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FOREWORD

The Research was sponscrea by the Air Force Gffice of Scientific

Research, Air Force Systems Command, USAF, under Grant No. AFOSR-74-2720.

runds were provided by the Ai: Force Armament Laboratory, Armament
Development and Test Center (ADTC), Eglin Air Force Base, Florida under
Obligation Authorities 74-Y-7 and 75-V-11. Mr. Phillip T. Nash (DLYV)

was the technical program manageir for the Armament Laboratory.
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The effort was begun on 1 April 1974 and was completed on 31 August

1975.
The United States Government is authorized to reproduce and

distribute reprints for Governmental purposes notwithstanding any
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I. INTRODUCTION

This volume provides details concerning the digital computer
code, VANISH, which was developed for the Vulnerability Analysis
of Nonlinear Interacting Soil and Hardened Structures. In par-
ticular, the code as been designed to be efficient and reliable
in determining the response of a soil-covered circular arch used
as an aircraft shelter. However, it should also be useful in ana-
lyzing a variety of other planar structures. Since the arch of
immediate interest is composed of precast reinforced concrete ribs,
and the response of the system is of interest all the way to
coliapse, special measures have been taken to account for nonlinear
behavior of concrete members, and of nonlinear behavior of the soil.

Volume [ of this report, entitled "Analysis and Experiment"
gives the fundamental concepts underlying the VANISH code. In par-
ticular, Chapter Il of Volume I gives description of the modeling
techniques to be used for various structures, derivations of the
stiffness and mass properties of the three types of finite elements
(beam, bar and constant strain triangle elements) used in the code,
explains how the code handles camping and applied forces (including
blest pressures), and presents the methods used for incremental static
loading and for dynamic loading. The reader will find understanding
of and ready reference to Chapter II of Volume I essential to under-
standing of the latter portions of the present volume, which document
the operation of the code.

Nevertheless, most of the knowledge needed merely to use the
VANISH code is available from the present volume, and requires only
a general understanding of how the code actually solves a given
problem.

The essential steps in preparing to use the code to analyze a
structure are: 1) to idealize the actual structure by means of
straight beam elements and/or triangular soil elements, 2) to choose
Tines of possible soil cracking between triangular elements,
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introduce short bar elements across these potential crack lires,

3) to number all of the nodes and elements (by element type), 4) to
evaluate the stiffness and mass properties of each element, 5)

to choose the damping coefficients to be specified for one or two
nodes, 6) to decide what lcads are to be applied (these must be
concentrated at the nodes), and 7) to decide what results are

to be printed out. The steps in describing this data to the

computer code by means of punched cards are presented in Chapter
IT of this volume.

Tne remaining chapters in this volume give detailed infor-
mation about the computer code itself, so that potential problems
in its cperation and extensions of its capabilities may be handled
by future us-~rs. Chapter III gives the basic function and Chapter
IV presents a fi- 'thart of each subroutine and shows how all of
the subroutines are ralated to one another (mostly through the
MAIN program). Chapter .  defines the important variable names
used and identifies the s.oroutines and COMMON blocks where they
occur.

R I R Lt O

ARF AT € S R wrg

P

N
CRRTREI SRR LR MRS




AT

IT. INPUT/QUTPUT INSTRUCTIONS

A.  General

The first step in the analysis of a structure by the finite
element method is to divide the structure into finite elements
connected at points called nodes. The use of this code is Timited
to plane stress problems employing straight beam and bar elements
and plane trianqular elements. A suitable x-y coordinate system
should be selected and the coordinates of the nodes determined.

The coordinates of the nodes, material properties of the elements,
boundary conditions, damping characteristics and loads define the
problem to be solved. These data are to be input by means of punched
cards.

B. Input Cards to Define the Structure

1. Title Card

The first card of the data set for any individual problem
must have a problem number in columns 1 to 5. This is to enable
a number of problems to be solved one after the other. A blank
card must be used at the end of the complete data set to specify
the end of all the problems. The title card also allows a title
to be given to each individual problem treated, and this title is
printed as a heading on the output.

FORMAT (15, 15A4)
Columns Data

1- 5 Problem number.

6 - 65 Title of the problem.

2. Standard Options Card
Standard options are required in all problems, whereas non-

Tinear options (following card) are required only for nonlinear
problems.
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FORMAT (615) '

Columns Data i :

1 -5 Parameter specifying the type of problem.
If 1, static analysis. If 0 (or blank), ’
dynamic analysis.

6 - 10 Parameter specifying linear or nonlinear
analysis. If 1, linear analysis. If 0
(or blank), nonlinear analysis.

11 - 15 Parameter specifying whether the stresses
are to be determined. If 1, the displace-
ments only are determined. If O (or blank),
the displacements and stresses are determined.

16 - 20 Parameter controlling printout of results.
[f 1, the displacements (and stresses if
calculated) at specified nodes only are printed.
If 0 (or blank), displacements, velocities,
accelerations (and stresses if calculated)
are printed for all the nodes.

21 - 25 Parameter specifying whether dynamic forces are
read in or generated internally by subroutine
FORGEN. If 1, FORGEN is used. If 0 or blank
forces are read 1in.

26 - 30 Parameter specifying inclusion of dead loads.
If 1, dead loads area neglected. If 0, dead
loads are included.
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3. Nonlinear Options Card

This card is omitted if the analysis is linear. |

it 8,

FORMAT  (615)

Columns Data

1- 5 Parameter specifying which elements (beams,
bars, or both) are nonlinear. If 0, only ‘
bars are nonlinear. If 1, only beams are
nonlinear. If 2, both are nonlinear.

6 - 10 Parameter specifying type of beam material
in axial deformation. If G, general homo- 1
geneous material with symmetric yield |
levels. If 1, reinforced concrete (separate
steel and concrete).

S oy iy S et
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11 - 15 Parameter specifying how incremental static
loads are prescribed. If 0, increments are
set internally. If 1, increments are read
in.
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5. Nodal Point Coordinate Cards

E ;
i :
§ 16 ~ 20 Parameter specifying print-out at incremental
: ) static load levels. If 0, no print-out at
each load. If 1, standard output at each load.
4. P-ohlem Size Card
: FORMAT  (515) §
! Columns Data 3
1- 5 Number of nodal points (150 maximum*) ;
6 - 10 Number of beam elements (30 maximum*) :
11 - 15 Number of bar elements (100 maximum*) i
16 - 20 Number of triangular elements (200 maximum*) ;
$ 21 - 25 Number of nodal points having specified ;
boundary conditions (33 maximum*) :
(*for dimensions in present code version) %
3

One card is required for each nodal point in numerical sequence.

