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ABSTRACT

ANSR is a general purpose computer program for the static and dynamic
analysis of nonlinear structures, including both large displacements and inelastic
cffects. In two previously published reports, the theoretical formulations,
features and organization of version I (ANSR-I} of the program were docu-
mented. This report describes an extended version of the program (ANSR-II).

Several features have been added to the program. The most important of
these are: (1) a comprehensive restart option: (2) provision to allow static and
dynamic analyses in any sequence: (3) provision for static analysis with
prescribed nodal displacements as well as nodal loads; (4) provision for out-
of-phase support motions to be specified for earthquake analysis; (5) provision
for time delay (travelling wave) effects to be specified for forces and displace-
ments in dynamic analyses; and (6) out-of-core solvers for both symmetrical
and unsymmetrical equations.

The procedure for adding new elements to the program are described in
this report, and a User’s Manual for the main program is given.

The elements in the element library of the program will be described in
separate reports,
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1. INTRODUCTION

1.1. ANSR-I and ANSR-II

The computer program ANSR-I was released for general use in 1975, It has proven to
be a valuable tool for research in nonlinear structural behavior because of the relative ease with
which new nonlinear elements can be developed and added to the program. Theoretical princi-
ples, programming considerations, and applications of ANSR-I have been described in Refer-
ences [1] through [4].

ANSR-II is a major improvement over ANSR-I, both in organization and in capabili-
ties, and it is intended that ANSR-I1 will supersede the earlier program. Although ANSR-II
has more capabilities than ANSR-I, and hence is more-complex, the two programs are based on
closely similar principles. A user with ANSR-I experience will have na difficulty adjusting to
ANSR-II. Nonlinear elements which have been developed for ANSR-I must be modified to be
acceplable 10 ANSR-II, but onty minor changes are required.

The main improvements incorporated into ANSR-II are as follows :

(1) A restart option has been added. With this option, the structure properties and the
results at any number of stages in the analysis may be saved permanently. The pro-
perties and the results at any stage may be recalled, and further analyses performed.

(2) Static loadings may include both specified nodal forces and specified nodal displace-
ments. Nodes with specified displacements in one analysis may be released and have
specified forces in the next analysis, and vice versa.

(3} Dynamic loadings may include specified forces, specified ground accelerations, and/or
specified ground displacements. With the ground displacement option, different sup-
port points may be specified to move out-of-phase. A time delay provision is
included to allow specification of a train of waves moving past the structure.

(4) Any number of static and dynamic loadings may be specified, in any sequence.
(5) An out-of-core equation solver may be specified for the analysis of large systems.
(6) Both symmetrical and asymmetrical element stiffness matrices can be considered.

1.2. Report Layout

Chapter Two contains the program User’s Guide, with explanatory notes. Chapler
Three describes the procedures to be followed in adding new elements to the program. In
Chapter Four, the theoretical derivations and FORTRAN coding are presented for a simple ele-
ment, to illustrate the procedures.

Appendices A, B, and C contain, respectively, a summary of the theory for step-by-
step dynamic analysis; an explanation of the capacity limits of the program; and discussion of
the system control cards needed to use the restart option.

This report does not include discussion of solution strategies for nonlinear analysis.
The solution strategies available in ANSR-I have been described and compared in References
{2] and [4]. ANSR-II incorporates the same strategies. This report also does not include
descriptions of structural elements. Separate reports will be published describing particular ele-
ments and presenting examples of their use.



2. PROGRAM USER’S GUIDE

This Chapter describes the input data required for the program. Explanatory notes are
at the end of the Chapter.

Consistent units must be used throughout.

The input mode (I, F, or A) is specified for each data item. Mode I = FORTRAN in-
teger format (must be right justified in field). Mode F = FORTRAN F or E format {on CDC
machines, the exponent for E format must be right justified). Mode A = FORTRAN al-
phanumeric format.



A. PROBLEM TITLE
One card.

COLUMNS NOTE NAME DATA

1- 5(A) OPER Execution indicator:
(a) START: Execute.
(b) CHECK: Data check only.
(c) STOP: End of data.

9 - 80(A) PHED Problem title.

B. RESTART SPECIFICATION
One card.

COLUMNS NOTE NAME DATA

2 - 5(A) B.1 DATF  Data file code:
(a) OLDF: Use existing file.
(b) NEWF: Start new file.
(c) NOFL or blank: No file. Leave rest of card blank.

6 - 10(I) B.1 NRSEQ Data sequence number for restart (OLDF only). -Zero ot
blank = unstressed state.

15(D IPRS Print code for restart data (OLDF only):
(a) 0: No print.
(b) 1: Geometry data only.
(c) 2: Element states only.
(d) 3: Geometry data and element states.

16 - 80(A) B.2 DFID Data file identifier (OLDF or NEWF only).



C. STORAGE ALLOCATION AND PROBLEM SIZE

C1. STORAGE ALLOCATION
One card.

COLUMNS NOTE NAME DATA

4 - 5D C.1 KSCHM Stiffness storage code:
(a) —3 : Unsymmetric out-of-core.
(b) —2 : Unsymmetric in-core; duplicate out-of-core.
(c) —1 : Unsymmetric in-core; duplicate in-core. -
(d) +1 : Symmetric in-core; duplicate in-core. Defaults to
this.
(e) +2 : Symmetric in-core; duplicate out-of-core.
(f) +3 : Symmetric out-of-core.

6 - 10(D) C.2 MAXBLK For KSCHM = =3 : Maximum number of blocks
($ 20). Default = 1.

15(D C3 IEDBLK Protection code for element data:
(a) 0 or blank : Execute regardless.
(b) 1: Execute only if all element data can be held
in core.

.



C2. PROBLEM SIZE
One card. Omit for OLDF option.

COLUMNS NOTE NAME DATA

1- 50 NODES No. of nodes.

6- 100 NCNOD No. of control nodes (coordinates specified directly).
(Section D1.)

11-15( NODGC No. of coordinate generation cards (Section D2).

16 - 20(1) NDCON No. of cards specifying deleted d.o.f. (Section D3).

21 - 25(D NIDDOF No. of cards specifying equal d.o.f. (Section D4).

26 - 30(1) NMSGC No. of cards specifying nodal masses (Section DS5).

31 -35(D) C4 NELGR No. of element groups.



D. NODE DATA
Omit entire Section D for OLDF option.

D1. CONTROL NODE COORDINATES
NCNOD cards.

COLUMNS  NOTE NAME DATA

1- 5D D.1 N Node number, in any sequence.
6 - 15(F) X(N) X coordinate.
16 - 25(F) Y(N) Y coordinate.
26 - 35(F) Z(N) Z coordinate.



D2. COORDINATE GENERATION

NODGC cards.

COLUMNS NOTE NAME

1- 50D D.2
6 - 10(D
11-15(D

16 - 20(I)

21 - 30(F) D.2

31 -80(D)

NB

NE

NOD

ND

SPAC

NLIST

DATA

Node at beginning of line.
Node at end of line.

No. of nodes to be generated.

Node number difference. Leave blank if nodes are listed.
May be negative.

Spacing between nodes:

(a) Zero or blank : Uniform spacing.

(b) < 1.0 : Spacing = (length of line) x SPAC.
(¢) > 1.0 : Spacing = SPAC.

(d) < 0.0 : Error.

List of hodes. Up to 10 nodes, in 5-column fields. Omit if
ND is nonzero.



D3. DELETED DEGREES OF FREEDOM
NDCON cards.

COLUMNS NOTE NAME

1- 5D

10(D)

11(D)
12(D
13(I)
14(D
15(D

16 - 20(D

21 - 25(D)
26 - 30(D)

31 - 80(D

D3

D.4

D.4

D.4

D.4

N

NE

ND

NOD

NLIST

DATA

Node, or first node in a series.
Code for X translation:

(a) 1: Deleted.

(b) 0 or blank : Not deleted.
Code for Y translation.

Code for Z translation.

Code for X rotation.

Code for Y rotation.

Code for Z rotation.

Last node in series. Blank if a single node or if nodes are
listed.

Node number difference. Default = 1.
No. of nodes listed. Max. = 10.

List NOD nodes, in successive 5-column fields.



D4. NODES WITH EQUAL DISPLACEMENTS
NIDDOF cards.

COLUMNS NOTE NAME DATA

1(D D.5 Code for X translation:
(a) 1: X displacements identical for all nodes in list
(same d.o.f.).
(b) 0 or blank : Not identical (different d.o.f.).

2(D Code for Y translation.
3(D Code for Z translation.
4(D Code for X rotation.
5D Code for Y rotation.
6(D) Code for Z rotation.
11 - 15(D NOD No. of nodes listed. Max = 13.

16 - 80(1) NLIST  List NOD nodes, in successive 5-column fields.



DS. NODAL MASSES

NMSGC cards.
COLUMNS

1- 5(D

6 - 15(N)
16 - 25(N)
26 - 35(N)
36 - 45(N)
46 - 55(N)
56 - 65(N)
66 - 70(1)

71 - 75(D)

NOTE NAME

D.6

NF

SM(D)
SM(2)
SM(3)
SM(4)
SM(5)
SM(6)
NL

ND

DATA

Node, or first node in a series.

X mass.

Y mass. :

Z mass.

X rotational inertia.

Y rotational inertia.

Z rotational inertia.

Last node in series. Blank for a single node.

Node number difference. Default = 1.

~10-



E. ELEMENT DATA

Insert cards defining elements. The input requirements are described in separate
reports.

Omit Section E for OLDF option.

~11-



F. LOAD PATTERNS AND RECORDS

F1. STORAGE ALLOCATION

One card.
COLUMNS

1- 50
6 - 10(I)
11 - 15
16 - 20(D)

21 - 25(D

26 - 30(D

31-35(D

36 - 40(1)

41 - 45(D

46 - 50(D)

NOTE NAME
F.1 NSPAT
F.1 NPDP
F.2 NGAR
F.2 NFHR
F.2 NSDR
F.3 NFHN
F.3 NSDN
F.3 MAXIPT
F.3 NSINP
F.4 NSDEL

DATA

No. of static force patterns (Section F3).

No. of static displacement patterns (Section F4).
No. of ground acceleration records (Section F5).
No. of dynamic force records (Section F6).

No. of dynamic support motion records (displacement, velocity
or acceleration). (Section F7.)

Max. no. of nodes with dynamic forces (not less than total no.
of nodes specified in Section J4).

Max. no. of nodes with dynamic support motion (not less than
total no. of nodes specified in Section J5).

Max. no. of input values for any dynamic record (see NIPT,
Sections F5(b), F6(b), F7(b)).

Max. no. of interpolated values for any dynamic record (see
NSI, Sections F5(b), F6(b), F7(b)).

Max. no. of time steps delay (see NS, Sections J3, J4,715).

-12-



F2. CONTROL INFORMATION FOR STEP-BY-STEP INTEGRATION
One card.

COLUMNS NOTE NAME DATA
1 -10(F) DT Integration step size. .
11 - 20(F) F.5 DELTA Parameter & in Newmark’s method. Default = 0.

21 - 30(F) BETA Parameter 8 in Newmark’s method. Default

0.25(1 + 98)2,

31 - 40(F) F.6 DAMPM Mass proportional damping factor, .

_13_



F3. STATIC FORCE PATTERNS
NSPAT sets of cards.

F3(a). CONTROL CARD.
COLUMNS NOTE NAME DATA

1- 5(0) NSLG No. of load cards for this pattern.

9 - 80(A) Optional pattern title.

F3(b). LOAD CARDS
NSLG cards.

COLUMNS NOTE NAME DATA

1- 5(D NF Node, or first node in a series.

6 - 15(F) X force.

16 - 25(F) Y force.

26 - 35(F) Z force.

36 - 45(F) X moment.

46 - 55(F) Y moment.

56 - 65(F) Z moment.

66 - 70(D NL Last node in series. Blank for a single node.
71 - 75(1) ND Node number difference. Default = 1.

~14—



F4. STATIC DISPLACEMENT PATTERNS
NPDP sets of cards.

F4(a). CONTROL CARD
COLUMNS NOTE NAME DATA

1-5(0) NODPD No. of imposed displacements.

9 -80(A) Optional pattern title.

F4(b). DISPLACEMENT CARDS
As many cards as needed, four displacements per card.

COLUMNS NOTE NAME DATA
1- 5D F.7 Affected node.
104D Displacement code:

(a) 1,2, or 3 = X, Y, or Z translation, respectively.
(b) 4, 5, or 6 = X, Y, or Z rotation, respectively.

11 - 20(F) Displacement magnitude.
21 - 40 Repeat for second node.
41 - 60 Repeat for third node.
61 - 80 Repeat for fourth node.

-15-



F5. GROUND ACCELERATION RECORDS

NGAR sets of cards.

F5(a). RECORD TITLE
COLUMNS NOTE NAME

1-60(A)

61 - 80(A) F.8 FORM

F5(b). CONTROL CARD

COLUMNS NOTE NAME
1- 5(D NIPT
10(D KPR

11 - 20(F) F.8 TINT
21 - 30(F) F.9 TO
31 -35(D F.9 NSI

36 - 45(F) SFAC

DATA
Optional title.

Input format. No default.

DATA

No. of input acceleration values.
Max. = MAXIPT, Section F1.

Print code:

(@) 0: No print. Default = 0.
(b) 1 : Print as input and scaled.
(c) 2 : Print as interpolated.

(d) 3: Both 1 and 2.

Input time interval:

(a) Zero or blank : Input time - acceleration pairs.
(b) Nonzero : Input accelerations only.

Time at interpolation step zero.

No. of interpolation steps. Max. = NSINP, Section F1.

Scale factor. Default = 1.0.

F5(c). ACCELERATION VALUES

As many cards as needed.

If time-acceleration pairs are input, time must immediately

precede corresponding acceleration.

-16-



F6. DYNAMIC FORCE RECORDS
NFHR sets of cards.

F6(a). RECORD TITLE
COLUMNS NOTE NAME DATA

1-60(A) Optional title.

61 - 80(F) F.8 FORM  Input format. No default.

F6(b). CONTROL CARD
COLUMNS NOTE NAME DATA

1-5( NIPT No of input force values. Max. = MAXIPT, Section F1.

10 (D KPR Print code:
(a) 0 : No print. Default = 0.
(b) 1 : Print as input and scaled.
(c) 2 : Print as interpolated.
(d) 3 : Both 1 and 2.

11-20 (F) F.8 TINT Input time interval:
(a) Zero or blank: Input time - force pairs.
(b) Nonzero: Input forces only.

21 -30 (F) F9 TO Time at interpolation step zero.
31-35(D F.9 NSI No. of interpolation step. Max. = NSINP, Section F1.
36 - 45 (F) SFAC Scale factor. Default = 1.0.

F6(c). FORCE VALUES

As many cards as needed. If time-force pairs are input, time must immediately precede
corresponding force.

-17-



F7. DYNAMIC SUPPORT MOTION RECORDS

NSDR sets of cards.

F7(a). RECORD TITLE
COLUMNS NOTE NAME

1 - 60(A)

61 - 80(A) F.8 FORM

F7(b). CONTROL CARD

COLUMNS NOTE NAME
1- 5D NIPT
10(D
15(I) KPR

16 - 25(F) F.8 TINT

26 - 35(F) F.9 TO

36 - 40(D) F.9 NSI
41 - 50(F) SFAC
51 - 60(F) DO
61 - 70(F) F.11 VO

F7(c). MOTION VALUES

DATA
Optional title.

Input format. No default.

DATA
No. of input motion values.

Type of motion:

(a) 1: Displacement. Default = 1.
(b) 2 : Velocity..

(c) 3. Acceleration.

Print code:

(a) 0: No print. Default = 0.

(b) 1: Print as input and scaled.

(c) 2 : Print as interpolated.

(d) 3: Both 1 and 2.

Input time interval:

(a) Zero or blank: Input time-motion pairs.
(b) Nonzero: Input motion values only.
Time at interpolation step zero.

No. of interpolation steps. Max. = NSINP, Section F1.
Scale factor. Default = 1.0.

Displacement at time TO. Required for velocity and accelera-
tion records.

Velocity at time TO. Required for acceleration records.

As many cards as needed. If time-motion pairs are input, time must immediately precede

corresponding motion value.

_18_



G. OUTPUT SPECIFICATION

G1. CONTROL CARD
COLUMNS NOTE NAME DATA

1- 5(D NODSX No. of nodes for X-displacement printout. Punch —1 for all
nodes. For dynamic analysis, includes velocities and accelera-
tions.

6 - 10(D NODSY No. of nodes for Y-displacement printout Punch —1 for all
nodes.

11 - 15D NODSZ No. of nodes for Z-displacement printout. Punch —1 for all
nodes.

16 - 20(D) G.1 NODXP No. of nodes for X-displacement punched output. Punch —1
for all nodes.

21 -25(D NODYP No. of nodes for Y-displacement punched output. Punch —1
for all nodes.

