input
dictated node numbers.)

a. A straight segment is divided into elements of equal length
with the length of each element equal to the length of the
segment divided by the number of elements in the segment.

b. If a circular arc segment is specified, the global coordinates
g of the center of the arc are also required as input. Global

coordinates of the intermediate nodes are generated around the i
circular arc at equal spacing. The curved segment is approxi- 1

mated by a polygonal arc composed of straight elements between
X nodes. The accuracy of this approximation depends on the number
of nodes in the arc.
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3
5; 37. Node data may be provided at any location on the structure even
" though such data are not associated with a "dictated” node. These "voluntary f:f
N dictated" nodes may be used to control the spacing of intermediate nodes; i.e.,
-_-:' element length.
i; 38. Data for some '"dictated" nodes may be omitted if the automatic gen-
j{: eration of node data described above will result in a node at the required
o location; e.g., at the beginning and/or end of a distributed load or spring
‘;E or at the location of a concentrated load, concentrated spring, or fixed
itx support.
s

; Cross-Section Properties

39. Cross-section properties are provided at the terminals of a range
'. of node numbers. The modulus of elasticity E must be constant within the
range. Cross-section area A and moment of inertia I are assumed to vary

linearly between values provided at the terminals. This linear variation is

f: then approximated by a sequence of prismatic elements with the properties of
Niu each element determined as shown in Figure 13. Nonzero values of E , A,
{ | and I must be provided (or generated) for every element in the structure. 5“5
:3 If an element is encompassed by more than one range of input values, the

:& properties calculated for each range are cumulative.

.

Distributed Loads and Springs
X3
‘Sg 40. Distributed loads and springs are described by values at the termi-
\ nals of a range of node numbers. Distributed loads and springs are implicitly

i: associated with the local coordinate system for the element on which they act.
Eig For example, if a distributed load qy is specified over the range of nodes j
;ij to m in Figure 13, the load will be interpreted as acting perpendicular to

:%j each element in the range. A linear variation of effects (loads or springs)
7”. between values at the terminals is assumed, and values at nodes within the

52 range are determined as shown in Figure 13.
E:
. d Output Data

T 41. Output data may be directed to the user terminal, to a data file, ?iﬂ"
g;;
b, 24

R

)

Pre




v T YT TIVI X '}*_'-ﬁ‘]

AL QAR L WA AR AT EDANLES AR LA L CAT NS N A aNE /S A O A A A A et _.‘_.‘ AR R A N A

2!

s

- Element i

19 e

N .l "‘ -

' - Node i+l
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Node m
> (InputAm,lm,qm,etc.)
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L
LY
5

Node j
(Input Aj’lj’ q.,etc.)

& i-1

n hi/Z + kZihk

2 A T o = 4]

. Y h

o k=]

c - i-1
l ©® h/2+ § b

i - k=j -

¥ I IJ + oy 0 l_j]

4

1 z. hk

! k=j

i-1

Y Lo

N = = -

- 9 qJ + m-1 [qm qj]

s Loh

=J

; Figure 13. Linear interpolation of input data
*

; or to both. The user selects the type and extent of output from the sections
3 described below.

ﬁ Echoprint of Input Data

¥

Lt

) 42. This section contains a tabulatic: of all input data currently
. available to the program. Output of this section is optional.
1 T
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Node Coordinates and Displacements

43. A tabulation of the global coordinates and global components of the
displacements for all nodes in the structure is available. The user may spec-
ify a complete tabulation, or select one or more ranges of nodes for output,

or omit output of this section.

Element End Forces

44. A tabulation of the forces, in the element coordinate system, on the
ends of each element in the structure is available. The user may specify tne

extent of output for this section.

Reactions at Fixed Supports

45. A tabulation of the global components of reactions at all fixed
supports is available.
|

¢

~,

Forces in Concentrated Linear Springs -

46. A tabulation of spring deformation and force in the local coordi-

nate system is available for all concentrated linear springs.

Forces in Distributed Linear Springs

47. A tabulation of the cumulative force in the distributed linear
springs at each end of each element in the element coordinate system is avail-

able. The user may specify the extent of output for this section.

Forces in Concentrated Nonlinear Springs

48. A tabulation of the deformation and force in each nonlinear concen-

trated spring is available.

Forces in Distributed Nonlinear Springs

49, A tabulation of the cumulative force in the distributed nonlinear

26
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. springs at each end of each element in the element coordinate system is avail-
RSAS
s able. The user may specify the extent of output for this section.

Output Sign Conventions

50. All forces and translational displacements are positive if they
act in the associated positive coordinate direction (either global or local).

All counterclockwide rotations and moments are positive.
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PART V: GUIDE FOR DATA INPUT

S
’
“ T 1

Source of Input

) 51. Input data may be supplied from a predefined data file or from the
< user terminal during execution. If data are supplied from the user terminal,

prompting messages are printed to indicate the amount and character of data

o to be entered.
R
N
o Data Editing
LY
v "
:%: 52. When all data for a problem have been entered, the user is offered
%: the opportunity to review an echoprint of the currently available input data
-Vt and to revise any or all sections of the input data before execution is at-
kﬁ. tempted. When data are edited during execution, each section must be entered
:: in its entirety.
s
=
. . .
N Input Data File Generation
‘ -3
';ﬁ 53. After data have been entered from the terminal, either initially or
) after editing, the user may direct the program to write the input data to a
NN
W permanent file in input data file format.
3:" Data Format
¥
LN
Lot
oy 54. All input data (whether supplied from the user terminal or from a

file) are read in free-field format:

h‘l N
{;. a. Data items must be separated by one or more blanks (comma
N separators are not permitted).
:j: b. Integer numbers must be of the form NNNN
oy c. Real numbers may be of the form
;:ﬁ txxxx, *xx.xx, or *xx.xxEtee.
~°
S d. User responses to all requests for control by the program
’2{ for alphanumeric input may be abbreviated by the first let-
(‘L ter of the indicated work response; e.g.,
;' ENTER 'YES' OR 'NO'--respond Y or N
\-{ ENTER 'CONTINUE' or 'END'--respond C or E o
> -:‘ -
e
32, 28
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Carriage return responses alone will cause abnormal termina-
tion of the program.

Sections of Input

55. Input data are divided into the following sections:

a. Heading.

b. Geometry Data.

c. Cross-Section Properties.
d. Applied Loads.

e. Fixed Supports.

f. Linear Spring Data.

g- Nonlinear Spring Data.

h. Termination.

56. When data are entered from the terminal, data sections a through g
may be input in any order. When data are entered from a predefined data file,
the Heading section (a) must be entered first; other sections (b through g)
may be entered in any order.

57. When data are entered from the terminal, the user is cued for

Termination. Termination for a data file is discussed later.

Minimum Required Data

58. Data sections a, b, and c are always required. At least one of sec-
tions e, f, and g is required. It is the responsibility of the user to ensure
that sufficient supports (either fixed or spring supports) are provided to in-

hibit all rigid body motions of the system; i.e., to ensure a stable structure.

Units

59. The program recognizes the following units:
Inches Feet Pounds Kips

Default is to inches and pounds. Angular units are either degrees or radians
as explained below.
60. Each data section may be entered with any combination of units

for length and force as specified by the user.
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Predefined Data File

61. In addition to the general format requirements given in para-
graph 4, above, the following pertain to a predefined data file and to the

input data description which follows:

SRR B PN -

a. Each line must commence with a nonzero, positive line number,
denoted LN below.

~ b. A line of input may require both alphanumeric and numeric data
‘: items. Alphanumeric data items are enclosed in single quotes

’& in the following paragraphs.

] €. A line of input may require a keyword. The acceptable abbrevi-

ation for the keyword is indicated by underlined capital letters;

e e.g., the acceptable abbreviation for the keywork 'LInear' is
[~ 'LI'.

'5: d. Lower case words in single quotes indicate a choice of keywords
. defined following.
' e. JItems designated by uppercase letters and numbers without quotes
N indicate numeric data values. Numeric data values are either

$~ real or integer according to standard FORTRAN variable naming

J: conventions.

ﬁ: f. Data items enclosed ir brackets [ ] may not be required. Data

W) items enclosed in braces { } indicate special note follows. as
A g- Input data are divided into the sections discussed in para- s
X graph 5 above. Except for the Heading, each section consists

}: of a header line and one or more data lines. The header line
Ly serves the multiple purposes of: indicating the end of the

-: preceding section; identifying the data section to follow; and

indicating the units associated with the section.

) h. Comment lines may be inserted in the input file by enclosing

:- the line, following the line number, in parentheses. Comment

3 lines are ignored; e.g.,

bt 1234)p (THIS LINE IS IGNORED).

1 3

Input Description
o 62. Heading--One (1) to four (4) lines
“w
a" a. Contents
I_ LN 'heading'
,‘ b. Definition
'heading' = any alphanumeric information (70 characters

5 maximum)
- c. Discussion--a header line must begin with a single quote if

0 the line begins with the first letter of any of the section I
~$ titles or keywords described below. R
>

)
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Geometry Data--Three (3) to twenty-two (22) lines

Control--One (1) line

Contents

LN 'Geometry' ['units']

a.2 Definitions

'Geometry' = section title
'Units' = 'Inches' or 'Feet'

'Inches' assumed if omitted

Node Coordinate Data--Two (2) to twenty-one (21) lines

|

Contents
IN NODE X Y ['segment type' XC YC]

b.2 Definitions

NODE node number

X,Y

global coordinates

['segment type'l] 'Straight' or 'Circular'; 'Straight'
assumed if omitted

[XC, ¥C)

]

global coordinates of center of 'Cir-

cular' arc segment

b.3 Discussion

b.3.a Data for NODE = 1 must be provided first.

b.3.b Node numbers on successive lines are assumed to
indicate the ends of segments of the structure.

b.3.c Missing nodes are generated at equal intervals
between input node numbers along a straight line
or along a circular arc according to the 'segment
type' data provided.

b.3.d The last node provided (denoted NLAST below)

determines the end of the structure.

Cross-Section Properties Data--Two (2) to twenty-two (22) lines

Control--One (1) line

Contents

LN 'Properties' ['units']

a.2 Definitions

'Properties’' = section title
['units'] = 'Inches' or 'Feet' and 'Pounds' or 'Kips';

'lnches' and 'Pounds' assumed if omitted




b.

Properties Data--One (1) to twenty-one (21) lines
b.1

b.3

Contents
LN NODE1 NODE2 E Al SI1 [A2 SI2j
Definitions

NODE1, NODE2

node numbers at beginning and end of
range, respectively

E = modulus of elasticity between NODE1l and

NODE2
Al = cross-section area at NODE!l
SI1 = cross-section moment of inertia at NODE1l
[A2, SI2] = cross-section area and moment of inertia,
respectively, at NODE2; assumed equal to
values at NODE1l if omitted
Discussion

b.3.a Properties for elements between NODE1 and NODE2
are determined by linear interpolation from sec-
tion properties specified by the end values.

b.3.b NODE1 and NODE2 must satisfy:

1< NODE1 < NODE2 < NLAST
b.3.c Properties for elements specified on more than one

line are cumulative.