FORMAT (15, 5X, 2F10.0)

Columns Data
’ 1- 5 Nodal po‘nt number. g
6 - 10 Blank g
11 - 20 X-Coordinate (units-feet) :
21 - 30 Y-Coordinate (units-feet) y

6. Beam Element Data Cards - Linear Behavior

These cards are omitted if there are no beam elements in the
finite element system. One ce~J is required for each beam element

in numerical seguence.

' FORMAT (315, 5X, 4F10.0) !

Columns Data

1- 5 Beam element number.

6 - 10 Nodal point number of one end of beam element.
11 - 15 Nodal point number of the other end of the

beam element.

16 - 20 Blank .
21 - 30 Area of cross-section (in") . 4

31 - 40 Moment of inertial of the eross-section (in’)

41 - 50 Modulus of elasticity of the beam mater}a] (psi)
51 - 60 Unit weight of the beam material (1b/ft”)

4
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Beam Element Data Cards - Nonlinear Behavior

These cards are omitted if the beam elements remain linear,

but are
beams.

a)

needed in addition to the linear data cards for nonlinear

Nonlinear Axial Deformation Properties

(One card is required for each beam element in numerical
sequence. Columns 41-80 may be left blank for homngeneous
beams ).

FORMAT (15, 5X, 7F10.0)

Columns Data
1-5 Beam element number
6 -10 Blank
1 - 20 Yield stress (psi) of homogeneous beam or
steel of R/C beam
21 - 30 Rupture strain (in/in) of homogeneous beam
or steel of R/C beam
31 - 40 Rupture stress (psi) of homogeneous beam or
stee]l of R/C beam2
41 - 50 Area of steel (in®) of R/C beam
51 - 60 Compressive yield stress (psi) of concrete
R/C beam (f!).
61 - 70 Rupture str§1n in compression of concrete of
R/C beam
71 - 80 Rupture stress (psi) in compression of con-

b)

crete of R/C beam

Nonlinear Bending Deformation Properties
(One card is required for each beam element in numerical
sequence).

FORMAT (15, 5X, 7F10.0)

Columns Data

1-5 Beam element number

6 - 10 Blank

11 - 20 Positive yield moment of each rotary spring
(ft - kips)

21 - 30 Absolute value of neEat1ve yield moment of each
potary spring (ft - kips)

31 - 40 Positive rupture rotation of each rotary

spring (radians)
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41 - 50 Absolute volume of rupture rotation of each
rotary spring (radians)

51 - 60 Positive rupture moment of each rotary spring
(ft - kips)

8. Bar Element Data Cards
These cards are omitted if there are no bar elements in the

finite element system. One card is required for each bar element
in numerical sequence.

FORMAT (315, 5X, 3F10.0, I10, F10.0)

Columns Data
1- 5 Bar element number
6 - 10 Nodal point number of one end of the bar
element
11 - 15 Nodal point number of the other end of the
bar element
16 - 20 Blank 2
21 - 30 Area of crossection (in“)
31 - 40 Modulus of elasticity of the bar materjal (psi)
41 - 50 Unit weight of the bar material (1b/ft")
51 - 60 Parameter specifying how yielded (tensile)

stiffness is prescribed. If =1, read in
by ne§§ parameter. If = 0, specify internally
as 10 .

61 - 70 Yielded {tensile) stiffness as ratio to com-
pressive stiffness, EA/L.

9. Triangular Element Data Cards
These cards are omitted if the number of triangular elements

in the problem is zero. One card is required for each triangular
element in numerical sequence.

FORMAT (415, 4F10.0)

Columns Data
1- 5 Triangular element number
6 - 10 *Node number of 1st node of the triangular
element
11 - 15 *Node number of the 2nd node
16 - 20 *Node number of the 3rd node

*The three node numbers of each triangular element must be in

counterclockwise sequence.

2, Py L. Sk Sl e AT s i ARl 1 S fRe e e Mt 1 e e AN a3 R it




21 - 30 Thickness of the element (ft)

REPVIRE S0 B AR S ¢

31 - 40 Modulus of elasticity of the material (psi)
41 - 50 Poisson's ratio of the material 3
51 - 60 Unit weight of the material (1b/ft”)

10. Boundary Condition Cards
One card is required for each nodal point where displacement
boundary conditions are prescribed. The code is written such that

:
all prescribed boundary conditions must have zero values. These X
cards need not be in any numerical sequence. However, the total ‘ é
number of cards must be equal to the number specified on the problem é%
size card. ?2
FORMAT ~ (4.15)
Columns Data é
1- 5 Nodal point number at which displacement
boundary conditions are specified.
6 -~ 10 1, if the u displacement (displacement in
the x direction) is zero. Otherwise blank.
11 -15 1, if the v displacement (displacement in
the y direction) is zero. Otherwise bliank.
16 - 20 1, if the rotation is zero. Otherwise blank.

11. Dynamic Analysis Parameters Card

FORMAT (3F10.0, 110)

Columns Data

1-10 Coefficient by which to multiply the stiffness
matrix to get the "relative" part of the
damping matrix.

11 -20 Coefficient by which to multiply the mass
matrix to get the "absolute" part of the
damping matrix.

21 - 30 Magnitude of the time step {seconds).

31 - 40 Maximum number of time steps to which the
analysis is to be carried out.

C. Input Cards to Control the Output

The following cards may be omitted if the displacements, vele-
cities, accelerations and stresses are desired to be printed out for
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all nodal points. Columns 15 - 20 in the "options card" (following fj
the title card) must be blank in this case. If the output infor- :
e mation is desired only at certain (special) nodal points, these

: nodal point numbers are input using the following cards. Columm 20

in the "options card" must contain 1 in this case.