26 - 30(D NODZP No. of nodes for Z-displacement punched output. Punch —1
for all nodes.

31 - 78(A) G.1 PFORM Punched output format. No default.
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G2. NODE LISTS

(1
(2)
(3)
(4)
(%)

(6)

Six sets of cards.

As many cards as needed. List NODSX nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODSX = 0 or —1.

As many cards as needed. List NODSY nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODSY = 0, or —1.

As many cards as needed. List NODSZ nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODSZ = 0 or —1.

As many cards as needed. List NODXP nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODXP = 0 or —1.

As many cards as needed. List NODYP nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODYP = 0 or —1.

As many cards as needed. List NODZP nodes in successive 5-column fields
(integer format), sixteen nodes to a card. Omit for NODZP = 0 or —1.
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H. ANALYSIS TYPE CARD

COLUMNS

1- 4(A)

9 - 80(A)

NOTE NAME
H.1 ANTYP
AHED

DATA

Analysis type code.

(a) STAT : Static analysis.
(b) DYNM : Dynamic analysis.
(c) NONE : End execution.
Default = NONE.

Analysis heading.
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I. STATIC ANALYSIS SPECIFICATION
Omit entire Section I for ANTYP = DYNM or NONE.

I11. CONTROL CARD
COLUMNS NOTE NAME DATA

1- 5D I.1 NSLI No. of static load increments.

9 -80(A) Optional additional analysis heading. Not saved on data file.

12. LOAD INCREMENT SPECIFICATION
NSLI sets of cards.

12(a). CONTROL CARD
COLUMNS NOTE NAME DATA

1- 5D I.1 NSTEP  No. of equal load steps.
(a) Positive : Results envelopes not printed at end of incre-
ment.

(b) Negative : Envelopes printed.

101 I.1 KSAVE Results saving code:
(a) 0 : Results not saved.
(b) 1: Results at end of load increment saved on data file.

1541) ISLOD  Static force patterns application code (Section 12(c)).
(a) 0 : Patterns not applied.
(b) 1 : Patterns applied.

20(D) IPDIS Static displacement patterns application code (Section 12(d)).
(a) 0 : Patterns not applied.
(b) 1 : Patterns applied.

25D ITYP Iteration type code:
(a) 0 : Newton-Raphson iteration.
(b) 1: Constant stiffness iteration.

30(1) KPATH State determination type code for Constant stiffness iteration.
(a) 0 : Path independent.
(b) 1: Path dependent.
Omit for ITYP = 0.

31 - 35(D KRUSE Stiffness reformation code.
(a) 0 : Stiffness not reformed.
(b) n : Stiffness reformed every n steps.

40(D IQUIT  Solution termination code:

(a) 0 : Solution continues if no convergence.
(b) 1: Solution terminated if no convergence.
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COLUMNS NOTE NAME DATA

45(1) 1.1 IPRNT  Output print code.
(a) 0 : Results not printed.
(b) 1: Results printed at end of load increment.
(c) 2 : Results printed every load step.
(d) 3: Results printed every iteration.

46 - 50(1) MAXC  Max. no. of iteration cycles in any load step.
51-55(D MAXI  Max. no. of iterations in any cycle.

12(b). CONVERGENCE TOLERANCES CARD
COLUMNS NOTE NAME DATA

1-10(F) TOLF Nodal force convergence tolerance in last step of load incre-
ment.

11 - 20(F) TOL ., Nodal force convergence tolerance in all except last step.

21 - 30(F) TOLK Nodal force convergence tolerance for change of stiffness in

Newton-Raphson iteration.

31 - 40(F) DISL Max. displacement (translation or rotation) increment permit-
ted in any iteration. Default = 1019,

12(c). STATIC FORCE PATTERNS APPLICATION

Omit this section for NSPAT = 0 (Section F.1), or ISLOD = 0; otherwise, as many cards as
needed to specify NSPAT scale factors. For each pattern (Section F3) in turn, specify a scale
factor. 10-column (F10.0) fields, eight to a card.

12(d). STATIC DISPLACEMENT PATTERNS APPLICATION

Omit this section for NPDP = 0 (Section F.1), or IPDIS = 0; otherwise, as many cards as
needed to specify NPDP scale factors. For each pattern (Section F4) in turn, specify a scale
factor. 10-column (F10.0) fields, eight to a card. ‘
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J. DYNAMIC ANALYSIS SPECIFICATION
Omit entire Section J if ANTYP = STAT or NONE.

J1. CONTROL CARD
NOTE NAME

COLUMNS
1- 50D
6 - 10(D
15(1)
16 - 20(D)
21-25(D
26 - 30(D)
31 -35(D
36 - 40(1)
41 - 45(D
46 - 50(D
51 - 60(F)

J.1

J.2

J.2

J.2

NSTEP

NICGC

IGM

NDLGC

NSDGC

NITHJ

NITHE

NIENV

NITHJP

KSAVE

TSTART

DATA
No. of time steps to be considered.

Initial conditions code:

(a) —1 : Zero initial velocities and accelerations.

(b) 0 : If first analysis in this computer run, conditions
of restart data sequence NRSEQ, Section B. If
second or subsequent analysis, conditions at
end of preceding analysis.

(¢c) >0 : Initial velocities and accelerations input on cards
(Section J2).

Ground acceleration application code.
(a) 0 : Ground accelerations not applied.
(b) 1 : Ground accelerations applied (Section J3).

No. of dynamic force application commands.
(@ 0 : Forces not applied
(b) >0 : Forces applied (Section J4).

No. of dynamic support motion application commands.
(a) 0 : Support motions not applied.
(b) >0 : Support motions applied (Section J35).

Time step interval for nodal response printout.
Default = no printout.

Time step interval for element response printout.
Default = no printout,

Time step interval for envelope printout.
Default = no printéut.

Time step interval for nodal response punched output.
Default = no output.

Time step interval for saving results on data file.
Default = no saving.

Time at beginning of this analysis. Needed if envelope times
are important; otherwise optional.
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J2. INITIAL CONDITIONS SPECIFICATION
NICGC cards. Omit if NICGC = ¢ or —1.

COLUMNS NOTE NAME DATA

5(1) KDOF  D.o.f. code
(@ 1,2,0r3 =X,Y, or Z translation, respectively.

(b) 4,5, 0or 6 = X, Y, or Z rotation, respectively.
6 - 15(F) Velocity.
16 - 25(F) Acceleration.
26 - 80(D List nodes with the same initial velocity and acceleration, in

successive 5-column fields.
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J3. GROUND ACCELERATIONS APPLICATION
Omit if NGAR = 0 or IGM = 0.

COLUMNS NOTE NAME DATA

1- 5 NR Ground acceleration record no. for X direction.
6 - 10 13 NS Step no. in interpolated record.
(a) = 0: Step NS in record is step zero for dynamic integra-
tion.

(b) < 0: Record applied with NS steps delay.
Max = NSDEL, Section F.1.

11 - 20(F) SFAC Scale factor. No default.
21 -40 Repeat for Y direction.
41 - 60 Repeat for Z direction.

J4. DYNAMIC FORCE APPLICATION
Omit if NFHR = 0 or NDLGC = 0; otherwise NDLGC cards.

COLUMNS NOTE NAME DATA
1- 50 NR Dynamic force record no.
10D KDIR Direction code.

(a) 1, 2, or 3 = X,:Y, or Z translation, respectively.
(b) 4, 5, or 6 = X, Y, or Z rotation, respectively.

11 - 15(D) J.3 NS Step no. in interpolated record.
(a) = 0: Step NS in record is step zero for dynamic integra-
tion.

(b) < 0: Record applied with NS steps delay.
Max. = NSDEL, Section F.1.

16 - 25(F) " SFAC Scale factor. No default.

26 - 80(1) NODL List nodes in successive 5-column fields. Total nodes must not
exceed NFHN, Section F.1.
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J5. SUPPORT MOTION APPLICATION
Omit if NSDR = 0, or NSDGC = 0; otherwise NSDGC cards.

COLUMNS NOTE NAME

1- 50

10(I)

11 -15(D J.3

16 - 25(F)

26 - 30(D)

NR

KDIR

NS

SFAC

NODL

DATA

Support motion record no.

Direction code.

(@) 1, 2, or 3 = X, Y, or Z translation, respectively.

(b) 4,5, or 6 = X, Y, or Z rotation, respectively.

Step no. in interpolated record.

(@) > 0: Step NS'in record is step zero for dynamic integration.
(b) < 0: Record applied with NS steps delay Max. = NSDEL.

Scale factor. No default,

List nodes in successive 5-column fields. Total nodes must not
exceed NSDN, Section F.1.

J6. SOLUTION PROCEDURE CARD
COLUMNS NOTE NAME

S5

10(D

11 -15(D

200D

21 - 25(D

26 - 30(D

31-35(D

ITYP

KPATH

KRUSE

IQUIT

MAXC

MAXI

DATA

Iteration type code.
(a) 0 : Newton-Raphson iteration.
(b) 1 : Constant stiffness iteration.

State determination type code.
(a) 0 : Path independent.

(b) 1: Path dependent.
Omit for ITYP = 0.

Stiffness reformation code.

(a) 0: Stiffness not reformed.

(b) n: Stiffness reformed every n time steps.
Solution termination code.

(a) 0 : Solution not terminated if no convergence.
(b) 1: Solution terminated if no convergence.
Max. no. of iteration cycles in any time step.

Max. no. of iterations in any cycle.

Time step interval for "fine" convergence tolerance. "Coarse” ™
tolerance is used in intermediate steps (Section .
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J7. CONVERGENCE TOLERANCES CARD

COLUMNS
1-10(F)
11 - 20(F)

21 - 30(F)

31 - 40(F)

NOTE NAME

TOLF

TOL

TOLK

DISL

DATA
"Fine" nodal force convergence tolerance.
"Coarse" nodal force convergence tolerance.

Nodal force convergence tolerance for change of stiffness in
Newton-Raphson iteration.

Max. displacement (translation or rotation) increment permit-
ted in any iteration. Default = 10!
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USER GUIDE NOTES

NOTE B.1

When NEWF is specified, a new data file is’created. The structure geometry data is
stored, and zero initial conditions (corresponding to the unstressed structure) are automatically
set up. During the computer run, analysis results may be saved at any stage in the analysis (at
the end of any static load increment, and at specified time step intervals in dynamic analysis).
The saved analysis results sets are numbered sequentially. Set number zero is the zero initial
conditions. The computer printout includes a log of the results sets saved on the data file.

For subsequent computer runs, the OLDF option may be used to recall the geometry
data and any results set number (NRSEQ). These results are used as initial conditions for con-
tinued analysis. Additional results may be saved during the analysis. These results are added
to those previously saved, and are numbered in continuing sequence.

NOTE B.2

For the NEWF option, the user must provide a data file identifier. This identifier is
stored as the first record on the data file. Subsequent uses of the data file (OLDF) must specify
the identical identifier, otherwise execution will be terminated. The two identifiers must- match
character for character, including blanks.

NOTE C.1

The program includes in-core and out-of-core, symmetric and unsymmetric equation
solvers. The structure tangent stiffness matrix is stored column-wise in compacted form omit-
ting most zero elements ("active column” form).

For large structures, the core storage may not be adequate to allow storage of the
entire matrix, in which case it may be blocked, with the blocks stored out of core
(KSCHM = +3).

For other values of KSCHM, either one or two stiffness matrices will be held in core.
As the structure becomes nonlinear, the tangent stiffness matrix progressively changes. The
stiffness matrix is progressively updated, rather that completely reformed, taking into account
only those finite elements which have stiffness changes. Updating of the tangent stiffness
requires least computational effort if storage for both the current matrix and a duplicate matrix
can be allocated in core (KSCHM = =+ 1). If this is not possible, the duplicate matrix must be
stored out-of-core {(KSCHM = +2).

NOTE C.2

If KSCHM = =3, the user may wish to specify a maximum number of stiffness
matrix blocks, to avoid a large number of small blocks and possibly high 1/0 costs. The
number of blocks may not exceed 20 (unless the program capacity is changed — see

Appendix B).
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NOTE C.3

For each finite element, an information block is created and continually updated. If
the core storage is not sufficient to hold the information for all elements, this information will
be stored out-of-core. 1/0 costs will be substantially higher for out-of-core storage than for
complete in-core storage. For small problems, the program user may intend the program to
execute in-core, and may wish to suppress execution if in-core storage is not possible. The
default option will usually apply.

NOTE C.4

The finite elements must be divided into "groups." All elements in any group must be
of the same type f{e.g., truss, 3D-solid), and, typically, all elements of a single type will be
included in a single group. However, elements of the same type may be divided into separate
groups if desired. There is no limit on the number of element groups. Within any group, ele-
ments must be sequentially numbered in increasing order. However, the first element within
any group may be given any number, not necessarily 1.

NOTE D.1

The "control node" coordinates must be defined with respect to an orthogonal, right-
handed coordinate system X, Y, and Z. The coordinates of the remaining nodes may be gen-
erated. Only a straight line generation option is currently available (Section D2).

NOTE D.2

Each generation command can generate the coordinates of one or more nodes. The
coordinates of the nodes at the beginning and end of the generation line must have been previ-
ously defined, either by direct specification or by a previous straight line generation.

The generated nodes are spaced along the generation line as follows:

(a) SPAC = 0.0: The generated nodes are uniformly spaced between the two end
nodes.

(b) SPAC < 1.0: The spacing between generated nodes is this proportion of the
length of the generation line. Note that this can allow generated nodes to lie beyond node NE
if desired.

(¢) SPAC > 1.0: The spacing between generated nodes is this distance. Again, gen- ’
erated nodes may lie beyond node NE.

The program also incorporates a default option for nodes which are not otherwise
defined. [t is not necessary to provide generation commands for nodes which are (a) sequen-
tially numbered between the beginning and end nodes of any straight line, and (b) equally
spaced along that line. After all generation commands have been executed, the coordinates for
each group of unspecified nodes are automatically generated, assuming sequential numbering
and equal spacing along the line joining the specified nodes immediately preceding and follow-
ing the group. That is, any generation command with SPAC = 0.0 and a node number
difference of one is superfluous.

NOTE D.3

Each node of the structure may have up to six displacement degrees of freedom,
namely X, Y, and Z displacement, and X, Y, and Z rotation. However, some displacements
may be constrained to be zero, and may be deleted. For each deleted degree of freedom (con-
straint code = 1), the corresponding equilibrium equation (row and column of stiffness matrix)
is deleted. All degrees of freedom at which nonzero static or dynamic displacements are to be
applied must be "free" (code =0).

If constraint codes are specified more than once for any node, the last specified value
is used. Hence, if most but not all nodes have similar constraints, the first command may
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cover all nodes, and specify "basic” constraint codes Later commands may then modify the
"basic" codes for particular nodes.

For plane analysis, the out-of-plane displacement and in- plane rotations must all be
eleted.

NOTE D 4

If nodes are not listed, the affected ﬁodes are nodes N, N + ND, N + 2*ND, etc. up
to node NE. If nodes are listed, NE and ND are ignored, and only the listed nodes are
affected.

NOTE D.5

It may often be reasonable to assume that certain nodes displace equally in certain
directions. The displacements (or rotations) can then be assigned the same degree of freedom
number. Each equal displacement command covers at most 13 nodes. If a group of nodes has
more than 13 nodes, specify the remaining nodes with additional commands. The smallest
numbered node in any group must be the first node in the list for all commands defining that
group.

Greater computational efficiency will often be achieved by constraining nodes to have
equal displacements. However, the effect may be to increase the effective band width of the
structure stiffness matrix, and may increase the required stiffness matrix storage and/or the
computational effort. Equal displacements should therefore be specified with caution.

Equal displacement constraints apply only to displacements (and rotations) along the
global X.Y.Z axes. Inclined displacements cannot generally be made equal using these
constraints.

NOTE D.6

Any node may, if desired, appear in more than one specification command. In such
cases, the mass will be the sum of the values specified in the separate commands. If certain
nodes are constrained to have equal displacements, the mass associated with the affected degree
of freedom will be the sum of the masses specified for the individual nodes. If a mass is
specified for any degree of freedom that is deleted, the mass is ignored.

NOTE F.1

A static force pattern defines a vector of nodal loads. A static displacement pattern
defines a vector of imposed nodal displacements. Any number of different patterns may be
defined. Force patterns and/or displacement patterns may be combined together to produce
static load and/or displacement increments. Combination factors are specified in Sections 12(c)
and 12(d).

NOTE F.2

Any number of ground acceleration records, dynamic force records, and/or support
motion records may be specified. Dynamic force records are applied as nodal loads, and sup-
port motion records as nodal displacements. Records can be applied singly or in combination.
The combination factors are specified in Sections F5, F6, and F7. The nodes affected by the
records are specified in Sections J4 and J5.

Ground accelerations are identified with the X, Y, and Z directions in Section J3.
Although any number of ground acceleration records may be defined, a maximum of three may
be applied at any time, one each in the X, Y, and/or Z directions.
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NOTE F.3

The values of NFHN, NSDN, MAXIPT, and NSINP are required by the program for
storage allocation. [f unnecessarily large values are specified, some core storage will be wasted.