65. Applied Loads--Zero (0) or two (2) to twenty-two (22) lines; en-

tire section may be omitted

a.

(-2

Control--One (1) line

a.l

a.2

Data
b.1

Contents
[LN 'LOads’ ['units]]
Definitions
'LOads' = section title
('units'] = 'Inches' or 'Feet' and 'Pounds' or 'Kips';

'Inches' and 'Pounds' assumed if omitted

Lines for Corcentrated Loads
Contents

[LN 'Concentrated” NODE FX FY C]
Definitions

'Concentrated' = keyword
NODE

i

node number at concentrated load

32

-
Q”a
[




o, .

S I S s

LA .'-"‘J

o]
:

A A A A,

P

[RPLFLILIN

. -~
D)

.A

...........

c. Data

c.1

c.2

FX, FY = global x and y components of concen-
trated load at NODE
C = applied couple at NODE (positive CCW)

Lines for Distributed Loads
Contents
[LN 'Distributed' ‘'direction' NODE1 Q1 NODE2 [Q2]]
Definitions
'Distributed’ = keyword
'direction' = 'X' if distributed load acts in LOCAL
x coordinate direction for elements be-
tween N1 and N2
= 'Y' if load acts in LOCAL y coordinate
direction
NODE1, NODE2 = node numbers at start and end, respec-
tively, of distribution
Q1 = magnitude of distributed load at NODE1
[Q2] = magnitude of distributed load at NODE 2;

assumed equal to Q1 if omitted

d. Discussion

d.1

d.2

d.3

Data may not be described for nodes/elements beyond the
limits of the structure; i.e.,

for concentrated loads: 1 < NODE < NLAST

for distributed loads: 1 < NODE1 < NODE2 < NLAST
Magnitudes of distributed loads at nodes between NODE1
and NODE2 are determined by linear interpolation from
values at the ends of the distribution.
Values for nodes/elements specified on more than one line

are cumulative.

66. Fixed Supports--Zero (0) or two (2) to eleven (11) lines; entire

section may be omitted

a. Control--One (1) line

a.l

a.2

Contents
[LN 'Fixed' ['units']]
Definitions

'Fixed' = keyword
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b.

['units'] = 'Inches' or 'Feet'; 'Inches' assumed if

omitted
Data Lines--One (1) to ten (10) lines
b.1 Contents
[LN NODE XD YD R]
b.2 Definitions
NODE = node number at specified conditions
XD = displacement in X GLOBAL coordinate direction to
be enforced at NODE
= 'Free' if node is unrestrained in X direction
YD = displacement in Y GLOBAL coordinate direction
= 'Free' if node is unrestrained in Y direction
R = rotation in radians to be enforced at NODE (posi-
tive CCW)
= 'Free' if NODE is free to rotate
b.3 Discussion
b.3.a Data may not be described for nodes beyond the
limits of the structure; i.e.,
1 < NODE < NLAST
b.3.b Only one set of specified displacements may be

imposed at a single node.

67. Linear Spring Data--Zero (0) or two (2) to twenty-two (22) lines;

entire section may be omitted

a.

(R-2

Control--One (1) line
a.l Contents
[LN 'Llnear' ['units']]
a.2 Definitions
'LInear' = section title
['units’'] = 'Inches' or 'Feet' and 'Pounds' or 'Kips';
'Inches' and 'Pounds' assumed if omitted
Data Lines for Concentrated Linear Springs
b.1 Contents
[LN 'Concentrated’ NODE ANGLE S R]
b.2 Definitions

'Concentrated’ = keyword
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2 NODE = node number at spring
:_.:' ._J*:: ANGLE = angle in degrees between GLOBAL X axis
( and line of action of translation re-
;:'\'; sisting spring (see Figure 4)
:-“ S = stiffness (force/unit-deformation) of
'5,' translation spring
R = stiffness (moment/radian) of rotation

:'}. resisting spring
}j c. Data Lines for Distributed Linear Springs
:,3& c.1l Contents
, [LN 'Distributed' 'direction' NODEl S1 NODE2 [S2]]
5 c.2 Definitions
i 'Distributed' = keyword
':'.“. 'direction' = 'X' if spring resists displacements in
local (element) x direction
-:": = 'Y' if spring resists displacements in
f.: local (element) y direction
':-; NODE1, NODE2 = node numbers at start and end, respec-
i G tively, of distribution
:.\'v S1 = spring stiffness (force/unit-length/
ii‘ unit-displacement) at start of
ﬁ: distribution

[S2] = spring stiffness at end of distribution;

assumed equal to S1 if omitted

§ d. Discussion
,; d.1 Data may not be described for nodes/elements beyond the
C. limits of the structure; i.e.,
-, for concentrated springs: 1 < NODE < NLAST
- for distributed springs: 1 < NODE1 < NODE2 < NLAST
'{2 d.2 Distributed springs resist displacements in the local
- (element) coordinate directi 1s.
2,_ d.3 Distributed spring stiffnesses at nodes between NODE1 and
' NODE2 are determined by linear interpolation from values
:-: at the ends of the distribution.
g d.4 Values for nodes specified on more than one line are
‘ .'* -:E';-.:‘ cumulative.
,_. ‘v -
s 35
~
X
¥
)

-
“’
- N
-

f
-

o ;" .’. .’ -'f-.f‘ I -( -q.-—‘."‘-.ﬂ'f ("J‘f-.i ,... R ERERR O UL G




NN RS
55

5%

1ial g

a2

y -

S
L,

Y s, I
XV

1%

-
[y
s 27a

AR

A

Cars, 4

SZH55; 2 M )

y AA/
gllf

lines;

68. Nonlinear Spring Data--Zero (0) or four (4) to sixty-four (64)

entire section may be omitted

a.

|

Header--One (1) line

a.l

a.2

Data Lines for Concentrated Nonlinear Springs--Three (3)

lines for each concentrated spring

b.1

b.2

Contents

[LN 'NONlinear'

Definitions
'NONlinear' = section title
['units'] = 'Inches' or 'Feet' and 'Pounds' or 'Kips';

'Inches' and 'Pounds' assumed if omitted

Line 1 contents

[LN 'Concentrated' NODE ANGLE SPTS DMUL FMUL]

Line 2 contents

(LN DEF(1) DEF(2) . . . DEF(NPTS)]
Line 3 contents
[LN FORCE(1) FORCE(2) . . . FORCE(NPTS)]
Definitions
'Concentrated’ = keyword e
NODE = node number at spring
ANGLE = angle (in degrees) between GLOBAL x axis
and spring line of action (see Figure 5)
NPTS = number of points on resisting force-
deformation curve; minimum of two (2)
points required; maximum of eight (8)
points permitted
DMUL = scale factor for curve deformation
coordination values; must be positive
and nonzero
FMUL = scale factor for curve resisting force
coordinate values
DEF( ) = curve deformation coordinate value; NPTS

['units']]

values on <u. .ine; must proceed
sequentially from most negative to most

positive

36




FORCE( ) = curve resisting force coordinate value
corresponding to DEF( )
c. Data Lines for Distributed Nonlinear Springs--Minimum of Two
(2) groups of three (3) lines for each distribution
c.l.a Group 1, Line 1, Contents
[LN 'Distributed' 'direction' NODE1 NPTS DMUL

FMUL]

Group 1, Line 2, Contents

[LN DEF(1) DEF(2) . . . DEF(NPTS)]

Group 1, Line 3, Contents

[LN FORCE(1) FORCE(2) . . . FORCE(NPTS)]

c.1.b Definitions for Group 1
'Distributed' = keyword indicating beginning of

distribution

'direction’ 'X' or 'Y' indicating distributed
spring resists x or y displacements in
local (element) coordinate directions
NODE1

NPTS

node at beginning of distribution

number of points provided on nonlinear
resisting force-displacement curve at
NODE 1; minimum of two (2) points re-
quired; maximum of eight (8) points
permitted

DMUL

scale factor for curve deformation co-
ordinate values; positive, nonzero
FMUL = scale factor for curve resisting force

coordinate values

DEF( ) = curve deformation coordinate value; NPTS
values on one line; must proceed from
most negative to most positive

FORCE( ) = curve resisting distributed force cor-

responding to DEF( )
c.2.a Group 2, Line 1, Contents
[LN ‘'control' NODE2 NPTS DMUL FMUL]
Group 2, Line 2, Contents
[LN DEF(1) DEF(2) . . . DEF(NPTS)]
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Group 2, Line 3, Contents -
[LN FORCE(1) FORCE(2) . . . FORCE(NPTS)] :
c.2.b Definitions for Group 2
'control' = 'Continue’' or 'End'; 'Continue' indicates
distribution continues and another set of
Group 2 lines follows; 'End' indicated this
is the last curve in this distribution
NODE2 = node for this nonlinear curve
NPTS, DMUL, FMUL, DEF( ), FORCE( ) as in Group 1
d. Discussion
d.1 Final deformation and resisting force curve coordinates
are products DMUL-DEF( ) and FMUL-FORCE( ), respectively.
d.2 Resisting force-deformation curve must be single-valued
at every point.
d.3 Resisting force-deformation curve is assumed to vary
linearly between input points.
d.4 Resisting force is assumed to be constant at first or

last value provided on curve for deformations beyond

sk,
the range of deformation coordinates provided K
d.5 Several concentrated nonlinear springs may be attached
at a single node.
d.6 Characteristics of distributed nonlinear springs at
intermediate nodes on a distribution are obtained by
linear interpolation between adjacent curves.
d.7 Overlapping distributions result in cumulative effects
at nodes in the overlap.
d.8 Data may not be specified for nodes/elements beyond the
limits of the structure; i.e.,
for concentrated springs: 1 < NODE < NLAST
for distributed springs: 1 < NODE1 < NODE2 < NLAST
69. Termination--One (1) line
a. Contents
LN 'FINish'
b. Definition
'FINish' = keyword indicating end of input data for a problem. -
Initiates data checking and solution e
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Abbreviated Input Guide

70. Data items enclosed in brackets [ ] may be omitted. Braces { }

enclosing data lists indicate choose one; arrow (») indicates default if item

is omitted.

71. Heading--One (1) to four (4) lines
LN 'heading'
[LN 'heading']
[LN 'heading']
[LN 'heading']
72. Geometry Data--Three (3) to twenty-two (22) lines

a.

b.

Control--One (1) line

' v {]?'Inches’ »>'Pounds’
LN 'Geometry [{ 'Feet 'Kips'

Data Lines--One (1) to twenty-one (21) lines

\ »'Straight'
LN NODE X Y [{ 'Circular' XC VC}]

73. Cross-Section Properties--Two (2) to twenty-two (22) lines

© i

b.

Control--One (1) line
t L L} ?
LN 'Properties >'Inches >'Pounds
'Feet' 'Kips'
Data Lines--One (1) to twenty-two (22) lines
LN NODE1l hODEZ E A1 SI1 {A2 SI2]

74. Applied Loads--Zero (0) or two (2) to twenty-two (22) lines

[~

Ig)

Control--One (1) line

' . +'Inches’ +'Pounds’
[I‘N @8(18 [{ 'Eeet' } { 'Kips' .