; 1. Number of Special Nodes Card
] FORMAT (I5)
% 4 Columns Data
i 1- 5 Total number of nodal points whose displace- i
j: ments, stresses, etc. are desired to be P
3 printed out.
>? ) 2. Cards Specifying Special Node Numbers
FORMAT :
3 Colums Data i
) 1- 5 i
6 - 10 Nodal point numbers whose displacements,
- - - - velocities, etc., are to be printed out.
3 61 - 65
3 66 - 70
E d Each card contains 14 numbers. Use as many cards as are necessary
; to specify all the node numbers.
4 3. Numbers of Special Elements Card
S FORMAT  (5I5)
; Columns Data
1- 5 Total number of beam elements for which
3 member forces are to be printed out.
: . 6 - 10 Total number of bar elements for which
' for which forces are to be printed out.
11 - 15 Total number of triangular elements for

which stresses are to be printed out.
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4, Cards Specifying Soecial Element Numbers

FORMAT (1415)

: ; Columns Data ;
; 1- 5 :
’ 6 - 10 Element numbers whose forces (beams and/or !

---- bars) or stresses (triangles) are to be i

- - - - printed out; all beams first, then all bars, 3

61 - 65 then all triangles. ]
b 66 - 70

D.  Input Cards for Applied Loads

One set of cards must be included for each time step. In

¢ each set, one card is required for each nodal point where external 5
loads are applied. The cards need not be in any particular numerical %
sequence. However, the last card in a set must be blank indicating §
the end of a set of loads for a particular time step. §

]

FORMAT (I5, 5X, 3F10.0) ;
Columns Data !
1- 5 Node number where the cxterral loads are :
N applied.
6 - 10 Blank
11 - 20 X-Component of the Load (kips), positive upward
21 - 30 Y-Component of the load (kips), positive to right
31 - 40 Moment (ft kips), positive counterclockwise

Note that in the present version of the code, there is no pro-
vision to input distributed loads (other than the dead weight which
is automatically calculated using the unit weights of the materials).

A11 the preceding cards specify one problem. Data for a rumber

AL 4 e SRR 4B K e SRS K 2SR Bt s 11NN

of problems may follow one after the other. The end of the dala for
all problems is indicated by introducing a blank card after the

complete data.
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E. Qutput

There is only one type of output, namely printed output. The
following information is printed by the program for ali probiems:

a. Input data. A1l the input data except the loads are printed
before the execution of the problem.

b. Error messages. The code checks the dimensions provided
against the size of the problem and prints out error
messages if the size exceeds the dimensions provided.

The following info-mation is printed for each load increment,
if desired, and for the total load for static loading:
a. Displacements of each node or designated nodes.

b. Axial force, shear, and moment at each end of each beam
element or designated elements.

c. Axial force in each bar element, or designated elements.

d. Averaged stresses at the nodal points of each triangular
element, or designated elements.

The following information is printed for each time step:

a. Nodal displacements and velocities of each node, or desig-
nated nodes.

b. Forces or stresses in each element, or in designated i
elements, if called for (if NOUT = 1).
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III. MAIN PROGRAM AND SUBROUTINES

A. Main Program

The MAIN program is a control program. As shown in the accom-
panying flowchart, its major steps are:

1. Read and print the problem number, title and options
(static or dynamic analysis, linear or nonlinear analysis:.

2. Call subroutine SETUP in which most of the data are read.

3. Cal} subroutine ASMBLE which assembles the stiffness and
mass matrices.

4, If the analysis is static, call BCOND to incorporate the
boundary conditions into the stiffness matrix, call DECOMP to decom-
pose the stiffness matrix, add dead and applied loads if appropriate,
and call STSOL to solve for full static displacements.

5. If the analysis is static but may be nonlinear, call RESET
to check for yielding, ard call STNON to perform an incremental
solution, if there is yielding.

6. If the analysis is dynamic, perform a static solution first
if dead loads are considered, then perform a dynamic analysis, using
SOLVE for the incremental response and RESET to check for yielding
and modify the stiffness matrix and restoring force vector at each

time step. Dynamic loads may either be read in or calculated by FORGEN.

The subroutines called by MAIN are:

SETUP
ASMBLE
BCOND
DECOMP
STSOL
RESET
STNON
FORGEN
SOLVE
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B. Subroutine SETUP

This is the primary subroutine for reading in the data, although
some data are read in MAIN. The major steps in this subroutine are:

1. Read and print out number of nodes, number of elements and
other quantities specifying the size of the problem.

2. Read and print out coordinates of the nodes.

3. Read and print out data for the beam elements.

4, Read and print out data for the bar elements.

5. Read and print out data for the triangular elements.

6. Read and print out specified displacement boundary conditions.

7. Read and print parameters for dynamic analysis.

8. Read node numbers and elements whose responses are to be
output.

9. Read and print loads for static analysis (or the initial
loads for dynamic analysis).

10. Calculate size of matrices.

11. Check dimensions.

SETUP does not call any other subroutines.

C. Subroutine ASMBLE

This subroutine is for assembling the stiffness and mass matrices.

The modified matrices for the dynamic analysis (based on the recursive
form of Newmark's 8 method) are also developed. The Toads due to
the dead weight are calculated in this subroutine. The major steps
involved in this subroutine are:

1. Initialize the stiffness and mass matrices.

2. Assemble the stiffness and matrices ¥or the beam elements
by calling subroutine BEAMZ2.

3. Assemble the stiffness and mass matrices for the bar elements
by calling subroutine BAR.

4, Assemble the stiffness and mass matrices for the triangular
elements by calling subroutine CST.
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5. Store the stiffness matrix on tapes 1 and 3.
6. Calculate the loads due to the deadweight.
The subroutines called by ASMBLE are:

BEAM2
BAR
CsT

D. Subroutine BCOND

This subroutine incorporates the boundary conditions into the
stiffness matrix, that is, it sets the off-diagonal terms equal to
zero in the row and column of each boundary condition and it sets the
diagonal term equal to one. It does not call any other subroutine.

E.  Subroutine DECOMP

This subroutine reduces a symmetric banded matrix into an upper
triangular matrix by Gauss elimination. There is no provision Tor
pivoting in this subroutine since the matrices involved in structural
analysis are generally positive definite and diagonally dominant. No
other subroutines are called.

F. Subroutine STSOL

This subroutine is used in the static analysis only. The solution
for the displacement vector is obtained using this subroutine, which
calls subroutine BSUB for this purpose. The steps involved are:

1. Print the force vector.

2. Incorporate the displacement boundary conditions in the force

vector,

3. Convert the forces and moments to inch and pound units.

4. Call subroutine BSUB to solve for the displacements.

5. Print the displacements.

This subroutine calls only the subroutine BSUB.
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G. Subroutine RESET

This subroutine calculates the forces and stresses in individual
structural elements, prints these data if desired, checks for changes
in stiffness or restoring force due to yielding, unyielding or rupture,
and modifies the stiffness matrix and the restoring force vector as
needed for the next time or load increment. The major steps are:

1. Calculate each bar force, print if desired, calculate each
bar stiffness for next step, and change qlobal stiffness if necessary.