NOTE F.4

Any one of the dynamic force records, support motion records, and ground accelera-
tion records may be applied with a time delay, specified in terms of a number of time steps
(DT, Section F2). A record which is applied with, say, NS steps delay will begin to be applied
at step (NS + 1) of the step-by-step dynamic integration. The value of NSDEL is the max-
imum number of time steps delay which will be specified for any dynamic record. This value is
needed for storage allocation and blocking of the records.

Because interpolated dynamic records could require large amounts of core storage if
each record were stored in-core, the program blocks each record. To perform the analysis with
allowance for time delay, each block must contain at least NSDEL time steps. If NSDEL is less
than 200, a block size of 200 is assumed. Hence, NSDEL may be left blank if the maximum
delay is less than 200 steps.

NOTE F.5

An implicit, single step, two-parameter (8, 8) family of integration operators has been
proposed by Newmark. The stability and accuracy characteristics of the procedure have been
extensively documented for linear analysis.

A number of different operators can be obtained by specifying values of the parame-
ters & and 3. The two most commonly used operators are:

(a) "Constant average acceleration" operator (§ = 0, 8 = 1/4).
(b) Linear acceleration operator (8 = 0, 8 = 1/6).

The constant average acceleration operator is unconditionally stable in linear analysis, and its
use is recommended for nonlinear analysis. This is the default option. Use of the linear ac-
celeration operator is not recommended.

NOTE F.6

See Appendix A for the damping assumption. The stiffness proportional damping fac-
tors, B, and B, are specified separately for each element group.

NOTE F.7

A static displacement pattern is a vector of nodal displacements. For each pattern, any
number of imposed displacements and/or rotations may be specified. If more than one dis-
placement is specified for any node and displacement direction (i.e., if a node number is repeat-
ed in a pattern) the last input value of imposed displacement is assumed (i.e., values are not
added). If an imposed displacement is input for a deleted degree of freedom, the displacement
is ignored.

In any static analysis (Section 1), several static displacement patterns may be combined
to produce a static displacement. Different combinations may be specified for each new load in-
crement, so that the degrees of freedom at which displacements are imposed may be different
from one load increment to next. Static force patterns may also be combined with displacement
patterns. If a static force is specified for a degree of freedom which also has a specified dis-
placement, the force is ignored.
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NOTE F.8

The input format for reading time-value pairs for any dynamic record (ground ac-
celeration, dynamic force, or support motion) must be specified. No default format is assumed
by the program. The format must be enclosed in parentheses, e.g., (8F10.0), without the word
"FORMAT." If any record contains record values (accelerations, forces, or support motions) at
constant time intervals, only the record values need to be input. The times for this case are au-
tomatically generated by the program as 0.0, TINT, 2*TINT, ...., etc.

NOTE F.9

The interpolated record consists of NSI time steps (steps 1, 2, 3 ...., NSI). The inter-
polation may start at the beginning of the record (TO = 0.0) or at some later time. The use of
some later time will most often be used when a dynamic analysis is restarted. The value TO
must then be the time at the last step of the preceding analysis (i.e., the analysis which defines
the initial conditions). Note that the time step, DT, may be different from that in the preced-
ing analysis. Nonzero values of TO may be used in other situations if desired. However, care
must be taken, especially in defining the initial conditions.

NOTE F.10

The scale factor may be used to convert from multiples of g to acceleration units, or to
scale the record. A further scale factor may be specified in Section J3.

NOTE F.11

For actunal application to the structure, dynamic support motions are converted to dis-
placement records. If a displacement record is specified directly, then the interpolation can be
carried out with no additional information. However, if a velocity record is specified, then the
displacement at time TO must be given. Similarly, if an acceleration record is specified, then
both the displacement and velocity at time TO must be given.

NOTE G.1

Punched output is produced for dynamic analysis only. .The following quantities are
punched, one card for each affected node at each output time step (NITHIP, Section J1).

Node number (I format).

Direction (X, Y, or Z; A format, minimum A2).
Displacement (F or E format).

Velocity (F or E format).

Acceleration (F or E format).

Time (F or E format).

The card format must be specified, with parentheses but without the word "FORMAT" (e.g.,
(15, AS, 3E15.5, 5X, F10.5)). The format length must not exceed 80 columns.

NOTE H.1

Static analysis includes prescribed static loads and/or displacements. Dynamic analysis
includes ground accelerations, dynamic forces and/or support motions, applied singly or in
combination. Any sequence of static or dynamic analyses may be performed in the same com-
puter run. Execution is terminated with the NONE option (or a blank card).

NOTE 1.1

Static loads and imposed displacements can be applied in any number of static load /n-
crements. Each increment is obtained by combining static load and/or imposed displacement
patterns. Each increment can be applied in a number of equal steps. For each step, the solu-
tion may be found in a number of iterations (depending on the solution strategy selected). The

-33-~



results may be printed at each iteration, at each step, or only at the end of the increment. En-
velope values may be printed only at the end of the increment. The response results at the end
of any increment may be saved on the data file, for use in later restarts.

For each new increment, a different solution strategy may be used, and the combina-
tion factors for load and displacement patterns may be different from one increment to the
next. Thus, non-proportional loads may be applied, and the degrees of freedom at which dis-
placements are imposed may be different from increment to increment.

A particular degree of freedom may have a specified displacement in one load incre-
ment (n) and a specified force in the following increment (n + 1). In such a case, a support
force will generally be present at the end of increment n, and this force must be eliminated in
increment n + 1. The program determines the support force automatically, and eliminates it
by applying the reverse of the force in the first step of increment n + 1.

NOTE J.1

For any dynamic analysis, initial velocities and accelerations are required. The default
option (NICGC = 0) is as follows:

(a) First analysis in this computer run (no preceding static or dynamic analyses): Condi-
tions of restart data sequence NRSEQ; or, for no restart, zero initial velocity and ac-
celeration.

(b) Second or subsequent analysis in this computer run: Final conditions of immediately
preceding analysis. If this was a static analysis, the initial velocities and accelerations
will all be zero.

The default option may be over-ridden by specifying NICGC = —1 or >0, as indicated. This
over-ride applied to velocities and accelerations only. The nodal displacements and element
states of stress are those from the preceding analysis (for restart, data sequence NRSEQ).

NOTE J.2

Ground motions may be specified using either ground acceleration specification or
dynamic support motion specification.

In the ground acceleration case, a "conventional" seismic time-history analysis is per-
formed, by integrating the equation

M.d5, + C.dx, + Ky.dx, = —M.d5,

in which x, = nodal displacements relative to ground, and x, = ground displacements. For
analyses of this type, all support points must move in phase, and the calculated displacements,
velocities, and accelerations are values relative to the ground.

In the dynamic support motion case, the analysis is performed by integrating the equa-
tion

M.dx + C.di + Kr.dx = Kr.dx,

in which x = total nodal displacements and x, = ground displacements (at support points).
The support points need not move in phase, and the calculated displacements, velocities and ac-
celerations are total values.

The program allows both ground accelerations and dynamic support displacements to
be applied simultaneously. However, the calculated results will be inconsistent because relative
and total values will be combined. Because total values are calculated for dynamic force appli-
cation, it will also be inconsistent to combine ground accelerations with dynamic forces. A
similar inconsistency will arise if a ground acceleration analysis is followed by a dynamic force or
dynamic support motion analysis, because the final conditions from the first analysis will not be
consistent with the required initial conditions for the second.
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If only static plus "conventional” seismic analyses are being performed, either the
ground acceleration option or the dynamic support motion option may be used. If both
dynamic forces and seismic motions are to be considered, only the dynamic support motion
option should be used. If out-of-phase seismic motions are to be considered, use of the
dynamic support motion option is essential.

The damping matrix, C, is given (see Appendix A) by :
C = aM + B()Ko + BTKT

Because rigid body motion of a structure will be unrestrained, it follows that :

K.dx. = K.dx

in which K = K, or Ky. Hence, if @« = 0, the damping forces in any analysis will be the same
for both the ground acceleration and support motion options. If o« # 0, however, the damping
forces will differ. Physically, "aM" damping implies the presence of mass-proportional damping
links as follows :

(a) Ground acceleration option: links connecting nodes to points which move with the
ground.

(b) Support motion option: links connecting nodes to points which are fixed in space.

NOTE J.3

Any dynamic record (e.g., ground acceleration record, force record, or support motion
record) may be applied with or without a time delay. When a record is applied without delay
(NS = 0), the record is applied with step number NS+1 of the interpolated record as step 1 in
the step-by-step integration. When a record is applied with delay (NS < 0, e.g., NS = —10),
step 1 of the interpolated record becomes step NS+1, (e.g., 11) in the step-by-step integration.
Up to this step, the value of the record is assumed to be zero.

A typical application will be seismic excitation of structures which are long in plan.
Assume that the ground motion is a train of waves travelling from left to right (note that this is
not correct for a true earthquake, but may be a reasonable assumption). The delay for the first
(leftmost) support will be zero; the delay for the second support will be the wave travel time
from the first support to the second; the delay for the third support will be the wave travel time
from the first support to the third; etc.

Time delays can also be considered when an analysis is restarted, by using the option
NS > 0. For the above typical application, the time step at interpolation step zero (TO, Section
F7(b)) will be the time in the record at the last (rightmost) support at the end of the preceding
analysis. The number of time steps delay (NS, Section J5) will then be zero for the righimost
support and positive values corresponding to the wave travel time for successive supports to the
left.

In any restart, the time step (DT, Section F2) may be changed if desired. For analyses
with delay, however, the time step should be such that the delay between any pair of supports
is always an exact number of steps. If this is done, the ground motions at all supports will con-
tinue, in the restart analysis, exactly where they ended in the preceding analysis. If not, the
continuation will not be from exactly the same times, and errors may result.

Provision is made for delays to be specified for "conventional” seismic analyses using
acceleration records (Section J3). It is important to note, however, that out-of-phase excita-
tions involve relative support displacements ("pseudostatic” effect) as well as accelerations ("in-
ertia” effect). This type of analysis considers the inertia effect only, ignoring the pseudostatic
effect, and should normalty be used only for in-phase motions (no delay).
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3. ADDITION OF ELEMENTS TO PROGRAM

3.1. INTRODUCTION

The computer program is organized to simplify, as much as possible, the procedures
for adding new elements to the element library. For this purpose, the program is divided into
two parts, as follows:

(a) the base program, which consists of a series of subroutines performing tasks which are
common to all elements; and

(b) a set of auxiliary programs, which consists of a package of subroutines for each type of
element, performing tasks which are not common to all elements.

A user/programmer adding a new type of element to the library must follow the auxiliary pro-
gram rules described in this chapter.

3.2. ELEMENT INFORMATION BLOCKS

For data input, the elements must be arranged in groups, such that all elements in
any group are of the same type. For each type of element, the base program calls the
subroutines of the auxiliary program at various times during the computation.

Information is transmitted to and from the subroutines of the auxiliary program in
the following three ways:

(a) through formal parameters (argument lists) of the subroutines;
(b) through labelled common blocks; and
{c) through an element "information block."

The formal parameters are described in Section 3.4, and the labelled COMMON blocks in Sec-
tion 3.3. The information block is described in this section.

For each element, an information block must be created and continually updated.
This information is defined by COMMON block /INFEL/. All information to be retained for
the element must be contained in this block, and this information must be sufficient to allow
complete monitoring of the element behavior. Rules for setting up the block are presented
subsequently.

Because the core storage will rarely be adequate to hold the information for all ele-
ments, this information will usually be held in secondary storage, typically a disc file, and
retrieved from time to time. If each element information block were to be individually
transmitted to or from the disc file each time it is required during computation, the number of
input-output operations would be large, possibly resulting in large input-output costs. To
reduce this cost, the base program automatically assembles "super" blocks of element informa-
tion. Each super-block consists of as many element information blocks as can be fitted into the
available core storage, and is transmitted to secondary storage with a single /0 command. If
the problem is small enough that the information blocks for all elements can be held in core,
secondary storage is not used.

The base program transfers the element information for any element to subroutines
in the auxiliary program through the array COMS in the formal parameter list. The address
assigned to the array COMS by the base program corresponds to the first word of information
for the corresponding element in the super-block. To transfer the data from this super-block to
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the element information block, the following FORTRAN statements must appear at the begin-
ning of the major auxiliary subroutines:

COMMON /INFEL /IMEM, ......
DIMENSION COMS (1), COM(1)
EQUIVALENCE (IMEM, COM(1))
DO 100 J = 1, NINFC

100 COM (J) = COMS())

in which NINFC = number of words in the element information block /INFEL/.

If the data within /INFEL/ is updated during computations in the subroutine, it may
be necessary to transmit the updated data back to the super-block at the end of the subroutine.
This is achieved with the following FORTRAN statements:

DO 200 J =1, NINFC
200 COMS (J) = COM (I)

In some cases, only a part of the data may be updated. Hence, it may be more efficient to
transfer the modified data selectively. However, the computer time required to transfer data
between COMS and /INFEL/ should be a small proportion of the total execution time, and it
will usually be safer for the program to transfer the entire block.

3.3. LABELLED COMMON BLOCKS

3.3.1. List of Blocks

The labelled COMMON blocks used in subroutines of the auxiliary program are as
follows:

(a) COMMON /TAPES/ NIU, NOU, NPU, NTI, ........ , NT11

(b) COMMON /INFGR/ NGR, NELS, MFST, DKO, DKT, GRHED (10), NINFC,
NDOF, EPROP (1000)

(c) COMMON /INFEL/IMEM, KST, LM(.), ...
(d) COMMON /WORK / WORK (2000)

3.3.2. Input-Output Units (/TAPES/)

COMMON block /TAPES/ contains file numbers assigned by the base program. The
variables in this block must not be changed in any subroutines of the auxiliary program. NIU is
the input unit for reading data, NOU is the output unit for printing data, and NPU is the punch
unit for punching data. Units NT1 through NT11 are used by the base program as scratch files
for manipulation of data. The subroutines of the auxiliary program may use units NIU and
NOU to read element data and print response results, and unit NPU may be used for punching
data. Units NT1 through NT11 must #ot be used.

3.3.3. Element Group Information Block (/INFGR/)

COMMON block /INFGR/ contains data which is common to all elements in a
group. This avoids storing repeated information in the /INFEL/ blocks. The variables in the
block have the following meanings:

NGR :  Element type number (the type of element in the group).
NELS : Number of elements in the group..
MFST : Element number of the first element in the group. ¥
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DKO : Initial stiffness damping factor, B (see Appendix A).
DKT : Current tangent stiffness damping factor, 8, (see Appendix A).

GRHED : An array of dimension 10, containing the group heading in alphanumeric
format (10A4).

NINFC : Number of words of information stored for each element in the group.
This is the length of the labelled COMMON block /INFEL/.

NDOF : Number of displacement degrees of freedom for elements in the group
(dimension of element stiffness matrix}.

EPROP : An array of 1000-word length in which the programmer may store any
data (for example, group control parameters, material properties, etc.).

The length of the array EPROP can be increased beyond 1000 words if desired, by modifying
the FORTRAN statement, COMMON/INFGR/ .... , in the main subroutine of the base pro-
gram.

The values of variables NGR, NELS. MFST, DKO, DKT, and GRHED are set by
the base program when it reads the first data card of each element group, using a (315, 2F10.0,
5X., 10A4) format. The values of the variables NINFC, NDOF, and EPROP must be set in the
auxiliary program, as described in Section 3.4.

3.3.4. Element Information Block (/INFEL/)

COMMON block /INFEL/ contains all data to be retained for an element. The data
can be arranged by the programmer in any desired order, except for the following restrictions:

(a) The first word of the block must be the element number. Variable name IMEM is
suggested.

(b} The second word must be the stiffness update code. Variable name KST is suggested.

(¢) The third word must be the first word of the element location matrix. The suggested
variable name is LM. The length of LM is the number of degrees of freedom for the
element (NDOF).

The remaining data in the block will typically consist of node coordinates, strain-displacement
transformation matrices, tangent stiffness matrix, stresses and strains, plastic strains, peak
values of stresses and strains, eltc.

A maximum length of 1000 words is currently allocated to this block by the FOR-
TRAN statement COMMON/INFEL/ ..... in the main subroutine of the base program.

3.3.5. Temporary Storage Block (/WORK/)

COMMON block /WORK/ provides a work area for use by the programmer, avoid-
ing the need to reserve new core for temporary variables. The area can be used for temporary
storage of data in any subroutine of the auxiliary program. Because the area is used for tem-
porary data storage by both the base program and other auxiliary programs, data stored in any
subroutine will not generally be retained after control is returned from that subroutine to the
base program. Hence, the area must be used only as a scratch storage area within a subroutine.

