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Computer Code "DYNA"
foer Elasto-Plastilic Dynamic Structural Response Analysis

of Two Dimensicnal Lumped-Mass Systems

*
Yoshic TTOH, Hitoshi YAMADA
Shigeki FUJITA and Osamu BABA

Department of Power Reactor Projects, JAERI

(Recieved Octocber 17, 1983)

DYNA is a computer code for the elasto-plastic dynamic response
analysis of a nuclear power plant structure subjected to earthquakes.
The structure respense can be analyzed using four models of restoring
force characteristics: Normal Tri-Linear model, Origin-Oriented model,
Peak-Oriented model and Reversal model for uplift of foundation caused by
overturning moment. Elastic dynamic fesponse analyses can be performed
efficiently using mode superposition methed.

This report presents main features of the code, numerical procedure,

manual of the code and example analysis.

Key wards: Earthquakes, Computer Cocde, Dynamic Response Analysis,
Iumped Mass System, Elasto-Plastic, Two Dimension Restoring

Force Characteristic, Mode Superposition Method
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Table 1.1 Main Features

Number of ncdes = 100
Degrees of freedom Z 100
Capacity " Number of beam elements = 100
Number of spring elements £ 50
Number of scil spring elements < 5
1. Beam element
Types
of 2. Spring element (Horizontal, Rotational)
t
elemen Soil spring element
1. Normal Tri-linear model
T
des 2. Origin-Oriented model
restoring force 3. Peak-0Oriented model
characteristics 4. Reversal model
Types 1. Strain energy proporticnal damping
of damping 2. Rayleigh damping
Eigen va%ue Jacobi method
Analysis
Flastic 1. Direct integration
analysis 2. Mode superpesition method
Elasto—plgstlc Direct integration
analysis
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In the force—deformation curve, when force exceeds
the point @ and the increment of force reverses
at the point &, the slope (stiffness) orients the
crack point @ in the negative side. If the
increment of force reverses at the point @, the
slope orients the point @ where maximum force

was recorded previously in the positive side.
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Fig 2.9 Reversal Model
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5) BB ARMOETE, s SE @R LBHAT v VORORT v T
T2e

6) RSk g ARG, MESEDICE ATy TR oI,
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3. 4 W Ok ik

3.1 Aho—#FA

Pu S5 AT RAINE Y o —% Fig. 31ICRd, B0ABMEANI =Y FEHLLTSE
n, EHEDL BIFCES o=y FREANT R, Ba<w v F&, TAKSIEREANTLT
— 5 BA Table 3110, F— 213, HBBTAHAN7+—7 v+ (32BR) IKLD, T-FA
A=VF—5 ELUTANT S

MBOE TR STOP o=y FickbiThbhsd, K3 — FTR, —HICERD =T VORI
AL THMETS CENTXEY, TRLOREIE STOP 2< Y FEANTL, £/, B
HEEITOLEITHITELURRTH S,

AT ERICIEC 2 v v FANAE Fig, 321089,

Aa— FTEEET A7 74 0% Table 3.2 K/RT ., REEELI0~14D7 7 1 0id, IGERH
LB EETERED 7 s A VHEIAO LD TH S, U A MRS GREEBEC) DAETIH
&, AELUL S,

AFTE DB REFHCEE LV, 2 - FRTE, BEERIIT- T, AT OBRICEE
LN FRBSZ0E ST -2 OBURET S,
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Command

s SO T

g

(MATERIA L

i
I
(N O D E i Input Data of
|
( BEAMSECT | p—————— ~"——=— - Stiffness and
|
(5 PRIN G i Mass matrices
|
(SOILSPRING k
Eigen Value
(E S = Analysis
Input Data of
(D AMPING prme——mm— —— o —— .
Damping Matrix
Input
(RESTORING ——————=~| Restoring Force
Characteristics
Mode Superpositon
(SUPERMODE _______________________ -
Response Analysis
Direct Integration
(DI RECT p—————
Response Analysis

( FILE A

Qutput Response Date
to DASD File

. !