Data lines for Concentrated Loads--One (1) line for each loaded
node

[LN ‘'Concentrated' NODE FX FY C]

Data Lined for Distributed Loads--One (1) line for each
distribution

[LN 'Distributed’ NODE1 Q1 NODE2 [Q2]]

75. Fixed Supports--Zero (0) or two (2) to eleven (11) lines

Pl
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Control--One (1) line

+'Inches' -»'Pounds’'
(RN - £
["“ Eixed" [{ ‘Feet" } {'Kips' }]]
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b. Data Lines--One (1) line for each supported node
(LN NODE XD YD R]
76. Linear Spring Data--Zero (0) or two (2) to twenty-two (22) lines

a. Control--One line
[LN 'Llnear’ [{"%222‘?3'} {":Ig(tl);:('is'}:’]
b. Data Lines for Concentrated Linear Springs--One (1) line for
each spring
[LN 'Concentrated' NODE ANGLE S R]
¢. Data Lines for bistributed Linear Springs--One (1) line for

each distribution

' . ' 'X
[LN 'Distributed {'Y'

77. Nonlinear Spring Data--Zero (0) or four (4) to sixty-four (64)

} NODE1 S1 NODE2 ([S2]]

lines

|

Control--One (1) line

. , . »>'Inches' »'Pounds’
[LN NONlinear {'Eeet' } {'gips' }]

b. Data Lines for Concentrated Nonlinear Springs--Three (3)

lines for each spring Qt;
Line 1:
[LN 'Concentrated' NODE ANGLE NPTS DMUL FMUL]
Line 2:
[LN DEF(1) DEF(2) . . . DEF(NPTS)]
Line 3:
[LN FORCE(1) FORCE(2) . . . FORCE(NPTS)]
¢. Data Lines for Distributed Nonlinear Springs--Minimum of two
(2) groups of three (3) lines for each distribution
Group 1, Line 1:
t )
[LN 'Distributed' {,ﬁ} NODE1 NPTS DMUL FMUL]
Group 1, Line 2:
(LN DEF(1) DEF(2) . . . DEF(NPTS)]
Group 1, Line 3:
[LN FORCE(1) FORCE(2) . . . FORCE(NPTS)]
~?.'
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Group 2, Line 1:

-‘I P ! i !
SIS (LN {,%ﬁg?m“e} NODE2 NPTS DMUL FMUL]

Group 2, Line 3:

;fl [LN FORCE(1) FORCE(2) . . . FORCE(NPTS)]
N 78. Termination

LN 'FINish'
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}:.:' PART VI: EXAMPLE SOLUTIONS
C.{" DO
{+ 79. The solutions presented below are intended only to illustrate the
:::-f. operation of CBNTBM and are not to be construed as recommendations for appli-
o
cf“i cation of the program.
Example 1--Gabled Frame
‘.\::'-
o
:3;_ 80. The structure, loading, and system properties a.e shown in Fig-
.p::::: ure 14. Only nodes at the supports and corners of the frame (i.e., nodes
1)
-':‘Zt‘ y _~——1300 PLF
-ﬂ'{\
ool 650 PLF
e i
b 1
Ad. -
20N <
. e
2 A1l Members: &
52 % 3 3
_:(7 E = 30x10” KSI
- *‘ - .
‘ I = 9760 |N." < ,;;3
e A = 47.1 IN. J x
Y
':::" 50! 50'
y Figure 14. Example 1--gabled frame
£
)‘\'3-: 1, 2, 6, 7, and 8) are required to define the structural geometry. Addi-
I
N tional nodes along the loaded member were used to provide more detail of the
- variation of internal forces in this region.
:J\ 81. Data were entered during execution from the terminal as shown on
2
2: pages 43 and 44. An echoprint of the input data is shown on page 45, and a
S'le
E. \ listing of the input data file generated by the program is given on page 48.
il 82. Output data were printed to the terminal as shown on pages 46 and
':.\ 47. There is no approximation involved in this solution, and the results are
- <&
.‘_: identical with those obtained by other, closed-form solutionms.
::;: 83. The program concludes a successful solution with the normal
ke termination message shown on page 47. Any abnormal termination prior to this
’-J"ﬁ message may result in loss of data files generated by the program. -t?*
\ b
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L

Execution of CBNTBM with Data Entered Interactively

FROGRAM CBNTEM - ANALYSIS OF 2D FEAM-COLUMNS WITH NONLINEAR SUFFORTS
DATE: 02/15/83 TIME: 08:34:43
ARE INPUT DATA TO RE READ FROM TERMINAL OR FILE?

ENTER ‘TERMINAL’ OR ‘FILE’

INFUT DATA SECTIONS AND STATUS

SECTION ATA
NUMRER SECTION CONTENTS AVAILAELE ACTIVE UNITS
leveoneros s HEADING o v vesavrnssrnssvessoNO
2evvesres s +OEOMETRY DATA . ovsorvanesseoeND 44y s INCHES
T erasnre s +SECTION FROPERTIES . oo e s oND o0y o o JINCHES FOUNDS
Aervieses e s LOARS et vveseronesrnr oo NO 00y JINCHES FOUNDS
Sevvevere s oFIXED SUPFORTS v evvsvsanasss -NO o0,  INCHES
Secsevesss o LINEAR SPRINGS. evcvvevsrss o NO  vuyeo o INCHES FOUNDS
Zeosossess o NONLINEAR SFRINGS+eveesvooNO s oo o INCHES FOUNDS
ENTER SECTION NUMRER (1 TO 7} FOR DATA TO BE INFUT
ENTER 'FINISHED' AFTER ALL GATA SECTIONS HAVE EREEN INFUT
ENTER °“STATUS’ TO ORTAIN ABOVE STATUS TAERLE

ENTER NUMBER OF HEADING LINES (1 TO 4)
ENTER HEADING LINE 1 (72 CHARACTERS HAXINWUM)
ENTER SECTION NUMBER (1 TO 7) FOR DATA TO EE INFUT

GEONMETRY DATA -- ENTER DATA UNITS
"INCHES’ OR ‘FEET’ OR 'DEFAULT’

ENTER GEOMETK” DATA ONE LINE AT A TINHE
ENTER "END’ IF FINISHED WITH THIS SECTION
NODE NODE COORDINATES SEGMENT TYYFE CENTER COORDINATES
W0. X Y '8’ Qr “C7) X v
(FTY LETH {FTY (FT>

(Continued)




- Execution of CBNTBM with Data Entered Interactively (Continued) i
1" R .
ENTER SECTION NUMERER (1 TO 77 FOR DATA T0 EE INFUT
A 103
N SECTION FROFERTIES -- ENTER DATA UNITS
- "INCHES® OR “FEET’ ANDI "FOUNDS’ OF “LIFS’s OR ‘DEFAULT’ !
e D
. ENTER SECTION FROFERTIES ONE LINE AT & TIME
L ENTER "END’ IF FINISHED WITH VHIR® SECT{an
. femee —=eo-SECTION FEOFERTIES-- - ~- --
- NODE NUMBER MODULUS OF = START - - = S [ R
oy START STOF ELASTICITY AREA INERTIA AREA TNERTTA
o (FSI) (58IN) CIN¥¥Q) (SRINY CINKRG
PR I~1 8 30.Eé 47.1 9760
-~ IEND
:: CNTER SECTIGN NUMEER (1 TO 7) FOR DATA TO EE INFUT
o 14
“
-~ LOAD DATA -- ENTER DATA UNITS
\ “INCHES® OR °FEET' AND ‘FOUNDS’ OF "KIFS‘, OF 'DEFAULT’
o I“F F
o ENTER LOAD TYPE -- ’CONCENTRATED’ OF ‘DISTRIBUTED®
- ENTER ‘END‘ IF FINISHED WITH THIS SKCTION
- I~
- ENTER DISTRIELTED LOAD DATA ONE LINE AT 4 TINME
- ENTER ‘END’ WHEN FIMNISHED WITH DISTRIGUTED LOADS
<. LOAD Ve m GTART = moe e e mm e RTOF cmem -
N DIRECT NODE LOAD NODE L&D
& (KoY TSI cer
‘: 12X 2 -650 6
- I-Y 2 1309 &
- 1-END
"~ ENTER LOAD TY+E -- ‘CONCENTRATED’ OR "DISTRIKUTED'
w ENTER ‘END’ IF FINISHED WITH THIS SECTIOW
e ICEND
" ENTER SECTION NUMEBER (1 TO 7) FOR DIATA TO BE INFUT é;:;
. - e
s 1.0 . L
3 FIXED SUFFORT LATA -- ENTER DATA UNITS
gq *INCHES' OR "FEET’ OR ‘DEFAULT’
4. 1D
o9 ENTER FIXED SUFFORT DATA ONE LINE AT A TIME
2, ENTER “+i:D’ IF FINISHED WITH THIS 2ECTION
o, SPECIFIFD BISFLACEMEWNTS
SUFFORT (ENTER 'FREE’ IF GUNSFE IFIED)
. NODE NO. X-UISF Y-DU5F ROTAT (DN
e, LINY TN (RaD:
}m i1 Hno0F
-, I8 0 4 F
X 1:END .
‘: ENTER SECTION NUMBRER (1 TO 73 FOK IaTa TO EE INFUT
, 1-F
- INFUT COMFLETE
- D0 YOU WANT INPUT DATA ECHOPRINTED TO YOUR
AN TERMINALy TO &4 FILEs TO BDOTH» OR NETITHER®
S ENTER ‘TERMINAL's ‘FILE’s ‘BOTH + OR 'NEITHER®
~: 1T
\.l
-
fﬁ (Continued)
Xe .
N
%) .
¥
N
2 A
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Execution of CBNTBM with Data Entered Interactively (Continued)

el

( FROGRAM CENTBM - ANALYSIS OF 21 BEAM-COLUMNS WITH NONLINEAK SUFFORTS
DATE: 02/15/83 TIME: 08:38:27
]
:; 1.--INFUT DATA
“
~9 1.--HEADING
]
~y EXAMFLE 1 ~ GAELED FRAME
¢ 2.--GEOMETRY D&TA
N NODE NODE COORDINATES SEGMENT CENTER COORDINATES
N NO. % Y TYFE X Y
'\ (FT) (FT) (FT) (FT)
T i 0.00 0.00 3TRATGHT
=", 2 6.00 25,00 STRAIGHT
& 50.690 50.00 3TRAIGHY
X 7 160.00 25,00 STRATGHT
‘:. 8 100,00 0.00
~
;} 3,--SECTION FROFERTIES
oY fmmmeme == -GECTION FROFERTIFS—--~~—n -7
28 NODE NUMBER MODULUS OF === =GTART- —--& P Y 1] p—
START STOF ELASTICITY ARE A INERTIA AREA INERTIA
) (FSI) (SOIN) CINKX4) (SQRINY CINKXA)
- 1 8 3.00E407 47.10 $760.00 47,10 9760.G0

4,--LOAD DATA

4.A,~-CONCENTRATED LOQADS

‘ ' NONE
'y

:; 4,B,--DISTRIBUTED LOARS

X LOAD e GTART -~ = Smme e = GTDF
‘o DIRECTY NODE Lual NOLE LOAD
AN NO, (F/FT) NO. (F/FT)
5 X 2 - 450,00 4 -450.00
* Y p -1300.06 6 -1360.00
R

“n, S5.~-FIXED SUPFORT DATA

A SUPFORT SPECIFIED DISFLACEMENTS

) NODE X-DISF. Y-DISF. ROTATION

- NO. (IN) C(IND (RAD)
b 1 0.90 0.00 FREE

8 0.060 0.00 FREE

7 6.--LINEAR SFRING DATA

(A NONE

o,

Ce 7.~~-NONLINEAR SFRING DATA
g NONE

i

+

4
;}
i .