The block may be broken up in any way, provided the total length specified in the
main subroutine of the base program (currently 2000 words) is not exceeded.
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3.4. AUXILIARY PROGRAM

3.4.1. General

Each auxiliary program consists of subroutines required for a specific type of ele-
ment. Each program must consist of four main subroutines, as follows:

(a) INEL : [Input and initialization of element data.
(b) STIF : Computation of element tangent stiffness.

(¢) RESP :  Element state determination. This will generally be the lengthiest and
most critical subroutine.

(d) EQUT: Print envelope values of element response.

Each of these four subroutines must be identified by a number designating the ele-
ment type, suffixed to the subroutine name. For example, the names of subroutines for the
element type 1 must be

INEL1, STIF1, RESP1, EOUT1

The programmer can also write, if needed, secondary subroutines which are referenced by any
of the four main subroutines of the auxiliary program. At the end of a secondary subroutine,
control will be returned to the main subroutine, and at the end of a main subroutine, control
will be returned to the base program. Information may be transferred to and from a secondary
subroutine through formal parameters (argument list), through any of the labelled common
blocks described in Section 3.3, or through other labelled COMMON blocks created specifically
for such information transfer.

Explanations of the tasks to be performed by each of the four main subroutines, and
the meanings of the formal parameters are given in the following sections.

3.4.2. Subroutine INEL

Subroutine INEL is called by the base program once for each group of elements of
the corresponding element type (for example, subroutine INEL1 will be called once for each
group of elements containing elements of type 1). The purpose of the subroutine is to read the
input data for all elements in the group, and to initialize the variables in the /INFEL/ block.

The subroutine will use COMMON blocks /TAPES/, /INFGR/, and /INFEL/. The
COMMON block /WORK/ may be used if desired. The formal parameter list is:

(NJT, NDKOD, X. Y, Z, I_(EXEC).
The variables in this list have the following meanings: ¢

NIT - Total number of nodes in the structure. This value is set by the base
program.

NDKOD :  An array of dimension (NJT.6) which contains the numbers of the struc-
ture degrees of freedom. That is, NDKOD(I,1) through NDKOD(,6)
contain the numbers of the structure degrees of freedom corresponding
to the X, Y, and Z displacements and X, Y, and Z rotations, respectively,
at node 1. These values are set by the base program, and must not be
changed in the auxiliary program.
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X,Y,Z : Arrays of dimensions NJT each, which contain nodal coordinates. That
is, X(1), Y(D, and Z({) contain the X, Y, and Z coordinates, respec-
tively, of node 1. These values are set by the base program, and must
not be changed in the auxiliary program.

KEXEC : Data check parameter. This must be set to one if there are errors in the
element data; otherwise should not be changed. The base program will
continue execution only if KEXEC is not one.

As explained previously, the values of variables NGR through GRHED in the block /INFGR/
are set in the base program by reading the first data card of the element group. All subsequent
data for the elements must be read within the subroutine INEL (or any secondary subroutines
called by INEL). The data sequence and input formats can be chosen by the programmer.

The following steps must be performed in the subroutine:

(a) Set the variables NDOF and NINFC in the block /INFGR/.
(b) Establish additional group control parameters in block /INFGR/, if needed.

(¢) If desired, establish reference tables of material properties, initial stresses, etc. for use
in specifying the properties for each element. The /WORK/ block may be used to
store these tables temporarily, or block /INFGR/ may be used to store them per-
manently.

(d) Specify properties for each element in the group. The property data will typically con-
sist of node numbers, material properties, the initial state of stress, an indicator for
inclusion of large displacement effects, etc. Any reference tables established in (c)
may be used. Generation options may be incorporated, provided the elements are
generated in element number sequence and information for only one element at a
time is stored in the /INFEL/ block.

{e) For each element, the following initialization operations must be performed:

(1) Set up the element location matrix, LM, within /INEEL/. This can be done
with reference to the numbers of the structure degrees of freedom contained in
the array NDKOD, and the element node numbers.

(2) Set IMEM to the element number within the group. Set the stiffness update
code KST to one (KST = 1).

(3) Set any status indicators established within /INFEL/ to appropriate values.
Such indicators will typically be used to indicate whether or not large displace-
ment effects are to be considered, to monitor yield status, to control printing of
stress and strain time histories, etc.

(4) Compute and store, in /INFEL/, strain-displacement transformation matrices
for use in forming the element stiffness and for state determination calculations.
Note that the nodal coordinates X, Y, and Z are not transferred by the base pro-
gram to the auxiliary routines STIF and RESP. However, the programmer may
retain the nodal coordinates for the nodes to which thé element connects, as
part of the /INFEL/ block, if desired. .

(5) Call subroutine BAND with the statement:
CALL BAND (LM, NDOF).
This permits the base program to establish information on the profile of the

structure stiffness matrix. This call must be made after the element location
matrix, LM, has been set up.
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(6) Call subroutine COMPACT with the statement
CALL COMPACT

This transfers data from the /INFEL/ block to a scratch file assigned by the

base program. This call must be made after the element information in the

block INFEL has been fully initialized. The call transfers NINFC words to the
scratch file, and the data is later recalled by the base program and arranged in

"super” blocks, as explained previously.

3.4.3. Subroutine STIF

Subroutine STIF is called by the base program whenever a total structure stiffness
matrix or a change in this matrix is to be computed. If the total stiffness is to be formed, the
subroutine is called once for each element. If a change in stiffness is being formed, the
subroutine is called only for those elements which have undergone stiffness changes.

The purpose of the subroutine is to compute either a change in element stiffness or
the total element stiffness, and return this stiffness to the base program for assembly into the
structure stiffness matrix. The element stiffness matrix will be either the static tangent stiffness
(static analysis), or the effective dynamic tangent stiffness (dynamic analysis). Because the
structure stiffness matrix is not necessarily updated at every load step, time step, or iteration,
the change in any element stiffness must be the change since the STIF subroutine was last
called for that element.

As for subroutine INELI, subroutine STIF1 will be called for elements of type 1.
The subroutine will use COMMON blocks /INFGR/ and /INFEL/. The COMMON block
/WORK/ may be used if desired. The formal parameter list is;
(ISTEP, NDF, LINF, CDKO, CDKT, COMS, FK, INDFK, ISTFC)

The variables in this list have the following meanings:

ISTEP : Load step number, or time step number. This value is set by the base pro-
gram. :
NDF : Equal to NDOF, for use in dimensioning array FK. *

LINF : Equal to NINFC, for use in dimensioning array COMS.

CDKO : Value of constant a,8, (see Appendix A) to be used in computing the
- damping contribution to the effective stiffness matrix in dynamic analysis.
This value is set by the base program.

CDKT : Value of constant a,8; (see Appendix A) to be used in computing the
damping contribution to the effective stiffness matrix in dynamic analysis.
This value is set by the base program.

COMS : A vector of dimension LINF, which contains the element information.
The address assigned to COMS by the base program corresponds lo the
first word of information for the element.

FK : An array of dimension (NDF x NDF), into which is to be placed either

the change in the element stiffness matrix since the last update, or the
total element stiffness matrix. See explanation below.
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INDFK: Indicator to specify the storage arrangement of the element stiffness matrix
in the array FK. The programmer is required to assign a value of zero or
one to INDFK, as explained later.

ISTFC : An indicator set by the base program. A value of zero means that array
FK must contain the change in the element stiffness; whereas a value of
one means that FK must contain the total element stiffness.

The element stiffness matrix can be stored in the array FK either (1) as a square symmetric
matrix of dimension (NDF X NDF) or (2) as a vector in which the columns of the lower half
of the symmetric stiffness matrix are stacked together compactly. The number of words for this
latter form will be NDF X (NDF + 1)/2. The programmer must set INDFK to zero if the ele-
ment stiffness is stored as in (1), and to one if the element stiffness is stored as in (2). The
base program uses INDFK in the assembly of the element stiffnesses into the structure
stiffness.

The following steps must be performed in the subroutine.

(a) Transfer the data from array COMS to the element information block /INFEL/, using
the procedure explained in Section 3.2.

(b) Set INDFK to zero or one, as appropriate.

(c) Depending on the vilue of ISTFC, compute the change in the element stiffness, or
the total element stiffness. If ISTEP < 0 (static analysis), the stiffness is the tangent
stiffness; if ISTEP > 1 (dynamic analysis), the stiffness is the effective tangent
stiffness.

(d) Set the stiffness update code, KST, to zero.
(e) Update any data in /INFEL/ which has changed.

(f) Transfer the information in /INFEL/ to COMS, using the procedure explained in
Section 3.2.

3.4.4. Subroutine RESP

Subroutine RESP is called by the base program once for each element at each itera-
tion in a static or dynamic analysis. As for subroutine:INEL1, subroutine RESP1. will be called
for elements of type 1.

The purpose of the subroutine is to perform the following tasks:

(T1) Compute the element deformations (strains) and actions (stresses).

(T2) Determine the change of yield status for the element, if any.

(T3) Compute nodal loads which are in equilibrium with the new state of stress.
(T4) Compute effective dynamic damping loads, using the element nodal velocities.

(TS) Accumulate envelope (peak) values of the element deformations (strains), actions
(stresses), and any other element response quantities. This task is optional, depend-
ing on whether or not the programmer decides to store envelope values in the
/INFEL/ block.

(T6) Update the element data in the /INFEL/ block.

(T7) Print the current element response results, such as status code(s), stresses and
strains, etc. )

Not all tasks are performed in any given call to the subroutine. As explained subsequently, the
base program specifies, through the value of the indicator KUPD, which of the above tasks
must be performed.

The subroutine will use COMMON blocks /TAPES/, /INFGR/, and /INFEL/. The
COMMON block /WORK/ may be used if desired. The formal parameter list is:

-4~



(NDF, LINF, KPR, COMS, Q, VEL, ACC, FE, FD, TIME, C7, C8, KUPD,

KITRN)

The variables in this list have the following meanings:

NDF

LINF

KPR

COMS

VEL

ACC

FE

FD

TIME

C7

C8

KUPD :

KITRN:

Equal to NDOF, for use in dimensioning (see below).
Equal to NINFC, for use in dimensioning COMS.

Print indicator for element stress and strain results. This value is set by
the base program. KPR is set to zero if the results are not to be printed;
otherwise it is set to the element group number.

A vector of dimension LINF, which contains the element information.
The address assigned to COMS by the base program corresponds to the
first word of information for the element.

A vector of dimension NDF, which contains increments of element nodal
displacements.

A vector of dimension NDF, which contains the element nodal velocities.

A vector of dimension NDF, which contains the element nodal accelera-
tions.

A vector of dimension NDF, in which the nodal loads in equilibrium with
the current state of stress must be returned. '

A vector of dimension NDF, in which the effective dynamic loads must be
returned. See Appendix A for definition of these loads.

Time, in seconds, at the current time step. This value is set by the base
program. In static analysis, TIME = 0.0.

Value of constant C7 (see Appendix A) to be used in computing the
damping contribution to the effective dynamic load vector. This value is
set by the base program.

Value of a second constant to be used in computing the damping contribu-
tion to the effective dynamic load vector. This value is set by the base
program.

An indicator controlling which task or combination of tasks is to be per-
formed, as explained later. The base program sets KUPD to a value of 1,
2,3, or4.

An indicator specifying the form of the effective load vector in dynamic
analysis. This value is assigned by the base program. The calculation pro-
cedures are described later.

The values of MFST (in block /INFGR/) and KPR can be used by the programmer to print the
element numbers and an appropriate heading when element response results are printed. The
element group heading (in block /INFGR/) may also be printed.

The value of KUPD is used as follows in performing tasks (T1) through (T7).

(1) KUPD =

1: Perform all tasks (T1) through (T7).
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(2) KUPD = 1: Perform tasks (T1) through (T4), and (T7).

I

(3) KUPD = 3: Perform task (T7) only.

(4) KUPD = 4: Perform tasks (T3), (T4), and (T7).
The steps in the subroutine will be as follows:

(a) Transfer the data from array COMS to the element information block /INFEL/ using
the procedure explained in Section 3.2. v

(b) Perform tasks (T1) through (T7), depending on the value of the indicator KUPD.

(¢) If the element changes its status because of material yielding or unloading, set the
stiffness update code, KST, to one. If large displacement effects are included for the
element, KST must always be set to 1, because there will be a continuous change in
the element geometry and hence in its stiffness. KST must be set prior to updating
the element information in /INFEL/ (i.e., prior to performing task (T6)).

(d) Transfer the information in /INFEL/ to the array COMS, using the procedure
explained in Section 3.2. This transfer must be carried out only f KUPD = 1. For
all other values of KUPD, omit this step.

3.4.5. Subroutine EOUT

Subroutine EOUT is called by the base program for each element at certain load and
time step intervals. As for subroutine INEL1, subroutine EOUT1 will be called for elements of
type 1. ' ’

The purpose of the subroutine is to print envelope (maximum and minimum) values
of stresses, strains, etc., and the corresponding times at which these values have occurred. The
format for printing these results is chosen by the programmer. If the programmer decides not
to store envelope values and corresponding times in the block /INFEL/, a dummy EOUT
subroutine must be supplied. .

The subroutine will use COMMON blocks /TAPES/, /INFGR/, and /INFEL/. The
COMMON block /WORK/ may be used if desired. The formal parameter list is:

(LINF, COMS)
The variables in this list have the following meanings:

LINF : Equal to NINFC, for use in dimensioning COMS.
COMS: A vector of dimension LINF, which contains the element information. The

address assigned to COMS by the base program corresponds to the first word
of information for the element.

The following steps must be performed in the subroutine.

(a) Transfer the data from array COMS to the element information block /INFEL/, using
the procedure explained in Section 3.2.
(b) Print an appropriate heading for the envelope results.

(c) Print the results for the element.
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4. EXAMPLE ELEMENT

4.1. Truss Element

Elements added to the ANSR program may be elastic or inelastic, and may consider
small or large displacements. The theory for an element may be developed rigorously, using
finite element and continuum mechanics principles, or less formally, using physical ("engincer-
ing") approaches. The use of rigorous continuum mechanics formulations becomes particularly
important for elements undergoing large displacements.

The simplest of all elements is the truss bar, transmlmng only Xmdl load A large dis-
placements theory for this element can be formulated using either an engineering approach or a
rigorous mechanics approach. In this chapter, FORTRAN coding is presented for a truss bar
element with stmple inclastic behavior and with a rigorous mechanics formulation for large dis-
placements effects. This element is identical to the truss bar element in ANSR-I [2].

The features of the element and the ANSR-II input data are presented in the following
sections. The theory for the element is shown in Table 4.1, and the INEL1, STIF1, RESPI1,
and EQOUT! subroutines are listed in Tables 4.2 through 4.5, respectively. These tables, in con-
junction with Chapter Three, illustrate the procedure to be used in developing elements for the
program.

4.2. Truss Element Features

Truss elements may be arbitrarily oriented in space, but can transmit axial foad only
(Fig. 4.1). Large displacement elfects may or may not be included. When this eﬁeu is
specified, it is included in both static and dynamic analyses.

Two alternative modes of inelastic behavior may be specified, namely, (1) yielding in
both tension and compression (Fig. 4.2a) and (2) yielding in tension with elastic buckling in
compression (Fig. 4.2b). Strain hardening effects may be considered. It should be noted that
the inelastic behavior is specified in terms of stress and strain, rather than axial force and axial
deformation. The stress-strain relationship is decomposed into two components, one linearly
elastic and the other elastic-perfectly plastic. Linearly elastic behavior can be obtained by speci-
fying a very high value of the yield stress. Elastic-perfectly-plastic behavior can be obtained by
specifying a very small strain hardening ratio.

Initial axial forces in the truss elements can be specified. These initial forces will typi-
cally be the forces in the elements under static loading, as calculated by a separate analysis. For
consistency, these forces should be in equilibrium with the static load producing them, but this
is not essential as the computer program makes corrections for any equilibrium imbalance
resulting from the initial forces.

4.3. Results Output

The following response results are printed at the specified output intervals in static and
dynamic analyses, for those truss elements for which the response results are requested.

(1) Element number.
(2) Node numbers at ends i and j.
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(1)
(2)
(3)

(4)

(5)

Yield code: Zero indicates that the element is elastic, and one indicates that it is
yielding or buckling.

Axial force, tension positive.

Total axial deformation, elongation positive.

Accumulated positive and negative plastic deformations (elongation positive} up to
the current load or time. These deformations are computed by accumulating the plas-
tic extensions during all positive and negative plastic excursions. For an element
which buckles in compression (Fig. 4.2b), the accumulated negative plastic deforma-
tions are printed as zero.

The results envelopes consist of the following :

Element number.

Node numbers at ends i and j. v

Maximum positive and negative values of axial force, and Ihe,,,correspo'nding times at
which these values occur. : '

Maximum positive and negative values of total deformation, and the corresponding
times.

Accumulated plastic deformations.

4.4, Input Data

44.1. C

ONTROL INFORMATION

COLUMNS DATA

5(I) Element group indicator. Punch 1 (to indicate that group consists of three-
dimensional truss elements).
6 - 10(1) Number of elements in group. )
I1-15(D Element number of first element in group (MEST). Default = 1.