( STOP %-————————-w——-{' Stop )

Fig. 3.1 Input Command

and Flow Diagram
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Table 3.1 Input Cards
Data Set No. Command Description of lnput
1.1 TITLE Start command
1.2 Title
2.1 MATERIAL Material data input command
2.2 Material data for beam elements
.1 NODE Node data input command
3.2 Node data
.1 BEAMSECT" Beam element data input command
Beam element data
5.1 SPRING Spring element data input command
5.2 Spring element data
6.1 SOIL Soil spring data input command
6.2 So0il spring data
7.1 FILE File output command
7.2 Data for output file
7.3 Data for output time history of
response value
7.4 Data for output hysteresis curves
W1 EIGEN Eigen value analysis command
Data for aralysis
9.1 DAMPING Damping data input command
9.2 Damping type
9.3 Damping value
10.1 RESTORING Restoring force characteristics
data input command
10.2 Data for restoring force
characteristics
11.1 DIRECT Direct integration response
analysis command
11.2 Data for analysis
11.3 Wave data
12.1 SUPERMODE Mode superposition response
analysis command
12.2 Data for analysis
12.3 Wave data
13.1 STOP Stop command
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SOILSPRING
No special
SPRING
order is f
required L BEAMSECT
{ NODE

I MATERIAL

( TITLE

r STOP

{ SUPERMODE

( DAMPING

( EIGEN

LFILE

( SOILSPRING

( SPRING

( BEAMSECT
( NODE

( MATERIAL
( TITLE

1. Eigen Value Analysis 2. Elastic Analysis Using Mode Super
position Method
( sTop (STOP
(DIRECT (DIRECT
I DAMPING (RESTORING
(EIGEN DAMPING
{FILE ~=-Not required _——s.( EIGEN
in case of
(SOILSPRING . (FILE
Layleigh
( SPRING damping type (SOILSPRING
(BEAMSECT (SPRING
( NODE i BEAMSECT
(MATERIAL {NODE
( TITLE ( MATERIAL
(T[TLE
3. Elastic Analysis Using Direct 4. Elasto—plastic Analysis
Integration

Fig 8.2 Sample I[nput of Commands
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Table 3.2 Usage of Leogical Units

Logical Unit No.

Descripticn

Format

wo oo & o

10

12
13
L4

Input wave data

Input data

Qutput list

Workfile for eigen value analysis
Workfile for stiffness matrix
Workfile for respomse time histories
Workfile for hysteresis curves
Output mode shapes

Qutput response time histories

Qutput hysteresis curves

Card image

Card image

No-format
No-format
Ne-format
No-format
Card image
Card image

Card image
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3.2 ATy bTF—F

RICAFZ # == v F&RT,
(1.1) START COMMAND

1 10 20 30 490 50 60 70 80
1 ] 1 3 1 ; VF ;_ 1 ! I : 1 t i
' | ! ! . 1 ' 1 ' 1 ' 1 ' '
Command ! ‘ ' ' ! :
. i I : l l :
1 | | i ' i i
TITLE 1 1 I 1 i i 1
1 ' | 1 1 1 1 1 | : : : 1 : |
(1.2) TITLE
1 10 20 30 40 50 60 70 80
1 1 i I t 1 1 ] I 1 I 1 | ! I
A S S S S
. . l I l : I
1 I ' 1 1 1 i | : : ; : | : ;

HNAME : B> 2 8Ej, H£E ( Identification for Analysis )

(2.1) MATERIAL DATA INPUT COMMAND

1 10 20 20 40 50 80 70 30
Cbmma;d NHATE i ! i | E | é : ? : % |
N I I S S A
| ! | : | | : | ; : r : |
NMATE : #4Rl5 — %% ( Number of Material Data Sets 2.2 )
(2.2) MATERIAL DATA FOR BEAM ELEMENTS
1 10 20 30 40 50 60 70 &0

1 I
I i
I !
1 f
| |
I |
! '
i 1
i )

1
1
:
15 | F10.0 | FI0.

o WP - - - - -
<

N : #HEIZHES ( Material No. )
E : ¥>#%FE ( Young's Modulus )

G : FIBREEREL ( Shear Modulus )
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(3.1) NODE DATA INPUT COMMAND

v ( The Same Movement Node No. .

Exists. )

1 10 20 30 40 50 60 70 30
Comnand  MNODH o o
T R R
NNODE g5 8k ( Number of Nodes )
{3.2) NODE DATA
1 10 20 30 40 50 60 70 80
\ : 1 i . ,
v kiR x Y R1 R3 NSD|
15 1212 FlO‘.O FlO'.O FlO..O FlOI.O 15 E
N s ®ES ( Node No. )
KB Bl E =11 BE=E ( Fixed ) ‘
( Degree of = 01 AFDHA, H¥igH ( Consider Horizontal Only )
Freedom ) = 10 ME#EdD A, KFHHE ( Consider Rotational Only )
= 00 &F¥ LUE%: ( Consider Horizontal and Rotatio-
nal )
R Alkige <0 EBRGHOEISE2ET. (This Node is Center of
( Rigid Body Base. )
Condition ) > 0 P b 85 0038 S E R kb O
EF/EEANT 5. HBAAROESRBICANEINT
WRTHER 5150,
( If This Node is on the Base, Input Node No. of
Center of Base. It is Required the Node No. of
Center of Base Already Exists. )
X X-EEf% (k%) ( Horizontal Coordinate )
Y Y-EE % ($3) ( Vertical Coordinate )
R1 HE ( Mass )
R3 E#EEPEE — 2 ¥ b ( Mass Moment of Inertia )
NSD @y%&ﬁﬁ%%o%iéﬂ%%ﬁu%mlbéﬂrmuwﬂﬁmem