2. Calculate each beam's member deformations and forces, print
forces if desired, call MODBM to check for stiffness, energy, or restoring
forces changes and change global stiffness if necessary.

3. Calculate each triangle's average stresses and print, if neces-
sary.

Reset calls the following subroutines:

BAR

BEAMZ
MODBM
MULT2

H. Subroutine STNON

This subreoutine sets up and controls the incremental static solu-
tion needed when thare is nonlinear behavior under static loading. For
each step it calculates the load increment, calls STSOL to find the
increment deflections, adds the incremental loads and deflections to
the running totals, prints the results if desired, and calls RESET to
check for (further) nonlinear behavior.

STNON calls the following subroutines:

BCOND
DECOMP
STSOL
RESET
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I. Subroutine FORGEN

This subroutine allows internal calculation of nodal forces for
dynamic problems, rather than having to read them in at each time step.
Tt is especially designed to handle the complex loading history asso-
ciated with an internal blast within a soil-covered circular arch, as
simplified from scale model experiments. It does not call any other
subroutines. This subroutine was developed by Mr. Nash/DLYV/AFATL at
Eqglin AFB, Florida and its documentation is therefore beyond the scope
of this report.

J. Subroutine SOLVE

SOLVE perferms a step-by-step numerical integration of the dif-
ferential equations of dynamic equilibrium, using Newmark's B method
with 8 = 1/4. The steps involved are:

1. Determine the accelerations at the start of integration from
the initial conditions. This step is carried out for the 1st time
step only.

2. Add the dead weight to the force vector due to external loads
at the end of the time step. (The force vector is input in the MAIN
program for each time step).

3. Derive the modified force vector for substitution into the
recursive equation of Newmark's B method.

4. Incorporate the displacement boundary conditions into the modi-
fied force vector.

5. Solve for the accelerations at the end of the time step by
calling subroutine BSUB.

6. Determine the velocities and displacements at the end of the
time step.

7. Store the above values as starting values for the next time
step.

8. Print the desired results.

The subroutine SOLVE calls the following subroutines:

BSUB
MULT
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K. Subroutine BEAMZ

This subroutine derives both the local and global stiffness
matrices for a straight prismatic beam element with rotary springs
at the two ends, based on the geometry of the element and its current
stiffness properties. It also derives the compatibility matrix for the
beam element and uses it to convert the local stiffness evaluated by
subroutine BMK to a global stiffness. The subroutines called are:

BMK
MULTZ

L. Subroutine BMK

This subroutine derives the current local stiffness matrix for a
beam element. The steps are:

1. Determine the axial stiffness for a general beam or for the
steel in a reinforced concrete beam, EA/L.

2. Add in the concrete axial stiffness if the the beam is of
reinforced concrete.

3. Determine the current bending stiffness based on the current
end spring stiffnesses.

Mo subroutines are called by BMK.

M. Subroutine BAR

This subroutine derives the stiffness and mass matrices of a
strafght bar element (axial deformation only). The stiffness factors
only change by proportion and do not have to be re-calculated by this
subroutine during nonlinear behavior. The subroutine calls no other

subroutines.

N, Subroutine CST

This subroutine derives the stiffness and mass matrices of a con-
stant strain plane triangular element. Each node is considered to have
two translational and one rotational degree of freedom, but the stiff-
nesses corresponding to rotation are zero. No other subroutines are

called.
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0. Subroutine BSUB

] This subroutine solves a set of simultaneous 1inear equations

RIS

ji using the upper triangular matrix obtained from subroutine DECOMP.

] The steps involved are:
1. Perforn, a forward substitution for the input vector (forces).
2. Perform a back-substitution for the solution vector (dis-

25003 DA S o a4

placements or accelerations).
No other subroutines are cailed.

P. Subroutine MODBM

This subroutine, which is called from RESET, uses HYST to cal-
culate the yielding behavior of a single beam element at a particular
é step of the solution. It considers the axial deformation, including
9 both steel and concrete components for a reinforced concrete beam, and
the bending deformation of the beam at each end, and evaluates the

75 dissipated energy and all stiffness and restoring force changes. It
z calls the Tollowing subroutines:

; HYST

1 BMK

E MULTZ

Q. Subroutine HYST

This subroutine determines the changes in a general, nonsymmetric
bilinear hysteretic diagram, given the current displacement, permanent
set point and stiffness. The changes include possible stiffness
changes due to yielding or unyielding, possible restoring force drop due
to rupture, and energy changes due to any (further) yielding. The
E major steps are:

1. Determine if positive or negative rupture has occurred
and modify the restoring force and stiffness accordingly.

; 2. Determine if the system remains elastic or yielded in either
| direction or yields for the first time, and set the stiffness keys
accordingly.

T
S SR L
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)
g 3. Calculate the dissipated energy at the current displacement ;
{ as an incremental part associated with the permanent set. k
3 No other subroutines are called by HYST. :
3 * R.  Subroutine MULT
é This subroutine performs a matrix vector multiplication of the
2 form y = A x where A is a symmetric and banded matrix one
2 5 half of which is stored as a singly subscripted array. No other
: subroutines are called.
E S. Subroutine MULT2
: 4 This subroutine performs a matrix multiplication of the form
[A] = [B] [C], where [B] has dimension N x N1, [C] dimensions 3
E N1 x M, and [A] comes out with dimensions N x M. No other sub- :
3 routines are called. ?
g
T 4
2 i
)
A
3
T: :
4 19 .
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: IV. FLOWCHARTS

For the MAIN program and for each of the subroutines described
briefly in Chapter III, a flowchart giving more details is presented
in the following pages. Some of the variables used are defined in
the flowcharts; others may be found in the descriptions of major

variables to be found in Chapter VI,
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{

H
‘
A. MAIN
L
: START

é Read Problem Number, Title

CALL EXIT

AR BB e e s e

FPIFIE QY

(, Print Problem Number, Title
Read and Print Standard Options:
NTYPE, NLIN, NRES, NOVT, NFORC, NDEAD

No

onlinear Problem?

('Read and Echo Print Nonlinear Options
NLEXT, NLAX, ISLOAD, ISPRT, NDEAD

!

