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PREFACE

Vol. 2 of this thesis consists of two parts. Part 1 is the main 

NONSAP program and part 2 is the subroutine VELCOR, which is linked 

to the main body of NONSAP.

In subroutine VELCOR unwanted wave reflection problem from the ar-

tificial boundary is treated. Besides suppression of unwanted reflec 

ted waves, other associated problems inherent to the problem solution 

such as corrections to displacement, stress and strain vectors are 

carried out with adequate numerical accuracy (single precision).

VELCOR is presented seperately as part 2 of the program in order to 

show author's major contribution within the main body of NONSAP pro-

gram. No computation with SR VELCOR alone is possible, because nodal 

point information, and element library are obtained from NONSAP, 

through common and data blocks.
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ABSTRACT

The current version of the computer program NONSAP for linear and 

nonlinear, static and dynamic finite element analysis is described. 

The solution capabilities, the numerical techniques used, the finite 

element library, the logical construction of the program and storage 

allocations are discussed.

The current version of NONSAP is extensively modified, revised and 
better organised by the author of this thesis than the original 

version (Univ, of Berkely). The 2-D and 3-D finite element models 

are redefined, in order to extend the scope of non-linear analysis. 

Reduced integration scheme are made available for the 3-0 

element. A stable integration scheme for the step by step analysis 

is incorporated. It is advised that for the wave propagation 

problem explicit integration scheme should be used to minimize the 

solution oscillation.

Following subroutines are corrected in NONSAP program

subroutine correction

ADDCM Add nodal dampers to global stiffness 
matrix

CDMOD Effect of gravity load is added

MAXAEX New subroutine is added which allocate 
space according to number of equations

READID To generate identification array of 
boundary conditions (new program)

TDFE 2-D finite element library is improved 
for stress output

THDFE 3-D finite element library. Shape func-
tions, and weights for Gauss integra-
tion are corrected

FREQ New subroutine is added to calculate 
lowest Eigenvalues by Rayleigh method



1. PROGRAM ORGANIZATION

The complete solution process in program NONSAP is divided 

into three distinct phases:

1) Input phase

The input phase consists of three steps:

a) The control information and the nodal point input data 

are read and generated by the program. In this phase 

the equation numbers for the active degrees of freedom 

at each nodal point are establised.

b) The externally applied load vectors for each time (load) 

step are calculated and stored on tape (or other low- 

speed storage).

c) The element data are read and generated, the element 

connection arrays are calculated and all element information 

is stored on tape.

2) Assemblage of Constant Structure Matrices

Before the solution is carried out, the linear structure 

stiffness, mass and damping matrices are assembled and 

stored on tape (or other low-speed storage). In addition, 

the effective linear structure stiffness matrix is calcu-

lated and stored (see table 4.1, vol 1)

3) Step-by-Step Solution

During this phase the solution of Eq. 7.1.11 is obtained at 

all time points. In addition to the displacement, velocity, 

and acceleration vectors (whichever applicable), the element 

stresses are calculated and printed. Before the time integration 
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is performed, the lowest frequencies and corresponding 

mode shapes may be calculated.

The details of the step-by-step solution are presented 

in Table 7.1 of Vol. 1.

It need be noted that these basic steps are independent of the 

element type used and are the same for either a static or dynamic 

analysis. However, only those matrices actually required in the 

analysis are assembled. For example, no mass and damping matrices 

are calculated in a static analysis.

Program NONSAP is an in-core solver and the high-speed storage 

capacity of the program is determined by the maximum storage that 

is required during the three phases. Figures 1 to 3 show the 

dynamic storage allocations used in each phase. We note that, in 

general, maximum high speed storage is required during the step- 

by-step solution. However, in some cases the storage required 

during the input phase may govern the system size that can be 

solved.

Figures 1 to 3 show that the lowest high speed storage locations 

are reserved throughout the solution for element group information. 

For the analysis, the finite elements of the complete assemblage 

need be divided into element groups according to their type, the 

nonlinear formulation (see Sec. 7, Vol. 1), and the material models 

used (Appendix A). One element group must consist of the same type 

of elements, must use one nonlinear formulation and only one 

specific material model. The data pertaining to each individual 

element group need fit into the NUMEST storage locations, Fig. 1.

Therefore, the minimum that used are pointed out. (Table X.1 in the 

Appendix summarizes the formulations with which the material 

models can be used).

2
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Isotropic and Orthotropic Linear Elastic Material

The stress-strain relationships are defined by means of the 

constant Young's moduli and Poisson's ratios.

Mooney-Rivlin Material Model

A hyperelastic incompressible material model is available for 

the analysis of rubber-like materials. The stress-strain 

relationship is defined using the Mooney-Rivlin material 

constants. In NONSAP the model can only be used in plane 

stress analysis.

Elastic-Plastic Material Models

Elastic-plastic analysis using a plastic potential function 

can be carried out. The plasticity relations available are 

those based on the use of the von Mises yield condition and the 

Drucker-Prager yield condition. Both forms of describing 

material behavior have been employed extensively in practice. 

Using the von Mises criterion, linear iso-hardening can be 

assumed. In analysis using the Drucker-Prager yield con-

dition, the material is assumed to be elastic perfectly 

plastic.

NUMEST should be specified is equal to the locations required to 

store the data pertaining to any one of the elements.

The use of element groups reduces input-output transfers during 

the solution process, since the data of the elements is retrieved 

in blocks during the solution and element stress calculations (see 

Sec. 7, Vol. 1). Usually, NUMEST is some reasonalbe fraction of the 

total number of high speed storage locations available, and is 

not reset for each problem. During the input phase the program 

calculates the exact number of high speed storage locations 

required for each element group, and NUMEST is reset to MAXEST, 

which is the actual maximum of locations needed, see Figs. 2 and 3. 

Therefore, an optimum of high speed storage allocation is obtained 

during the step-by-step solution. Figure 4 shows the tape storage 

used for the element group information.
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In program NONSAP a compacted storage scheme is used in which all 

structure matrices are stored as one-dimensional arrays, and only 

the elements below the skyline of a matrix are processed (Ref. 4, 

Vol. 1). Figure 6 shows, as an example, the element pattern in a 

typical stiffness matrix before and after triangularization. It 

should be noted that, in general, zero elements within the skyline 

do not remain zero during the equation solution and must be stored, 

whereas all elements outside the skyline do not need to be consi-

dered. Therefore, by storing and processing in the equation solu-

tion only the elements within the skyline, a minimum number of 

high speed storage locations is used.

2. EQUATION SOLUTION

The solution of equations is obtained using the linear equation 

solver COLSOL. This subroutine uses Gauss elimination on the posi-

tive definite symmetrical system of equations. The algorithm per-

forms a minimum number of arithmetic operations, since only the 

elements within the skyline of the matrix are processed, i.e. 

there are no operations with elements that remain zero during the 

solution. The algorithm is used in all analysis types, i.e. in li-

near, nonlinear, static or dynamic analysis, and consists of the 
LDLT decomposition of the stiffness matrix (or effective stiffness 

matrix), and the reduction and back-substitution of the (effective) 

load vector.
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LINEAR ANALYSIS

STATIC ANALYSIS

1) Calculate linear structure 
stiffness matrix K.

2) Triangularize K and store 
on tape 17.

DYNAMIC ANALYSIS

1) Calculate linear structure 
stiffness matrix K.

2) If Rayleigh damping is specified 
store K on tape 14.

3) If frequency analysis is to be 
performed, store K on tape 20.

4) Add mass and damping effects to 
K to obtain linear effective 
stiffness matrix R.

5) Triangularize K and store on 
tape 17.

6) Calculate mass matrix M and store 
on tape 4 (if consistent mass 
matrix) or tape 17 (if diagonal 
mass matrix).

7) If concentrated nodal dampers 
specified, store nodal damping 
vector Cd on tapet4.

Tape Layout Tape Layout

Tape 14: (not used) Tape 14: K (if Rayleigh damping)

M (consistent mass case 
only)

Cd (if nodal damping)

Tape 17: K « LDLT Tape 17: K « ldl t

M (diagonal mass case 
only)

Tape 20: (not used) Tape 20: K (for frequency analy-
sis only)

FIGURE 6 ASSEMBLAGE OF CONSTANT STRUCTURE MATRICES
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NONLINEAR ANALYSIS

STATIC ANALYSIS

1) Calculate linear structure 
stiffness matrix K, i.e., 
that part of the total 
structure stiffness matrix 
which corresponds to the 
linear element groups.

2) Store K on tape!4 and on 
tape 17.

DYNAMIC ANALYSIS

1) Calculate linear structure 
stiffness matrix K.

2) Store K on tape 14.

3) If frequency analysis is to be 
performed, store K on tape
10.

4) Add mass and damping effects 
to K to obtain linear effec-
tive stiffness matrix K.

5) Store K on tape 17.

6) Calculate mass matrix M and 
store on tape 14 (if consist-
ent mass matrix) or on tape 
17 (if diagonal mass matrix).

7) If concentrated nodal dampers 
specified, store nodal damping 
vector Cd on tape 14.

Tape Layout

Tape 14: K Tape

Tape 17: K Tape

Tape 20: (not used) Tape

Tape Layout

14: K

M (consistent mass 
case only)

Cd (if nodal damping)

17: K

M (diagonal mass case 
only)

20: K (for frequency analy-
sis only)

FIGURE 7 (CONT) ASSEMBLAGE OF CONSTANT STRUCTURE MATRICES
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X = NONZERO ELEMENT

0 = ZERO ELEMENT

ELEMENTS IN ORIGINAL STIFFNESS MATRIX

ELEMENTS IN DECOMPOSED STIFFNESS MATRIX

FIGURE 8 TYPICAL ELEMENT PATTERN IN A STIFFNESS MATRIX
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3. STEP-BY-STEP SOLUTION

The main phase in the analysis is the step-by-step solution of the 

equilibrium equations, Eq. (7.1.11. Vol. 1). The algorithm used was 

presented in Table 7.1. The aim in this chapter is to describe in 

more detail the actual computer solution. Since the program can per 

form static and dynamic, linear and nonlinear analysis, it is con-

venient to consider in the following the different analysis types 

separately.

3.1 Linear Static Analysis

In a linear static analysis, all element groups are linear and only 

the linear stiffness matrix is calculated in the matrix assemblage 

phase. The stiffness matrix is triangularized before entering the 

step-by-step solution phase. It should be noted that this solution 

corresponds to a linear dynamic analysis, in which mass and damping 

effects are neglected. Therefore, by specifying time varying loads, 

the solution can be obtained for multiple load conditions.

Figure 9 shows the tape operations used in the analysis.

3.2 Linear Dynamic Analysis

In a linear dynamic analysis all elements are linear, with mass and 

possibly damping effects included. The mass matrix may be diagonal 

(lumped mass analysis) or banded (consistent mass analysis) and ad-

ditional concentrated masses may be specified at selected degrees 

of freedom. The damping matrix C is assumed to be of the form

C « oH + BK + Cd (3.1)

where a and B are the Rayleigh damping coefficients and Cd is dia-

gonal damping matrix, assembled from concentrated dampers which are 

specified at selected degrees of freedom (Ref. 19, Vol. 1). In Eq. 

(3.1), K and M are the linear stiffness and mass matrices of the 

complete element assemblage.

13



The tape operations performed during a linear dynamic analysis depend 

on the characteristics of the mass and damping matrices employed. 

Figure 10 illustrates the various possibilities for storage and re-

trieval of the matrices used.

3.3 Nonlinear Static Analysis

In nonlinear static analysis linear and nonlinear element groups are 

defined. Damping and mass effects are neglected.

Before the step-by-step solution, the linear stiffness matrix corres-

ponding to the linear elements of the complete element assemblage was 

calculated (see Fig. 6). This matrix is now updated in preselected 

load steps by the stiffness matrices of the nonlinear elements to 

form the current tangent stiffness matrix. The interval of load steps 

in which a new tangent stiffness matrix is to be formed is input to 

the program.

Depending on the nonlinear formulations and the nonlinear material 

models used, and also depending on the magnitude of the load steps, 

the accuracy of the solution may be significantly increased using 

equilibrium iteration. In the program the interval of load steps, in 

which equilibrium iterations are to be performed, can be defined in 

the input control data.

The storage of the matrices and tape operations carried out in the 

analysis are shown in Fig. 11.

3.4 Nonlinear Dynamic Analysis

A nonlinear dynamic analysis is carried out essentially in the same 

way as a nonlinear static analysis, but mass and possibly damping 

effects are included. The mass and damping matrices are defined as 

in linear dynamic analysis, where the Rayleigh damping coefficient 

B is now applied to the linear stiffness matrix of the element as-

semblage. It should be noted that the structure mass and damping ma-

trices are calculated before the step-by-step solution, see Fig. 6.