This Node No. must Already
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(4.1) BEAM ELEMENT DATA INPUT COMMAND

1 10 20 30 40 50 60 70 &0
Coma:nd NBEAM % : % | i | g l i é
BEAHS‘ECT I5 i . é . :: | % | E i
NBEAM v —2L¥ ( Number of Beam Elements )
(4.2) BEAM ELEMENT DATA
1 10 20 30 40 b0 60 70 80
N | KT [ NJ | MA A I AS: AI' | E ;
5 |15 [ 15 | IS F10'.0 FlOI.O FlOI.O :: i

NI
NJ
MA

AS
Al

v —LEEHES ( Beam Element No. )

I &5:5%% (I ~ Connected Node No. )

JESEHS (J - Connected Node No. )

MERS, F—2twv b (2.2) OHKES2EATS,
{ Material No. of Data Set No.2.2 )

Biti# ( Cross Sectional Area )

T ( Cross Sectional Area for Shear )
B2 k€AY b ( Geometical Moment of Inertia )
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(5.1) SPRING ELEMENT DATA INPUT COMMAND
1 10 20 30 40 50 60 70

Command  NSPR

SPRING 15

|
i
1
1
1
t
t
1
I I

NSPR : 285 ¥t ( Number of Spring Elements )

(5.2) SPRING ELEMENT DATA
1 10 20 30 40 50 60 70

N OINsT|NSJ |pEGT S

I5 (15 {I5 A4 | F10.0

[ |

K : NRIEEFS ( Spring Element No. )
NST @ IfiS#%ES (1 - Connected Node No. )
NS ¢ JHEi&EES () - Connected Node No. )
DEG : Ni&A47 H A&, 817235 ( Horizontal or Shear Spring )
{ Type of = R H#¥z/1% ( Rotational Spring )
Sering Element )
S : N2EE ( Spring Constant )



(6.1) SOIL SPRING ELEMENT DATA INPUT COMMAND

JAERI-M 85+18%

1 10 20 30 40 50 60 70 30
Command  NSOL A T : | |
SOILSPRING 15 : : : : E :

NSGL HuAZ 8 2 &L ( Number of Soil Spring Element )

(6.2) SOIL SPRIRG ELEMERT DATA

1 10 ) 20 30 40 50 60 70 80
N |DIV]| 1B S S : | : |
15 |ha |15 | Fl0.0 | F10.0 : : : 5

N RN 2 EERS ( Soil Spring Element No. )

DIV RN T A7 = SUAY Az NF% ( Sway Spring )

{ Type of = HORI AKFEHAE N2 ( Horizontal Soil Spring )
Soil Spring ) = ROCK DO wF w4 nNx ( Rocking Sering )

1B eSS ®ES ( Connected Node Ho. )

SH N 3E# ( Spring Constant )

YS Eez D b O, EBAESHBIESOAY x4 N2 d D NI KFHIR

NERERDEELOYHHER, 274N, KE#BBEBAZL S EFE

Wik,

( Virtical Distance between the Soil Spring and the Center of Base.
If the Spring is below the Center of Base, the Sign is Negative. )
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(7.1) FILE OUTPUT COMMAND
1 10 20 30 10 50 60 70

Co mmalnd

FILE

1
1
!
1
t
1
1
I
i |

|

|
!
I
i
1
I
i
§
)

(7.2) DATA FOR OUTPUT FILE
1 10 20 30 40 50 60 70

IFMODE IFHYST
[FRESP
15 115 |15

1 EfE. WEE-F2FILEMAT %,
( Set Equal to 1 for Eigen Values and Mode Shapes Output )
0 BEHE. EHET-FEFILEHALZ L,
( No Qutput )
IFRESP : moZEF#BEHAE. BXI0R,
{ Number of Output Time Histories of Response Values. Max.=10 )
IFHYST : EZBEEHIE. BA0L

( Number of Output Hysteresis Curves. Max.=10 )

IFHODE

(7.3) DATA FOR OUTPUT TIME HISTORIES OF RESPONSE VALUES
1 10 20 30 40 50 60 70

| |

IFNODE  [[FNDRS
IFNDDI r
5 |15 |15 .