16 - 25(F) [nitial stifftness damping factor, 8,,.

26 - 35(F) Current tangent stiffness damping factor, 8.

41 - 80(A) Optional group heading.

4.4.2. MATERIAL PROPERTY INFORMATION

4.4.2(a)
COLUM

1- 5D

CONTROL CARD
NS DATA

Number of different material types (NMAT). Default = 1.
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4.4.2(b) SUBSEQUENT CARDS

NMAT cards.
COLUMNS

1- 5

6 - 15(F)
16 - 25(F)
26 - 35(F)

36 - 45(F)

DATA

Material number in sequence, starting with 1.

Young’s modulus of elasticity, E. |

Strain hardening modulus as a proportion of Young’s modulus.
Yield stress in tension.

Yield stress in compression, or elastic buckling stress in compression.

4.4.3. ELEMENT DATA GENERATION

As many cards as needed to generate all elements in group. The cards for the first and
the last elements in the group must be-input. If cards for intermediate elements are omitted,
the data is generated. Elements within the group are sequentially numbered, starting with

MFST.
COLUMNS

1- 5(D

6 - 10(D
11 - 15(D
16 - 20(1)
21 - 30(F)
31 - 40(F)
41 - 45(F)

50(I)

55(D

60(D

DATA

Element number, or number of first element in a sequentially numbered series
of elements to be generated by this card.

Node number at end i.

Node number at end j.

Material number. Default = 1.

Cross sectional area.

Initial axial force.

Node number increment for element generation. Default = 1.
Code for large displacement effects.

Blank or punch zero = small displacements.

1 = large displacements.

Time history code.

Blank or punch zero = no time history printout.
1 = time history output required.

Buckling code.

Blank or punch zero = element yields in compression without buckling.
1 = element buckles elastically in compression.

-



Sy INITIAL AXIAL FORCE
(TENSION + VE)

FIG. 4.1 TRUSS ELEMENT
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(0) YIELD IN TENSION AND COMPRESSION

|

(b) YIELD IN TENSION, BUCKLING IN COMPRESSION

FIG. 4.2 INELASTIC BEHAVIOR FOR TRUSS
ELEMENT
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TABLE 4.1
LARGE DISPLACEMENT FORMULATION FOR TRUSS BAR

Any point on the truss bar axis is defined with respect to orthogonal local axes x-y-z,
in the original bar configuration. Axis x is directed from element end [ to end J. The point has
displacements u, v, win x, y, Z.

Let 'u = [lu Iy 1w] and v = [u v w] be the total displacements in the current

configuration (time t) and the increments in displacements (from t to t + At), respectively.
The increment in axial strain is given by:

e=¢+m
where
e = linear part of strain increment;
n = nonlinear part of strain increment;
Olul du . 8'v Ov , 8w Ow
e=ll1+-——|—+— —+ — — 1
ox | dx 0x Ox dx 0x (1)
and
1| oul? 9 |? dw |
==l — + | 2
773 dx dx dx 2)

Let 'r = [1,.1 Uy Try try Yrs ‘1'6] be a vector of the x - y - z displacements (time t) at
nodes I and J. The interpolation relationship for internal element displacements is :

ry
ll,.2
'u Nio 0 Mo 0 Iy
1V = 0 N10 0 N20 ]r (3)
Iy 0 0 N O o N, 4

rs
T
X X .
where N, = |1— k N, = 1 ; and L, = length of the element at time t = o.
0 0
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Therefore:

-1, 1] {'r) (4)

or:

in which /3 = 3 x 3 unit matrix.

Similarly:
Qu
gx
v |1 )
E = L [—1; I5] {r} (5)
ow
ax
or:
(ug) = -1=1, 1,1}
3 I 3 13

0
in which {r] = vector of displacement increments at nodes I and J.
Substituting equations (4) and (5) into equations (1) and (2), we have:

o= —Ll— [BL]{r} 6)
n = Y2 {ug} {us} @)
where:
|| 8k 8y 8w dluf 8'v 8'w
[BL] h I+ ox ox 0x ox ox  Ox ®)

The linear and nonlinear parts of the local tangent stiffness are obtained as follows (see, for
example, Reference 1, Chapter 2).

(1) Linear Part of Local Tangent Stiffness:

o) - 52 ) )

where:
E7 = tangent modulus

A, = area of truss bar at time t = o.
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(2) Nonlinear Part of Local Tangent Stiffness :

lo A,
[K’VL] L

o]

I3~y
—1, 1, ] < (1o
where:

lor = axial stress in truss bar in current configuration (time t)

The local tangent stiffnesses in equations (9) and (10) are transformed to the
global axes using the direction cosine matrix, T, relating local and global axes. That is

T
[KLG = 7(; YQT [KL] [g (7)'] (1D
and:
r TO
[KNLGJ = % 7QT [KNL] [0 7~] (12)
After the matrix operations in equation (12), the global nonlinear tangent stiffness matrix
is simply
[KNLG] = [KNL] (13)
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TABLE 4,2, SUBROUTINE INEL FOR TRUSS BAR

SUBROUTINE INEL 1 (NJTyNOKODy Xy Yo ZyKEXEC) INELL
INELL

K AR AR SR O KRR A R R R R A RO S g 0K YR R 0K R K R 3K 38 ok A 396 5 30K 30 KR K R ok o ok Aok ok kR [NEL |
SUBRCUTINE TC READ, GENERATZE AND PRINT ELEMENT DATA. . INELL
ELEMENT TYPE = 1. THREE DIMENSIUNAL TRUSS ELEMENTS, INEL 1
HRAF ARG HRKE AR KRG LR TR ERERKERKER LR R R RR KL RRR AR R R KRR LR R XRERXER [NELL
INELL

DIMENSION NOKOD(NJT38) yXINJIT) s Y{NJITYyZ(NJIT),COM(T4) INEL1
COMMON /TAPES / NIUZNOUZNPUGNT L NT2,NT3 ,NTA4 ,NTS NTE+NT7NT2,NTG, INELL
NT104NT11 INELL

COMMGON Z/INFGR / NGRINELSyMFST20KO4DKT GRHED(10) 4 NINFC,NDCF, INELL
EPROP{4,4250) INELL

COMMON /INFEL / IMEM,KST,LM(6) ,NCDE(2),FPRCP({(4),AREA,KGEOM,KTHG, INEL1
KBUCKySLyT(313)|DU1X’DU1Y70U12'QX(6)13KP(21)1 INELL

KCD,yKODP,VTOUT ,SEPy SELy VENPy VENN,VPACP, VPACN, INEL L

V3BUCK 3 SENP , SENN, TVENP  TVENN y TSENP, TSENN INELL

COMMON /WORK / NODLC(2),XYZ2{3,2) INELL
EQUIVALENCE (IMEM,CGM(1)}) INELL
INELL

CIMENSIGN AST{(3),YNO(2) INELL
DATA AST /2H yZH *,2H%%x/, YNO /3H NO,3HYES/ INEL1L
INELL

————————————————————————— o e e e e e it e e = [NV L

MEANINGS OF VARIASLES IN COMMON BLOCK /INFEL/ INELL
INEL1

IMEM - ELEMENT NUMBER. INEL 1
KST - STIFFNESS UPDATE C(ODE, INELL
LM(6) - LGCATIGN MATRIX. INEL 1
NODE{2)- NODE NUMBERS AT ENO I AND o INELL
PROP(4)~ MATERIAL PROPERTIES. ' INELL
AREA - CROSS SECTIONAL AREA. INELL
KGEOM — LARGE DISPLACEMENT CODE. INEL1
KTHO - RESPUONSE CUuTPUT CCDE, INEL L
KBUCK — BUCKLING SEHAVIOR CCDE. INELL
SL - ELEMENT LENGTH. INELL
T{343) - GLUBAL TO LOCAL TRANSFCRMATICN MATRIX. INELL
DULIX, DULY, DULZ INELL
- DISPLACEMENT GRADIENTS, INSTL 1

Q1(o) — CURRENT NODAL DISPLACEMENTS. ’ INEL1
SKP{21 - CURRENY TANGENT 0OR EFFECTIVE STIFFNESS YMATRIX. INELL
K30 - CURRENTY YIELD CCOE. INEL L
KODP - PREVICUS YIELD CODE. INELL
vIOT — TCTAL AXIAL DEFORMATICN. INEL 1
SEPR - AXIAL FORCEZ IN ZSLASTO-PLASTIC COMPCNENT. INELL
StL — AXIAL FORCE IN CLASTIC COMPONENT. INELL
VENP, VENN INEL L
- P03« AND NEG. ENVELOPE VALUES OF AXIAL DEFORMATION. INELL

VPACP, VPACN INEL L
- ACCUMULATED POSe AND NEGs PLASTIC DEFCRMATICNS. INELL

VBUCK — BUCKLING DEFORMAT ION. INELL
SENP,y SENN INEL1
- POS« AND NEGe ENVELDPE VALUES OF AXIAL FORCE., INELL

TVENP, TVENN INEL L
— TIMES AT PUSe AND NEGe ENVELOPE VALUES OF DEFGRMATION. INELL

TSENP, TSENN INELL

- TIMES AT PUS. AND NEG. cSNVELCPE VALUES CF AXIAL FORCE. INEL L
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[sNaNaN2l

(9]

102

110

OO0

150

155

160
170

ELEMENT GRCUP PARAMETERS

IF (MFST.LE.O0) MFST = 1

NDOF = 6
NINFC = 74
K3T = 1

DO 100 I=3,NINFC
COM{I) = Qa0

PRINT ELEMENT GROUP INFGCRMATICN
WRITEINOU,2000) NGRyGRHED (NELS¢MFST ¢ NDCF,NINFC,DKO,DKT
READ AND PRINT MATERIAL PRCPERTIES

READ (NIU,1000) NMAT
IF {NMAT,LE.Q} NMAT = 1

WRITE(NQU,2010) NMAT

DO 110 I=1,NMAT

READ (NIU,y100S5) M, (EPROP(JyM) 4 J=1,4)
WRITE(NGU,2020) (M, (EPRCP(JyM}yJI=l 44 ) M1 ,NMAT}

READ, GENERATE ANLC PRINT ELEMENT DATA
IMEM = MFST

NLAST = MFST + NELS - 1
WRITEZE(NOU,2030)

READ (NIU,1010) NyNCDCyMT L ACFLOyND ¢y KGCy KT HyKBU

IF (MT.LEWLD) MT = |
IF (NDeEQeC) NO =

IF (N = IMEM]) 155,160,210

FAST = AST(3)

KERQR = 1

NRITE(NQUy2040) FAST NyNODC I MT yAQFO,KGyKTH,,KBU
GC TC 290

0O 170 I=1,2

NODE(I) = NGDC(I)
KERQR = 0

N IF = ND

MTYP = MT

KGECM = KG

KTHQ = KTH

KBUCK = KBU

AREA = AD

FORCE = FC

PSH = EPRCF(2,MT)

=54

-=INEL1
INEL1
INEL1
INELL
INEL1
INELL
INEL1
INEL L
INELL
INEL 1
INELL
INELL
INEL 1
INELL
INEL L
INELL
INEL1
INEL1
INELL
INEL1
INEL1
INEL1
INEL ]
INELL
INEL 1
INEL1
INELL
INEL1
INELL
INELL
INEL1
INELL
INELL
INELL
INELL
INEL1
INELL
INEL1
INELL
INEL1
INEL1L
INEL1

38
59
60
61

62
63
€4
65
66
67
63
69
70
71

72
73
74
75
76
77
78
79
80
81

32
a3
8a
85
86
87
88
89
S0
S1

gz
93
94
S5
956
97
$8
$9

INEL1100
INEL1101
INEL1102
INEL1103
INELL104
INEL110S
INEL1106
INEL1107
INEL1108
INEL1103
INELL1110
INEL1111
INELL1112
INSL1113



1990
200

219

o)

PPSH
FPSHA
FROP 1
PRIP2
PROP(3
PRCP (4
SEP =
sEL =
FAST =

IF (N.
DG 200
NODE (I
FAST =

WwRITE(

= 1,0 - PSH
= PR SH*AC
= EPROP(1,MT)I®P2SHA
= FRLPLI¥PSH/PP3H
) = EPROP{2,MT)&PPSHA
) = ~ABS(EPROP (4,MT )#PPSHA)
PPSHRFC
PSHXFQ
AST(1)

NENLAST) 140,210
I=1,2

) = NCCE(I) + NDIF
AST(2)

NOU,2350) FAST, IMEM4,NODE,MYYP,AREA,FORCE,YNO{(KGEDM+1),

YNJ{KTHO+1) 4 YNO(KBUCK+])

ELEZMENT CONNECTIVITY AND DIRECTICA

Dg 220
NOO =

I1 = 3
LM(I I~
EM(II-
LM(II)
XYZ( 1,
XYZ{(2,
XYZ( 3,

bDX1 =
ox2 =
bX3 =
SL =
Al =
IF (AL
T(2,2)
EXP
T{2,3)
T(2,1)
GO TC
T(241)
T(2,2)
T(2,3)
T(iLs1)
T{(1,2)
T(1,3)
T{3y1)
T(3,2)
T(3:3)

PROP(1
PROP (2

COMPUTE STIFFNESS MATRIX PROFILE ANC TRANSFER ELEMENT DATA TO TAPE

1=1,2
NJDE (I}
*1
2) = NDKCO(NGD 1)
1) = NDKQCD(NOD:2)

= NDKCD(NCD,3)

I) = X{NCD)

I[) = Y(NCC)
1} = Z(NGD)
XYZ(142) — XYZ{(1,1)

XYZ(24y2) — XYZ{2,41)
XYZ(3y2) = XYZ{3,1)

SART(DX1%%2 + DX2¥%%2 + DX3*%2)
SQRT{(DOX1%x%2 + DX32%%x2)

J_Eede) €O TC 230

= AL/SL

= —~CX2/ {AL%SL)

= CX3REXP

= DX1*EXP
240

= 140

= Q0

= 0,0

= DX1l/5L

= DX2/5L

= DX3/SL

= T{142)%T{243) - T{1,3)%T(2,2)
= TLL43)%T(2,1) — T(1,1)%*T(2,3)
= Y(1,1)%T{(2,2) = T{1,2)%T(2,1)

1]

)
)

PRCGP1/SL
PROPZ/SL
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INEL1114
INELL111S
INELLIL116
INELLL17
INELLI118
INEL1119
INEL 1120
INEL1121
INEL1122
INEL1123
INELL1 124
INEL112S
INEL1126
INELLIL127
INEL1 128
INELL129
INELL1130
INEL1131
INEL1132
INEL1133
INEL11ZG
INEL1135
INEL1136
INELL1137
INEL11328
INZLLI129
INEL1140
INELL1 141
INELL 142
INEL 1143
INELL 144
INELL 145
INEL11i46
INEL1147
INEL 11438
INEL114S
INELL1150
INEL1151
INEL1152
INEL1153
INSL1154
INEL1153
INEL1156
INELLLIST
INEL115¢&
INEL115S
INEL1160
INELL1161
INELL162
INEL1163
INEL1164
INEL1165
INEL 1166
INEL1167
INEL11638
INEL 1169



0O

ONOAOO

1000
1008
1010
2000

20190

2020
2030

2C40
2050
2080

C
300

CALL BAND (LM,NDDOF)
CALL CCMPACT

,

CHECK LAST ELSMENT

IF ( IMEML,EQ.NLAST) GG T3 290

IMEM = IMEV + 1

IF (IMEM.EG.N) 160,190

ERROR ANC ELEMENT CATA GENERATICN MESSAGES

IF (KERCR.EG.Q0) GO TO 300

WRITE(NGU, 2060Q)
CALL EXIT

FORMAT (1615)
FORMAT (15,4F10,0) -
FORMAT (4I15,2F1040,413)

FORMAT (26H ELEMENT GROUP INDICATOR = 13,

* 35H (THREE D IMENSIONAL TRUSS ELEMENTS)I//SX,10A47/

* SXy43HNUMBER OF ZLEMENTS IN THIS GPOUP ssseeeces = IS5/

* SX+43HNUMBER QF FIRST ELEMENY IN THIS GRCUP se.. = 157/

* 5X y43HNUMBER DF DEGREES CF FREEDUM PER ELEMENT = IS5/

o SX g 43HLENGTH OF ELEMENT INFORMATICN ARRAY seeee = 15//

* SX 934 3H0AMP ING COSFFICIENTy BETA-C seeesecsesees = Flle3/
* SX943HOAMP ING COZFFICIENTy BETA-T sescseevencse = Flle3)

FORMAT (//20F MATERIAL PRCPEKTIES//

* SXy3EHNUMBER OF OJIFFERENT MATEZRIAL TYPES = I5//

* SX y4HMAT oy 83Xy 3 REMOD 3 7XySHRATID 95X 12HYIEZLD STRESS,
* SXyl2HYIELD STRESS/S5X,4H NO.,19X,5H EM/E,

* SXyl2H TENSION +SXy12H COMPRESSICNY/)