N (Continued)
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Execution of CBNTBM with Data Entered Interactively (Continued)

D0 YOU WANT TO EDIT INFUT DATA?  ENTER ‘YES’ OR ‘NO°

“N
N0 YOU WANT INFUY DATA SAVED IN A FILE? ENTER ‘YES’' OR ‘NO°
=Y
ENTER FILE NAME FOR SAYING INFUT DATA (4 CHARACTERS MAXIMUM)
SCENT1
00 YOU WANT TO CONTINUE SOLUTION? ENTER ‘YES’ OR “NO°
¥
DO YOU WANT AXIAL FORCE EFFECYS ON BENDING STIFFNESS INCLURED
IN THE SOLUTIONT ENTER ‘YE3S° OR “NO°
=N
SOLUTION COMFLETE
DO YOU WANT RESULTS WRITTEN TO “OUR TERMINAL, TO A FILEs» OR EOTH?
ENTER 'TERMINAL’s ‘FILE « OF ‘EGCTH’
T
FOLLOWING OUTFUT DATA ARE AUVATL ARLY -
SECTION
NUMEEF SECTION CONTENTS
loveveoer o o NORF COORDINATES ANDU [1S71 ACEMENTS
2eveivive s JELEMENT END FORCE-.
Jivvesse o +REACTIONS AT FIXEN LUFFOFTS
COMFLETE OUTFUT CONTAINS AFFRO» IMATEL Y I OLINES,
OUTFUT CONTROL
ENTER ‘ALL"» "SELECTIVE s "FINISHED's QR "HELF .
- A |

ENTER DESIKFDN OUTFUT UN1TES.
"INCHES’ OK "FEET  AND "FOUNDS® OK NIFS'y OR "DEFAULT "

I
/

(Continued)
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Execution of CBNTBM with Data Entered Interactively (Concluded)
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FROGRAM CENTEM - ANALYSISE OF 2D BEAM-COLUMNS WITH NONLINEAR SUFFORTS

o BATED 02/15/63 TIME: 08:40:13
N
A HEADING
i:. EXAMFLE | =~ GABLED FRAME
Lo
= NODE COORDINATES AND DISFLACEMENTS IN GLOBAL COORLINATE SYSTEM
; NODE NODE CODKRDINATES e NODE DI3FLACEMENTS~ - - -
2 ND. X (IN) Y CING X (LN Y (INY ROV fEAD:
. 1 0.00 0.60 . 0. 4.385:-0%
o 2 0,00 200,00 2.590E-01 -1,294E-07 -2,478E-03
2y 3 156,00 375,00 5.194E-01 =-5.435E-01 ~3.774E-03
) A 300,00 450.00 7.496E-G1  -1.012E400 -2,141E~23
- 5 450,00 525.00 8.106E-01 ~1.1400+0C  4.77CE-C4
4 600,00 500,00 6.937E-01 ~9.089E-01  2,334E-03
A 7 1200.00 300,00 1.133E4+00 -4.313E-03 ~-1.942E-02
3 8 1200.00 0.90 0. 0. -4, 6E83E-03
F
v ELEMENT END FORCES IN ELEMENT COORDINATE SYSTEM
e G L EFT END- - m—m e e RIGHT END- o mmmme o
gl EL. X-FORCE V-FORCE MOMENT X-FORCE ¥-FORCE HOMENT
S NOD. (F) CF) (F-IN) CF) (F) (F-TH)
e 1 6.094E+04 ~-1,771E404 0. -6.094E404  1.771E404 -5.312E406
N 2 4.309E404  4.658E+04  S.312E406 -3.401E+04 -2,842E404  9,766E+0%
~, 3 3.401E404  27,842E404 -9.766E405 -2.452E+04 ~-1.025L404  4.219E406
-~ 4 2.492E404  1.025E404 -4.219E406 -1.584E404  7.919E403 4. 4140404
-, 5 1.584E404 -7.919E+03 -4.414E406 -6.735E403  2,30FE+04  1.T563E+0¢
W 6 2.492E404 -1.025E+04 ~1.563E+06 -2.492E404  1,02SE+04 -3,312E406
- 7 2,031E404  1,771E404  5.312E406 -2.031E+04 ~-1,771E+04 O,
«
o REACTIONS AT FIXED SUFFORTS IN GLOBAL COGRDINATE Sv3TEH
N NODE X-REACT Y-REACT  MOM-REACT
N NO. (F) (F) (F-TIN)
In 1 1.771E+04  6.094E4C4 0.
i) ] -1.771E404  2.031E+04 0.
. BO YOU WANT OUTFUT %)TH DIFFERENT UNITS?
ENTER ‘YES’ OR °NO’,
I:N
2. QUTFUT COMFLETE
s DO YOU WANT TO EDIT INFUT DATA FOR THE FROBLEM
o JUST COMPLETED? ENTER ‘YES‘ OR ‘NO’
0 I:N
Jh DO YOU WANT TO MAKE ANOTHER 'CENTEM’ RUN? ENTER "YES® OR "NO’
\) I™N
= EXARKERKEXE NORMAL TERMINATION KKKKKRKAXK
i(
!.\
AN
)
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Input Data File for Example 1 Created by CBNTBM

Y
I
S
e
T
b“ ® L ]
h -\n
1000 EXAMFLE 1 - GAELEDL FRAME
1010 GEOMETFY F
}}ﬁ 1020 1 0. 0,
[3‘, 103¢ 29, 2.500E401
b, 1640 &  5,000E+01  5,000E+401
F:; 105¢ 7 1.000FE+02 DLSC0EHOL
o 1060 8  1.000E+C2 O,
" 1075  FROFERTIES 1 F
1050 1 8  1,000E407 47,10
. 1090  LOAIDS F F
O 1160 X 2 -650,00
N 1110 Do 2 -13200.00
o 1120  FIXED 1
o 1130 1 .00 ¢.00
o 1140 8 6.00 0.00
. 1150 FINISHED

$760.00¢ 47,10 °760.00
L) =o%0.00
é -13335.00

FREE
FREE

48
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X . Example 2--Semicircular Arch

El 84. The semicircular arch shown in Figure 15a is replaced by an assem- |
bj blage of straight elements as shown in Figure 15b. The accuracy of the anal-

b

Lo ysis using the replacement system depends on the number of nodes (and ele- ‘

ments) used in the model. The effect of the number of nodes on the solution

is shown in Figure 15c for the moment reaction at the left support (the maxi-

- mum bending moment for this structure).

“w

': 85. Input data for a 41-node model were entered from a predefined data
}: file as indicated below. An echoprint of input data is shown on page 51.
3 86. Results were output selectively to the terminal as shown on

Ko pages 52-55.

'l

o
N
f: Input Data File for Example 2

-~

~ 1000 EXAMPLE 2 - SEMICIRCULAR ARCH
K- 1010 41 NODE SOLUTION
o 1020 GEOMETRY F

1030 1 -15.0 0.0 CURVE 0,0 0.0
1040 21 0,0 15,0 CURVE 0.0 0.0
a . 1050 41 15.0 0.0
A m 1060 PROPERTIES I K

1070 1 41 2000.0 100.0 1000.0 100,0 1000.0
1080 LOADS F F
1090 D Y 1 -100.0 21 -100.0
1100 FIXEDP I
1110 1 0.0 0.0 0.0
1120 41 0.0 0.0 0.0
1130 FINISHED

r POl

et Y,

(F- 4~ o ol e i
Dyt 3
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Program Execution for Example 2

FROGRAM CBNTEM - ANALYSIS OF 2D BEAM-COLUINS WITH HOMLINEAR SUFFORTS
DATE: ©2/15/83 TIME: 03142030
ARE INFUT DATA TO BE READ FROM TERMINAL OR FILET
ENTER “TERMINAL’ OR ‘FILE-
iF
ENTER INFUT FILE NAME (5 CHARACTERS MAXIHMUM)
I-CBNT2
INFUT COMFLEE
DO YOU WANT INFUT DATA ECHOFRINTED TO VOUR
TERMINALy TO & FILE, TO ©QTHy OR NEITHER?
ENTER ‘TERMINAL s 'FILE’s ‘BOTH’+ DR ’“NEITHER'
T

FROGRAM CENT.
DATE: 02/15/83

- ANALYSIS ©F

1.-~INFUT DATA
1.--HEADING

EXAMFLE 2 - SEMICIRCULAR ARCH
41 NODE SOLUTION

2.--GEOMETRY NATA

S0 REAM-COLUMNS WITH NONLINEAR SUFFORTS

TIMES

18348157

NODE NOGE COORDINATES SEGMENT CENTER COORDINATES
NO. X Y TYFE X Y
(FT) (F1) (FTY (FY3
1 -1%.00 .00 CURVE 9,00 Q.96
21 0.00 15.00 CURVE AT D.00
a1 15.00 0,00
3,--SECTION FROFERTIES
———————— SECTION FROPEKTIES~--—--uown
NODE NUMBER MOLULUS OF e == GTART - e S STOQF -——--
START STOF ELASTICITY AREA INERTIA aREd INERTIA
(K31) (SOIN) CINXX4) (2EIN CINXXAS
1 41 2,00E+03 100.00 1003.00 100,00 100G.09
4.--LOAD DATH
4.A.--CONCENTRATEDR LOADS
NONE
4.B.--DISTRIBUTED LOALS
LOAD fw =G TART -~ -~ - * e -8TOP-- -~ -
DIRECT NODE LOAD NOUE LOAT
NO . (P/FT) NO. (F/FT)
Y 1 -100.00 23 -100.00
S+-=FIXEDF SUPFORT DATA
SUFFORT SFECIFIED DISFLACEMENTS
NODE X~DISF. ¥-nISP. ROTATION
NO. (IN) CIN) (RAD)
1 0.00 0.0¢ 0,00
41 0.00 0.00 7.00
6.~-LINEAR SFRING DATA
NONE
7.-~NONLINEAR SFRING DATA
NONE
51
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Program Execution for Example 2 (Continued)

0Q YOU WANT TO ERIT INFUT DATA? ENTER 'YES’ OK 'NO’
%
D0 YOU WANT TO CONTINUE SOLUTION?T ENTER °"YES’ OR ‘N0’

IO YOU WANT AXIAL FORCE EFFECTS ON BENDING STIFFRESS INCLUDED
IN THE SOLUTION? ENTER ‘YES’ OKR ‘N0

SOLUTION CONMFLETE
DO YOU WANYT RESULTS WRITTEN TO YOUR TERMIRALs TO A FILE» OR EBOTH®?
ENTER “TERMINAL » ‘FILE’y OK “ROTH-

FOLLOWING OUTFUT DATA ARE AVAILAERLE?