Call SETUP (to read remafinder of
input data except dynamic forces) i

&

Call ASMBLE (to get linear static
stiffness matrix, Ak, on tape 1}

T

'

Initialize to zero for this problem:
NS, NT, displacement, velocity, oo
acceleration and force vectors |

O

21
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MAIN (Cont'd.)

Dynamic problem
neglecting dead loads?

( Read AK from Tape 1

Call BCOND (to incorporate
boundary conditions into AK)

@

Call DECOMP (to decompose
AX for equation solving)

v

Select full static load, FF,
(with or w/o dead loads) and
print headings for static solution

4

€211 STSOL (to obtain and print
linear solution at full static load)

'

Call RESET (to check for nonlinear
response and indicate with KCHAK if
an incremental static solution
is needed)

‘,
FPEN ..a»-mﬁt‘j

<i:///7!\\\\~\ Yes

' No
: ¥
INT'—‘NT"']

&

Call STNON (to perform
incremental stalic solution)

!

22




Yes

NS = NS +1 =

Print NS with heading
for next time step

irst dynamic
Step (NS=1)?

Yes

KCHAK = 0?

No

Form left-hand-side matrix,
AK for dyvnamic analysis

Y

Call BCOND (to incorporate
boundary conditions into AK)

%

Call DECOMP (to decompose AK)

( Write decomposed AK on Tape 2

¥

/rRead or calculate forces for

this time step, FF, and print
(Call FORGEN if FF calculated)

Call SOLVE (to obtain and print
dynamic response at this step)

T Fmlhowe o Laabed
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1

Linear Problem and
no member stresses
desired?

Call RESET (to check
for nonlinear response and
modi€y matrix AK accordingly)

)Y

~

TN A VR A TR TR L OB B s e S Rk AL e |

&4 A R O Srin Beras S0 LS S A 2
‘-2.
¥4
3
A
3
2
M
4

(return for
next problem)

e A

BN SRS

B M T VU Ty S

res /\\NO
NS > NSMAX?
(Continue

next time
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B. Subroutine SETUP

{ START )

Read and print problem parameters:
numbers of nodes, each type of element,
and boundary conditions

J
[/ Read and print nodal coordinates

ny beam elements?

: Yes

|
Initialize beam parameters (energy,

yielding, permanent set, hinge rotation)

(,Read and print Yinear beam properties
I

Nonlinear beams?

r,Read and print non]fnear beam properties
(for axial and bending deformations)

|y

N
Any bar e]é;;;EE?‘\‘ °

Yes

(/Read and print data for bar elements (1inear and nonlinear)

Band

i

Any triangular elements?

. " " R N et s o
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; @

. . [ Read and print data for triangular
; L, elements (iinear only)

jﬁi
I
im o n 2 sl e et AR

T SRR,

)
[ Read and print boundary conditions |

|

Read ancd print parameters
for dynamic analysis.

NOUT = 17

o
PR SRR RS TR

Yes

Read node numbers whose responses are
to be printed.

Read element numbers where stresses
are to be printed

-

Read and print loads for static analysis.
(Initial force vector for dynamic analysis).

s

Read and print load increments
for static nonlinear analysis

|

Calculate halfbandwidth
|
4

check dimensions.

Print error
message

]

Dimensions
0K? (IERR=07

Yes Yo
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C. SUBROUTINE ASMBLE

\ START

4

Initialize ma*rices AK and AM to zero

No

Any beam elements?

(For each beam element) A_J

Set up member numbering system

'

Call BEAM2 to get member
stiffness matrix, S

1

Calculate member mass matrix, SM

'

{Insert into global stiffness

and mass matrices
¥

;
i
!
3
!
!
!

;
3
4
:
§
j%
§
3
ki
h
!

N

e Mbin, XL e

PRI

Fs A v e aa

N st o St b

No
Any bar elements? _
(For each bar element)
Set up member numbering system
| ‘
Y
Call BAR to get member stiffness
and mass matrices, S and SM
Insert intc global stiffness
and mass matrices
¥ ;
- E
4 ‘, L _ o i mm Jrl"'
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Set up element numbering system

S T T M PR TRT L Sy 25008 e s

Call CST to get element stiffness

and mass matrices, S and SM ¢
Insert into global stiffness ;
and mass matrices :
!
Store AK on Tapes 1 and 3 f
Calculate dead weight :
forces, DW ,
r ;
RETURN 1
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3 " D. Subroutine BCOND

T e

} { START )

(for each boundary condition)

Set off-diagonal terms in row
of boundary condition to zero

\i

! Set off-diagonal terms in cotumn
of boundary condition to zero

Set diagonal term for boundary
¥ condition to one

K|

( RETURN )
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G. Subroutine RESET ;?

( START )

‘ Initialize overall yield key KCHAK
and energy EN to zero for
this step

2wt s,

© et

Any bar elements?

R

Yes

(For each bar element)

Form current element stiffness
matrix, using subroutine BAR and
current stiffness key, KYBR

]

Calculate bar force and
print if desired

No

Calculate axial deformation, stiffness
for next step, and change in
globa stiffness, if needed

L

30
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<::Fﬁ;’;;am elements? No BB
\/

Yes

;

53

o x

(For each beam element)

T G

DR PR YN

E
S Form current element stiffness and ] :
compatibility matrices, using subroutine BEAM2 | ;

' Call MULT2 to get incremental !
member deformations, DUBM=B*UF 5

l

Call MULT2 to get incremental
member forces, DPBM = SBM*DUMB

% LR

ek ashne £ IA VLI

Y

Add incremental member forces to totals, }
PBM=PBM + DPBM, and convert :
§ to inch and pound units

'

f/ Print beam forces, if desired

e At i LI R WK SO

No

Nonlinear Beams?

Call MULTZ to get current total
i member deformations, UBM=B*UI

!

Y

Call MODBM to check for yielding,
unyielding or rupture, to find the stiffness,
energy dissipation and force, and to
print member forces, if desired

ke AN,

il

Y %3
NS B e s
—r

R E S RIBE RS LOL S Ll e 9
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: :
v
1 t
¥
: b Any triangular elements’ E
Set up local numbering system 3
; and calculate area coordinates
’ :
Calculate strains and stresses
, I |
{ﬁPrint stresses, if desired §
§
'
RETURN
i
b
H
i

vt F

o e it R A Kt b W e L0
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H. Subroutine STNON

Inttialize KCHAK, response quantities
(U, UF, VF, FR and PBM) and nonlinear quantities
(ENDIS, KYBMS, rYBMC, EPS, EPSC, KYBM,
HRPS, HR, and KYBR) to zero

for each load increment

el

Y

Calculate next load increment, AF,
from percentage of FF

'

Call STSOL to solve for incremental
deformations, UF, from load increments, AF.