FORMAT (19 4E1245+F12e432E17435)
FORMAT (///720H ELEMENT INFORMATICN//

* SX y4HELEM,y SX4HNODE s SXy4HNCDE ySX44HMAT, , 3X ,4HARECA,
® SXe7THINITIAL 93Xy 4HGECMySX 44 HHIST SX,4HBUCKY/
* SXe4H NOeySEXy4H I95Xy4H J1SXy94H NOe9l7X47H FCRCE

*

SX 94 HCODEY) 5X 94 HCODEySX 9 4HCODEY)
FORMAT (1X A2 4164319,2F1244,431%)
FORMAT (1X4A2,16,319,2F12.4,3(€X,A3))
FORMAT (//7/15H ERRUR MESSAGES// 7 -
SXy 3HKE Yy 65Xy J4H——=—=~~——~——w MESSAGE ———————=———,5X,5HERROR//

x
* 5X43H 9y 5X ¢ 34 HELEMENT DATA INPUT DIRECTLY 1 SXy SHNCNE 7/
# 5Xy3H  ¥,5X,34MELEMENT OATA GENERATED 15Xy SHNONE 7
* SXy3H *%,5X,34HCLEMENT CARD OUT OF SEQUENCE s SXsSHFATALY)
RETURN

ENG
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INEL1170
INEL1171
INZL1L172
INEL1173
INELL1174
INELL117S
INEL1176
INELL177
INEL1178
INELL1LT7S
INEL11ED
INEL1131
INELL 182
INEL11&3
INELLI184
INEL1 185
INZL 1186
INEL1187
INEL 1153
INEL1189
INEL11GO
INEL1191
INEL1192
INEL1193
INEL11S4
INEL}1 1958
INEL11%6
INEL1197
INEL1198
INEL 11996
INEL1200
INEL 1201
INEL1202
INEL 1203
INEL1204
INELL120S
INEL1206
INEL1207
INEL12CS
INEL 1209
INELLI210
INEL1211
INELL1212
INELLI213
INEL 1214
INEL1215
INEL1216
INEL1217
INEL1Z218
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TABLE 4.3 SUBROUTINE STIF FOR TRUSS BAR

SUBRCUTINEG 3TIF1 (ISTZPyNDF,LINF,CDKOyCDKTyCOMS,FKy INDFK,yISTFC) STIF1
STIF1

HRXEAEFEREAFRRF R IR DARXAFRREIRTAX X R R A xRk e g xxhxx kX gXxxSTIF]
SUBROUTINE TC COMPUTE ELEMENT TANGENT STIFFNESS MATRIX, . STIF1
ELEMENT TYPE = 1. THREZ DIMENSIONAL TRUSS ELEMENTS. STIF1
HERKARER R AR R R AR RN IR R AR IR TR R TR TR TR R R TR R RRE XKL xR ARRRSTIF L
STIF1

DIMENSION COMS(LINF)sFK{NDF,NDF),COM{74) STIF1
COMMCN ZINFGR / NGRyNEL3yMFST,CKO,DKT,,GRHED( 12 ), NINFC,NDOF, STIF1
ERPROP( 4,250) STIF1

CONMMCN /INFEL / IMEMJKST,LM{6)yNODE{(2)4PRUOP{4}4ARCAWKGESH,KTHI,y STIF1L
KBUCK SL 2 T(3493)4DULIX,DULY,0U1Z,G1(H6),S5KP(21), STIF1

KODyKADPy VTOT, SEP, SEL y VENP , VENN,VPACP ,VPACN, STIF1

VBUCK 3 SENP ¢SENNy TVENS , TVENN,TSENP y TSTNN STIF L

COMMON /7WORK 7/ UDI{(3)+yB(6) 4SK{646) STIF1
EQUIVALENCE (IMEM, COM(1)) STIF1
STIF1

TRANSFER CSLEMENT DATA TO ZLEMENT INFORMATICN ARRAY S3TIFL
STIF1

JMEM = IMEM STIF1
DO 100 J=1,NINFC STIF1
COM(J) = CCMS(J) STIF1
STIF1L

LINEAR PART OF EFFECTIVE STIFFNESS STIF1
STIF1

CE = PROP(1) + PROP(2}) STIF1
CT = PRGP(2) STIF1
IF (KCOeZQe0) CT = CE STIF1
IF (ISTEP.LE.0) GG TO 105 STiF1
CT = CTX{ 10 + CDKT) + CE*COKO STIF1
STIF1

Uo(1) = 1.¢ + DULX STIF1
ud(2) = DUlY ' STIF1
UD(3) = DULZ : STIF1
STIF1

D0 120 I=1,3 STIF1
SUM = 0,0 STIF1
00 110 J=1,3 STIF1
SUM = SUM + UD(JII®RT{J, 1) STIF1l
B(I+3) = SUM STIF!
B{I) = — 5UM STIFL
: 3 STIF1

DO 130 I=1,4yNDOF < STIF1
CC = CT*B(1) ; STIF1
D0 130 J=1I,NDOF STIF1
SKA(T,4J) = CCxB(J) STIFL
: STIF1

ADD NUNL INEAR PART OF STIFFNESS STIF1
STIF1

IF (KGEOM,EQ.0}) GO TO 133 STIF1
PL = (SEP + SELII/SL STIFL
SK{1,1) = SK{l,1) + PL STIF1
SK{144) = SK(144) - PL S3TIF1
SK{2,42) = 3K{2,2) + PL STIFl
SK{2,5) = SK{2,3) - PL ' STIF1
SK{343) = SK{3,3) + PL STIfF1
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ne-onon

1490

152

-0 00

150

SK{3s€] = SK{3,6)
SK{444) = SK(4,4)
SK{3,5}) = SK{5,5)
SK(646) = SK(6,46)

COMPUTE CHANGE IN

i

PL
PL
PL
PL

s

STIFFNESS AND RETAIN CURRENT STIFFNESS

IF {ISTFC.EQ.Q0} GO TGO 143

IJ =0
D0 140 I=1,NCQOF
DO 140 J=1,NDOF

1J = IJ + 1
STIF = SK{TI,J)
FK (144) = STIF
FK (J,I) = STIF
SKP(1IJ) = STIF
GO TC 135

1J 0

D3O 13C I=1,NDCGF
D0 150 J=1,NDOF

iJ = 1J + 1
STIF = SK{1I,44)
ST IFD = STIF -
FK {I,4J) = STIFD
FK (Jy1) = STIFD
SKP(1J) = S5TIF

SKP{I1J)

UPDATE ELEMENT INFCRMATICN

KST = 0

KOCP = KGD

DO 160 J=1,NINFC.
COMS(4) = Com(J)

RETURN
END
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3TIF1
STIF1
STIF1
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STiF1
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STIF1
STIF1
STIF1
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TABLE 4.4 SUBROUTINE RESP FOR TRUSS BAR

SUBROUTINE RESP1 (NOF,LINF KPR,CCMSyGyVIL JACC,FELFL,TINE,C7,C8,
KUPD XK ITRN)

RESP1
RESP1
RESP1

R K AR LR KA AR RE AR L IR R RN R RE KRR ERECE IR R RN ERK AR LA ERIERRRIXERESP]

SUBROUTINE FCR STATZ CETERMINATION CALCULATIGONS.
ELEMENT TYPE = 1. THREE DIMENSIONA: TRUSS ELIZIMENTS,

RESPIL
REZSP1L

**x***&xt*******x*x******x*:****t*******xx*#¥**#*x*x**¥**x$zx¥**#*RESPL

DIMENSIUN COCMS(LINF) ,COM(74)

DIMENSION Q(NDF )y VEL(NDF),ACCINDF ) FE(NDF ) ,FO(NOF)

COMMON /TAPES / NIUWNOUSNPUSNTI ¢ NT2 yNT3 ¢ NT44NTS,NTE\NT7,NTE,NT9,
NTI104NTL1

COMMON /7 INFGR / NGR,NELS,MFST,OKOyOKTyGRAED{10) 4 NINFC,NDOF,
ZPROP(4,250)

COMMON ZINFEL 7/ IMEMIKSTLM(8),NUODE(2)PRCP(4) ,AREA,,KGEOM,KTHG,
KBUCKySLyT(3,3),0ULlX,DULY,DULZ,Q1(6},3KP(21),
KOD s KBOP gy VTO Ty SEP 4 SCL o VENF y VERNN, VPACFE , VPACN,
VBUCK ) SENP y SENN, TVENP y TVENNy TSENP , TSENN

COMMGN /WORK 7/ UDI(3),8(6)

EQUIVALENCE { IMEM,C3M{ 1))

TRANSFZR ZLEMENT DATA TO ZLEMENY INFORMATICN ARRAY

OO 100 J=1,NINFC
CaMy) = COMS(J)

INITIALIZE

IF (IMEM,EC,MFST) KHED = 0
STOT = SEL + SEP

IF (KUPD.EC.3) GO TO 390
KCDE = KOD

Lo(l) = 1.0 + CULX
uo(2) = DUy
ubi(3) = DULIZ

00 tat I=1,3

SUM = 0.0

DO 110 J=1,43

SUM = SUM + UD(JIXT(J,I)
B{I+3) = SUM

8(I] = - SUM

GO TO (125+1259390+343), KUPD
INCREMENT ELEMGENT NODJAL OISPLACEMENTS

00 130 I=1,NLCOF
Qi1 = Q1) + Qi)

COMPUTE LINEAR STRAIN INCREMENT
OV = 0.0

D0 133 1=14NDCF
Dv = DV + B(I)*Q(I)
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ADD NONLINZEAR STRAIN INCREMENT

IF (KGECGML.EC.O) GO TC 140

Q41 = Q{4) — C(1)
G52 = Q(s) - a(2)

Q63 = Q(6) = G(3)

DUX = (T(l,1)%041 + T(1,2)%0252 + T(1,3)*%Q63)/5L
DUY = (T{2,1)1%Q41 + T(2,2)%052 + T(2,31%Q63) /5L
DUZ = (T(3,1)%CG41 + T(3,2)*%Q52 + T(3,3)*GE3)/SL
DV = DV + C.5¥SLE(DUXTXR2 + DUYIR2 + DUZ¥%2)

COMPUTE INCREMENT IN STRESS
SEL = SEL + DV=PROP(2)
FACAC = 0,0 .

FACTOR= 1,0 — FACAC
ELCASTIC ANC YIELOING

IF (KODENZ«0) GO TO 190 .
DSERP = DV=®PRCP{1l)

1F (DSEP) 1€0,2404170

FAC = (PRQOP(4) — ScP)I/LU3EP

I¥ (FACL.GEL.FACTCR)} GO TO 180

FACTOR = FAC

SEP = PRCP({4)

KODE = 1
vBUCK = 0.0
GO Ta 240

FAC = (PROP(3) ~ SER)/DSEP
IF (FAC.GE-FACTCR) GO TO 180
FACTOR = FAC :

SEP = PROP(3)

KODE = 1

GO TO 240

SEP = SEP + FACTORXDSEP

Gu TG 240

YIELDED OR BUCKLING AND CONTINUING

IF (SEP*CVeLT.0.) GO TO 210

IF (KBUCK,NZ.0,AND,,SEP,L.T«0.) GO TC 200
ovVP = FACTOR*DV

IF (DVP.GT.0,) VPACP = VPACP + DVP

IF (DVP.LTe0e) VPACN = VPACN ¢ DVP
VBUCK = VBUCK - FACTOR¥DV

G0 TQ 2s5¢

YIELDED BUT UNLCADING
IF (KBUCKNE <0 «AND+SEPLTL0.) GO TO 220

KQDE = ©
G0 TO 150
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220

230

2490

250

O

300

329

330

BUCKL ING AND REVERSING

FAC = VBUCK/DV

IF (FACLGELFACTOR) GO YO 230
FACTOR = FAC

KODE = ©

VBUCK = VBUCK —- FACTCR*0V

CHECK FOR CCOMPLETION OF CYCLE

FACALC = FACAC + FACTCR
IF (FACAC LT Wa049999999) GQ T4 150

]

VTCT VTOT + oV

STCT = SEL + SEP

KGQD = KGDE

COMPUTE CURRENT DISPLACEMENT TRANSFCRMATICN

IF (KGECM.EC.0) GO TC 290

CUlX = DU1X.+ CUux
DU1lY = DUlY + DUY
bulZ = pU1Z + DUZ
Wil) = 1.0 + Dulx

ud(2) = DU1Y
uyd{3) = Cu1iZ

DO 27C I=1,2

SUM = Q0.0

0O 260 J=1,3

SUM = SUM + UD(IIXT(J,1)
B(I+3) = SUM

B(I) = = SUM

ACCUMULATE ENVELORPES AND UPDATE ELEMENY INFORMAT ION

IF (KUPD.NEel) GO TQ 345

IF (SENP.GE.STOT) GO 73 300
SENP = STOT

TSENP = TIME

GG TO 310

IF (SZINNJLELSTCT) GO TQ 310
SENN = STOTY

TSENN = TIME

IF (VENP ,GE.VTCT) GL TC 320
VENP = VTQOT

TVENP = TIME

GO 76 330

IF (VENNLLE.VTOT) GO Ta 330
VENN = VvTO0T

TYENN = TIME

CONT INUE

K3T = 0
IF (KOD.ARE.KCDOF.CR.KGECM,NEL.D) KST = 1

-61-

RESP1114
RESP1113
RESP1i16
RESPL117
RESP1113
RESP1119
RESP1120
RESP1121
RESP1122
RESP1123
RZSP1124
RESP1123
RESP1126
RESP1127
REsSP1123
RESP1129
RESP1130
RESP 1131
RESP1132
RESP1133
RESP1134
RESP1135
RESP 1136
RESP1137
RESP1138
RESPA1139
RESP1140
RESPL141
RESP1142
RESP1143
RESP1144
RESPL145
RESP 1146
RESPL 47
RESP1148
RESP1149
RESPLLISQ
RESP1151
RESP1152
RESP1 153
RESPl154
RESP1155
RESP11556
RESP1157
RESPi158
RESP1159
RESP1 160
RESP1161
RESP1162
RESP1163
RE3PL 164
RESP1165
RESP1166
RESPL1567
RESP1168
RESP1169



£
[0}

OO0 WWNOOW
(G
o w0

(]

362

3953

2000

2010
C
400
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D0 340 J=1,NINFC
CIMS(J) = COM(J)

COMPUTE EQUIVALENT ELASTIC NCDAL LCADS

00 350 I=1,NCOF
FE(I) = STCT=B(I)

COMPUTE EQUIVALENT NODAL LCADS DUE TC DAMPING
IF (TIME«EGeQOs) GO TO 390

CVD = 0.0

CO 355 I=1,NDOF

DVD = DVD + G{I)*VEL(I)

DVD = -DVD

CE = PROP(1) + PROP(2)

CT = PRCP(2)

IF (KODE«EQeQ) CT = CE

IF (KITRN,EC.1) GG TO 365

CC7 = 1.0 + (7

D0 360 I=1,NDCF

OVD = DVD + 8(I1)*(CC7*VEL(I) + C3xACC{I))
SO = {(DKO®CE + DKT=®CT)I*DVD

00 38C I=1,NDOF
FO(L) = SG*8(1)

PRINT TIME HISTORY QOF RESPONSE

IF (KPR.,EQ.O0.UR.KTHD.EQ.0) GO TO 4C9

IF (KHEDSNE«Q) GO TO 395

KHED = 1

KKPR = I ABS({KPR)

WRITE(NOU, 2000) KKPR,TIMZ,GRHZD

WRITE{NGU,2010) IMEM,NCDEyKCDySTCT 4VICTyVRPACP,VRPACN
FORMAT (///18H RESULTS FCR GROUP,13,

43H (THEREE O IMENSIQONAL TRUSS ELENMENTS),y TIME =
SXy10A4/s/

SXp4HILEM y SX y4HNODE yS X 4HNCDE 34 Xy SHY IELD ,8X 4 5HAXTAL,

4Xy9H TOTAL #3Xy25HACCUM, PLASTIC EXTENSIONS/

SXy4H NO,95Xesh [45X 4 H Je4XyeSH CODE,3Xs SHFORCE,

44Xy 9HEXTENSION 55Xy BHPOSITIVEsSX s 8HNEGATIVE/)
FORMAT (4194£13+4,3E13.5)

RETURN
ENOD .
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TABLE 4.5 SUBROUTINE EOUT FOR TRUSS BAR

SUBROUTINE ECUTLI {(LINF,CIMS) EQUT1
Z0UT!