The tape storage scheme and program flow in a nonlinear dynamic ana-

lysis are given in Fig. 12.

14



START LOW SPEED
STORAGE FILES

< 17

READ TRIANGULARIZED
LINEAR STIFFNESS MATRIX
FROM TAPE 17

FOR EACH TIME STEP

13

READ LOAD VECTOR
FROM TAPE 13

CALL COLSOL FOR
DISPLACEMENT SOLUTION

CALCULATE ELEMENT 
STRESSES

END

FIGURE 9 FLOW CHART FOR STEP-BY-STEP 
SOT I ON IN LINEAR STATIC ANALYSIS
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START
LOW SPEED

STORAGE FILES

READ MASS MATRIX FROM
TAPE 17 (FQR LUMPED MASS CASE) 

I

READ TRIANGULARIZED EFFECTIVE
STIFFNESS MATRIX FROM TAPE 17
(IF NO CONSISTENT MASS OR DAMPING)

17

17

FOR EACH TIME STEP

FIND EFFECTIVE LOAD VECTOR:

1) IF RAYLEIGH DAMPING SPECIFIED,
READ STIFFNESS MATRIX FROM TAPE 14, 14

2) FOR CONSISTENT MASS CASE, 
READ MASS MATRIX FROM TAPE 14

3) IF NODAL DAMPING SPECIFIED, 
READ DAMPING VECTOR FROM TAPE 14

(SEE TABLE 1 FOR OPERATIONS 
REQUIRED WITH ABOVE MATRICES)

4) READ LOAD VECTOR FROM TAPE 13 13

READ TRIANGULARIZED EFFECTIVE
STIFFNESS MATRIX FROM TAPE 17 

(IF NOT ALREADY DONE BEFORE TIME STEPS)

CALL COLSOL TO FIND DISPLACEMENT, 
VELOCITY AND ACCELERATION SOLUTION

CALCULATE ELEMENT STRESSES

END

FIGURE 10 FLOW CHART FOR STEP-BY-STEP SOLUTION 
IN LINEAR DYNAMIC ANALYSIS
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START LOW SPEED 
STORAGE FILES

CALCULATE LINEAR EFFECTIVE LOADS:

1) REAO LINEAR STIFFNESS FROM 
TAPE 14 AND CALCULATE NODAL 
FORCES EQUIVALENT TO ELEMENT 
STRESSES.

2) REAO LOAD VECTOR FROM TAPE 13.

14

13

CALCULATE NONLINEAR STIFFNESS MATRIX 
AND NONLINEAR EFFECTIVE LOAOS:

1) READ LINEAR STIFFNESS MATRIX FROM 
TAPE 17 (IF NEW NONLINEAR STIFFNESS 
TO BE CALCULATED IN THIS TIME STEP) 
OR READ TRIANGULARIZED NONLINEAR 
STIFFNESS OIRECTLY FROM TAPE 20.

2) REAO NONLINEAR ELEMENT GROUP 
INFORMATION FROM TAPE 12 OR TAPE 19, 
UPDATE LINEAR STIFFNESS MATRIX FOR 
NONLINEARITIES, AND CALCULATE NON-
LINEAR EFFECTIVE LOAD VECTOR.

17

12/19

CALL COLSOL TO CALCULATE 
DISPLACEMENT SOLUTION

STORE TRIANGULARI ZED NONLINEAR 
STIFFNESS MATRIX ON TAPE 20.

20

ITERATE FOR STATIC EQUILIBRIUM:

1) READ LOAO VECTOR FROM TAPE 13, 
LINEAR STIFFNESS MATRIX FROM TAPE 14. 
ANO NONLINEAR ELEMENT GROUP 
PROPERTIES FROM TAPE 12 OR TAPE 19
IN ORDER TO FIND CURRENT NONLINEAR 
EFFECTIVE LOAD VECTOR.

2) READ TRIANGULAR IZEO NONLINEAR 
STIFFNESS FROM TAPE 10 AND CALL 
COLSOL TO FINO DISPLACEMENT INCREMENT.

13

14

12/19

IF REQUIRED CALCULATE ELEMENT STRESSES

ENO

FIGURE 11 FLOW CHART FOR STEP-BY-STEP SOLUTION 
PTTOKl 'In EAR OTTR Analys is ----------
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START LOW SPEED 
STORAGE FILES

END

FIGURE 12 FLOW CHART FOR STEP-BY-STEP SOLUTION 
lOOCTEJOVkAHC AJc Aly SIT--------
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4. THE ELEMENT LIBRARY

In the current version of program NONSAP all finite elements are 

isoparametric (or subparametric) elements.

Corresponding to the nonlinearities in the system, four different 

analysis procedures may be considered for a finite element:

Linear Elastic Analysis

The displacements of the element are assumed to be negligibly 

small and the strains infinitesimal. The material is isotropic or 

orthotropic linear elastic.

Materially Nonlinear Only Analysis

The displacements of the element are negligibly small, and the 

strains are infinitesimal. The material stress-strain description 

is nonlinear.

Total Lagrangian Formulation

The element may experience large displacements and large strains. 

The material stress-strain relationship is linear or nonlinear.

Updated Lagrangian Formulation

The element may experience large displacements and large strains. 

The material stress-strain description is linear or nonlinear.

The linear elastic analysis does not allow for any nonlinearities, 

whereas the materially nonlinear only analysis includes material 

nonlinearities, but no geometric nonlinearities(Ref. 19 Vol. 1).

The different linear and nonlinear material models currently 

available in NONSAP are described in Section 5. The total Lagran-

gian and updated Lagrangian formulations may include all non-

linearities, and which formulation should be employed depends 

essentially on the definition of the material model used, as 

described in the next chapter.
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In the following, the finite elements currently available in 

NONSAP are briefly described.

4.1 Truss Element

A three-dimensional truss element is available in NONSAP. The 

element is assumed to have constant area, and may be used in 

linear elastic analysis, materially nonlinear and/or large 

displacement geometrically nonlinear analysis. In the large 

displacement analysis, the updated Lagrangian formulation is 

used, but small strains are assumed in the calculation of ele-

ment stresses.

The nonlinear elastic model is described in Section 5. The 

truss element can be used to specify nonzero boundary displace-

ments.

4.2 Plane Stress and Plane Strain Element

A variable-number-node isoparametric finite element is avail-

able for two-dimensional plane stress and plane strain analysis.

The element may have from 3 to 8 nodes, where any one of the nodes 

5 to 8 can be omitted. The variable-number-node option allows 

effective modelling from coarse to finer finite element meshes.

The plane stress and plane strain element can be used in all 

four formulations. The material models available are described 

in the next chapter.

4.3 Axisymmetric Shell or Solid Element

The variable-number-node element described above is also available 

for axisynmetric two-dimensional analysis of shells or solids 

(with axisymmetric loading).

20



4.4 Three-Dimensional Solid or Thick Shell Element

A general three-dimensional isoparametric element with a variable 

number of nodes from 8 to 21 can be used. The first 8 nodes are 

the corner nodes of the element, nodes 9 to 20 correspond to 

midside nodes and node 21 is a center node. The element can be 

used for three-dimensional analysis of solids and thick shells. 

As for the two-dimensional elements, the possibility of choosing 

different element node configurations allows effective finite 

element modelling.

The three-dimensional element can currently only be used in 

linear isotropic analysis and in nonlinear analysis with material 

nonlinearities only.

21



AVAILABLE

NONLINEAR FORMULATIONS

1. LINEAR ANALYSIS

2. MATERIALLY NONLINEAR 
ONLY

3. UPDATED LAGRANGIAN
WITH LARGE DISPLACEMENTS
BUT SMALL STRAINS

AVAILABLE

MATERIAL MODELS

1. LINEAR ELASTIC

2. NONLINEAR ELASTIC

FIGURE I TRUSS ELEMENT

22



AVAILABLE

NONLINEAR FORMULATIONS

AVAILABLE

MATERIAL MODELS

1. LINEAR ANALYSIS

2. MATERIALLY NONLINEAR
ONLY

3. UPDATED LAGRANGIAN

4. TOTAL LAGRANGIAN

1. LINEAR ISOTROPIC ELASTIC

2. LINEAR ORTHOTROPIC ELASTIC

3. VARIABLE TANGENT
MODULI MODEL

4. CURVE DESCRIPTION NONLINEAR 
MODEL (WITH OR WITHOUT TENSION 
CUT-OFF ASSUMPTION)

5. PLASTICITY MODELS (VON MISES 
OR DRUCKER-PRAGER YIELD 
CONDITION)

6. NONLINEAR, ISOTROPIC 
INCOMPRESSIBLE ELASTIC 
(MOONEY-RIVLIN MATERIAL)

FIGURE 2 TWO-DIMENSIONAL PLANE STRESS,

PLANE STRAIN AND AXISYMMETRIC ELEMENTS
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2

AVAILABLE

NONLINEAR FORMULATIONS

1. LINEAR ANALYSIS

2. MATERIALLY NONLINEAR ONLY

AVAILABLE

MATERIAL MODELS

1. LINEAR ISOTROPIC ELASTIC

2. CURVE DESCRIPTION NONLINEAR 
MODEL

FIGURE 3 THREE-DIMENSIONAL SOLID AND THICK SHELL 
ELEMENT
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5. THE MATERIAL MODELS

The largest number of material models is available for two-dimensional 

analysis, since it is anticipated that the two-dimensional elements 

will be used in most analyses. For the same reason, also all three 

nonlinear formulations can be used for the two-dimensional elements.

5.1 Truss-Element Material Models

The truss element material behavior can be described by means of 

two models.

Linear Elastic Material

The material can be linear elastic defined ba Young's modulus only.

Nonlinear Elastic Material

The nonlinear elastic material behavior is defined by specifying the 

stress as a piece-wise linear function of the current (infinitesimal) 

strain. Thus, the total stress and the tangent modulus are directly 

defined in terms of the total strain.

5.2 Two-Dimensional Element Material Models

The stress-strain relationship of the two dimensional elements can 

be described by various linear and nonlinear material models. In the 

definition of a material model, it may have been assumed that a 

specific nonlinear formulation is used. The application of the differ-

ent material models is discussed in (Ref. 18 Vol. 1).

Isotropic and Orthotropic Linear Elastic Material

The stress-strain relationships are defined by means of the constant 

Young's moduli and Poisson's ratios.
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Mooney-Rivlin Material Model

A hyperelastic incompressible material model is available for the 

analysis of rubber-like materials. The stress-strain relationship 

is defined using the Mooney-Rivlin material constants. In NONSAP 

the model can only be used in plane stress analysis.

Elastic-Plastic Material Models

Elastic-plastic analysis using a plastic potential function can 

be carried out. The plasticity relations available are those based 

on the use of the von Mises yield condition and the Drucker-Prager 

yield condition. Both forms of describing material behavior have been 

employed extensively in practice. Using the von Mises criterion, 

linear isotropic hardening can be assumed. In analysis using the 

Drucker-Prager yield condition, the material is assumed to be 

elastic perfectly plastic.

The Curve Description Model

The curve description model is used in essentially the same way as 

the variable tangent moduli model. The model also describes the 

response of geological materials. In the model, the instantaneous 

bulk and shear moduli are defined by piecewise linear functions 

of the current volume strain. An explicit yield condition is not 

used, and whether the material is loading or unloading is defined 

by the history of the volume strain only.

In the analysis of some problems, tensile stresses due to applied 

loading cannot exceed the gravity in-situ pressure. In such con-

ditions the model can be used to simulate tension cut-off, i.e., 

the material model assumes reduced stiffness in the direction of 

the tensile stresses which exceed in magnitude the gravity pressure.

5.3 Three-Dimensional Element Material Models

In principle, most two-dimensional models would also be applicable 

in three-dimensional analysis. However, in the current version of 

NONSAP, only the isotropic linear elastic model and the curve des-

cription model (without tension cut-off capability) are available.
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II. MASTER CONTROL CARDS

Card 1 (15, 611, 14, 315, 2F10.0, 15)

notes columns variable entry

(1) 1 - 5 NUMNP Total number of nodal points;
EQ.O; program stop

(2) 6 IDOF(l) Master X-translation code;
EQ.O; admissible
EQ.l; deleted

7 ID0F(2) Master Y-translation code
8 ID0F(3) Master Z-translation code
9 ID0F(4) Master X-rotation code

10 ID0F(5) Master Y-rotation code
11 ID0F(6) Master Z-rotation code

(3) 12 - 15 NEGL Number of linear element groups; 
EQ.O; all elements are nonlinear

(4) 16 - 20 NEGNL Number of nonlinear element groups;
EQ.O; all elements are linear

■ (5) 21 - 25 MODEX Flag indicating solution mode;
EQ.O; data check only
EQ.l; execution
EQ.2; restart

(6) 26 - 30 NSTE Number of solution time steps

(6) 31 - 40 DT Time step increment

(7) 41 - 50 TSTART ■Time at solution -start

(8) 51 - 55 IPRI Output printing interval;
EQ.O; default set to "1"



II. MASTER CONTROL CARDS (continued)

NOTES/
(1) The total number of nodes (NUMNP) controls the amount of 

data to be read in Section III. If NUMNP.EQ.0, the program 
terminates execution.