Add incremental! loads and delections
to running totals, VF and Ul

{

('Print global displacements, UI, if desired

a0 8

Y :

Call Reset to check for yielding '

and rupture and modify AK, if necessary 3

| 3

— N Fennk=02

lYes

Read AK from tape 3, incorporate
boundary conditions and decompose

WA S UM 36t

—

RETURN
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J. Subroutine SOLVE.

Calculate Coefficients
2 or1=dt?(1/2-8 ),
DT2=dt%8 .

l

r/ Print time step number, NS.

<& ()
No

ROUT = 17>—83

No

HH=dt

[:Print initial force vector, FI.

- u

)

Incorporate boundary conditions in FI
and convert to inch and pound units

4

Calculate initial accelerations, AI=TI/AM
7
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4
] NOUT = 17 Yes 1
No
¥ . . . X
('Print initial accelerations, Al.

(ec)

|
k Yes

PP rfn
et M ey MRS A A e e, 3 >
MG YT e N

4
No
Print the force vector at the
end of the time step, FF
\
Convert FF to proper units
(inches and pounds) )
i
k4
: Y ;
UF = H*VI+DT1*AI

1

Call subroutine MULT
to get AF=AK*UF

w
AF = FF - FR - AF

35
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C1=0 and C2=0?

UF=VI+0. 5*H*AT

'

Call subroutine MULT
to get VF=AK*UF

l

AF=AF—C1*VF—Q2*AM*UF
e
Y
Now AF Contains the modified
force vector.

l

Incorporate boundary conditions into AF

'

Call subroutine BSUB

! to get AF = AK™' * AF

!

AF=NF/HH.
Now AF contains the acceleration values

l

v °C
N

<
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X
B
b
b
K
%
.
4
%
A
3
i
.
$

-
v e e,

Calculate velocities and
displacements at the end of
b the time step. (VF and UF)

l

Reset initial responses for next step:
Al=AF
‘ VI=VF
UI=UF
T

!

[#Print displacement values

Reeme kool s o L

D g A e nke e T

e

NOUT=1 o> Y
No éj
% L
[i?rint velocities and accelerations 5
| :
Return.
k
¥
¥
k
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K. Subroutine BEAM2

START

Initialize global stiffness
matrix, S, to zero

'

Calculate geometric parameters
{length, cos and sin of angle
with x axis, a)

4
Form compatibility matrix, BB

} v

Form transpose of BB, BT

s N R

‘ Calculate axial factor AE/L
and bending factor EI/L, then
call BMK to get 3 x 3 local
stiffness matrix SBM
4 Call MULT2 twice to get stiffness
matrix in global cocrdinates,
S=BT*SBM*BB
Y
b ( RETURN )
1;‘
b
3 ;
' 38
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L. Subroutine BMK

Set second and third terms
of first row and column of
SBM equal to zero

4

Set general or steel portion of axial
stiffness equalto the elastic
yielded, or ruptured value,
according to the key KYA

Concrete beam?

Yes .
Y

Set concrete portion of axial
stiffness equal to the elastic,
yielded or ruptured value,
according to the key KYAC

Y

T R RO S BRI AR RS R T TR RS B A T e T O R L SR T S FTE, AT W L

\ for each end of the beam

¥

Set rotary end spring stiffness equal
to the 2lastic, yielded, or ruptured
value, according to the key KYBI

|

—
!
!
]

f

Form the remaining terms of the SBM
matrix (22, 23, 32 and 33 elements)

RETURN
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P. Subroutine MODBM

Initialize stiffness change key, KCHBM,
and force drop key, KCHFR, to zero

i

Axial strain ECUR = UBM(1)/(BL*12)

Yes (General Beam) 4//,,/i\\\\\‘ (Reinforced Concrete Beam)
NLAX=0?

l I

Call HYST (to get new Call HYST for steel

yield keys, permanent of R/C beam

set, disipated energy,

and restoring force drop) l

for general beam 1
Increment ENDIS(N) and EN g

l ]

Increment Convert PDROP to force 1 i
ENDIS(N) and EN ‘ ~ y
; Call HYST for concrete
Convert PDROP from of R/C beam

stress to force.

Y
Increment ENDIS(N) and EN

Convert PDROP of concrete
to force and add to PDROP
of steel :
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(For each end of beam)

Calculate current hinge stiffness,
L HSC, "rom yield key KYBM

'

Calculate incremental and total
hinge rotations, DHR and HR

4

Cail HYST (to get new yield keys,
permanent set, dissipated energy,
and restoring moment drop for
rotary spring)

Y

Increment ENDIS(N) and EN

r
Y

Increment KCHAK by KCHBM

’/,,/”i‘\~\\\¥__Yes
KCHBM=0?
el

Modify stiffness matrix AK on
tape 3 by subtracting old and
adding new stiffnesses {global)

Yes
KCHFR=07?
No

Subtract force and moment drops
from current restoring force
vector, FR (global)

-
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: Q. Subroutine HYST

£ TR

( START )

: Initialize dissipated energy, ENDI and load

! drop due to rupture, PDROP, to zero

! \

] Calculate remaining basic diagram parameters:

: SY, FypP, FYN, FRP, FRN, CXYP, CXYN
Positive rupture? 3

3 PDROP=FRP

i Negative rupture? Yes

2 (X < XRN?)

E '

3 No PDROP=-FRN

g T ¥
Increment rupture key,
NEWR, and set current
stiffness key, KY, to Z

Y

flpdat i s

‘Q Calculate differences between current
2 deformation and current yield points:
. DXP=X~CXYP

b DXN=X-CXYN

:

; ()

i
£

A
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‘

k 1 ! . P
: NXQ+NA4-=10N3 dXQxdA4=10N3 !
! NXQ+SdX=SdX dX0+SdX=5dX !