3z e e A o oK KX R O KR AR OR KRR AR ROR 0K 9 K K 3K R S0 6o o e ok ke sk ol ok R Rk ok R Rk R sk ok kR Rk T JUT L
SUBROUTINE TGO PRINT PEAK VALUES OF RESPONSE. i EQUT1
ELEMENT TYPE = 1, THREZ DIMENS JONAL TRUSS ELEMENTS. EOUTL
2 e o R OK R AR KK 9% 3K KK R KK K M R R R AR KRR KKK R AR KRAEKEXKEIUT L
EQUTI

DIMENSION COMS{LINF) ,COM{74) EQUTI1
COMMGON /TAPES 7/ NIUyNOQUGNPUGNT L NTZ24NTZyNTL NTS,NTENT7,NTR,NTS, EQUTL
NT10,NT11 EQUTI

COMMON ZINFGR 7/ NGRZNELSyMFST ,OKO+OKTGRHED(10) yNINFC,KDCF, ECUT1
EPROP(4,250) EQUTI

COMMCN ZINFEL / IMEM,KST,LM(6) ,NCDE(2),PRLF(4),AREA,KCECM{KTHO, EQUTL
KBUCK ¢SL ,T(3,3)yDULXyDULY,DULZ,Q1{(E) ySKP(21), EQUT1

KGOD,KODP, VTOT,SEP,SEL y VENP yVENN, VPACP ,VPACN, £0UT1

YO UCK SENP y SENNy TVENP, TVERN, TSENP,TSENN EQUT1

EQUIVALENCE (IMEM,COM(11})) EQUTL
EGUT1

TRANSFER ELEMENT DATA TO SLEMENT INFCRMATICN ARRAY EQUTL
EQUT!

00 100 J=1,NINFC EQUT1
COM{J)Y = CCMS LY EQUT1
EOUTI

IF (IMEM.EQ.MFST) wRITE(NOU,2000) GRHED EQUTL
EQUT1

WRITE(NCU,2010) IMIEM,NCOZ ,SENP,TSENP, SENN{TSENN,VENP,TVENP, EQUTL
VENN, TVENN,VPACP, VPACN EOUT1

EQUT1

FORMAT (33H THREE OIMENSIONAL TRUSS ELEMENT3//SX,104A4/7/ ECQUT1
SX 94 HELEMy3X y4MNODE (3 X 34 HNCDE,, 11X, 20HMAX IMUM AXIAL FORCES,EQUTL

19Xy 18FMAXIMUM EXTENSIONS, 12X 425HACCUMs PLASTIC EXTENSIONSEDUTL

/S Xy4H NOey3XesH T 3y3Xe4H J 3SXy7HTENSION,, 2X,4HTIME, ECUTL

SX ySHCOMPN ,3X,4HTIME ,3X,3HPCSITIVE,3X,4HTIME, 3X, EQUT L
BHNEGATIVE y3Xy4HTIMEZ )y 7X9 BHPOSITIVE ySX¢8HNEGATIVE/) ECUT1

FORMAT (18,217 ,2X2{F 11 .,2,F7.2)42X,2{F11,5,F7.2),2%,2F13.3) E0UT1
EQUTL

RZTURN EOUTY
END EQUT]
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APPENDIX A

EFFECTIVE STIFFNESS MATRIX AND EFFECTIVE LOAD
VECTOR FOR DYNAMIC ANALYSIS

A.1. Theory
In dynamic analysis, the solution is advanced from time t to time t 4+ At by solving

the equation
|k ta) = [/] W

where [K,“'] = effective stiffness matrix;
{q} = displacement increment from t to t + At;
and {£’} = effective load vector.

The effective stiffness matrix is given by
k] = @t + auinr + [ (2)
and the effective load vector by
) = ()= (146 + D114 + (R
+ 1M [anli) + asli)) + 101 [as () + aclii}) 3

In equations (2) and (3), [M], [D], and [K;; are the mass matrix, damping matrix, and tangent
stiffness matrix at time t, respectively; {P} is the externally applied load at time ¢ + Ar; {R,} is
the resisting load in equilibrium with the state of stress at time t; {¢,} and {g,} are the velocity
and acceleration, respectively, at time t. Constants a, through a, are associated with the step-
by-step integration scheme. For the Newmark 8 — y — & scheme, these constants are as fol-
lows: '

_ 1 _1 _1
BA?

_ Y
447 BA;

a,

as=%‘ a6=A123

-

It is assumed that the damping matrix is of the form:
[D] = alM] + B,IK,] + B1K/] 4

where «, 8,, and B are scalar multipliers, and [K,] is the original elastic stiffness matrix.
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After substitution of equation (4) into equations (2) and (3), and rearranging of

terms, the effective stiffness matrix and effective load vector are given by:

[K,*] = lal + a4a] (M] + a,B, [K{,] + [l + a4BT] [KT]

and
U =1{P} =R} + i + (/D)

where

(i = 0 [ fatas = 1) + @) () + (a3 — 1+ @ ag) (G)]
) = [B K, + Br K] [Gas = D 10) + aclii) |
When iterations are performed, the following equation is solved at each iteration:
[K,*] {Agq}, = {fisni} i=12 ..., no. of iterations
where
{Aq}, = displacement increment in this iteration;
and

{f/+_\/ = - [ (1'1+Al + [D] {(//+Al} + {R/+A/}i]

Substituting for [D] from equation (4) and simplifying gives:

{f/ﬂ/}, = {P} - {R:H/}/ — (M1 la {(?/+A:}/ + {CI/+A/ ] [/30 K, + BTKT] {C{/+_\/}

or
(s = 1Py = Ry + Udd + 1),
where
{/M} —[M] [a {Q’/+Ar}i + {Zi/+Ar}/']
and

{fD [Bo K{;+BTKT] {q/+A/}

A.2. ANSR Implementation

()

(6)

(N
(8)

(9

(10)

(11)

(12)

(13)

(14)

Following standard finite element methodology, the terms on the right hand side of
equations (5), (6), and (12) are obtained by direct assembly of the corresponding terms for

individual finite elements.
The present version of the program assumes the following :

(1) The structure mass is lumped at nodes, with no consistent masses and no mass

contributions from the element level.
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(2) Loads are applied at nodes at the structure level only, with no load contributions
from the element level.

Therefore, it is necessary only to compute the following terms at the element level :

(a) Terms a4, [K,,] and [1 + a4,BT] [KT] in equation (5)

(b) Terms {R.} and {f;} in equation (6)

orterms {R,.\,}, and {f,}, in equation (12)

As explained in Chapter 3, these terms are computed in subroutines of each auxiliary program,
and returned to the base program. All other terms in equations (5), (6), and (12) are com-
puted in the base program.

Terms such as a48,1K,] and a,8,1K;] are computed in the STIF subroutines of the
auxiliary program. For this purpose, constants a.8, and @437 are supplied as CDKO and
CDKT, respectively, in the formal parameter list (i.e., CDKO = a,8, and CDKT = a,8/).

Terms such as {R,}, {fp} and {f,}, are computed in the RESP subroutines of the aux-

iliary program. For this purpose, some of the quantities are made available to the routine
through formal parameters as follows :

(1 Q : Displacement increments for the element for computing increments
of stress, updating the state of stress, and computing
R} or {R,,4.},

(2) VEL, ACC : Current velocities and accelerations, respectively, for the element
(i.e., {C/,} or {41+A1}/ and {(/,} or {2/./+A1}/ )

(3) C7 . Constant (a5 — 1)
(4) C8 . Constant ag
(5) KITRN . Iteration indicator, as follows :

(a) If KITRN = 0, compute {f;} as in equation (8).
(b) If KITRN 5= 0, compute {fp}, as in equation (14).

The damping proportionality factors 8, and 87 are made available as DKO and DKT, respec-
tively, in the labelled COMMON block /INFGR/.
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APPENDIX B

PROGRAM CAPACITY CHANGES

The ANSR program’s capacity is governed by labelled and blank COMMON state-
ments included in the main program:

PROGRAM ANSR (INPUT, OUTPUT, ....... )

These statements are as follows:

COMMON /INFEL/ ELDAT (1025)

COMMON /WORK / WORK (2000)

COMMON /FKBUF/ FK (300)

COMMON /LIMITS/ NTSTOR,LIMBLK,LIMSD
COMMON A (5000)

NTSTOR = 5000

LIMBLK = 20

LIMSD = 200

The capacity of the program can be changed by modifying the above statements as follows:

(a) The length of vector ELDAT must be maximum length of the /INFEL/ array,
considering all element types.

(b) The length of vector WORK must be at least 2000, but can be increased if needed.
This COMMON block is used as a temporary storage area in both the base program and ele-
ment subroutines.

(c) The length of vector FK must be at least the length of the largest element stiffness
matrix, considering all element types.

(d) The blank COMMON storage, A, can be set to a value N1 (i.e., COMMON
A(N1)), depending on the amount of core storage available. The variable NTSTOR must be
set equal to N1.

(e) The variable LIMBLK is the maximum permitted number of stiffness matrix
blocks for out-of-core solution of equations. This is used to avoid an excessive number of
small blocks. The user also has the option of limiting the number of blocks to less that
LIMBLK when the input data is prepared (see MAXBLK, Section C1 of User’s Guide).

(f) The variable LIMSD is the minimum number of time steps in a block of any
dynamic load record (ground accelerations, dynamic forces, and support motions). Any
dynamic load record is first interpolated at time step intervals, and then blocked, each block
containing LIMSD steps. These blocks are then transferred to scratch storage for subsequent
retrieval. The specification of a minimum block size avoids an excessive number of small
blocks. The user may specify a larger block size when the input data is prepared (see NSDEL,
Section F1 of User’s Guide). The block size used in any analysis must be at least equal to the
maximum number of time steps by which any record is delayed (see NS, Sections J3, J4, and
I5 of User’s Guide). %
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APPENDIX C

PROGRAM RESTART

Nonlinear structural analyses will rarely be completed in a single computer run. Typi-
cally, the analyst will wish to examine the results up to a certain load level before applying
more static load, or for a certain time period before continuing a dynamic analysis. It may also
be necessary to experiment with load increments, time steps and solution strategies to obtain
accurate results.

ANSR-II contains a flexible restart option. The results at any stage of any analysis can
be saved permanently in any computer run. In a later computer run, any of the saved results
sets (not necessarily the most recent) can be recalled and used as initial conditions for further
analysis.

(a) First Computer Run: In the first computer run for a new structure, a data file is
initialized (NEWF option). The structure geometry is saved, and zero initial conditions,
corresponding to the unstressed structure, are automatically set up. This becomes results set
zero for future restarts. Additional results sets, for analyses carried out in the first computer
run, may also be saved. These results sets are sequentially numbered, starting with one.

(b) Subsequent Computer Runs: For any subsequent computer run, the OLDF
option is used. Any results set saved in any previous computer run can be recalled, by refer-
ring to its sequence number, and used as initial conditions for additional analyses. Further
results sets may also be saved. These are added to the results sets previously saved, and are
numbered in continuing sequence.

The program uses storage file TAPE20 as the restart file from which results sets are
recalled and to which results sets are added. At the end of the first computer run, the contents
of TAPE20 must be transferred to permanent storage (magnetic tape or permanent disc file)
using appropriate system control cards. For each subsequent computer run, it is necessary to
transfer the contents of the permanent data storage to TAPE20 before execution commences, .
and to transfer the contents of TAPE20 back to the permanent data storage after execution is
complete.

The control cards for the CDC 6400 at the University of California, Berkeley, are as
follows for magnetic tape storage:

(a) First Computer Run:

Job Card. User Name

REQUEST , TAPE , HI , I. Reel No. , WRITE , User Name
[ Compilation and Execution Related Control Cards
REWIND, TAPE20, TAPE.

COPYBF, TAPE20, TAPE

789

Data Cards

6789
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(b) Subsequent Computer Runs:

Job Card. User Name

REQUEST, TAPE, HI, I. Reel No., WRITE, User Name
COPYBF , TAPE |, TAPE20.

[ Compilation and Execution Related Control Cards
REWIND, TAPE20, TAPE.

COPYBF , TAPE 20, TAPE.

789

Data Cards

6789
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EERC 69-13 ‘'Response of Non-Uniform Soil Deposits to Trave‘lling Seismic Waves,'" by H. Dezfulian and H.B. Seed ~ 1969
(PB 191 023)A03 {
EERC 69-14 “Damping Capacity of a Model Steel Structure," by D. Rea, R.W. Clough and J.G. Bouwkamp - 1969 (PB 190 663)R06

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

EERC 69-16 "The Behavior of Sands Under Seismic Loading Conditions," by M.L. Silver and H.B. Seed - 1969 (AD 714 982)A07

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

EERC 70-2 "Relationships between Soil Conditions and Building Damage in the Caracas Earthquake of July 29, 1967.," by
H.B. Seed, 1.M. 1driss and H. Dezfulian - 1970 (PB 195 762)A05

EERC 70-3 "Cyclic Loading of Full Size Steel Connections,” by E.P. Popov and R.M. Stephen - 1970 (PB 213 545)A04
EERC 70-4 "Seismic Analysis of the Charaima Building, Caraballeda, Venezuela," by Subcommittee of the SEAONC Research

Committee: V.V. Bertero, P.F. Fratessa, S.A. Mahin, J.H. Sexton, A.C. Scordelis, E.L. Wilson, L.A. Wyllie,
H.B. Seed and J. Penzien, Chairman-1970 (PB 201 455)A06
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"A Computer Program for Earthquake Analysis of Dams,” by A.K. Chopra and P. Chakrabarti - 1970 (AD 723 994)A03

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

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

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

"A simplified Procedure for Evaluating Soil Liguefaction Potential," by H.B. Seed and I.M. Idriss - 1970
(PB 198 009)A03

"S0il Moduli and Damping Factors for Dynamic Response Analysis," by H.B. Seed and I.M. Idriss-1970
(PB 197 869)A03

"Koyna Earthquake of December 11, 1967 and the Performance of Koyna Dam," by A.K. Chopra and P. Chakrabarti
1971 (AD 731 495)A06

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

"Static and Dynamic Analysis of Inelastic Frame Structures," by F.L. Porter and G.H. Powell - 1971
(PB 210 135)A06

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

"Dynamic Behavior of a High-Rise Diagonally Braced Steel Building,” by D. Rea, A.A. Shah and 5.G. Bouwhauwp
1971 (PB 203 584)A06

"Dynamic Stress Analysis of Porous Elastic Solids Saturated with Compressible Fluids," by J. Ghaboussi and
E. L. Wilson -~ 1971 (PB 211 396)A06

"Inelastic Behavior of Steel Beam-to-Column Subassemblages," by H. Krawinkler, V.V. Bertero and E.P. Popov
1871 (PB 211 335)Al4

"Modification of Seismograph Records for Effects of Local Soil Conditions," by P. Schnabel, H.B. Seed and
J. Lysmer - 1971 (PB 214 450)A03

"Static and Earthquake Analysis of Three Dimensional Frame and Shear Wall Buildings," by E.L. Wilson and
H.H. Dovey -1972 (PB 212 904)A05

"Accelerations in Rock for Earthquakes in the Western United States," by P.B. Schnabel and B.B. Seed - 1972
(PB 213 100)A03

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

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

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

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

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

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

"Rate of Loading Effects on Uncracked and Repaired Reinforced Concrete Members," by S. Mahin, V.V. Bertero,
D. Rea and M. Atalay - 1972 (PB 224 520)A08

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

"Literature Survey - Seismic Effects on Highway Bridges," by T. Iwasaki, J. Penzien and R.W. Clough -1972
(PB 215 613)A19

"SHAKE-A Computer Program for Earthquake Response Analysis of Horizontally Layered Sites," by P.B. Schnabel
and J. Lysmer - 1972 (PB 220 207)a06 ’

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

"Analysis of the Slides in the San Fernando Dams During the Earthquake of February 9, 1971," by H.B. Seed,
K.L. Lee, I.M. Idriss and F. Makdisi - 1973 (PB 223 402)Al4
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“Computer Aided Ultimate Load Design of Unbraced Multistory Steel Frames," by M.B. El-Hafez and G.H. Powell
1973 (PB 248 315)A09

"Experimental Investigation into the Seismic Behavior of Critical Regions of Reinforced Concrete Components
as Influenced by Moment and Shear,” by M. Celebi and J. Penzien - 1973 (PB 215 884)A09

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

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

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

“Behavior of Reinforced Concrete Deep Beam-Column Subassemblages Under Cyclic Loads," by O. Kustu and
J.G. Bouwkamp - 1973 (PB 246 117}Al2

"Earthquake Analysis of Structure-Foundation Systems," by A.K. Vaish and A.K. Chopra ~ 1973 (AD 766 272)A07
"Deconvcolution of Seismic Response for lLinear Systems," by R.B. Reimer - 1973 (PB 227 179)A08

"SAP IV: A Structural Analysis Program for Static and Dynamic Response of Linear Systems," by K.~J. Bathe,
E.L. Wilson and F.E. Peterson - 1973 (PB 221 967)A09

"Analytical Investigations of the Seismic Response of Long, Multiple Span Highway Bridges," by W.S. Tseng
and J. Penzien - 1973 (PB 227 816}Al0