(2) The codes IDOF(l), ID0F(2), .... ID0F(6) given in cc 6-11 
can have values of "0" or ”1" and are used to conserve 
storage and reduce input for special problems not requiring
a full six degrees of freedom at each node. If IDOF(I).EQ. 1, 
the I-th (1=1,2,... ,6) nodal displacement does not exist in 
this problem, and any reference in the data to the I-th 
node degree of freedom is ignored by the program. If, for 
example, this problem concerns the analysis of a 2/D con-
tinuum, the convention is that 2/D elements must be 
described in the global Y,Z plane and that only the global 
Y and Z translations are defined for the 2/0 continuum 
elements; hence, IDOF(I) for I of 1,4,5 and 6 must be "1".

Table II.1 contains the IDOF sets for the current element 
types operational in the program. This table was prepared 
assuming a general orientation of the element type in 
X,Y,Z space.

(3) The program distinguishes between linear and nonlinear 
elements. Linear elements have their stiffness matrices 
formed only once, and the formulation excludes consideration 
of either geometric or material nonlinearities; linear 
elements are used to represent those regions of a model 
which can be assumed to behave linearly and should be used 
(where possible) to improve solution efficiency.

An element group is a series of elements of a particular 
type (e.g., TRUSS, 2/D CONTINUUM, etc.) in which element 
numbers are assigned in ascending sequence beginning with 
”1" and ending with the total number of elements in that 
particular group. The organization of elements into groups 
is somewhat arbitrary and is best illustrated by the 
following example.
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II. MASTER CONTROL CARDS (continued)
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II. MASTER CONTROL CARDS (continued)

Suppose that a model contains 20 linear TRUSS elements and 33 
linear 2/D CONTINUUM elements* 11 of which have isotropic material 
properties. Assuming that the 2/D isotropic properties are not 
given as equivalent orthotropic properties* a minimum of three (3) 
linear element groups (i.e., NEGL.EQ.3) is required in this 
example--

CONTINUUM orthotropic elements into two groups, one with 8 and 
the other with 14 elements; then, NEGL.EQ.5 and

LINEAR ELEMENT RANGE OF TYPE OF
GROUP TYPE ELEMENT MATERIAL
NUMBER NUMBERS MODEL

1 TRUSS 1 - 20 AE, constant
2 2/D CONTINUUM 1-11 Isotropic
3 2/D CONTINUUM 1 - 22 Orthotropic

Further, suppose that it is desirable to separate the 20 TRUSS
elements into two groups of 5 and 15 elements and the 22 2/D

1 TRUSS 1 - 5 AE, constant
2 TRUSS 1 - 15 AE, constant
3 2/D CONTINUUM 1 - 11 Isotropic
4 2/D CONTINUUM 1 - 14 Orthotropic
5 2/D CONTINUUM 1 - 8 Orthotropic

Since NONSAP is an overlaid program, the order of the element 
groups (linear and nonlinear) is most efficient when all TRUSS 
element groups, 2/D CONTINUUM element groups,... are grouped 
together. In addition, all element groups using the same non-
linear material model are best input together.

It need be noted that the program must read data for all of the 
”NEGL" groups before reading any data for the nonlinear g >ups.

The one restriction that must be noted when organizing elements 
into groups (either linear or nonlinear) is that only one type 
of material model is allowed for the elements in that group. 
Also, it is permissible to model a structure with nonlinear 
elements only, in which case NEGL.EQ.O and NEGNL.GE.l.
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II. MASTER CONTROL CARDS (continued)

(4) Nonlinear elements include the effects of material and/or 
geometric nonlinearities in the formation of stiffness

• and stress recovery matrices. The type of nonlinearities to be 
associated with an individual group of elements is defined by 
means of data given on the element group control card. In 
separating elements into nonlinear groups, note that only one 
type of material model is allowed for the group. The order in 
which groups are input was discussed in note (3) above.

The total number of element groups processed by the program is 
the sum NEGL+NEGNL . Also, NEGNL can be zero, but then the 
number of linear element groups must be at least one.

(5) The MODEX parameter determines whether the program is to check 
the data without executing an analysis (i.e., MODEX.EQ.0) or if 
the program is to solve the problem. In the data check only mode, 
the program only reads and prints all data. Therefore, the 
MODEX.EQ.0 option should be used for data checking. If MODEX.EQ.2, 
the problem is a restart job. Refer to Appendix A for setting up 
a restart job.

(6) DT is the solution time step, At, and is used similarly for static, 
quasi-static or dynamic problems. DT for static problems is not 
used to perform step-by-step time integration for system response, 
but rather is used as an equivalent "load step" or "loading 
increment". All forcing functions are input as tables of f(t) 
versus t, and the loads at solution step "n" (where "n" is 
between "1" and "NSTE") are found in the f(t) tables by linear 
interpolation at t=nAt. NSTE must be at least one, except in
the special case when frequencies and mode shapes are to be 
calculated but no time integration solution is desired.

(7) The time at solution start (TSTART) is an input convenience for 
restart (i.e., MODEX.EQ.2) jobs. TSTART in a restart job 
would be the final time to which a previous solution was run and 
saved for use in supplying initial conditions for this job. 
Since the time counter is incremented from TSTART, none of the 
forcing function tables need be revised (i.e., shifted in time) 
for the restart job.
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H, MASTER CONTROL CARDS (continued)

(8) The print interval determines at which solution step interval 
program results are to be printed. If IPRI.EQ.4, output is 
produced at the end of solution steps 4, 8, 12, etc.

If IPRI is larger than the total number of solution steps (NSTE), 
then no output will be printed during the course of solution.
If IPRI.LE.NSTE, then print directives must be given for 
displacements, velocities, and acceleration on Card 6 in this 
section and for the stress components on the element cards 
(Section IX.4, X.4, or XI.4).

"j
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II. MASTER CONTROL CARDS (continued)

Card 2 (415)

notes columns variable

(1) 1 - 5 IMASS

1

(2) 6 - 10 I DAMP

(3) 11 - 15 IMASSN

• (3) 16 - 20 IDAMPN

entry

Control flag indicating static or 
dynamic analysis;
EQ.O; static analysis
GT.O; dynamic analysis

Also flag indicating mass matrix type;
EQ.O; no mass effects
EQ.l; lumped (diagonal) mass
EQ.2; consistent mass matrix

Flag indicating damping type;
EQ.O; no damning effects
EQ.l; Rayleigh damping

Number of concentrated nodal masses

Number of concentrated nodal dampers

NOTES/
(1) The control flag on static or dynamic analysis (IMASS) deter-

mines whether or not the program is to solve a problem 
including the contribution of inertia forces to system 
equilibrium, i.e. whether to solve a static or dynamic 
problem.

If IMASS.EQ.O, the program will solve a static (or quasi-
static) problem, and no storage will be allocated for either 
the system mass matrix or the system velocity and acceleration 
vectors.

If IMASS.EQ.l or 2, the analysis will be a dynamic analysis. 
For IMASS.EQ.l a lumped (diagonal) mass matrix is allowed, in 
which case the diagonal mass coefficients are stored as a

• vector, and for IMASS.EO.2 a consistent mass matrix is 
generated (from element data). It should be noted that the 
computation of the effective load vector at each solution 
time step is considerably more expensive when the consistent 
mass option is requested, and the extra effort involved in a 
consistent (as opnosed to the diagonal) mass analysis may 
not be justified in many (if not most) problems.

The mass matrix is constant and is only formed once before 
the time integration is started.
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II. MASTER CONTROL CARDS (continued)

NOTES/
(2) The damning matrix flag (IDAMP) determines whether or not 

the program is to include in a dynamic analysis Rayleigh 
damping. The Rayleigh damping coefficients are defined 
in Section V. Rayleigh damping can only be included when 
a dynamic analysis is specified (IMASS.GT.O).

(3) In a dynamic analysis, i.e. IMASS.GT.O, additional concen- 
rated masses and/or additional concentrated dampers can be 
specified at selected decrees of freedom. The concentrated 
masses and concentrated damoers are input in Sections VI and
VII.

A dynamic analysis with concentrated masses only (i.e., no 
lumped mass or consistent mass effects) can be accomplished 
by specifying IMASSN.GE.l, IMASS.EQ.l, and setting the mass 
density on all element cards to 0.0.
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II. MASTER CONTROL CARDS (continued)

Card 3 (15)

note columns variable entry

(1) 1-5 IEIG Flag indicating frequency solution
mode;

EQ.O; no frequency solution
EQ.l; find lowest frequencies and 

associated mode shapes

NOTES/
(1) The control parameter IEIG determines if the program is to 

solve for vibration mode shapes and frequencies before, 
solving for dynamic response of the model. If IEIG.EQ.l, 
then additional information which controls the eigensolution 
must be supplied in Section XII.

If frequencies and mode shapes only are desired (i.e. no 
step-by-step solution) set NSTE.EQ.O on card 1 of this 
section.
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II. MASTER CONTROL CARDS (continued)

Card 4 (4I5.E1O.4)

note columns variable entry

(1) 1 - 5 ISREF Number of time steps between reform 
ing effective stiffness matrix

EQ.O; default set to "1”

(2) 6-10 NUMREF Number of allowable stiffness re-
formations in each time step

(3) 11 - 15 I EQU IT Number of time steps between 
equilibrium iterations

EQ.O; default set to "1"

(3) 16 - 20 ITEMAX Maximum number of equilibrium 
iterations permitted

EQ.O; default set to "15"

(3) 21 - 30 RTOL Relative tolerance used to measure 
equilibrium convergence

EQ.O; default set to "l.E-3"

NOTES/
• (1)

t

The stiffness’matrix reformation interval (ISREF) is
ignored if the model is composed of linear element groups 
only; i.e., NEGNL.EQ.O. For linear problems the matrix 
is formed and decomposed only once.

For models containing nonlinear element groups, the 
system stiffness matrix is reformed every ISREF solution 
steps. For example, if ISREF.EQ.3, the stiffness matrix 
is formed in solution steps 1 (always), 3, 6, etc. based on 
conditions known at the end of steps 0, 2, 5, etc., 
respectively. Only the nonlinear portion of the complete 
system stiffness matrix is reformed; the linear portion is 
saved and reinstated when the complete matrix is calculated.

(2) NUMREF is currently ignored.
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II. MASTER CONTROL CARDS (continued)

NOTES/
(3) If a structure is represented by nonlinear element groups 

with material.models which allow for "equilibrium iteration" 
then the parameter IEQUIT determines at what solution step 
interval the program is to iterate for system equilibrium. 
ITEMAX is the maximum number of cycles of iteration allowed 
in the solution step and RTOL is used to measure conver-
gence of the, iteration in terms of change in system dis-
placements. For example, if IEQUIT.EQ.5, ITEMAX.EO.12 and 
RTOL.EQ.0.002, then providing the material model(sj al low 
for iteration, up to 12 cycles of iteration will be 
performed at solution steps 5,10,15, etc. with convergence 
declared if

where ||u^n^|| is the Euclidean norm of the system 

displacement vector at cycle "n" of the iteration.

Whether or not a material model specifically allows 
iteration for equilibrium depends on how the model was 
incorporated into the program; the sections on the element 
material models distinguish between models that do and do 
not allow iteration.

Equilibrium iteration can only be performed if

(a) the structure contains at least one nonlinear 
element group, and

*(b) the material models used to represent all 
nonlinear element groups allow for the 
possibility of equilibrium iteration.