H i ) . i

W L=AM3N L=AM3IN t=AM3N L=AM3N -

& 0=AX 2=AA L=AN 0=AM = ]

* 7 i |

, (¢0>NxQ)

sap \(PLaLh bay

LA

SATTRA TR, TS

i {¢0>Nxa) (¢0 < dxa) (¢0<dxa) {
- ¢panuL3uo) oN ¢PLaLh sog SaA ¢panuLiuog ;
i ON "\platA S3A 594 plLati

w (ot3seia

5 A13uaaany) o=

i3

(8At3ebau papiath A{juaudan)) |-= l+= (3Al31sod papiath K1jusaun))
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; 5. Subroutine MULT2 i
:
é ' :
; START

a
y
: For I from 1 to N ]
: For J from 1 to M {
] 1

: Initialize A(I,d)=0 ;
] :
: For K from 1 to NI

E: ! H
3 H
k. i
! 3
d
N

i [ A(1,d)=A(T,3)+B(I,K)* C(K,J)

Lo 2 PR

3
i3

RETURN

44




TR T ST P R e o e ¥R B A T R TR R e

T TR PR PR 0 s N e SO ot GRS R & e

<%

H. Subroutine BAR,

Initialize stiffrness and mass
matrices

'

Calculate length and direction
cosines for the bar element

'

Calculate total mass of the element j

'

Form the stiffness matrix

'

Form the mass matrix

v e
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I. Subroutine CST.

Initialize stiffness and mass
matrices

'

Evaluate Area Coordinates and
convert into inch units

]

[E;a1uate multiptication factors
for getting the stiffness matrix

'

2,

Evaluate total mass

'

Form mass and stiffness
matrices

46
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————®= Loop over all rows

e ueAGSAN
. PPN <

“ e

J. Subroutine DECOMP

!

$

Find Pivot

Loop over M succeeding
rows (M = half bandwidth)

Y

Evaluate multiplier

Decompose

_—

i

( Return )
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K. Subroutine BSUB.

-4

Perform forward substitution
+o reduce the force vector

1

Perform back substitution
to evaluate the displacements

O

L. Subroutine MULT.

(y) = [A) (x)
48
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: f M. Subroutine STSOL.

:
px

4 .

b .
2 ¥ ‘IEEIE" .

PR T

; [ Modify the force vector to
3 account for the displacement
« ' boundary conditions

;? {

i Convert to inch §
3 and 1b units =
? ¢ + =
} v z
p 3
4 Call Subroutine BSUB to 1
E evaiuate the displacements 3
3 Ei
% Print displacements ;
4 ]
4 :
3 B Returh :
E
g 3
3 X
: ; ‘
1
é

!
3 49 ]
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DESCRIPTION OF THE MAJOR VARIABLE NAMES

Many of the major variables are grouped into eight COMMON

statements.

The same variable names are used in the MAIN program

and the major subroutines called by MAIN, namely, subroutines
¢ SETUP, ASMBLE, STSOL, RESET, STNON, and SOLVE.

A.  Variables in the First COMMON Block (Integer, Dimensions and

Options)

H Variable Name

NNOD
NBMEL
NBREL
* NTREL
NROW

NHB
NBOU

180U
NSMAX

NMAX

IERR

L SRR LAt

TERR

101

102

103

Description

Number of nodes

Number of beam elements
Number of bar elements

Number of triangular elements

Number of rows of the stiffness matrix and
mass matrix

Half band width (including diagonal of the
stiffness matrix

Number of nodes with prescribed displace-
ment boundary conditions

Total number of prescribed boundary conditions

Maximum number of time steps for dynamic
analysis

Available computer storage storage for the
stiffness matrix. (The value of MMAX depends
upon the computer and the dimensions of other
variables. This value should be specified

in the MAIN program.

Error flag

NATURE OF ERROR

Humber of beam elements exceeds dimensions
provided

Number of bar elements exceeds dimensions
provided

Number of triangular elements exceeds
dimensions provided

50
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104

105

106

PR — M aere o ns emar e e n
PIREPYE L VL S g T e S PRy el

Number of rows of the matrices exceeds §
dimensions provided 7

Matrix size is greater than NMAX
(available core storage)

Number of boundary conditions exceeds
dimensions provided

NTYPE Option parameter to specify static or dy-
namic analysis

NLIN Option parameter specifying linear or non-
linear analysis

NRES Option parameter specifying whether or not
stresses are to be determined at each step

NOUT Option parameter controlling the output

T SR SN G Sy e

NNDO Total number of special nodes where responses
are chosen to be printed out

NNBL Total number of special beam elements whose ,
forces are to be printed out {

NNBR Total number of special bar elements whose
forces are to be printed out

NNTR Total number of special triangular elements
whose stresses are to be printed out

NT Counter for nonlinear static load increments

Variables in the Second

Y Ty 228 N

COMMON Block (Dynamic Parameters)

Varjable Name Description

¢l Constant to multiply the stiffness matrix
to get one part of the damping matrix

c2 Constant to multiply the mass matrix to get
the other part of the damping matrix

H Magnitude of the time increment for dynamic
analysis

BETA Newmark's 8 parameter

Variables in the Third COMMON Block (Element Node Numbers)

Variable Name Description i
NDBM Beam element node numbers 4
NDBR Bar element node numbers

51
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NDTR Triangular element node numbers

NDO Special nodes for output

NBL Special beam elements for print-out

NBR Special bar elements for print-out

NTR Special triangular elements for print-out
NBO Specified boundary conditions

Variables in the Fourth COMMON Block (Vectors of Linear System
Properties

Variable Name Description
X x coordinates of nodes, positive to right
Y y coordinates of nodes, positive up
EBM Moduli of elasticity of heam elements
ABM Cross-sectional areas of beam elements
BMI Moments of inertia of beam elements
BMW Unit weights of beam elements
EBR loduli of elasticity of bar elements
ABR Crosc-sectional areas of bar elements
BRY Unit weights of bar elements
TR Moduli of elasticity for triaengular elements
PRTR Poisson's ratios for triangular elements
THTR Thicknesses of triangular elements
TR Unit weights of triangular elements
AK Stiffness matrix
AW Mass matrix
JI Disolacements at the beginning of a time stev
{also disn’acements in stat e analysis)
Vi VnTpe i Teq a% o the henfnnieen ol 3 Eime chan
Al Nccelerations at the beginning of a time step
FI Forces at the beginning of a time step
(also forces for static analysis)
JF Displacements at the end of a time step
VF Velocities at the end of a time step
AF Accelerations at the end of a time step

52




SM

PBM
PBR
PTR
PBBM

PBBR
PBTR

Forces at the end of a time step
Dead weight forces

Stiffness matrix of an element. (Same
variable name 1is used for the beam, bar
and triangular elements)