SECTION
NUMEBER SECTION CONTENTS
levreoesess +NOBE COORDINATES AND DISFLACEMENTS
2eevaves o +dELEMENT END FORCES
3se0es000.REACTIONS AT FIXED SUFFORTS
COMFLETE OUTFUT CONTAINS AFFROXIMATELY §¢ LINES,
OUTFUT CONTROL
ENTER ‘ALL’s ‘SELECTIVE’s 'FINISHEDN's OR "HELF’.

ENTER SECTION NUMBER FOR DES1RED OUTFUT.

ENTER DESIRELD OUTFUT UNITS.
‘INCHES’ OK ‘FEET’ AND ‘FOUNDS’ OR ‘KIFS‘s OR ‘DEFAULT’

(Continued)




". ‘\ wooaT . “ wNa WV - Y. DIMES A
D
R
-'.:w'.
.
AR
N
...::
I‘:\ -
\~.\ .‘-‘-.4
\'.\‘ ® A’
(: :
n ENTER "ALL‘»
S )
e
- FROGRAM CENTEM -
AN BATE: 02/15/83
HEADING
e EXAMFLE 2
ABEN 41 NODE SOL.UTION
o
:‘:--‘
NG NODE COOKLINATES AND
e NOLE
o ND, X (IN)
i ~180.00
2 -17%.45%
3 -177.78
4 -17%.03
5 -171.19
6 -166.30
> -160.133
- ~153,48
° ~145.62
Ad 10 ~136.87
- 11 -127.2
R 12 -1146.90
T 13 ~105.80
}kﬂ 14 -94,05
oy 15 -81.72
E” . 14 -68.88
: @ 17 -55.62
L 18 -42,02
N 19 -28.16
S 20 -14.12
o 21 0.00
A o2 14.12
N 2 28.16
o 24 42,02
A 25 55.62
2 68.88
M 2 81.72
3% 28 94,05
3N 2 105.80
4] 30 116.90
NN 3 127.28
A 32 134.87
22 33 145,62
N 34 153,48
: 35 160,38
o 36 166.30
¥ 37 171,19
W 38 175.03
o 39 177.78
) 40 179.45
bt 41 180,00
\
i -2

Program Execution for Example 2 (Continued)

INDICATE AMOUNY OF QUTFUT DESIRED.
RANGE OF NODES RETWEEN 1 AND

ANALYSIS OF 2D

- SEMICIRCULAR ARCH

Y (Il

0,00
14,12
28.16
4.6
G5.62
45,88
81,72
94.0%
105,80
114,90
127,28
134.67
145,42
153.48
140,38
166.30
171.19
175,03
177.78
179.45
180.00
179.4%
177.78
175,03
171.19
166.30
140,38
153.48
145,62
1346.87
127,28
114,90
105.80
?4.05
81,72
48.88
995.62
42.02
28.146
14.12

.00

DISFLACEMENTS
NODE (OORDINA'ES

vOCINDY
J278E 07
+398E-03
V729E-02
JIROE-D2
T, 943E-02
S5.091E-02
b6.159E -62
7y124E-02
7.918E-02
3,528E-02
8.9432-02
7. 186E-02
?.263E-02
9.207E~02
%.057€E-02
8.854E-02
8.640E-02
8.452E~02
8§.323E-02
8,274E-02
8.313E-02
8.432E-02
8,610E-02
8.816E-02
?,012E-02
9.156E-02
9.208E -02
9.131E-02
£.893E-02
8.475€E-02
7.868E-02
7.080E-02
6.131E-02
S.060E~-02
3.919€E~02
2.778E-02
1.719€-02
8.349E-03
2.266E-03
Q.

nlee Q0 ) D

ENTER SECTION NUMBRER FOR DESIRED OUTFRUT,

%0

P

L
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-

!

(Continued)

53

LRCHRY

41,

OR "HELF ",

BEAM-COLUMNS WITH NONLINEAR
TIME:

IN GLOBAL COORLDINATE
- -=~NODE DISPFLACEMENTS- - -

Y (TN

G-
-1.%%7E-04
-9 904E-04
-2.784E-03
~9.851€-03
-1.015E-07
=1 0AFE-02
-2 157E-0C
-2.803E-02
~3.435%E-02
-4.005E~-02
~4,455€E-07
-4, 7TNE-D2
-4,89TE-02
~4,806E-02
-4,491E-02
-3.,954E-02
~-3.211e-02
-2.293E-02
-1.244E-02
-1,292E-03
7.892E-03
2.040E-02
$.F65E-07
3.718E-02
4,267E-02
4,595E-22
4.701E~-02
4,596E-02
4,304E-02
3.861E-02
3.309E-02
2.695E-02
2.0468E-02
1.474E-02
9.542E~03
S5.286E-03
2.448E-03
7.333E-04
5.320E-05

0.

LU FORTS

P TAR
[VX- R A DR

WIS TEM
ROT (RAL
[
~3.109E-04
5. 0507E~04
7.238E-04
-8+ I53E-04
~§.901E-G¢
~8.938E--04
~B,523E--94
-7.718E-04
-6.586E-04
~5.193E-04
-3, AC/E-- 4
~1.894F-04
-1.,29%E--09
1.623E~-CAa
3.291€E-04
4,805E-04
6.079E-GC4
74104E-04
?7.796E-04
7.991E-04
7.770E-04
7.132E-04
Lal41E-04
4,860E-04
3:357E-04
1.,700E-04
-4.2646F-06
~-1.801F-04
~4.5C7E-0C4
-3.08%E-04
~6,480E-C4
-7.613E~-04
-3.421E-C4
-8.842¢--04
-8.813E-04
-8.277E-04
-7.178€-04
-5.443E-04
-3.08%E~-04
0.
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Program Execution for Example 2 (Continued)

TIME: 08:546:14

MOMENT

(F-IN;
-3.895E+04
-2.920E4+04
-2,010E+04
-1.,171E404
~4.,076E103

6,358E+03
3.,23%9E+01
-6.295E103
-1.175E+04
~1.631E+04

1.138E+04
1.973E404
2.879E4+04
3.850E404

SN
‘1’»1
, ENTER DESIRED OUTFUT UNITS.
(‘ *INCHES' OR ‘FEET’ AND ‘FOUNDS’ OR ‘KIFS‘y OR ‘DEFAULT"
] 15D
e INDICATE AMOUNT OF OUTFUT DESIRED,
S ENTER ‘ALL’» RANGE OF ELEMENTS BETWEEN 1 AND 40, OR ‘HELF',
a\} 11 70 S
A
A
v FROGRAM CENTEM - ANALYSIS OF 2D Bl AM—-COLUMNS WITH NONLINEAR SUFFORTS
DATE: 02/15/83
:f“{ HEADING
N EXAMFLE 2 - SEMICIRCULAR ARCH
;a' 41 NODE SOLUTION
+
= ELEMENT END FORCES IN ELEMENT COORDINATE SYSTEM
v {mmm e LEFT END=—-=-m—momn - B e mmm—mmm e em RIGHT ENDi--=-—--=m=-—m~ -
e, EL. X-FORCE Y-FORCE MOMENT X-FORCE Y~-FORCE
N NO. F) (F) (F-IN) (F) (F)
A 1 9.922E402  7.911E402  A4.930E404 -9,922E402 -6,733E402
;*. 2 9.364E402  7.4%1E+02  3.895E+04 -9.364E402 -46,313E+02
(.7 3 8.839E402 7,029E+02 2.920E+404 -8,.839E+02 -S5.851E+02
Lo 4 8.353E402  6,.S526E+02  2.010E+04 -8.353E+402 -5,34BE+02
a2 s 7.908E402 S.,987E+02 1.171E+04 -7.908E+02 -4,810E+02
indres
$§a: DO YOU WANT TO OUTFUT ANOTHERK RANGE FOR THIS SECTION?
N ENTEK “YES’ OR ‘NO’.
j 3 1Y
LAt INDICATE AMOUNT OF OUTFUT BESIRED.
N ~ ENTER “ALL‘» RANGE OF ELEMENTS BETWEEN 1 ANI' 40, OR ‘HELF’.
" 1-19 23
i ERROK ON LAST ENTRY--REENTER.
e I-19 TO 23
B 19 6+.964E4+02 -3,269E+02 -1,1B1E+04 -6.964E402  4,447E+02
X ] 20 7.291E402 -3.887E402 -6.358E+03 -7.291E+02  $.065E+02
o™ 21 7.666E402 -4,477E+02 -3,239E+01 -7.666E+02  4.477E402
L\f\ 22 7+.994E402 -3,862E+402  6.295E403 -7.994E+02  3,862E+02
L) 23 8.272E402 -3,223E402 1.175E+04 -B.272E+02  3,223E+02
DD YOU WANT TO OUTPUT ANOTHER RANGE FOR THIS SECTION?
Y] ENTER ‘YES’ OK ’‘NO‘.
19,08 1Y
VA INDICATE AMOUNT OF QUTPUT DESIRED.
,ﬁi ENTER ‘ALL’s RANGE OF ELEMENTS BETWEEN 1 AND 40, DR ‘HELF',
WY 1-36 TO A1
MY ERROR ON LAST ENTRY--REENTER.
o 1+36 TO 40
. 36 7.070E4+02  5,365i +02 -3,796E+03 -7.070E402 -5.369E402
' 37 6.627E402  5,907E+02 -1,13BE+04 -6.627E402 -5.907E+02
38 6,143E402  4.409E+02 -1.973E4+04 -6.143E+402 -46,409E+02
39 S.621E402  6.871E402 -2.879E+404 -5.621E402 -6,871E402
40 5.085E402 7,291E4+02 -3.850E404 -5.065E+02 ~-7,2F1E402

ENTER ‘YES’ OR

»t
z

(Continued)

DO YOU WANT TO OUTPUT ANOTHER RANGE FOR THIS SECTION®?
"NO‘ .