The parameters IEQUIT, ITEMAX and RTOL will not be 
used if

(a) the structure is represented with linear 
elements only, or

I

(b) any one of the material models associated 
with a nonlinear element qroup does not 
allow for equilibrium iteration.
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II. MASTER CONTROL CARDS (continued)

Card 5 (110, 2F10.0)

note columns variable

(1) 1 - 10 IOPE

(2) - 11 - 20 OPVAR(l)

(2) 21 - 30 0PVAR(2)

entry •

Time integration method used
EQ.O; default set to "1"
EQ.l; Wilson’s theta method
EQ.2; Newmark's method

First Integration Parameter
1) If IOPE.EQ.l parameter is THETA 

EQ.O; default set to 1.4
2) If I0PE.EQ.2 parameter is DELTA 

EQ.O; default set to 0.5

Second Integration Parameter
1) If IOPE.EQ.l parameter is not 

applicable
2) If I0PE.EQ.2 parameter is ALPHA 

EQ.O; default as specified in 
note below

NOTES/
(1) For static problems (IMASS.EQ.O) this card is read, but the 

information is not used. For dynamic analysis IOPE deter-
mines which time integration algorithm will be used in the 
step-by-step solution.

(2) OPVAR(l) and 0PVAR(2) store the integration parameters 
associated with the time integration method specified by 
IOPE.

a) Wilson's 6-method uses one parameter (THETA), which is 
usually specified as 1.4.

b) Newmark's method uses two parameters. DELTA is 
specified by the user (or the default value of 0.5 is 
used) and ALPHA is either set to a default value by the 
formula

ALPHA = 0.25*(DELTA + 0.50)**2,

or specified directly by the user.
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II. MASTER CONTROL CARDS (continued)

Card 6 (415) 

note columns variable entry

(1) 1 - 5 NPB Number of blocks of displacement/ 
velocity/acceleration printout 
EQ.O, print all nodal point 

components

(2) 6 - 10 IDC Displacement printout code
EQ.O, no displacement printout
EQ.l, print displacements

(2) 11 - 15 IVC Velocity printout code 
EQ.O, no velocity printout 
EQ.l, print velocities

(2) 16 - 20 IAC Acceleration printout code 
EQ.O, no acceleration printout 
EQ.l, print accelerations

- NOTES/
. (1) For large meshes it is usually not necessary to print

displacements, velocities, and accelerations at every 
node. Hence, nodes for which printout is desired are 
grouped into NPB printout blocks. Each block of nodes 
is defined by the node numbers of the first and last 
node in the block (see next card).

If NPB.EQ.0 all nodal quantities are printed regardless 
of the values of IDC, IVC, and IAC.

(2) The displacement solution at the nodes within the blocks 
is printed if IDC.EQ.1. In dynamic problems the velocity 
and/or acceleration solutions also are printed if IVC.EQ.1 
and/or IAC.EQ.1.

11.13



II. MASTER CONTROL CARDS (continued)

Card 7 (1615)

two nodes will be included in the printout block.

note columns variable entry

(1) 1 - 5 IPNODE(l.l) First node of printout block no. 1.

6 - 10 IPNODE(2,1) Last node of printout block no. 1.

11 - 15 IPNODE(1,2) First node of printout block no. 2.

etc.

NOTES/
(1) Two entries 

namely, the 
node of the

are expected for each printout block, 
first node of the block and the last 
block. All nodal points between these

If NPB.EQ.O leave this card blank.
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III. NODAL POINT DATA (Al,14,Al,14,515,3F10.0,15)

note columns variable entry

(1) 1 CT Symbol 
system

EQ. ;
EQ.X;

describing the coordinate 
for this node;

(blank) cartesian (X,Y,Z) 
X-cylindrical

(2) 2 5 N Node (joint) number;
GE.l and LE.NUMNP

(3) 6 PSF Print suppression flag (ignored 
unless N.EQ.1);

EQ. ;
EQ.A;

EQ.B;

EQ.C;

(blank) no suppression 
suppress ordered list 
of node coordinates 
suppress.list of 
equation numbers 
both A and B, above

A ‘

(4) 7 - 10 ID(1,N)
• 11 - 15 ID(2,N)

16 - 20 ID(3,N)

21 - 25 ID(4,N)
26 - 30 10(5,N)
31 - 35 ID(6,N)

(5) 36 - 45 X(N)
46 - 55 Y(N)
56 - 65 Z(N)

(6) 66 - 70 KN

X-translation
Y-translation
Z-translation

boundary 
boundary 
boundary

code 
code 
code

X-rotation boundary
Y-rotation boundary
Z-rotation boundary

X (or z)-coordinate
Y (or r)-coordinate
Z (or 6)-coordinate

code 
code 
code

(degrees)

Node number increment for node 
data generation;

E0.0; no generation
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III. NODAL POINT DATA (continued)

NOTES/
(1) Special cylindrical coordinate systems are allowed for 

the specification of node coordinates. If an "X" is 
entered in card column one (1), then the entries in 
cc 36-65 are with respect to a cylindrical (r,0,z) 
system rather than the standard cartesian (X,Y,Z) system. 
The generator (i.e., the z-axis) of the "X-cylindrical" 
system coincides with the global X-axis, and 0 is zero 
(0) in the global X-Y plane—

SYSTEM z-axis 0-zero plane TRANSFORMATIONS

X X X-Y X = z
Y = r cosG 
Z = r sinO

Cylindrical input is merely a user convenience for 
locating nodes in the (X,Y,Z) system, and no other 
references to the cylindrical system are implied; i.e., 
boundary conditions, output displacements, etc. are still 
referenced to the (X,Y,Z) system.

(2) Nodal data must be defined for all (NUMNP) nodes. Node 
data may be input directly (i.e., each node on its own 
individual card) or the generation option may be used 
if applicable (see note 6, below). Admissible node 
numbers range from "1" to the total number of nodes 
(NUMNP). Node numbers may not be repeated or omitted.

(3) The print suppression flag (PSF) is used to eliminate 
the second printing of ordered node coordinates or to 
suppress printing of equation number assignments (or 
both). The PSF character is entered on the card for 
node one (1) only.

(4) Boundary condition codes can only be assigned the 
following values (M = 1,2,...,6) —

ID(M,N) = 0; unspecified (free) displacement

ID(M,N) =• 1; deleted (fixed) displacement
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III. NODAL POINT DATA (continued)

NOTES/.(4) (continued)

An unspecified [ID(M,N)=O] degree of freedom is free to tran-
slate or rotate as the solution dictates. Concentrated 
forces (or moments) may be applied in this degree of freedom.

One system equilibrium equation is required for each unspeci-
fied degree of freedom in the model. The maximum number of 
equilibrium equations is always less than six (6) times the 
total number of nodes in the system.

Deleted [ID(M,N)=1] degrees of freedom are removed from the 
final set of equilibrium equations. Deleted degrees of 
freedom are fixed (points of external reaction), and any • 
loads applied in these degrees of freedom are ignored by the 
program. Nodes that are used for geometric reference only 
(i.e., nodes not assigned to elements) must have all six (6) 
degrees of freedom deleted. Nodal degrees of freedom having 
undefined stiffness (such as rotations in an all TRUSS model, 
out-of-plane components in a two-dimensional planar model, 
etc.) must be deleted.

Independent of the actual entries posted for the ID(M,N) in 
cc 7-35 of the Nodal Data, any master boundary condition 
deletions (i.e., IDOF(M).EQ.1, M=1,2,...,6) which are given 
in cc 6-11 of Card 1 in Section II will be used for all 
nodes. Suppose that all rotations X,Y,Z have been deleted by 
means of the master codes (i.e., IDOF(M).EQ.1, M=4,5,6), then 
ID(M,N) (M=4,5,6) will be set to "1", and data in cc 21-35 
1s ignored by the program.

Two-dimensional elements must use the Y-Z plane, i.e. plane 
strain, plane stress, and axisymmetric elements can only be 
defined in the Y-Z plane, and nodal degrees of freedom 
having undefined stiffness must be deleted.

(5) For the case CT (cc 1) equal to the character "X", 
. the data input in cc 36-65 are interpreted as 

the cylindrical (r,9,z) coordinates of node "N". The table in 
note (1) contains the formulae used by the program to compute 
the cartesian (X,Y,Z) coordinates of node N from the cylindri-
cal coordinate values given in cc 36-65. The origin of car-
tesian and cylindrical systems is the same point. Cylindrical 
coordinate data (if input on the card) are printed as read in 
the first list of node coordinates. The second listing of 
coordinates (if not suppressed with a PSF of "A" or "C") is

.an ordered printing of all nodes with coordinates converted to 
the (X,Y,Z) system. Note that boundary condition codes always 
reference the (X,Y,Z) system even if the node happens to be 
located using the cylindrical coordinate option.

III.3



Illi NODAL POINT DATA (continued)

NOTES/ (continued)

(6) Node cards need not be input in node order sequence; 
eventually, however, all nodes in the set [l.NUMNP] must 
be defined. Node data for a series of nodes

[Np Nj+UKNp N1+2*KN], ... ,N2J

may be generated from information given on two (2) cards 
in sequence--

CARD 1 - CT1,N1,IO(N1,1),...,ID(N1,6),X(N1),...,KN1

CARD 2 - CT2,N2,ID(N2,1),...,ID(N2,6),X(N2),...,KN2

KN] is the node generation parameter given on the first 
card in the sequence. The first generated node is 
N.|+l*KNp the second generated node is N]+2*KN], etc. 
Generation continues until node number N?-KN] is established. 
Note that the node difference N?-N, must be evenly 
divisible by KN].

Coordinate generation is possible only if both nodes are 
given in the same system (i.e., CT] and CT? are the same). Since 
generation is processed using cartesian coordinates, intermediate 
nodes between N-. and N? are located at equal intervals 
along the line between the two points (i.e., linear inter-
polation in the (X,Y,Z) system).
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IV. APPLIED LOADS DATA

%

1. Control card (315)

note columns variable entry

(’) 1 - 5 NLOAD Number of cards used to prescribe 
loads acting.at the nodes

■ (2) 6-10 NLCUR Number of load curves (time
J**.. “ /.* • functions)

(2) 11 - 15 NPTM Maximum number of points used to
describe any one of the load curves

•* '

' NOTES/
(1) NLOAD determines the number of cards to be read in Section

IV.3, below. The loads defined in Section IV.3 are
• • , t concentrated node forces/moments that do not change direction

as the structure deforms; i.e., the applied node forces are
conservative loads.

(2) Time dependent loads are applied to the structure by means of 
load (or time) function [i.e., f(t)] references and function 
multipliers assigned with the loads. At time t the value of 
f(t) is found by linear interpolation in the table of f(t) 
vs. t; f(t) times the multiplier is the magnitude of the 
applied load at t. NPTM is the maximum number of [f(t),t] 
pairs used to describe any one of the NLCUR functions; an 
individual function may have fewer than NPTM [f(t),t] points 
as input, but no function can be input with more than NPTM 
points. At least two points are required per function; 
otherwise interpolation in time is not possible.
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IV. APPLIED LOADS DATA (continued)

2. Load function data

used to input this time function; 
GE.2 and LE.NPTM

Input NLCUR 
increasing

sets of the 
load function

following data cards in order of 
number.

a. Control data (215) %

note columns variable entry

1 5 NTF Time function number; 
GE.l and LE.NLCUR

6-10 NPTS Number of points (i.e., f(t), t

b. ff(t),tl data (8F10.0)

note columns variable entry • •

(1) . 1 .- 10 ' TI1W(1) Time at point 1, t-j
• 11-20 RV (1) Function value at point l,f(t^)

21 - 30 TIMV(2) Time at point 2,t2

•• 31 - 40 RV (2) Function value at point 2,f(t2)

71 - 80 RV (4) Function value at point 4,f(t^)

Next card (if required)

(2) 1 - 10 TIMV(5) Time at point 5,tg

11 - 20 RV (5) Function value at point 5,f(t^)

NOTES/
(1) Time values at successive points must increase in 

magnitude (i.e., TIMV(1)<TIMV(2)<TIMV(3), etc.), and TIMV(l) 
must be equal to zero (i.e., TIMV(1).EQ.O.O) otherwise an 
error condition is declared. The last time value for the 
function [i.e., TIMV(NPTS)] must be greater than or equal
to the time at the end of solution; i.e., TIMV(NPTS) £ 
TSTART + NSTE*DT otherwise an error condition is declared.