Mass matrix of an element (Same name for
all elements}

Forces and moments in beam elements
Axial forces in bar elements
Stresses in triangular elements

Beam element forces and moments due to
dead load

Bar element forces due to dead load
Triangle element stresses due to dead load

Variables in *he Fifth COMMON Block (Nonlinear Ontions and

Parameters)

Variable Name

NLEXT

NILAX

ISPRT

ES

CRACK

NPCTLD

BL
NDEAD

Description
Option parameter to specify if beams, bars
or both are nonlinear

Cotion parameter to specify homogeneous
or reinforced concrete beams

Option parameter allowing reading or
interval prescription of static load incre-
ments

Modulus of elasticity of steel

Percentage of compressive yield load at
tensile cracking of concrete

Number of incremental static load percertages
specifiad

Beam or bar length

Option parameter specifying whether dead
loads are included or neglected

Total dissipated energy in a structur

53
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Variables in the Sixth COMMON Block [Nonlinear Element Properties

and Keys-Vectors and Matrices)

Variable Name

EYS
ERS
SSBMS
AS
EYC
ERC
SSBMC
HS
HRYP
HRYN
HRRP
HRRN
SSBM
EPS
KYEMS
EPSC
KyBMC
HRPS
KYBM
ENDIS
SSBR
FR
HR
KYBR

Description

Yield strain of steel in a R/C beam
Rupture strain of steel in a R/C beam
Second slope ratio of beam steel

Area of beam steel

Yield strain of concrete in a R/C beam
Rupture strain of concrete in a R/C beam
Second slope ratio of beam concrete
Rotary hinge stiffness

Positive yield value of hinge rotation
Negative yield vaiue of hinge rotation
Positive rupture value of hinge votation
Negative rupture value of hinge rotation
Second slope ratio of beam hinge

Strain at permanent set noint of steel
Yield key for beam steel

Strain at permanent set point of concrete
Yield key for beam concrete

Hinge rotation at permanent set point
Yield key for beam hinge

Dissipated energy in a beam

Second slope ratio for a bar

Restoring force

Hinge rotation

Yield key for a bar
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G. Variables in the Seventh COMMON Block

Variable Name Description

PCTLD Percentage of full static load in an
incremental static solution

SBM Local stiffness matrix of a beam element
(3 x 3) :

BB Compatibility matrix of a beam element
(3 x 6)

T Transpose of BB

VBM Local deformations of a beam element

VBR Local deformation of a bar element

Y. Variables not included in COMMON statements:

Additional variables used in the MAIN program and the subroutines

are described below.

1. MAIN
Variable Name Description
TITLE Problem title
NPROR Problem number
NS Time step number for dynamic analysis

2. Subroutine SETUP

Variabie Name Description
Form Variable used for object~time-format for print-
out of prescribed boundary conditions
18C, BC Work areas used for reading in boundary condi-

tions and loads.

3. Subroutine ASM3LE

Variable Name Description

KK, XX, YY Work areas used for assembling the stiffness and
mass matrices

N
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4,

Variable Name

Description

A Matrix to have boundary conditions incorporated
(stored as a singly subscripted variable)

NROW Number of rows of A

M Half band with (including diagonal) of A

NA NROW * M = Total storage for A

5.

Subroutine DECOMP

Variable Name

6.

Description

A Matrix to be decomposed
NROW, M, NA As in Subroutine BCOND

Subroutine STSOL

Variable Name

Description

A,

Same as in subroutines BCOND and DECOMP

Solution vector (Force vector on entering
the subroutine, Disnlacement vector when
coming out of the subroutine).

Force vector corresponding to the static
Toads

NROW, M, NA

Description

X

F

7. Subroutine RESET
Variable Name

SC

Scale factor used for converting from inches
and pounds to feet and kips

XX, YY, Uuu, FF Work areas for determining the stresses in the

8.

elements
Subroutine STNON
Variable Name Onscrintion
1E Index for two end springs of a beam
NAK Total size of AK
p Percentage of full static load

9.

Subroutine FORGEN (To be included later -~ in final report)
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10.  Subroutine SCOLVE

Variabie Name

HH, DT1, DT2

Description

Parameters in Newmark Beta method

11. Subroutines BEAM2

Variable Name

MS3, MS6, POSTS,
PRES

SI, Co
XX
YY
BE
BA
BI
BW

12. Subroutine BMK

Variable Name

KYA, KYB, R,C, SBM
ASC, KYAC, SAC, BS,
KYB1, KYBZ, SB,

13. Subroutine BAR

Variable Name

XX, YY, BE, BA, BW
14, Subroutine CST

Variable name

Description

Temporary work spaces for matrix multiplications
(BE

Sine and cosine

x coordinates of the nodes

y coordinates of the nodes

Modulys of elasticity

Area of cross section

Moment of inertia (only in BEAM2)

Unit weight

Description

Local names for arguments, stiffne~s

Description
Same as in BEAM2

Description

x coordinates of the nodes
y coordinates of the nodes
Thickness of the element
Modulus of elasticity
Poisson's ratio

Unit weight

Area coordinates

57

- L PR A S Ao B n o ekt 8 S i AT T .~ - - e W e

S X




TR RAIE, PR YT e ey e e -
SRR T e

Pabes v ’SWLZWW@"FWJW&WFFZWEXF

Description

Same as in subroutine DECOMP

Description

Increment in hinge rotation
Current axial and bending stiffnesses

g
©
¢
:
: 15.  Subroutine BSUB
g
%y Variable name
{ A, NROW, M, NA
16.  Subroutine MODBM
" Variable Name
DHR
A0, AOC, Al
KCHFR

Variable Name

DXN, DXp

ENDI, ENXPS
CXYN, CXYP
A FRP, FRN

- KY

NEWR

WEWY

{ PDROP

S, SS, SY
' X

XPS

XRP, XPN

XYP, XYN

Indicator of rupture

17.  Subroutine HYST

Descriptions

Differences from negative and positive yield
points

Dissipated and permanent set enerqies
Current positive and negative yield points
Positive and negative rupture ferces
Current stiffness key

Courter on rupture

Counter on yield

Loss of force due to rupture

Stiffness parameters

Displacement

Permanent set displacement

Positive and negative rupture
displacments

Positive and negative yield disvlacements

17. _Subroutine MULT

Variable Name

escrivtion

Matrix

Vector to be multiplied with A
Resultant vector (Y) = [A] (x)

Number of rows in A
Half band width (including diagonal) of A
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