4,881E+04
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}f Program Execution for Example 2 (Concluded)
L) -~
M SO
LS \“\‘
ENTER SECTION NUMEER FOR DESIRED OUTFUT.
: 13
x5 ENTER DESIRED OUTFUT UNITS.
P *INCHES’ OR ‘FEET’ AND ‘FOUNDS’ OR °KIFS‘, OR ‘DEFAULT'
AT 1D
N FROGRAM CBNTEM - ANALYSIS OF 20 EEAM-COLUMNS WITH NONLINEAR SUFFORTS
o DATES 02/15/83 TIME: 08:57:38
o HEADING
S EXAMPLE 2 - SEMICIRCULAR ARCH
N 41 NODE SOLUTIONM
g
D REACTIONS AT FIXED SUFFORTS IN GLOEAL COORDINATE SYSTEM
NODE X-REACT Y-REACT  MOM-REACT
N NO. (F) CF3 (F-1N)
e 1 -7.916E402  1.073E403  4.930E404
AN a1 -7,484E402  4,.775E402  4,8B1E+04
‘}‘ ENTER SECTION NUMEER FOR DESIRED GUTFUT,
AN 1.-F
ey DO YOU WANT OUTFUT WITH DIFFERENT UNIT3?
] ENTER ‘YES’ OR ‘NO’.
~ TN
Ny OUTFUT COMFLETE

DO YOU WANT TO EDIY INFUY DATA FOR THE I'ROEBLEM
JUST COMFLETEDT ENTEFR 'YES OF ‘NO

.) K
A

o

N
-
=

»
L4
-

. LY
X
L .‘

N0 YOU WANT TO MAKE ANOTHER ‘CENTEM’ RUN? ENTER ‘YES’ OR 'NO’
I:N

-

AXKKKRKkRkX NORMAL TERMINATION kXkkkk k¥ kX
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Example 3--Pile Bent

87. The pile bent shown in Figure 16a was modeled for analysis as shown
in Figure 16b. The resistance of the soil was treated as distributed linearly
elastic springs with uniform stiffness for lateral support and as concentrated
linearly elastic springs acting parallel to the pile axis at the base. Be-
cause an approximate stiffness matrix is used for elements with distributed
springs, the number of nodes (elements) used for the sections of the piles
below ground will influence the accuracy of the solution.

88. Program prompts and user responses are shown on pages 59 and 60.
Data were entered from the predefined file listed on page 58. All output data,
including an echoprint of input data and selective output, were directed to a
file. The output file, listed following normal termination of the rum, is
shown on pages 61-64.

89. Solutions for this structure using 10 and 20 elements to represent
the embedded portions of the piles exhibited only small differences (less than

1 percent) in results from those given on pages 61-64.
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Input Data File for Example 3 -t
EXAMFiE 3 - FILE BENT WITH LINEAR SFRING SUFFORTS
GEOMETFY I
1 0. O.
16 15, 180,
17 22, 264,
1B 30,75 349.
38 270.8 3&%
2% 279.5 264,
30 286.5 18C.
45 301.5 0.
FROFERTIES K
1 18 4000. 707, 35761, 707. 397641,
18 28 4000, 1452, 285554, 1452, 255552,
28 45 4000, 707. 39761, V07, 38761,
LOADE F K
C 17 1.8 0.0 0.0
C 18 18,3 0.0 0.0
C 28 18.3 0.0 0.0
€C 30 1.8 0.0 0.0
DY 18 -36.5 28 -47,
LINEAR 1 K
C 1 -94,76 2000, 0.0
C 45 -8%5.24 2000. O,
B Y 1 2,0 16 2.0
D Y 30 2,0 45 2,0
FINISH
—ma
L xie
W R W e W W N W W W W, -, W, Ty e
et RN e T A A A A T
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Program Execution for Example 3

FROGRAM CENTEM - ANALYSIS OF 20 BE4i COLUMNS WITH NONLINEAR SUFFORTS
DATE! 02/15/83 TIME: 09116117
ARE INFUT DATA TO BE READ FROM TERMINAL OR FILET
ENTER ‘TERMINAL’ OR 'FILE’

F
ENTER INFUT FILE NAME (& CHARACTERS MAXIMUM)

-CENT3

INFUT COMFLETE

DO YOU WANT INFUT DATA ECHOFRINTED 7O YOUR

TERMINAL, TO & FILEs TO BOTHs» DR NEITHER?

ENTER "TERMINAL’, ‘FILE’s ‘BOTH’',» OR "NEITHER’
F

ENTER OUTFUT FILE NAME (6 CHARACTERS MAXIMUM)

I-CENT30

DO YOU WANY TO EUI ) INFPUT DATA? ENTER ‘YES’ OR ‘NO’

N

10 YOU WANY 10 CONTINUE SOLUTION? ENTER ’'YES’ OR "NO’

Y
[0 YOU WANT AXIAL FORCE EFFECTS ON BENDING STIFFNESS INCLUDED
IN THE SOLUTION? ENTER ‘YES’ OR ’‘NO’

SOLUTION COMFLETE

DO YOU WANT RESULTS WRITTEN TO YOUR TERMINAL,
TO FILE °'CBNT30’, OR BOTHT

ENTER ‘TERMINAL’» ‘FILE’» OR 'BOTH’

FOLLOWING OUTPUT DATA ARE AVAILABLE:

SECTION
NUMEEF SECTION CONTENTS
1esvvesssee e NODE COORDNINATES AND DISFLACEMENTS
2¢ve0r o000 ELEMENT END FORCES
4. e0ve0esFORCES IN CONCENTRATED LINEAR SPRINGS
Seeesrsees FORCES IN DISTRIZUTED LINEAR SPFRINGS
COMPLETE OUTPUT CONTAINS APPROXIMATELY 155 LINES,
OUTPUT CONTROL
ENTER ‘ALL‘» ’SELECTIVE’s ‘FINISHED’s OR 'HELF’,

ENTER SECTION NUMBER FOR DESIRED OUTFUT.

ENTER DESIREO OUTPUT UNITS.
"INCHES’ OR ‘FEET’ AND ‘FOUNDS’ OR ‘KIFS’, OR ‘DEFAULT’

INDICATE AMOUNT OF OUTPUT DESIRED.,
ENTER ‘ALL’» RANGE OF NODES BRETWEEN 1 AND 45, OR 'HELF’.

1-17 70 29

DO YOU WANT TO OUTPUT ANOTHER RANGE FOR THIS SECTION?
ENTER "YES’ OR ‘NO’.

ENTER SEZCTION NUMBER FOR DESIRED OQUTFUT.

ENTER DESIRED OUTPUT UNITS.
‘INCHES® OR 'FEEY’ AND ‘FOUNDS’ OR ‘KIFS‘» OR 'DEFAULT’

(Continued)
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Program Execution for Example 3 {Concluded)

INDICATE AMOUNT OF OGYFUT DESIRED.
ENTER “ALL’» RANGE OF ELEMENTS BETWEEN 1 AND 44y QR ‘HELF',
18 TO 28

-

DO YOU WANT TO OUTFUT ANOTHER RANGE FOR THIS SECTION?
ENTER ‘YES’ OR 'NO’.

1M
ENTi.k SECTION MUMBER FOR DESIRED OUTFUT.

14
ENTER DESIRED OUTFUT UNITS.

“INCHES’ OK ‘FEET’ AND ‘FOUNDS’ OR ’'KIFS’s OR ‘DEFAULT’

11 N
ENTER SECTION NUMBER FOR DESIRED OUTFUT.

155
ENTER DESIKFI OUTFUT UNITS.

“INCHES® GR 'FEST’ AND 'FOUNDS’ OR ‘KIFS‘s, OR ‘DEFAULT’

1D
INDICATE AMOUNT OF OUTFUT LESIRED.

ENTER ‘ALL’» RANGE OF NODES BETWEEN 1 AND 44, OR ‘HELF’,

I170 16
DD YOU WANT TO DUTFUT ANDTHER RANGE FOR THIS SECTION?

ENTER ‘YES’ DR ‘NO’.

1
INDICATE AGOUNT OF OUTFUT DESIRED.

ENTER ‘4LL’s» RANGE OF NODES BETWEEN 1 AND 44, OR ‘HELF'.

130 TO 44 3
DO YOU WANT TO OUTPUT (NOTHER RANGE FOR THIS SECTION? o
ENTER ‘YES’ OR 'NO’. -y

TN o
ENTER SECTION NUMBER FOR DESIRED OUTFUT.

I.F
0O YOU WANT DUTFUT WITH DIFFERENT UNITS?

ENTER ‘YES’ DR 'NO’,

I'N
OQUTFUT COWFLETE
DO (OU WANT TO EDIT INPUT DAla FOR THE FROBLEM
JUST COMFLETED? ENTER ‘YES' OR ‘A0’

W
DO YOU WANT TO MAKE ANOTH. X *CENTEM’ RUNT ENTER ‘YES’ OR ‘NO’

I W

FESEEREREKR NORMAL TERMINATION k&kkXxRx%xkk
440 CF SECONDT EXECUTION TIME




e v Output File for Example 3

.._‘:.:\ e
£ FROGRAM CENTBM - ANALYSIS OF 2D REAM-COLUMNS WITH NONLINEAR SUFFORTS
e DATE: 02/15/83 TIME! 07:16350
N
RS I.--INFUT DATA
A0S
DY 1.--HES! ING
N
e EXAMFLE 3 - FILE RENT WITH LINEAR SFRING SUFFORTS
SN 2,-~GEOMETRY DATA
1N NODE NODE COORDINATES SEGMENT CENTER COGRDINATES
re NO. X Y TYFE X ¥
. CIN) (IN) CIND (IN)
- 1 0.00 0,00 STRAIGHT
< 16 15,00 180.00 STRAIGHT
, 17 22,00 264,00 STRAIGHT
Ao 18 30.75 349,00 STRAIGHT
s 28 270.80 369,00 STRAIGHT
SOE 29 279.50 264,00 STRAIGHT
e 30 286,50 180.00 STRAIGHT
. as 361.50 0.00
-"\';
J\
3.--SECTION PROFERTIES
- N SECTION PROPERTIES--------=3
‘5\,: NODE NUMBER MODULUS OF START-~-~- = Hmmm STOF =~~~-3
{}a, START sToP ELASTICITY INERTIA AREA INERTIA
AN (KST: (IN¥%4) (3QIN) CINKXA)
S 1 18 4,00E+03 39761.00 707,00  39761.00
T 18 28 4.00E+03 1452.00 255552.00 1452,00 255552.00
X . 28 a5 4,00E+03 707.00  39761.00 707.06  39761.00
o
iy 4.--LOAD DATA
s
A 4.A.-~CONCENTRATED LOADS
N CONCENTRATED LODADS
7R NODE X-LOAD Y-LOAD COUFLE
o NO. (<) (K) (K-FT)
17 1.80 0.00 0.00
. 18 18.30 0.00 0.00
i) 28 18.30 0.00 0.00
T 30 1.80 0.00 0,00
A
)
lj 4.B.--DISTRIBUTED LOADS
b LOAD o START----- O STOF-—--~
-4 DIRECT NODE LOAD NOTE LOAL
- NO. (K/FT) NO., (K/FT)
'}gS Y 18 ~36.50 2e -47.,00
[} n::j'
) S.--FIXED SUPPORT DATA
\ﬁt§ NONE
h.‘
4 1a
233
105
N
zs,' (Continued)
Y
DO "
S SO
. L]
N
Y
wh 61
Vod
R
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Output File for Example 3 (Continued)