(2) Input as many cards in this section as are required to 
define NPTS points, four points per card.
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IV. APPLIED LOADS DATA (continued)

3. Nodal Loads Data (315,Fl0.0)

Skip this section if NLOAD.EQ.O; otherwise input NLOAD
cards in this section.

columns variable entry

1 - 5 NOD
*

Node number to which this load is 
applied; GE.l and LE.NUMNP

6-10 IDIRN Degree of freedom number for this
load component;

EQ.O; 
EQ.l; 
EQ. 2; 
EQ.3; 
EQ.4; 
EQ.5; 
EQ.6;

solution terminated 
X-translation 
Y-translation * 
Z-translation ' 
X-rotation
Y-rotation
Z-rotation

11 - 15 NCUR • Load curve number that describes 
time dependence of the load;
GE.l and LE.NLCUR

16 - 25 FAC Function 
f(t) for

multiplier used to scale 
the load at "t";

EQ.0.0; default set to "1.0"

NOTES/
(1) If the same degree of freedom (IDIRN) at the same node (NOD) 

is given a multiple number of times, the program combines 
the loads algebraically with no error diagnostic.
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v. RAYLEIGH DAMPING SPECIFICATION (2F10.0)

Omit this card if IDAMP.EQ.O

note columns variable

(1) 1 - 10 ADAMP

(1) 11-20 BDAMP

entry

Rayleigh damping coefficient a

Rayleigh damping coefficient B

NOTES/
(1) Rayleigh damping is defined as C = aM + BK , where a and 

B are input as above.

It need be noted that B is applied to the linear stiffness 
matrix of the element assemblage.
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VI. CONCENTRATED NODAL MASSES (I10,6F10.0)

Skip this section if IMASSN.EQ.O, on card 2 of Section II. 
Otherwise, input IMASSN cards as follows.

note columns variable entry

(1) 1 - 10 N Node number; ‘
GE.l and LE.NUMNP

(2) 11 - 20 XMASS(l) X-direction mass

21 - 30 XMASS(2) Y-directi on mass

31 - 40 XMASS(3) Z-direction mass

(3) 41 - 50 XMASS(4) X-rotational mass

51 - 60 XMASS(5) Y-rotational mass

61 - 70 XMASS(6) Z-rotational mass

NOTES/
(1) Input IMASSN cards; node order is not important. Repeating 

nodes accumulates mass at the node.

(2) Mass components input for deleted (or non-existant) degrees 
of freedom are ignored by the program without a diagnostic 
message.

(3) Rotational degrees of freedom are currently not used 
(see Table II.1).
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VII. CONCENTRATED NODAL DAMPERS (I1O,6F1O.O)

Skip this section if IDAMPN.EQ.O, on card 2 of Section II, above. 
Otherwise, input IDAMPN cards as follows.

note columns variable entry

(1) . 1-10 N Node number;
GE.l and LE.NUMNP

(2) 11 - 20 XDAMP(l) X-directi on damper

21 - 30 XDAMP(2) Y-directi on damper

31 - 40 XDAMP(3) Z-directi on damper

(3) 41 - 50 XDAMP(4) X-rotation damper

51 - 60 XDAMP(5) Y-rotation damper

61 - 70 X0AMP(6) Z-rotation damper

NOTES/
(1) Input IDAMPN cards; node order is not important. 

Repeating nodes accumulates dampers at the node.

(2) Damper components input for deleted (or non-existent) 
degrees of freedom are ignored by the program without 
a diagnostic message.

(3) Rotational degrees of freedom are currently not used 
(See Table II.1).
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VIII. INITIAL CONDITIONS

Initial conditions for the element are defined in this 
section. Initial conditions may be established using 
one (1) of three (3) methods--

METHOD 1 - For MODEX.EQ.2, this is a restart job.
Refer to Appendix A for setting up a 
restart job. The variable "ICON" appearing on 
tne card below is read by the program, but ignored; 
i.e., the control card (Section VIII.a) must 
still be input.

METHOD 2 - For MODEX.NE.2, and initial conditions of all 
zero, input ICON.EQ.0 with no additional data;
all vector components are then automatically 
initialized to zero at time of solution start, 
TSTART.

METHOD 3 - For MODEX.NE.2, and known non-zero initial 
conditions, input ICON.EQ.1 and read the system 
vectors in compacted form from cards as 
described in Section VUI.b, below.

note

(1)

a. Control Card (15)

columns variable

1 - 5 ICON

entry

Flag indicating the type of initial 
conditions;

EQ.O and MODEX.NE.2, zero initial 
conditions are generated automati-
cally

EQ.l and MODEX.NE.2,. non-zero initial 
conditions are read from data cards 
immediately following

b. Card Input of System Vectors (6E12.6)

For the case MODEX.NE.2 and ICON.EQ.l , the program 
performs the following read operations:

READ (5,1000)
REAO (5,1000)
READ (5,1000) 

1000 FORMAT (6E12.6)

(DIS(K),K-1,NEQ)
(VEL(K),K=1,NEQ)
(ACC(K),K=1,NEQ)

where DIS/VEL/ACC are the system initial displacement/
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VIII. INITIAL CONDITIONS (continued)

velocity/acceleration vectors, respectively. The variable NEQ 
is the total number of freedoms retained for evaluation;
i.e., six (6) times the total nodes minus (-) all deletions 
provided by fixed boundary condition specifications.

The list of equation numbers can be obtained in Section III 
(variable PSF) and can be identified conveniently from the 
displacement (velocity and acceleration) print-out of a 
previous solution.

For the case of a static solution, the VEL/ACC system initial 
vectors are not read from card input. A static solution is 
performed if IMASS.EQ.O (Section II, card 2).
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ELEMENT INPUT

Input as many blocks of data in these sections as there are total 
element groups. Linear element groups (NEGL,total) are input first, 
and nonlinear elements (NEGNL groups, total) follow the linear element 
group data. Therefore, whether the elements in a group are linear or 
nonlinear, depends on whether the element group belongs to the first NEGL 
groups or the last NEGNL groups.

In any one group all elements input must be the same type; e.g., 
if nonlinear TRUSS elements are given as input, then all elements in the 
group must be nonlinear. Furthermore, in any one group, only one 
material model can be used, e.g., if the group consists of TRUSS 
elements, then either the material of all elements in the group is 
linear elastic, or it is nonlinear elastic. However, a number of 
different sets of material constants for a specific model can be used.

Since the program is an overlay system, in order to avoid unneces-
sary manipulation of overlays, it is most efficient to group all 
element groups of one kind and using one material model together.
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IX. TRUSS ELEMENTS

TRUSS elements are two-node members allowed arbitrary . 
orientation in the X,Y,Z system. The TRUSS transmits axial force only, 
2nd in general is a six (6) degree of freedom element (i.e.» three 
global translation components at each end of the member), see Fig. IX.1.

1. Element control card (2014)

note columns variable

1 - 4 NPAR(l)

(1) 5-8 NPAR(2)

(2) 9 - 12 NPAR(3)

(3) 56 - 60 NPAR(15)

entry

Enter the number "1"

Number of TRUSS elements in this 
group;
GE.l

Type of nonlinear analysis

EQ.O default set to "I"
EQ.l materially nonlinear only
EQ.2 updated Lagrangian formulation

Material model number

EQ.l linear elastic
EQ.2 nonlinear elastic

(4) 61 - 64 NPAR(16)

(5) 65 - 68 * NPAR(17)

Number of different sets of section/ 
material properties

GE.l
EQ.O, default set to "1"

Number of material model constants 
per set

EQ.O if NPAR(15).EQ.1
GE.4 if NPAR(15).EQ.2

NOTES/
(1) TRUSS element numbers begin with one (1) and end with the 

total number of elements in this group, NPAR(2). Element 
data are input in Section IX.4, below.

(2) The parameter NPAR(3) is applicable only if the element 
group is nonlinear. If NPAR(3).EQ.1, no geometric non-
linearities are taken into account, i.e. the geometric 
stiffness matrix is not included. If NPAR(3).EQ.2 large 
displacement effects are included in the analysis, but small 
strains are assumed in the calculation of element forces.
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IX. TRUSS ELEMENTS (continued)

notes
(3) In any one element group only one material model can be used, 

and this model type is defined by the entry NPAR(15). If 
NPAR(15).EQ.1 the model is defined by Young's modulus only 
and NPAR(17).EQ.O. If NPAR(15).EQ.2 the stress-strain curve 
is input in Section IX.3 below.

The model defined for the element group must be consistent 
with the nonlinear formulation used (defined by NPAR(3)) and 
the requirement of equilibrium iteration as defined on card 4 
of the Master Control Cards (Section II). As stated in note 
(3) of card 4, Section II, equilibrium iterations can only be 
performed if the model allows for iteration, and if at least 
one nonlinear element group is used in the analysis. Table 
IX.1 summarizes the formulations, material models and possi-
bilities of equilibrium iteration that may be used.

(4) The variable NPAR(16) defines the number of sets of material/ 
section properties to be read in Sections IX.2 and IX.3 
below.

(5) NPAR(17) is the variable NCON used in Section IX.3(c).
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IX. TRUSS ELEMENTS (continued)
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IX. TRUSS ELEMENTS (continued)

Linear Elastic Material/Section Property Cards

Skip this set of cards if NPAR(15).NE.1 . 
Otherwise read NPAR(16) sets of cards.

this section, provided NPAR(15).EQ.l. Note that one 
material/section is defined to have the same Young's 
modulus, area, mass density and initial strain.

a. material number card (15)

columns variable entry

1 - 5 N Material/section number
GE.l; and LE.NPAR(16)

b. property card (4F10.0)

note columns variable entry

(1) 1 -JO ■ E(N) Young's modulus

11 - 20 AREA(N) Cross-sectional area

21 - 30 DEN(N) Mass density (for dynamic analysis)

31 - 40 STRAI(N) Initial strain (axial)

NOTES/
(1) NPAR(16) different linear elastic materials are input in
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IX. TRUSS ELEMENTS (continued)

3. Nonlinear Elastic Material/Section Property Cards

Skip this set of cards if NPAR(15).NE.2, otherwise 
read NPAR(16) sets of cards.

a. material number card (15)

columns variable entry

•

1 - 5 N Material/section number
GE.l and LE.NPAR(16)Z

b. section property card (3F10.0)

note columns variable entry

(1) 1 - 10 AREA(N) Cross-sectional area

11 - 20 DEN(N) Mass density for dynamic ana

21 - 30 STRAI(N) Initial axial strain

c. stress-strain curve card (8F10.0)

note columns variable entry

(2) 1 - 10 PROP(1,N) Strain at point 1, e^

11 - 20 PR0P(2,H) Strain at point 2, e

•
PR0P(HC0N/2, N) Strain at point NC0N/2

•
• PR0P(MC0N/2+ 1 ,N) Stress at point 1,

PR0P(NC0N/2+2,N) Stress at point 2,

PROP(NCOH.N) Stress at point NCON/2

NOTES/
(1) One section property card is defined to have the same area, 

density and initial strain.
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IX. TRUSS ELEMENTS (continued)

NOTES/(continued)

(2) The stress-strain curve is defined by straight lines 
between the input points (e1* »oi). From the stress-
strain curve total stresses and the tangent modulus 
are evaluated for a given strain (see Fig. IX.2).

The variable NCON was defined in Section IX.1 by the 
variable NPAR(17).

This model can only be used in a nonlinear element 
group.
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IX. TRUSS ELEMENTS (continued)

4. Element Data Cards (415,F10.0,315)

NPAR(2) elements must be input and/or generated in this 
section in ascending sequence beginning with "1".

note columns variable

1 - 5 M

(1) 6-10 II

11 - 15 JJ

16 - 20 MTYP

(2)' 21 - 30 PINIT

31 - 35 IPS

(3) 36 - 40 KG

entry

TRUSS clement number;
GE.l and LE.NPAR(2)

Node number at one end

Node number at other end
GE.l and LE.NUMNP

Material property set number;
GE.l and LE.NPAR(16)

Initial axial force in the TRUSS;
GT.O, tension

Flag for printing axial stress 
in TRUSS element;

EQ.O, no printing
EQ.l, print element stress

Node generation increment used to 
compute node numbers for missing 
elements;
EQ.O, default set to "1"

NOTES/
(1) Refer to Figure IX.1.

(2) PINIT is the axial force in the TRUSS at zero node disp 
ments, and zero initial strain in the truss. The initi 
strain defined for the material property set number giv 
rise to an additional force in the truss.

(3) Elements must be input in increasing element number order'. 
If cards for elements [M+l,M+2,...,M+J] are omitted, thes 
'‘J" missing elements are generated using MTYP and PINIT of 
element "M" and by incrementing the node numbers of 
successive elements with the value "KG"; KG is taken from 
the first card of the element generation sequence (i.e., 
from the "M-th" element card).
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x. 2/D CONTINUUM ELEMENTS

2/D CONTINUUM elements are 4- to 8-node isoparametric quadri laterals 
which must be input in the global Y-Z plane. Figure X.l shows some 
typical 2/D CONTINUUM elements. The element can represent either planar 
(pl ane stress or plane strain condition) or axisymmotric solids, as 
illustrated in Fig. X.2. In both cases, each element node has two (2) 
translational degrees of freedom.