“Earthquake Analysis of Multi-Story Buildings Including Foundation Interaction,"” by A.K. Chopra and
J.A. Gutierrez - 1973 (PB 222 970)A03

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

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

"QUAD-4: A Computer Program for Evaluating the Seismic Response of Soil Structures by Variable bamping
Finite Element Procedures," by I.M. Idriss, J. Lysmer, R. Hwang and H.B. Seed - 1973 (PB 229 424)A05

"Dynamic wchavior of a Multi-Story Pyramid Shaped Building," by R.M. Stephen, J.P. Hollings and
J.G. Bouwkamp - 1973 (PB 240 718)A06

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

"0Olive View Medical Center Materials Studies, Phase I," by B. Bresler and V.V. Bertero - 1973 (PB 235 986)2a06

"Linear and Nonlinear Seismic Analysis bomyuter.Programs for Long Multiple-Span Highway Bridges,"” by
W.S. Tseng and J. Penzien - 1973 . N

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

"DRAIN - 2D User's Guide," by G.H. Powell - 1973 (PB 227 016)A05
"Earthquake Engineering at Berkeley ~ 1973," (PB 226 033)All
Unassigned

"Earthquake Response of Axisymmetric Tower Structures Surrounded by Water," by C.Y. Liaw and A.K. Chopra
1973 (AD 773 052)A08

"Investigation of the Failures of the Olive View Stairtowers During the San Fernando Earthguake and Their
Implications on Seismic Design," by V.V. Bertero and R.G. Collins - 1973 (PB 235 106)al3

"Further Studies on Seismic Behavior of Steel Beam-Column Subassemblages," by V.V. Bertero, H. Krawinkler
and E.P. Popov - 1973 (PB 234 172)A06
“"Seismic Risk Analysis,” by C.S. Oliveira - 1974 (PB 235 920)A06

"Settlement and Liquefaction of Sands Under Multi-Directional Shaking," by R. Pyke, C.K. Chan and H.B. Seed
1974

"Optimum Design of Earthquake Resistant Shear Buildings," by D. Ray, K.S. Pister and A.K. Chopra - 1974
(PB 231 172)A06

"LUSH - A Computer Program for Complex Response Analysis of Soil-Structure Systems,” by J. Lysmer, T, Udaka,
H.B. Seed and R, Hwang - 1974 (PB 236 796)A05
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“"Sensitivity Analysis for Hysteretic Dynamic Systems: Applications to Earthquake Engineering," by D. Ray
1974 (PB 233 213)A06

"Soil Structure Interaction Analyses for Evaluating Seismic Response," by H.B. Seed, J. Lysmer and R. Hwang
1974 (PB 236 519)A04

Unassigned
"Shaking Table Tests of a Steel Frame - A Progress Report,"” by R.W. Clough and D. Tang - 1974 (PB 240 869)A0R

"Hysteretic Behavior of Reinforced Concrete Flexural Members with Special Web Reinforcement," by
V.V. Bertero, E.P. Popov and T.Y. Wang - 1974 (PB 236 797)A07

"Applications of Religbility-Based, Global Cost Optimization to Design of Earthquake Resistant Structures,”
by E. Vitiello and K.S. Pister - 1974 (PB 237 231)RA06

"Liquefaction of Gravelly Soils Under Cyclic Loading Conditions," by R.T. Wong, H.B. Seed and C.K. Chan
1974 (PB 242 042)A03

"Site-Dependent Spectra for Earthquake-Resistant Design," by H.B. Seed, C. Ugas and J. Lysmer - 1974
(PB 240 953)A03

"Earthquake Simulator Study of a Reinforced Concrete Frame," by P. Hidalgo and R.W. Clough - 1974
(PB 241 924)A13

"Nonlinear Earthquake Response of Concrete Gravity Dams," by N. Pal ~1974 (AD/A 006 583)A06

"Modeling and Identification in Nonlinear Structural Dynamics -~ I. One Degree of Freedom Models," by

N. Distefano and A. Rath - 1974 (PB 241 548)A06

"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure, Vol.I: Description,
Theory and Analytical Modeling of Bridge and Parameters," by F. Baron and S.-H. Pang - 1975 (PB 259 407)}Al5
"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure,Vol.II: Numerical
Studies and Establishment of Seismic Design Criteria,” by F. Baron and S.-H. Pang - 1975 (PB 259 408)All
(For set of EERC 75-1 and 75-2 (PB 259 406))

"Seismic Risk Analysis for a Site and a Metropolitan Area,” by C.S. Oliveira - 1975 (PB 248 134)A09

"Analytical Investigations of Seismic Response of Short, Single or Multiple-Span Highway Bridges," by
M.-C. Chen and J. Penzien- 1975 (PB 241 454)A09

"An Evaluation of Some Methods for Predicting Seismic Behavior of Reinforced Concrete Buildings,” by S.A.
Mahin and V.V. Bertero - 1975 (PB 246 306)Al6

"Earthquake Simulator Study of a Steel Frame Strﬁcture, Vol. I: Experimental Results,” by R.W. Clough and
D.T. Tang - 1975 (PB 243 981)Al3

"Dynamic Properties of San Bernardino Intake Tower," by D. Rea, C.-Y. Liaw and A.K. Chopra - 1975 (AD/AQO8 406)
A0S

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vol. I: Description,
Theory and Analytical Modeling of Bridge Components," by F. Baron and R.E. Hamati - 1975 (PB 251 539)A07

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vol. 2: Numerical
Studies of Steel and Concrete Girder Alternates," by F. Baron and R.E. Hamati - 1975 (PB 251 540)Al0

"Static and Dynamic Analysis of Nonlinear Structures,” by D.P. Mondkar and G.H. Powell - 1975 (PB 242 434)A08
"Hysteretic Behavior of Steel Columns,"” by E.P. Popov, V.V. Bertero and S. Chandramouli - 1975 (PB 252 365)All
"Earthquake Engineering Research Center Library Printed Catalog," -1975 (PB 243 711)A26

"Three Dimensional Analysis of Building Systems (Extended Version)," by E.L. Wilson, J.P. Hollings and
H.H. Dovey ~ 1975 (PB 243 989)A07

"Determination of Soil Liquefaction Characteristics by Large-Scale Laboratory Tests," .by P. De Alba,
C.K. Chan and H.B. Seed ~ 1975 (NUREG 0027)A08

"A Literature Survey - Compressive, Tensile, Bond and Shear Strength of Masonry," by R.L. Mayes and R.W.
Clough - 1975 (PB 246 292)Al0

"Hysteretic Behavior of Ductile Moment Resisting Reinforced Concrete Frame Components,” by V.V. Bertero and
E.P. Popov - 1975 (PB 246 388)A05

"Relationships Between Maximum Acceleration, Maximum Velocity, Distance from Source, Local Site Conditions
for Moderately Strong Earthquakes,”" by H.B. Seed, R. Murarka, J. Lysmer and I.M. Idriss -~ 1975 (PB 248 172)A03

"The Effects of Method of Sample Preparation on the Cyclic Stress-Strain Behavior of Sands,” by J. Mulilis,
C.K. Chan and H.B. Seed - 1975 (Summarized in EERC 75-28)
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"The Seismic Behavior of Critical Regions of Reinforced Concrete Components as Influenced by Moment, Shear
and Axial Force," by M.B. Atalay and J. Penzien - 1975 (PB 258 842)All

"Dynamic Properties of an Eleven Story Masonry Building,” by R.M. Stephen, J.P. Hollings, J.G. Bouwkamp and
D. Jurukovski - 1975 (PB 246 945)A04

"State-of-the-Art in Seismic Strength of Masonry - An Evaluation and Review," by R.L. Mayes and R.W. Clough
1975 (PR 249 0Q40)RA07

"Frequency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundations,”" by A.K. Chopra,
P. Chakrabarti and G, Dasgupta - 1975 (PB 248 121)AQ7

"Hysteretic Behavior of Reinforced Concrete Framed Walls," by T.Y. Wong, V.V. Bertero and E.P. Popov - 1975
"Testing Facility for Subassemblages of Frame-Wall Structural Systems," by V.V. Bertero, E.P. Popov and
T. Endo ~ 1975

"Influence of Seismic History on the Liquefaction Characteristics of Sands,” by H.B. Seed, K. Mori and
C.¥. Chan - 1975 (Summarized in EERC 75-28)

“The Generation and Dissipation of Pore Water Pressures during Soil Liquefaction,"” by H.B. Seed, P.P. Martin
and J. Lysmer - 1975 (PB 252 648)A803

"Identification of Research Needs for Improving Aseismic Design of Building Structures,” by V.V. Bertero
1975 (PB 248 136)A05

"Evaluation of Soil Liquefaction Potential during Earthquakes," by H.B. Seed, I. Arango and C.K. Chan -1975
(NUREG 0026)Al13

"Representation of Irregular Stress Time Histories by Equivalent Uniform Stress Series in Liquefaction
Analyses," by H.B. Seed, I.M. Idriss, F. Makdisi and N. Banerjee ~ 1975 (PB 252 635)A03

"FLUSH - A Computer Program for Approximate 3-D Analysis of Soil-Structure Interaction Problems," by
J. Lysmer, T. Udaka, C.-F. Tsai and H.B. Seed - 1975 (PB 259 332)A0?

"ALUSH ~ A Computer Program for Seismic Response Analysis of Axisymmetric Soil-Structure Systems," by
E. Berger, J. Lysmer and H.B. Seed - 1975

"TRIP and TRAVEL - Computer Programs for Soil-Structure Interaction Analysis with Horizontally Travelling
Waves," by T. Udaka, J. Lvsmer and H.B. Seed - 1975

“Predicting the Performance of Structures in Regions of High Seismicity," by J. Penzien -1975 (PB 248 130)AC3

"Efficient Finite Element Analysis of Seismic Structure -Soil - Direction," by J. Lysmer, H.B. Seed, T. Udaka,
R.N. Hwang and C.-F. Tsai - 1975 (PB 253 570)A03

"The Dynamic Behavior of a First Story Girder of a Three-Story Steel Frame Subjected to Earthquake Loading,”
by R.W. Clough and L.-Y. Li- 1975 (PB 248 841)A05

"Earthquake Simulator Study of a Steel Frame Structure, Volume II ~Analytical Results,” by D.T. Tang ~ 1975
(PB 252 926)Al0

"ANSR-I General Purpose Computer Program for Analysis of Non-Linear Structural Response," by D.P. Mondkar
and G.H. Powell - 1975 (PB 252 386)A08 .

"Nonlinear Response Spectra for Probabilistic Seismic Design and Damage Assessment of Reinforced Concrete
Structures,” by M, Murakami and J. Penzien -~ 1975 (PB 259 530)A05

"study of a Method of Feasible Directions for Optimal Elastic Design of Frame Structures Subjected to Earth-
quake Loading," by N.D. Walker and K.S. Pister ~ 1975 (PB 257 781)A06

"An Alternative Representation of the Elastic-Viscoelastic Analogy," by G. Dasgupta and J.L. Sackman - 1975
(PB 252 173)A03 -

"Effect of Multi-Directional Shaking on Liquefaction of Sands," by H.B. Seed, R. Pyke and G.R. Martin - 1975
(PR 258 781)A03

"Strength and Ductility Evaluation of Existing Low-Rise Reinforced Concrete Buildings - Screening Method," by
T. Okada and B. Bresler - 1976 (PB 257 906)All

“Experimental and Analytical Studies on the Hysteretic Behavior of Reinforced Concrete Rectangular and
T-Beams," by S.-Y.M. Ma, E.P. Popov and V.V. Bertero - 1976 (PB 260 843)Al2

"Dynamic Behavior of a Multistory Triangular-Shaped Building," by J. Petrovski, R.M. Stephen, E. Gartenbaum
and J.G. Bouwkamp - 1976 (PB 273 279)A07

"Earthquake Induced Deformations of Earth Dams," by N. Serff, H.B. Seed, F.I. Makdisi & C.-Y. Chang - 1976
(PB 292 065)A08
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FERC 76-5 "Analysis and Design of Tube-Type Tall Building Structures," by H. de Clercq and G.H. Powell - 1976 (PB 252 220)
Al0

FERC 76~6  "Time and Frequency Domain Analysis of Three-Dimensional Ground Motions, San Fernando Earthguake,” by T. Kubo
and J. Penzien (PB 260 556)All

EERC 76~7 "Expected Performance of Uniform Building Code Design Masonry Structures," by R.L. Mayes, Y. Omote, S.W. Chen
and R.W. Clough - 1976 (PB 270 G98)A05

EERC 76-8 "Cyclic Shear Tests of Masonry Piers, Volume 1 - Test Results,” by R.L. Mayes, Y. Omote, R.W.
Clough ~ 1976 (PB 264 424)A06

EERC 76-9 "A Substructure Method for Earthquake Analysis of Structure - Soil Interaction," by J.A. Gutierrez and
A.X, Chopra - 1976 (PB 257 783)A08

EERC 76-10 "Stabilization of Potentially Liquefiable Sand Deposits using Gravel Drain Systems," by H.B. Seed and
J.R. Booker - 1976 (PB 258 820)A04

EERC 76-11 “"Influence of Design and Analysis Assumptions on Computed Inelastic Response of Moderately Tall Frames," by
G.H. Powell and D.G. Row - 1976 (PB 271 409)A06

EERC 76-12 “Sensitivity Analysis for Hysteretic Dynamic Systems: Theory and Applications,” by D. Ray, K.S. Pister and
E. Polak - 1976 (PB 262 859)A04

EERC 76-13 "Coupled Lateral Torsional Response of Buildings to Ground Shaking," by C.L. Kan and A.K. Chopra -~
1976 (PB 257 907)A09

EERC 76-14 "Seismic Analyses of the Banco de America,” by V.V. Bertero, S.A. Mahin and J.A. Hollings - 1976

EERC 76-15 "Reinforced Concrete Frame 2: Seismic Testing and Analytical Correlation," by R.W. Clough and
J. Gidwani - 1976 (PB 261 323)A08

EERC 76-16 "Cyclic Shear Tests of Masonry Piexs, Volume 2 - Analysis of Test Results," by R.L. Mayes, Y. Omote
and R.W. Clough - 1976

EERC 76-17 "Structural Steel Bracing Systems: Behavior Under Cyclic Loading," by E.P. Popov, K. Takanashi and
C.W. Roeder - 1976 (PB 260 715)A05

EERC 76-18 "Experimental Model Studies on Seismic Response of High Curved Overcrossings,” by D. Williams and
W.G. Godden - 1976 (PB 269 548)A08

EERC 76~19 "Effects of Non-Uniform Seismic Disturbances on the Dumbarton Bridge Replacement Structure," by
F. Baron and R.E. Hamati - 1976 (PB 282 981)Al6

EERC 76-20 '"Investigation of the Inelastic Chadracteristics of a Single Story Steel Structure Using System
Identification and Shaking Table Experiments," by V.C. Matzen and H.D. McNiven - 1976 (PB 258 453)A07

EERC 76-21 "Capacity of Columns with Splice Imperfections," by E.P. Popov, R.M. Stephen and R. Philbrick - 1976
(PB 260 378)A04

EERC 76-22 ‘“Response of the Olive View Hospital Main Building during the San Fernando Earthquake," by S. A. Mahin,
V.V. Bertero, A.K. Chopra and R. Collins - 1976 (PB 271 425)al4

EERC 76-23 "A Study on the Major Factors Influencing the Strength of Masonry Prisms,” by N.M. Mostaghel,
R.L. Mayes, R. W. Clough and S.W. Chen - 1976 (Not published)

EERC 76-24 "GADFLEA - A Computer Program for the Analysis of Pore Pressure Generation and Dissipation during
Cyclic or Earthquake Loading," by J.R. Booker, M.S. Rahman and H.B. Seed ~ 1976 (PB 263 947)A04

EERC 76-25 "Seismic Safety Evaluation of a R/C School Building," by B. Bresler and J, Axley - 1976

EERC 76-26 "Correlative Investigations on Theoretical and Experimental Dynamié Behavior of a Model Bridge
Structure,” by K. Kawashima and J. Penzien - 1976 (PB 263 388)All

EERC 76-27 "Earthquake Response of Coupled Shear Wall Buildings," by T. Srichatrapimuk - 1976 (PB 265 157)R07
EERC 76-28 "Tensile Capacity of Partial Penetration Welds," by E.P. Popov and R.M. Stephen - 1976 (PB 262 899)AC3

EERC 76-29 "Analysis and Design of Numerical Integration Methods in Structural Dynamics," by H.M. Hilber - 1976
(PB 264 410)A06

EERC 76-30 “Contribution of a Floor System to the Dynamic Characteristics of Reinforced Concrete Buildings," by
L.E. Malik and V.V. Bertero - 1976 (PB 272 247)Al3

EERC 76-31 "The Effects of Seismic Disturbances on the Golden Gate Bridge,"” by F. Baron, M. Arikan and R.E. Hamati -
1976 (PB 272 279)A09
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