6.--LINEAR SFRING DATA

6.A,--CONCENTRATED LINEAR SFRINGS

SFRING
NODE ANGLE
NG . (DEG)
1 ~94.76
45 -85.24

SFRING SVIFFNESSES

TRANSLATION ROTATION

(K/1) (K-I/RAD}
2000.,00 0.0
20006.,00 0.00

&6.B.-~DISTRIBUTED LINEAR SFRING

SPRING g START———=~> P ] 1] pu—— 2

DIRECT NODE STIFFNESS NODE STIFFNESS

(K/SQIN) NO . (K/SQIN)

Y 2.006E+00 16 2.000E400

Y 2.000E+00 45 2.000E+00

7.--NONLINEAR SFRING DATA
NONE
(Continued)
62
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AN . Output File for Example 3 (Continued)
A o
o s
(: FROGKAM CENTBM - ANALYSIS OF 2D EEAM-COLUMNS WITH NONLINEAR SUFFORTS
o DATE: 02/15/83 TIME: 09:17:30
o HEADING
.- EXAMFLE 3 - FILE BENT WITH LINEAR SFRING SUFFORTS
. NODE COOKRDINATES AND DISFUACEMENTS IN GLOKAL COORDINATE SYSTEM
' NODE NODE COORDINATES Z=w=e=~NODE DISFLACEMENTS---=-===%
A ND. X (IN) Y C(IND X (1IN Y C(INY  ROT (RaDD
Ve, 17 22,00 264.00 2.401E-01 ~-2.447E-01 =-1,677E-03
o i8 30,75 369.00 4.173E-01 -2.735E-01 -1,679E-03
%a: 19 54,76 369.00 4,171E-01 -3.130E-01 -1.574E-03
. 20 78.76 369,00 4.169E-01 -3.47BE-01 -1.302E-03
TR 21 102,77 369.00 4,167E-01 -3.745E-01 -9.014E-04
Prls, 22 126,77 36%.00 4.165E-01 -3.904E-01 -4,173E-04
\ 23 150.78 349,00 4.163E-01 ~3.942E-01  1.046E-04
ot 24 174,78 369,00 4.162E-01 -3.855E-01 &,179E-04
25 198.79 369.00 4.160E-01 -3.650E-01 1,075E-03
M 26 222.79 369.00 4.158E-01 -3.347E-01  1.427E-03
oo 27 246,80 369.00 4,156E-01 -2,977E-01  1.624E-03
LN 28 270.80 369,00 4,154E-01 -2,584E-01  1.614E-03
29 279.50 264,00 4.226E-01 -2.405€E-01 -1,143E-03
—~ PROGRAM CENTEM - ANALYSIS OF 2D REAM-COLUMNS WITH NONLINEAR SUFFORTS
:&; DATE! 02/15/83 TIME: 09:18:01
e HEADING
s EXAMPLE 3 - FILE BENT WITH LINEAR SFRING SUFFORTS
.'.X\
(3!, ELEMENT END FORCES IN ELEMENT COORDINATE SYSTEN
b - e Ll 1] e Tt RIGHT END-=-==—=~m=== K
xaj €L, X-FORCE Y-FORCE MOMENT ¥.-FORCE Y-FORCE MOMENT
o NO. (K) (K) (K=FT) (K) (K) (K-FT)
na 18 4,613E401  3.762E+02 ~-1.,506E+01 -4,613E+01 ~-3.022E+02  6.937E402
o 19 4.613E401  3.022E+402 -6.939E4+02 -4.613E+01 -2.260E+062  1.223E+03
~i{4 20 4.613E4+01  2,260E+02 -1.223E+03 -4.613E401 -1.477E+02  1.377E+03
4 21 4.613E401  1.477E402 -1.597E403 -4.613E+401 -6.736E+01  1.813E+03
22 4,613E401  6.736E+01 ~-1,813E+03 -4.613E+01  1,511EH01  1.865E403
_ 23 4.613E401 -1.511E401 -1.865E+03 -4.613E+01  9.968E+01  1,750E+03
~~}‘ 24 4,613E401 -9,948E+01 -1,750E+03 -4.613E+01  1.843E+02  1.444E+03
Al 25 4,613E401 ~1,863E+02 -1.464E403 -4,613E+01  2,751E+02  1,003E+0X
! 26 4.613E4+01 -2.751€402 -1.003E+03 -4.613E+01  3.460E+02  3.525E402
e, 27 4.613E+01 -3.460E+02 -3.625E+02 -4.613E+01  4.590E+02 -4.623E+02
s 28 4,627E402  2,631E+01  4,623E+02 -4.627E+02 -2.631E+01 -2.313E402
B,
Ai CY
q
N
“
NN
bl
-
A\
w2
(Continued)
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A
R
b7 Output File for Example 3 (Concluded) -
-"" '.:
(’ FPROGRAM CENTEM - ANALYSIS OF 20 EEAM-COLUMNS WITH NONLINEAR SUFFORTS
NS DATE: 02/15/83 TINE: 09:18:16
oy
-~ HEADING
T EXAMFLE 3 - PILE BENT WITH LINEAR SFRING CUFFORTS
i
0
: FORCES IN CONCENTRATED LINEAR SPRINGS
) L ep— TRANSLATION SFRING--=---=1 - =~ROTATION SPRING-- -
MM NODE ANGLE DEFORMATION FORCE PEFORMATION FRCE
e, NO. (DEG) (IN) (K) (RAD) (K-IN)
LY 1 -94.76 1.,885€-01 -3,771E402 -1.015€-03 0,
45 -B3.24 2,314€-01 -4.429E402 -1,885E~03 O,
) "
- PROGRAM CBNTBM - ANALYSIS OF 20 BEAM-COLUMNS WITH NONLINEAR SUFFORTS
N DATE: 02/15/83 TIME: 09118230
MWa
b\» HEADING
EXAMPLE 3 - PILE BENT WITH LINEAR SFRING SUPFORTS
\3' FORCES IN DISTRIBUTED LINEAR SFRINGS IN ELEMENT COORDINATE SYSTEM
. EL. %X-SPRING FORCES (F/IN) (--SFRING FORCES (F/IN)
e NO., LEFT END  RIGHT END LEFT END  RIGHT END
. 1 0. 0. -1,657E402 -1.412E+02
I 2 0. 0. “1,412E402 -1.,147E402
+0 3 0. 0, -1,167E402 -9,219E401
L8 4 0. 0. -9,219E401 -4.747€E+01
::.,'1‘ 5 0. 0. -6.747E4+01 -4.246E401
S 6 0. 0. -4,246E401 -1,70S5E+0)
; 7 0. 0. -1,705E401  B8.921E+400 -
. 8 0. 0. 8.921E400  3.559E+401 e~ |
Ny 9 0. o, 3.559E401  6.309E+01
P 10 0. 0, 4,309E401  9.158E+01
o 11 0, 0. 9.158E401  1.,212E+02
0o 12 0. 0. 1,212E402  1.S19E+02
Lo 13 0. 0. 1.519E402  1.8:9E+02
“ 14 0. 0. 1.839€402  2.172E402
L0 15 0. 0. 2.172E402  2,517E402
16 0. 0. 0, 0.
2tg 30 0. 0, -S5.184E402 -4,693E402
' 31 9. 0. - 4,693E402 -4,194E402
-. 32 0. 0. -4.194E402 -3.495E+02
Gt 33 0. 0. ~3,695E+02 -3.19BE+02
N 34 0. 0. -3,198E402 -2,705E+02
4 33 0. 0. -2.705E402 -2.,218E+02
36 R 0, -2,218€402 -1.,737E+02
37 0. 0. -1,737E402 -1.263€402
- 38 0. 0. -1,263E402 -7.937E+01
e d 39 0, 0. -7.937E401 -3,298E401
Tt 40 0. 0, -3.298E+01  1.300E+01
R a1 0, 0. 1.300E401  S5.871E+01
N 42 0. 0. 5.871E401  1,042£402
n}_\} 43 0. 0, 1.042E402  1,497E+02
Wi 44 0. 9. 1.497E402  1.9S1E+02
_————
——
R
« X4
A
.I
s:(*
?\i
RIn
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Example 4--U-Frame Channel Liner

90. The U-frame channel liner and analytical model are shown in Fig-
ures 17a and 17b. Because the structure and loading are symmetric, only half
of the system was analyzed. The soil was modeled using nonlinear distributed
springs. Soil properties along the vertical walls were assumed to vary
linearly from zero at the top to the behavior shown in Figure 17c. Soil along
the base was assumed to provide uniform resistance as shown in Figure 17d.

As in all cases with distributed springs, the number of nodes (elements) will
influence the solution.

91. The input file and echoprint of input data for the model shown are
given on pages 67-69.

92. Complete output for this example is given on pages 70-72.
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Input Data File for Example 4

EXAMFLE 4 - U-FRAME CHANMWEL LINER ITH NORLINMEAR
GEOMETRY F

1 0. 20,

4 G.0 17,

S 0.0 16.5

.

o

T LRy =
(]

O D00
P
[
o

IR
-

OCNOOO
o]
]

34 10. 0.0
FROPERTIES 1 K
1 34 3830, 144,
LOADS F 7
DY 35 0.0 22
DY 24 -1000.
FIXED I
34 0.0 FREE 0.0
NONL INEAR F F
DY 120,01 0.0
-10. 1.0

0.0 0.0

E 23 2 0.01 100,
-10.0 1.C

72.0 8.0
Ny 23 2 0.01 1000,
-10.0 0.0
30.0 0.0

E 34 2 0.91 1000.0
~10.5 0.0

S5C.0 0.0

FINISHED

1728 144, 1728,

~19Q2.
34 -1000,

67
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Echoprint of Input Data for Example 4

FROGRAM CENTEM - ANALYSIS OF
DATE: 02/15/83

I.--INFUT DATA

1.--HEATING

EXAMFLE 4 - U-FRAME CHANNEL LINEFR WITH NONLINEAF

2,--GEOMETRY [ATA

20 REAM COLUMNS WITH NONLINEAF
TIME S

SUPPFORTS
[N DR I

SFRING SUFFORTYS

NODE HODE COORDINATES SEGMENT CENTER COORDINATES
NO. X v TYFE y v
(FT) (FT) FT) (FT3
1 0.00 20,00 STRAIGHT
4 0.00 17.00 STRAIGHT
5 0.00 16.50 STRAIGHT
& 0.00 16.00 STRATGH I
21 0.00 1.00 STRAIGHT
22 0.00 .50 STRAIGHT
23 0.00 5.00 STRAIGHT
24 .50 0.00 STRAIGHT
25 1.00 0.00 STRAIGHT
34 10.00 9.00
3,--SECTION PROFERTIES
P SECTION FROFERTIES~-~--—--~ =
NODE NUMBER MODULUS OF Smem=5THART -~ —- o PR ] " w
START SYOF ELASTICITY AREA INERTIA AREA INEFTIA
(KST) (SAIN) CINK¥A) (301IN) CINKXA)
1 34 3,83E403 144,00 1728.00 144.00 1728.00
4,--LOAD DATA
4.h.--CONCENTRATED LOARS
NONE
4.B.--DISTRIBUTED LOADS
LOAD Gm——— START-~-—- e G e GTOP—— == -
DIRECT NODE LOAD NODE LOAL
NO. (F/FT) NO (F/FT)
Y 5 0.00 22 -1000.00
Y 24 -1000.00 34 -1000.00
$.--FIXED SUPFORT DATA
SUFFORT SPECIFIER DISFLACEMENTS
NODE X~DISF, Y-DISP. ROTATION
NO. (N LIND (RAT)
34 0.00 FREE 0.00
4.--LINEAR SPRING DATA
NONE
(Continued)
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SFRING