When the element is used to represent an axis.ymmetric solid or shell, 
the global Z-axis is the axis of revolution. All elements must be 
located in the +Y half-plane. These conventions are illustrated in 
Pig. X.2.
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X. 2/D CONTINUUM ELEMI NTS (continued)

1. Element Group Control Card

note columns variable

1 - 4 NPAR(l)

(1) 5 - 8 NPAR(2)

(2) 9 - 12 NPAR(3)

17 - 20 flPAR(5)

(3) 25 - 28 NPAR(7)

(4) 37 - 40 NPAR(IO)

(5) 49 - 52 NPAR(13)

(6) 57 - 60 NPAR(15)

(2014)

entry

Enter the number "2"

Number of 2/D CONTINUUM elements in 
this group;
GE.l

Code indicating type of nonlinear 
analysis;

EQ.O, default set to "I"
EQ.l, material nonlinear analysis 

only
EQ.2, total Lagrangian
EQ.3, updated Lagrangian

Element type code;

EQ.O, axisymmetric
EQ.l, plane strain
EQ.2, plane stress

Maximum number of nodes used to 
describe any one element;

GE.4 and LE.8
EQ.O, default set to "8"

Numerical integration order to be
used in Gauss quadrature formulae;

EQ.O, default set to "2"
GE.2 and LE.4

Number of stress output location 
tables;
EQ.O, print stresses at 

integration points

Material model number;

GE.l and LE.12
EQ.l, linear isotropic
EQ.2, linear orthotropic
EQ.3. variable tangent moduli
EQ.4, curve description model
EQ.5, curve description model with ton i 

cut-off (plane strain only)
EQ.6, elastic-plastic (von Mises)



material properties;
GE.l

X. 2/D CONTINUUM ELEMENTS (continued)

note columns variable entry

EQ.7, elastic-plastic 
(Drucker-Prager)

EQ.8, incompressible nonlinear 
elastic (Mooriey-Rivl in/ 
plane stress only)

GE.9, user-supplied

(6) 61 - 64 NPAR(16) Number of different sets of

(6) 65 - 68 NPAR(17) Number of constants per property set;

EQ.O, if NPAR(15).LT.9
GE.l, if NPAR(15).GE.9

(6) 69 - 72 NPAR(18) Dimension of storage array 
required for element history;

EQ.O, if NPAR(15).LT.9
GE.O, if NPAR(15).GE.9

not es /
(1) 2D/C0NTINUUM element numbers begin with one (1) and end with 

the total number of elements in this group, NPAR(2). Element 
data are input in Section X.4 below.

(2) NPAR(3) is applicable for nonlinear element groups only and 
determines if geometrical nonlinearities are to be included in 
the analysis. If NPAR(3).EQ.l disnlacements and strains are 
assumed to be infinitesimal. In the total Lagrangian and 
updated Lagrangian formulations all geometric effects (large 
displacements and large strains) are included in the analysis.

(3) NPAR(7) limits the number of nodes that can be used to 
describe any of the elements in this group. A minimum of 4 
and a maximum of 8 nodes are used to describe the 2/D 
CONTINUUM elements. For example, for the set of elements 
shown in Fig. X.l, NPAR(7) would be set to "7". Constant 
strain triangles are obtained by having nodes 3 and 4 coincide.

(4) For rectangular elements an integration order of "2" is 
sufficient. If the element is distorted, a higher integration 
order need be used. Notice that apart from the larger 
computational effort in the calculation of the element 
matrices, more working storage may be required if a 
nonlinear material model is used (see note (6) below). The 
consistent mass matrix is always calculated with an integra-
tion order of 3.
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X. 2/D CONTINUUM ELEMENTS (continued)

NOTES/(5)

(6)

Element stresses are calculated at the points defined in the 
stress output location table assigned to the element (see 
Section X.3). NPAR(13) defines the total number of stress 
output location tables input in Section X.3. NPAR(13).EQ.O 
for all nonlinear element models, i.e. MODEL.GT.2 in 
Section X.2.

Only one material model (defined by the value of NPAR(15)) is 
allowed in an element group. If NPAR(15) is 1,2,...,8, the 
model exists in the current library for 2/D CONTINUUM elements, 
and the entries for NPAR(17) and NPAR(18) are ignored by the 
program. If, however, NPAR(15) is "9" or larger, material 
constants must be read into a storage array, "PROP", which 
has dimensions NPAR(17), NPAR(16); i.e., property constants 
are stored as,

((PROP(I,J),1=1,NPAR(17)),J=1,NPAR(16))

Non-library models require that NPAR(17) be given (input) as 
a positive integer. In addition, NPAR(18) must be specified 
for non-standard nonlinear models for use in allocating 
storage in a working array, "VIA", which contains element 
history. The NPAR(18) parameters which characterize element 
history must be retained for materially nonlinear elements so 
that properties can be chosen in the current solution step. 
The working storage array (WA)‘is dimensioned IDWA by NPAR(2); 
where

IDWA = NPAR(18)*(NPAR(10)**2)

NPAR(2) = number of elements

i.e. for each integration point of each element, NPAR(18) 
storage locations are preserved during the solution. See 
Appendix B for a discussion on how to incorporate a new 
material model.

The model defined for the element group must be consistent 
with the nonlinear formulation used (defined by NPAR(3)), 
the element tyoe (defined by NPAR(5)), and the requirement 
of equilibrium iteration as defined on card 4 of the Master 
Control Cards (Section II). As stated in note (3) of card 4, 
Section II, equilibrium iterations can only be performed if 
the model allows for iterations, and if at least one nonlinear 
element group is used in the analysis. Table X.l summarizes 
the formulations, material models, and iteration possibilities 
for 2/D CONTINUUM elements.
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X. 2/D CONTINUUM ELEMENTS (continued)

2. Material Property Data

NPAR(16) sets of cards must be input in this section. Card 
“a" (material number card") is the same for all material models, 
but card(s) "b" ("material property card(s)") depend on the 
material model number (NPAR(15).

a. material number card (15,Fl0.0)

note columns variable

1 - 5 N

(1) 6 - 15 DEN(N)

entry

Material property set number;
GE.l and LE.NPAR(16)

Mass density of the material used in 
calculation of the mass matrix, p;
GE.0.0

• NOTES/
(1) The mass density defined is used directly in the calculation 

of the element matrix, i.e., no acceleration constants are 
applied to the variable DEN(N).

constants (E,v); i.e., if NPAR(15).EQ.l, NPAR(17) is set to 
"2" by default. MODEL 1 can be used with linear or nonlinear 
element groups. Since the material constants are independent 
of history, NPAR(18) is set to "0" by default.

b . material property card(s) (8F10.0) ■■

For MODEL “1" (NPAR(15).EQ.1) - [linear isotropic] •

note columns variable entry

(1) 1 - 10 PROP(1,N) Young's modulus, E

11-20 PR0P(2,N) Poisson's ratio, V

NOTES/
(1) MODEL 1 is a linear library model defined by two (2) positive
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x. 2/0 CONTINUUM CLEMENTS (continued)

for MODEL n 2 h (NPAR(15).EQ.2) [linear orthotropic]

note columns variable entry

(1) 1 - 10 PROP(1,N) a-direction modulus, Ea

11 - 20 PR0P(2,N) b-directi on modulus, Eb

21 - 30 PR0P(3,N) c-direction modulus, Ec

31 - 40 PR0P(4,N) strain ratio, vab

41 - 50 PR0P(5,N) strain ratio, vaac

51 - 60 PR0P(6,N) strain ratio, \>b

61 - 70 PR0P(7,N) shear modulus,

NOTES/
is(1) linear (i.e. > NPAR(18).EQ.O by default). The 

property constants; i.e., NPAR(17) 
*’ ‘ . The constants (Ea,E. ,

ci D

MODEL 2 
model requires seven(7) 
.EQ.7 by default if NPAR(15).EQ.2.
...,Gab) are defined in a material coordinate system 

(a,b,c) in which "c" corresponds to the out-of-plane 
direction (or global X), and the a-b plane coincides with the 
plane of the elements (Y-Z). a,b are principal material 
axes, and B is the angle (in degrees) between element edge 
1-2 and the material +a-axis (Figure X.3). The material 
angle B is read individually for each element in Section 
X.4, below. MODEL 2 can be used with linear or geometrically 
nonlinear elements.



FIGURE X.3 PRINCIPAL IN-PLANE MATERIAL AXES
ORIENTATION FOR THE LINEAR ORTHOTROPIC
MATERIAL MODEL
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X. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "3" (NPAR( 1 !>). I'Q.3) > [variable tangent moduli 1

note columns variable entry

(1) 1 - 10 PROP(l.N) Unloading bulk modulus,

11 - 20 PR0P(2,N) Ko

21 - 30 PR0P(3,N) K1 ► Constants to define the
loading bulk modulus

31 - 40 PR0P(4,N) K2;

• 41 - 50 PR0P(5,N) G0

51 - 60 PR0P(6,N) Y1(<0) ► Constants to define the
• loading and unloading

61 - 70 ’ PR0P(7,N) Yl(<0) shear moduli

NOTES/
(1) MODEL 3 is a nonlinear library material model requiring 

seven (7) constants (i.e., NPAR(17).EQ.7 by default) per 
property set. Ten variables, namely the previously 
calculated stresses, strains, the maximum pressure ever 
reached and a loading parameter, need be stored per 
integration point, i.e., NPAR(18) = 10 for this model.

The material model cannot be used in plane stress analysis.

NOTATION

For the notation used in the description of the nonlinear 
material models refer to the report "Static and Dynamic 
Geometric and Material Nonlinear Analysis," SESM Report 
No. 74-4 , February 1974.
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X. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "4" or "5" (NPAR(15).EQ.4) or (NPAR(15).EQ.5) + [curve descrip 
tion model]

a. Material moduli cards (supply NPAR(16) sets of cards)

note columns variable entry

first
(1)

card
1 - 10 PROP(1,N) eV , volume strain at point "1"

11 - 20 PR0P(2,U) 3C ....

21 - 30 PR0P(3,N) 6 4
31 - 40 PR0P(4,N) J

41 - 50 PR0P(5,N) eV 6

51 - 60 PR0P(6,N) 3 

k ld ?
k ld

61 -

. 71 -

70

80

PR0P(7,N)

PR0P(8,N)

loading bulk modulus at
point "I"

second card
1 - 10 PR0P(9,N) K3 

k ld  .
11 - 20 PROP(IO.N) c LD
21 - 30 PROP(ll.N) V5

KLD ,
• 31 - 40 PR0P(12,N) V6

, Kl0 

k un  ?
, k un

41 -

51 -

50

60

PR0P(13,N)

PROP(14,H)

unloading bulk modulus at
point "I"

61 - 70 PR0P(15,N) k un  ,
71 - 80 PROP (16,N) k un

third
(2)

card
. 1 - 10 PR0P(17,N) k un  f

11 - 20 PROP(18,N) , k un  
g lo 2

G0

21 -

31 -

30

40

PR0P(19,N)

PROP(20,N)

loading shear modulus at
point "1"

41 - 50 PR0P(21, N) G«4

51 - 60 PR0P(22,N) X

61 - 70 PROP(23,N) GLD ,

71 - 80 PR0P(24,N) g ld

X.12



X. 2/D CONTINUUM ELEMENTS (continued)

NOTES/
(1) MODELS 4 and 5 are nonlinear material models for which 

NPAR(17).LQ.24, by default. To characterize history, 
twelve (12) variables, namely, the previously calculated 
stresses and strains, the maximum volumetric strain ever 
reached in loading, ground pressure, the volume strain due 
to ground pressure, and the angle of "cracking" need be 
saved for each integration point, i.e. NPAR(18).EQ.12.

Note that

eV > eV ’ KUN " k ld  and g ld  < 1,5 k ld

where "J" is the J-th table input point. All six (6) input 
points must be defined, as shown in Fig. X.4 Linear 
interpolation is used to define the loading and unloading bulk 
moduli, and the loading shear modulus, ^G^g, at

time t. Note that these three cards must be supplied 
NPAR(16) times.

4* 4- 4*

(2) The unloading shear modulus is calculated as ( K^g) G^g.

b. Tension cut-off definition card

This card defines the parameters to be used in the tension cut-off
model, i.e., MODEL 5. Omit this card if MODEL.EQ.4.

note columns variable entry

(1) 1 - 10 GAMMA material density

(2) 11 - 20
—, «>>» Y p A A 

w 1 • 1 normal stiffness reduction factor

21 - 30 SHEFAC shear stiffnpss reduction factor11V, m 1 J V J '• 1 Ik* J J 1 k* U V v 1 v 1 1 1 M V V V '

notes /
(1) GAMMA is used to calculate the in-situ gravity pressure at 

the element integration points. It is assumed that the 
material provides a hydrostatic pressure distribution, 
calculated at an element integration point using

P = Z hi p.
i=l 1 1

where hj are the element interpolation functions, p- is the 
pressure at the element nodes, and N is the total number of

X.13



LO
AD

IN
G

 SH
EA

R
 MO

D
U

LU
S - UN

LO
AD

IN
G

 BU
LK

 MO
D

U
LU

S LOADING
 BU

LK
 MO

D
U

LU
S

FIGURE X.4 MODULI VERSUS VOLUME STRAIN FOR
THE CURVE DESCRIPTION MODEL

X.14



X. 2/D CONTINUUM ELEMENTS (continued)

NOTES/(conti nued)

(1) 
element nodes. The pressure p. is calculated using 

= GAMMA * Z. , where Z. is the Z-coordinate of node i.

This convention defines the assumed orientation of the Y-Z 
coordinate system. (All two-dimensional analyses must be 
carried out in the Y-Z plane.) From these hydrostatic 
pressures and the bulk moduli input above the in-situ volume 
strain at every integration point is calculated. When 
finding bulk and shear moduli from the curve description 
shown in Fig. X.4, in-situ volume strain is included. That 
is, for MODEL 5 *

where ^e is total volume strain (abscissa of curves in
v t P t L

Fig. X.4), e^ is the in-situ volume strain, and e^ is the 

volume strain due to applied loads. Note that for MODEL 4 
tev is assumed to equal te^.

(2) MODEL 5 contains the assumption that the material cannot 
withstand tensile stresses. When the tensile principal 
stress at an integration point exceeds the in-situ gravity 
pressure, a crack forms perpendicular to this principal 
stress and the stiffness across the crack is reduced by the 
factor STIFAC. Also, the shear stiffness at that integration 
point is reduced by the factor SHEFAC, which is meant to 
model the loss in shear strength due to cracking. Model 5 
is to be used with plane strain elements only and unloading 
is not permitted.



X. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "6" (NPAR(15).EQ.6) * [elastic-plastic material, von Mises 
yield condition]

note columns variable entry

(1) 1 - 10 PROP(1,N) Young's modulus, E

(1) 11-20 PR0P(2,N) Poisson's ratio, v

(2) 21 - 30 PROP(3,N) Yield stress in simple tension,

(3) 31 - 40 PR0P(4,N) Strain hardening modulus, E^

NOTES/
(1) MODEL 6 is a nonlinear 1 

NPAR(17).EQ.4 by default 
dependent variables must 
point.

ibrary material model for which
. NPAR(18).EQ.10, since 10 history- 
be stored for each integration

The Young's modulus and Poisson's ratio define the initial 
elastic behavior of the material.

(2) The yield stress in simple tension defines the initial 
yield conditions.

(3) Linear isotropic strain hardening is assumed and E+ is the 
tangential modulus (after yield) obtained from a umaxial 
tension test.

X.16



X. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "7" (NPAR(15).EQ.7) -* [elastic-plastic material, Drucker- 
Prager yield condition]

note columns variable entry

(1) 1 - 10 ?ROP(1,N) Young's modulus, E %

11-20 PR0P(2,N) Poisson's ratio, v

21 - 30 PR0P(3,N) Angle of friction, 0

31 - 40 PR0P(4,N) Cohesion, C

notes /
(1) MODEL 7 is a nonlinear library material model requiring

four (4) constants (i.e., NPAR(17).EQ.4 by default) per 
material property set. Eleven (11) parameters need to be

• stored per integration point, i.e. NPAR(18).EQ.l1 by default. 
The model assumes elastic perfectly plastic conditions.
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X. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "8" (NPAR(IS).EQ.8) ► [incompressible nonlinear plastic 
material, Mooney-Rivlin model]

note columns variable entry

(1) 1 - 10 PROP(1,N) C1

11-20 PR0P(2,N) C2

NOTES/
(1) MODEL 8 is a nonlinear library material model for which 

NPAR(17) is set to "2". Since the material is elastic, no 
history-dependent variables need be stored at integration 
points and NPAR(18) is set to "0". This rubber model can 
only be used in plane stress analysis.
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x. 2/D CONTINUUM ELEMENTS (continued)

For MODEL "29" (NPAR(15).GE.9) -<■ (user-supplied material model)

NOTES/

note columns variable

(1) 1 - 10 PROP(l.N)

• 11 - 20 PR0P(2,N)

21 - 30 PR0P(3,N)

• etc.

entry

(1) MODEL "29" is a non-standard model (i.e., is not in the 
material model library) and requires that property data be 
read

(PROP(J.N),J=1,NPAR(17)»N=1,NPAR(16))

where NPAR(17) is user-supplied (i.e., no default value 
exists). Subroutines which allocate storage locations (in 
"WA") for element history (if the model is nonlinear) and 
which calculate the incremental stress-strain lav/ and 
current stresses must be supplied. For a discussion on how to in-
corporate a user-supplied material model, see Appendix B.
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X.. 2/D CONTINUUM ELEMENTS (continued)

3• Stress Output Table Cards (915)

Skip this section if stresses at integration points are to be
printed, i .e. NPAR(13).EQ.O; otherwise supply NPAR(13) cards.

note columns variable entry

(1) 1 - 5 ITABLE(NJ) Stress output location 1

6 - 10 ITABLE(N,2) Stress output location 2

11 - 15 ITABLE(N,3) Stress output location 3

16 - 20 ITABLE(N,4) Stress output location 4

21 - 25 ITABLE(N,5) Stress output location 5

26 - 30 ITABLE(N,6) Stress output location 6

31 - 35 ITABLEfN,7) Stress output location 7

36 - 40 ITABLE(N,8) Stress output location 8

41 - 45 ITABLE(N,9) Stress output location 9

NOTES/
(1) Stress tables are defined to provide flexibility in element 

stress output requests. Each element can refer to one of the 
tables defined, and the element stresses are then calculated 
at the points specified in the table. Refer to Fig. X.5 for 
selection of the stress calculation points. The first "0" 
entry in a table will terminate that table. For example, if 
ITABLE(N,1).EQ.7 and ITABLE(N,2).EQ.O, then stresses will be 
printed at point 7 only whenever this stress table is refer-
red to.

The stress tables are only used when MODEL "1" or "2" define 
the material behavior.
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FIGURE X.5 STRESS PRINT-OUT CONVENTION
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X. 2/D CONTINUUM ELEMENTS (continued)

4. Element Data, Cards (15, T3,12,PH0,10IS)

note columns variable entry

(1) 1 - 5 M 2/D CONTINUUM element number;
GE.l and LE.NPAR(2)

(2)
t

6 - 8 IEL Number of nodes used to describe 
this element;
EQ.O, default set to "NPAR(7)"
LE.NPAR(7)

(3) 9-10 IPS Number of the stress table to be 
used for stress calculations; 
EQ.O, no stress output for this 
element

11 - 20 BET Material angle, B, in degrees to be 
used in connection with material 
model "2" (linear orthotropic) sm d

(4) 21 - 30 THIC Element thickness;
GT.O, plane stress only

-
31 - 35 MTYP Material property set number 

assigned to this element;
GE.Land LE.NPAR(16)

(1) 36 - 40 KG Node generation parameter used to 
compute node numbers for missing 
elements (given on first card of 
a sequence);
EQ.O, default set to ”1"

(2) 41 - 45 NOD(l) Global node number of element
nodal point 1

46 - 50 N0D(2) Global node number of element 
nodal point 2

51 - 55 N0D(3) Global node number of element
nodal point 3

56 - 60 N0D(4) Global node number of element
nodal point 4

61 - 65 N0D(5) Global node number of element 
nodal point 5

66 - 70 N0D(6) Global node number of element
nodal point 6

71 - 75 NOD(7) Global node number of element
nodal point 7

X.22



X. 2/D CONTINUUM ELEMENTS (continued)

note columns variable entry

76 - 80 NOD(8) Global node number of element 
nodal point 8

NOTES/
(1) Elements must be input in ascending element number order.

If data cards for elements [M+l,M+2,...,M+J] are omitted, 
these "J" missing elements are generated using IEL,IPS,BET, 
THIC, and MTYP given on the card for element "M" and by 
incrementing node numbers of successive elements with the 
value "KG"; the.value of KG used for incrementation is taken 
from the M-th element card, and only the non-zero nodes 
appearing on the M-th element card are incremented when 
generating missing element data.

(2) The number of nodes in element "M" is defined by "IEL". 
However, all 8 entries for NOD(I) arc read from the element 
data card; if IEL.LT.8 the particular node locations not 
used in this element need be input as "0" in NOD(I). Fig. X.6 
defines the input sequence that must be observed for 
element node input.

For example, the 6-node element (IEL.EQ.6) shown below

• is defined by

NOD(I) = [XXXXOXOX]
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XI. 3/D CONTINUUM ELEMENTS (continued)

1. Element Group Control Card (2014)

note columns variable

NPAR(l)1 - 4

(1) 5 - 8 NPAR(2)

(2) 9 - 12 NPAR(3)

(3) 25 - 28 NPAR(7)

(A) 37 - 40 NPAR(IQ)

(4) 41 - 44 NPAR(ll)

(5). 49 - 52 NPAR(13)

(6) 57 - 60 NPAR(15)

(6) 61 - 64 NPAR(16)

entry

Enter the number "3"

Number of 3/D CONTINUUM elements in 
this group;
GE.l

Flag indicating type of nonlinear 
analysis;

EQ.O, default set to "1"
EQ.l, material nonlinear analysis 

only
EQ.2, total Lagrangian
EQ.3, updated Lagrangian

Maximum number of nodes used to 
describe any one element;
EQ.O, default set to ”21"

Numerical integration order to be 
used in Gauss quadrature formula 
for r-s plane;

EQ.O, default set to "2"
GE.2 and LE.4

Numerical integration order to be 
used in Gauss quadrature formula 
for t-directi on;

EQ.O, default set to “2"
GE.2 and LE.4

Number of stress output location 
tables;
EQ.O, print stresses at 

integration points

Material model number;

GE.l and LE.8
EQ.l, linear elastic isotropic
EQ.3, curve description model

Number of different sets of 
material properties;
GE.l

XI.4



XI. 3/D CONTINUUM ELEMENTS (continued)

note columns variable entry

(6) 65 •• 68 NPAR(17) Number of constants per material 
property set;

EQ.O, if NPAR(15).LE.3
GE.l, if NPAR(15).GT.3

(6) 69 - 72 NPAR(18) Dimension of storage array required 
for element history;

EQ.O, if NPAR(15).LE.3
GE.O, if NPAR(15).GT.3

NOTES/
(1) 3/D CONTINUUM element numbers begin with one (1) and end 

with the total number of elements in this group, NPAR(2). 
Data for the individual elements are input in Section 
XI.4 below.

(2) NPAR(3) is applicable for nonlinear element groups only and 
determines the type of geometrical nonlinearities to be 
considered in the analysis. In the present version of 
NONSAP only material nonlinearities are included in 3/D 
CONTINUUM elements; hence, NPAR(3) must be specified as 
one (1).

(3) NPAR(7) is the maximum number of nodes that can be used to 
describe any one of the elements in this group, i.e. 
elements in this group must have less than or equal to NPAR(7) 
nodes. A minimum of 8 and a maximum of 21 nodes are used
to describe 3/D CONTINUUM elements as indicated in Fig. XI.3. 
Constant strain tetrahedra can be formed from 8-node elements 
by having nodes 1,2,3, and 4 coincide and nodes 7 and 8 
coincide.

(4) The selection of appropriate integration orders depends on 
the element shape and strain state being considered. When 
the quantities being integrated vary irregularly a higher 
order is needed. An integration order of "2" is sufficient 
for most problems. Shell or plate problems often use thin 
elements in which strain varies more or less linearly through 
the thickness, but more irregularly in the plane of the sur-
face of the shell. In these cases it is advantageous to 
specify a lower order for integration through the thickness, 
i.e., NPAR(ll) < NPAR(IO).

The expense of stiffness formation is dependent on the 
integration order, i.e.,

n = NPAR(ll) * NPAR(IO) * NPAR(IO)
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JftEXI.3 3/D CONTINUUM ELEMENT NODE NUMBERING CONVENTION
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XI. 3/0 CONTINUUM ELEMENTS (continued)

NOTES/(4)
where n is the number of points at which B DB must be 
calculated in order to find the element stiffness by Gauss 
integration.