Echoprint of Input Data for Example

4 (Concluded)

TATA

7.A+~~NONLINEAR CONTENTRATED SFRINGS

NONE

7+B.-~NONLINEAR DISTRIBUTED SFRINGS

SFRING
DISTRIBUTION  DIRECTION
STARTS Y
DISF, COORIDS. -10,060 1.00
FORCE COORDS. 0.00 0.00
SFRING
PISTRIBUTION DIRECTION
ENDS Y
DISF, COORDS. -10,00 1.00
FORCE COORDS. 72.00 8.00
SPRING
DISTRIRUTION DIRECTION
STARTS Y
DISF, COORDS. -10,00 0,00
FORCE COORDS., 50,00 0,00
- SPRING
DISTRIBUTION DIRECTION
ENDS Y
DISP, COORDS., -10,00 0.00
FORCE COORDS. 50,00 0.00

-
A
)

SPRING
NOIE
NOO
1

SFRING
NOLE
NO.,
23

SFRING
NODE
NUO
23

SPRING
NODE
NO.
34

CURVE COORD. MULTIFLIERS

DISFLACEMENT FORCE

(FT) (F/FT)
1.008-02 0.

CURVE COORD. MULTIFLIERS

DISFLACEMENT FORCE
(FT) (F/FT)
1.,00E-02 1,00E+0?
CURVE COORD. MULTEIFLIERS
DISFLACEMENT FORCE
(FT) (F/FT)
1.,00E-02 1.00E+03
CURVE COORD'. MULTIFLIERS
DISFLACEMENT FORCE
(FT) (P/FT)
1,00€E-02 1.00E+03
69
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Output for Example 4

FROGRAM CENTBM - ANALYSIS OF 2D REAM-COLUMNS WITH NONLINEAR SUFFORTS
DATE: 02/15/83

HEADING
EXAMFLE

NODE COORDINATES AND

NODE
NO.

VO N Wy~

10

TIME?

09:42:30

4 - U-FRAME CHANNEL LINER WITH NONLINEAR SFRING SUFPORTS

DISFLACEMENTS IN GLOBAL COORDINATE SYSTEM

NOUE COORDINATES

X (FT)
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0'00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00

+ 50
1.00
2.00
3.00
4,00
5.00
6,00
7.00
8.00
9.00

10.00

¥ (FT1)
20.00
19.00
18.00
17,00
16,50
16,00
15,00
14,00
13.00
12,00
11.00
10.00
9.00
8.00
7.00
6.00
5.00
4,00
3.00
2.00
1.00
.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0,00
0.00

fem--e~~NODE DISFLACEMENTS------- -

X (FT) Y (FT)
4,676E-02  7.261E-04
4,3956-02  7.261E-04
4.114E-02  7,261E-04
3.833E-02  7.261E-04
31,693E-02  7,261E-04
3,5536-02  7.261E-04
3.273E-02 7.261E-04
2.995E-02  7.261E-04
2,721E-02  7.261E-04
2,449E-02  7.261E-04
2,184E-02  7.261E-04
1.925€-02  7.261E-04
1,675€-02  7.,261E-04
1.434E-02  7,261E-04
1,204E-02  7.261E-04
9.875€-03  7.261E-04
7.837E-03 7.241E-04
5.945€-03  7.261E-04
4,208E-03  7.261E-04
2.633E-03  7.261E-04
1.236E-03  7.261E-04
6.079E-04  7.261E-04
3.11BE~05  7.261E-04
2.963E-05  2.033E-04
2,807E~05 -2.630E-04
2.495E-05 -1.042E-03
2,183E-05 ~1,623E-03
1.,871E-05 ~-2,034E-03
1,559E-05 -2.313E-03
1.248E-05 -2.490E-03
9.358E-06 -2.594E-03
6,2376-06 -2,650E-03
3.,118E-04 -2.,677E-03
0. -2.684E-03
(Continued)
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ROT (RAD;
-2+810E-03
-2,810E-03
~2.809E-23
-2.807E-03
-2.805E-03
-2.801E-03
~-2.78BE-03
-2.,743E-03
-2.731E-03
~2+,685E-02
-2.624E-03
~2+548E~-03
-2.458E-03
-2,354E-03
-2,236E-03
-2.,106E-03
~1.,965E-03
-1,816FE-03
-1.658E-03
~1.,488E-03
-1.304E-03
-1.203E-03
-1.100E-03
-9.911E-04
-8.823E-04
~4.747E-04
-4,915E-24
-3.,379E-04
-2.,219E-04
-1.356E-04
-7.4648E-05
-3.878E-00
~1+56%E-03

0.
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Output for Example 4 (Continued)

MENT END FORCES IN ELEMENT COORDINATE SYSTEM

X-FORCE
(F)

3.725E-09
1.,720E+403
1.720E+03
1.,720E+403
1.,720E+403
1.720E+403
1.720E+03
1.,720E+03
1,720E+03
1.,720E+03

1.720E+03
1.,720E+03

-~LEFT END--

Y-FORCE
(F)

-1.080E-07
2.000E+01
8.000E+01
1.800E402
2.,450E+02
3.,122E+02
4,297E402
J.247E4+02
9+972E+02
6+,472E402
6.747E+402
6.797E402
6.622E+02
6.222E402
5.597E402
4,628E+02
4.045E+02
4,158E+02
5.007E402
6.617E402
8.995E+402
1.047E+03
~2.980E-08
1.118E-08
-4,858E+02
-1,150E+03
~-1.477€403
-1.,556E+03
-1.464E403
~1.,259E+03
-9.8358E+02

~6.732E402
~3.,407E+02

MOMENT

(F-FT)
6.667E400
5.333E401
1.800E+02
2.858E+02
4,253E+02
7.982E+02
1.278E+403
1.840E+403
2.464E403
3.127E403
3.806E+03
4.479E4+03
9,123E+403
J3.716E+03
6.228E+403
6.,657E403
7.061E+403
7.513E403
8.,088E+403
8.858E+03
?+350E+4+03
1.003E+04
1.003E+04
9.917E403
9.067E403
74+725E403
6.192E+03
4,670E+4+03
3.302E+03
2.175€403
1,343E+403
8.3%0E+402
6.643E+402

—————————— % fmmmmmmmmm e =RIGHT END-==—m=mwmm—n
MOMENT X~FORCE Y-FORCE
(F-FT) 3 )

-1,1S5€-07 0, -2,000E+01
-6.667E4+00 O, ~B.,000E+01
-5,333E401 O, ~1,300E+02
-1.800E402 0, -2,450E402
-2.858E402 0, ~3,1226+02
-4,253E402 0. -4,297E402
-7.982E402 0, -5,247E+402
-1.278E403 0, -5.,972E402
~1,840E403 0, ~6,472E+402
-2.444E403 0. ~6,747E402
-3,127E403 0. ~6,797E402
-3.806E403 O, -6,622E402
-4,479E403 0. ~6,222E402
-5.1236403 0. -5.597€402
~-5.716E403 O, -4,628E+02
-4,228E403 0, -4,045E+02
-6.,657E403 O, -4,158E+402
-7.061E403 0, -5.007E+02
~7.513E403 0, -6,617€402
-8.,088E+03 0, -8.995E402
-8,858E403 0, -1,047E403
-9.350E403 -3.725E-09 -1.720E403
-1,003E404 -1.720E403  2,980E-08
-1,003E404 ~-1.720E403  4.858€+02
-9.,917E403 -1.720E403  1.150E+03
-9.,067E403 ~-1,720E403  1,477E+03
-7.725E403 -1.,720E403  1,5S6E+03
-6.192E403 -1.,720E403  1.444E403
-4,470E403 -1.720E403  1,259E+03
-3.3026+03 ~-1.720E403  9.858E+02
-2,17SE+03  -1,720E403  6.,732E+02
-1.343E403 ~-1.720E403  3,407E+02
-8,350E402 -1.,720E4+03  1,490E-08
(Continued)




R

. «o &
[ L]
R

Output for Example 4 (Concluded)
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REACTIONS AT FIXED SUFFORTS IN GLOBAL COORDINATE SYSTEM

) NODE X-REACT Y-REACT  MOM-REACT
. NO. (F) (F) P-FT)
i: 34 -1.720E+03  1,490E-08  6.643E+02
L)
N
‘1 FOKCES IN DISTRIBUTED NONLINEAR SFRINGS IN ELEMENT COORDINATE SYSTEM
EL. X~SFRING FORCES (F/FT) Y-SFRING FORCES (F/FT)
NO. LEFT END  RIGHT END LEFT END  RIGHT ENI
34 1 0. 0. 0. 4.000E+01
2 0. 0. 4.000E401  8.000E+01
: 3 0. 0. 8.000E+01  1.200E+02
3 4 0. 0. 1.200E402  1.,400E+02
] 5 0. 0. 1.400E402  1.400E+02
6 0. 0. 1.600E+02  2,000E+02
: 7 0. 0. 2,000E402  2.400E+02
) 8 0. 0. 2,400E402  2.800E4+02
2 9 0. 0. 2.800E402  3.200E+02
] 10 0. 0. 3.,200E402  3.600E+02
; 11 0. 0. 3,600E402  4.000E+02
X¢] 12 0. 0. 4.000E402  4.400E+02
"N 13 0. 0. 4.400E402  4.B00E+02
] 14 0. 0. 4,800E+02  5.200E+402
A 15 0. 0. S.200E402  5.652E402
) 16 0. 0. S.652E402  4.944E4+02
- 17 0. 0. 6.5°4E402  8.287E402
/- 18 0. 0. 8.287E402  9.445€402
L 19 0. 0, 9.665E402  1.104E+03
o 20 0. 0. 1,106E+03  1,244E+03
i 21 0. 0. 1.244E403  1.313E+403
s 22 0. 0. 1.313E403  1.380E+03
g 23 0. 0. 0. 0. S
A 24 0. 0. 0. 1.325€402 X
- 23 0. 0. 1,325E402  5.209E402
O 2 0. 0. S.209E402  8.113E402
i 2 0. 0. 8.113E4+02 1.018E+03
N 2 0. 0. 1.018E403  1.157E403
X 29 0. 0. 1.157E+03  1.244E403
X 30 0. 0. 1.244E403  1.297E+403
4 31 0. 0. 1.297E403  1,.325E403
32 0. 0. 1.325€403  1.338E403
33 0. 0. 1.338E403  1.342E403
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v Destroy this report when no longer.needed. Do not return
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