The consistent mass matrix is always calculated using an 
integration order of three in each direction.

(5) Element stresses are calculated at the points defined in 
the stress output location table (see Section XI.3) assigned 
to an element. NPAR(13) defines the total number of stress 
output location tables input in Section XI.3.

For nonlinear material models (NPAR(15).GE.3) stress output 
tables cannot be used, and stresses are printed at integra-
tion points; NPAR(13) is set to "0" in these cases.

(6) Only one material model (defined by the value of NPAR(15)) is 
allowed in an element group. If NPAR(15) is 1 or 3, the 
model exists in the current library for 3/D CONTINUUM 
elements, and the entries for NPAR(17) and NPAR(18) are 
ignored by the program. If, however, NPAR(15) is “4" or 
larger, material constants must be read into a storage array, 
"PROP", which has dimensions NPAR(17), NPAR(16); i.e., 
property constants are stored as,

(PROP(I,J),1=1,NPAR(17),J=1,NPAR(16)

Non-library models require that NPAR(17) be given (input) as 
a positive integer. In addition, NPAR(18) must be specified 
for non-standard nonlinear models for use in allocating 
storage in a working array, "WA", which contains element 
history. The NPAR(18) parameters which characterize element 
history must be retained for materially nonlinear elements 
so that properties can be chosen in the current solution 
step. The working storage array'(WA) is dimensioned IDWA 
by NPAR(2), where

IDWA = NPAR(18) * (NPAR(10)**2) * NPAR(ll)

NPAR(2) = number of elements

i.e., for each integration point of each element NPAR(18) 
storage locations are preserved during the solution. See 
Appendix B for the procedure to incorporate a new material 
model.

The model defined for the element group must be consistent 
with the nonlinear formulation used (NPAR(3)) and the 
requirement of equilibrium iteration as defined on Card 4 
of the Master Control Cards (Section II). Equilibrium

XI.7



XI. 3/D CONTINUUM ELEMENTS (continued)

NOTES/(G)
iteration can be performed only if the material model 
allows for it and if there is at least one nonlinear element 
group. Table XI.1 summarizes the possible analyses with the 
3/D CONTINUUM material models implemented in the current 
version of NONSAP.
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XI. 3/D CONTINUUM ELEMENTS (continued)

2. Material Property Data

NPAR(16) sets of cards must be input in this section. Card "a" 
("material number card") is the same for all material models, 
but card(s) "b" ("material property card(s)") depend on the 
material model number NPAR(15).

a. material number card (I5.F10.0)

note columns variable entry

1 - 5 N Material property set number;
GE.l and LE, NPAR(16)

(1) 6 - 15 DEN(N) Mass density of the material used 
in the calculations of the mass 
matrix;
GE. 0.0

NOTES/
(1) The mass density defined is used directly in the calculation 

of the element mass matrix, i.e. no acceleration constants 
are applied to the variable DEN(N).

b. material property card(s) (8F10.0)

For MODEL "1" (NPAR(15).EQ.1) •* [linear isotropic elastic]

note columns variable entry

(1) 1 - 10 PROP(1,N) Young's modulus, E

11-20 PR0P(2,N) Poisson's ratio, v

NOTES/
(1) MODEL 1 is a linear library model defined by two (2) positive 

constants (E»v); i.e., if HPAR(15).EQ.1, NPAR(17) is set to 
"2" by default. MODEL 1 can be used with linear or nonlinear 
element groups. Since the material constants are independent 
of history NPAR(18) is "0" by default.
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XI. 3/D CONTINUUM ELEMENTS (continued)

FOR MODEL ”3" (NPAR(15).EQ.3) * [curve description model]

note columns variable entry

first card

(1) 1 - 10 PROP (1,N) ej volume strain at point "1

11 - 20 PR0P(2,N) e2ev....

21 - 30 PR0P(3,N) e3
V ,

31 - 40 PR0P(4,N) 4 
c ev

41 - 50 PR0P(5,N) ev ,
51 - 60 PR0P(6,N) 1 *v

K. n loading bulk modulus
l %2 at point ”1

\o • * • •

61 - 70 PR0P(7,N)

71 - 80 PR0P(8,N)

third card

second card

1 - 10 PR0P(9,N) K3
LD ,

11 - 20 PROP(IO.N) . IXD

21 - 30 PROP(ll.N) „5

31 - 40 PR0P(12,N) , k ld
Kiim unloading bulk modulus
u\2 at point ”1

K,UN....

41 - 50 PR0P(13,N)

51 - 60 PROP(14,N)

61 - 70 PR0P(15,N) k un
71 - 80 PROP(16,N) c

thirteen (13) variables--namely, the previously calculated

(2) 1 - 10 PR0P(17,N) K? 
XJN ,

11 - 20 PR0P(18,N)

G.n loading shear modulus
LUr2 at point ”1
3 g ld ....

21 - 30 PR0P(19,N)

31 - 40 PROP(20,N)

41 - 50 PR0P(21,N) g ld  .•
51 - 60 PR0P(22,N) r4

C GLD

61 - 70 PR0P(23,N) r5
L0 6

71 - 80 PR0P(24,N)
LD

NOTES/(]) MODEL 3 is a nori inear library material model for which
NPAR(17).EQ.24, by default. To characterize history,
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XI. 3/D CONTINUUM ELEMENTS (continued)

NOTES/(1) (continued)
stresses and strains, and the maximum volumetric strain ever 
reached in loading--need be saved for each integration point. 
Therefore, NPAR(W) is set to "13" by default.

All six input points must be defined, as indicated below:

fev

Note that

4<SKU) 8nd GLD<1-5KLD-

where "J" is the J-th table input point. Linear interpolation 
is used to define the loading and unloading bulk 
moduli, tKL[), tKUN, and the loading shear modulus, G^, at 

time t between input points. If the volumetric strain during 
any time or load step exceeds » a diagnostic message 
results.

(2) The unloading shear modulus at time t is calculated as

Xn = Xd ’ Xd •

NOTATION
For the notation used in the description of the nonlinear element 
models refer to the report, "Static and Dynamic Geometric and 
Material Nonlinear Analysis," Sc3M Report Ko. 74-4 » Fob. 1??4.
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XI. 3/D CONTINUUM 11.DOTS (continued)

For MODEL "^4" (NPAR(15).GE.4) * (user-supplied material model)

note columns variable

(1) 1 - 10 PROP(l.N)

11-20 PR0P(2,N)

21 - 30 PR0P(3,H)

•• etc.

NOTES/ ,
(1) MODEL ">4" is a non-standard mooel (i.e., is not in the 

material model library) and requires that property data be 
read

(PROP(J,N),J=1,NPAR(17),N=1,NPAR(16))

where NPAR(17) is user-supplied (i.e., no default value 
exists). Subroutines which allocate storage locations (in 
"WA") for element history (if the model is nonlinear) and 
which calculate the incremental stress-strain law and 
current stresses must be supplied. For a discussion on 
how to incorporate a user-supplied material model, see 
Appendix B.
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nodal point 21

XI. 3/D CONTINUUM ELEMENTS (continued)

note columns variable entry

46 - 50 N0D(18) Global node number of element 
nodal point 18

51 - 55 N0D(19) Global node number of element 
nodal point 19

56 - 60 N0D(20) Global node number of element 
nodal point 20

61 - 65 NOD(21) Global node number of element

NOTES/
(1) Element cards must be input in ascending element number 

order beginning with one (1) and ending with NPAR(2). 
Repetition of element numbers is illegal, but element 
cards may be omitted, and missing element data are 
generated according to the procedure described in note (6).

(2) IELD is a count of the node numbers actually posted on 
Cards 2 and 3 which must immediately follow Card 1. IELD 
must be at least eight (8), but must be less than or equal 
to the limit NPAR(7) which was given on the element group 
control card, Section XI. 1. Element displacements are 
assigned at the IELD non-zero nodes, and thus the order of 
the element matrices is three (i.e., translations X,Y,Z) 
times IELD. The eight corner nodes of the hexahedron must 
be input, but nodes 9 to 21 are optional, and any or all
of these optional nodes may be used to describe the 
element's displacement field. However, all 21 entries for 
NOD(I) are read from element data cards 2 and 3; if IELD 
.LT.21 the particular node locations not used in this ele-

ment must be input as zero (0) in NOD(I). Figure XI.3 defines 
the input sequence that must be observed for element input.

For example, the 10-node element (IELD.EQ.10) shown below

YT ID



XI. 3/D CONTINUUM ELEMENTS (continued)

NOTES/(2)

is defined by

NOD(I) = [X XX X X X X X 0 0 X 0 0 0 X 0 0 0 0 0 0], 

where the nonzero entries (X) are the global mesh node numbers 
(Section III) of the 10 nodes.

(3) When element edges are straight it is unnecessary 
computationally to include side nodes in the numerical 
evaluation of coordinate derivatives, the Jacobian matrix, 
etc., and since regular element shapes are common, an option 
has been included to use fewer nodes in these geometric 
calculations than are used to describe element displacements. 
The first IELX nonzero nodes posted on Cards 2 and 3 are used 
to evaluate those parameters which pertain to element 
geometry only. IELX must be at least eight (8), and if 
omitted is re-set to IELD. A common application might be
a 20 node element (i.e., IELD.EQ.20) with straight edges in 
which case IELX would be entered as "8".

(4) If IPS.EQ.0 no stress output will be provided for this 
element. A nonzero entry for the element stress printout 
flag "IPS" has a different meaning when used with nonlinear 
material models than it does when used with linear material 
models:

a) For a linear material model (MODEL.EQ.l) "IPS" specifies ' 
the stress output table (Section XI.3) to be used for 
this element. If no stress output tables were input 
(i.e., if NPAR(13).EQ.O) then IPS.EQ.l specifies that 
stresses are to be printed at all integration points for 
this element.

b) For a nonlinear material model (MODEL.GE.3) IPS.EQ.l 
specifies that stresses are to be printed at all 
integration points for this element.

(5) The flag 1ST allows the program to bypass stiffness and mass 
matrix calculations providing the current element is identical 
to the preceding element; i.e., the preceding and current 
elements are identical except for a rigid body translation.
If 1ST.EQ.O, new matrices are computed for the current 
element.

(6) When element cards are omitted, element data are generated 
automatically as follows,

a) All data on Card 1 for generated elements is taken to 
be the same as that given on the first element card in 
the sequence;
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XI. 3/D CONTINUUM ELEMENTS (continued)

N0TES/(6)

b) Nonzero node numbers (qiven on Cards 2 and 3 for the 
first element) are incremented by the value "KG" (on 
the first element's Card 1) as element generation 
progresses; zero (or blank) node number entries are 
generated as zeroes.

I
The last element cannot be generated.
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XII. FREQUENCIES AND MODE SHAPES CALCULATION DATA

If the flag defining the eigensolution mode ("IEIG") given in 
Section II (Master Control Parameters, Card 3) is omitted, skip this 
block of data; i.e., if IEIG.EQ.O, no data is read in this section.

Frequency Solution Data Card (I5,F10.0,I5)

EQ.l, print-out produced

note columns variable entry

(1) 1 - 5 NFREQ Number of frequencies to be 
calculated;
EQ.O, default set to "1"

(1) 6 - 15 COFQ Cut-off circular frequency (units 
of radians per unit time);
EQ.O, default set to "1.0E+08"

(2) •16 - 20 IFPR Flag to suppress intermediate print-
out of solution variables, interim 
informative messages, etc.;

EQ.O, print-out suppressed

NOTES/
(1) The lowest "NFREQ" vibration mode shapes and frequencies are 

evaluated for the structure linearized at time "TSTART". 
Frequencies are extracted in numerically ascending sequence, 
and unless the "N-th" frequency is > COFQ, the program will 
continue the eigensolution until all "NFREQ" modes have been 
determined. If the N-th frequency is > COFQ, where
I * N £ NFREQ, the eigensolution is discontinued, and only 
the lowest "N" frequencies and mode shapes are printed.

At completion of solution, "physical*' error bounds for each 
. eigenvalue and eigenvector are calculated using

II (K-w?M)<t>| |/1 |K(|»| | , where (u),<*>) is a calculated eigenpair.

(2) During the course of eigenvalue extraction various solution 
variables, informative diagnostics, etc. are printed if 
IFPR.EQ.l. This print-out is useful’ in tracing solution 
behavior.
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I. HEADING CARD (12A6) 

note columns variable

(1) 1 - 72 HED(12)

entry

Enter the master heading information 
for use in labeling the. output

NOTES/

(1) Begin each new data case with a new heading card.
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