! !
t I
1 i
1 ¥
f 1
I 1
1 I
| I
1 1

!
I
1
!
I
I
1
I
!

TFNODE @ #iE®S ( Node No. )
IFNDDI : EES5M =1 7&F ( Horizontal )
( Component ) = 3 [E%z ( Rotational )
IFNDRS : AT 2I6% =1 #ExthnkE ( Absolute Acceleration )
( Response = 2 H%xbEE ( Relative Velocity )
to Output ) =3 #HMZ4T ( Relative Displacement )
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(7.4) DATA FOR OUTPUT HYSTERESIS CURVES

5—185

1 10 20 30 40 50 60 70 80
. ) ! : | : | { ‘ ; .
IFELJ IFELSL S
[FELNM  [TFELND | 1 | |
15 |15 |15 |15 o S E
IFELM BT =1 BEAM ( Beam Element )
( Element Type ) = 2 SPRING ( Spring Element )
=3 SOIL ( Soil Element )
IFELNM FEHHES ( Element No. )}
IFELST WAzl BEAMBEEOAAN =1 #F ( Moment )
( Stiffness Type for = 2 B4 ( Shear )
Beam Element Only }
IFELND s, FREOROA AN =1 TfIEM® (I - Node Side )

( Output Side of Element
Used only if IFELST = 1. )

(8.1) EIGEN VALUE ANALYSIS COMMAND

2 JEsEf (J - Node Side )

1 10 20 30 40 50 60 70 80
f : : | ! f : f ! f : ! : ;
Command ¢ ' ! : : : :
EIGEN : : | | : :
(8.2) DATA FOR ANALYSIS
1 10 20 30 40 50 60 70 80
I : l : : I I
15 I ! I ! L
MODE Wkt BEBRcEo s ¥ —HARLEIEELIBGS. 22 TAN

LickErdcoe—FKEENERIXNS,

( The Number of Output Eigenvalue/vectors .

If UMD = 1 in Data Set

9.2 , the Number of HModal Dampings are Considered. )
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{9.1) DAMPING DATA INPUT COMMAND

1 10 20 30 40 50 60 70 80
I
Command ! ' ' ; ! ! !
. I i l 1 l i
DAMP ING : : : : : : :
1 | b ! ' i [l 1 1 I [l 1 i} I

{9.2) DAMPIMG TYPE

1 10 20 30 40 50 60 70 30
w g 0 B
1 t 1 1 i :
| I f E ! I
15 15 1 1 r 1 ! i
[l I b i 1 I ' ] ' I | f
{ [l ] 1 1 ] 1 [} i 1 t [}

MD t o RN
( Type of
Damping }

LINE @ F—5E,

i
[

c] = «[M + BI[K]
M=l e =, (9.3.) 0728,
( Number of Data Sets 9.3.1 Used Only If MD = 1 )

(9.3.1) DAMPING VALUE ( FOR STRAIN PROPORTIONAL TYPE )

1 10 20

30

40

50 60 70

B ANE-HAE, BEOEITEY» LTSNS Y
vy K5, ( Strain Proportional Type )
3 Rayleighf% ( Rayleigh Damping )

80

H CO | N1

F10.0 M} 15

N2

15

i : HETE ( Critical Damping Ratio )

co BRA

( Element Type )

K1 ¢ W DBEEES
N2 ¢ Ry OBERES

BEAM
SPRI
SOIL

v — L BEF#E ( Bean Element )
N xE#E ( Spring Element )
#i8E A% ( Soil Spring Element )

{ First Element No. )
( Last Element No. )
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(9.3.2) DAMPING VARUE ( FOR RAYLEIGH DAMPING )

10 20 30 40 50 60
ALFA BETA L | : ' : |
F10.0 | F10.0 : : : :
ALFA ' Rayleigh#ZE k¥ a { Coefficient a )

BETA : RayleighflE O RE B ( Coefficient 8 )
(C] = a[M] + BIK]
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(10.1) RESTORING FORCE CHARACTERISTICS DATA IRPUT COMMAND

1 10 20 30 40 50 60 70 80
it | LD
RESTOR ING E E E i E E
(10.2) DATA FOR RESTORING FORCE CHARACTERISTICS
1 10 20 30 40 50 60 70 80
N [N {0 | ac R 61 62 | N2
M I5 | I5 |15 F14.0 F10.0 F10.0 F10.0 15
co HHEA = BEAM b — 4% ( Beam Element )
( Element Type ) = SPRI 5 EF ( Spring Element )
= SOIL MR A FEH ( Soil Spring Element )
N1 o OBEHEHS ( First Element No. )
NL Pl 5 4 1) =1 SEHIYE ( Shear )
( Stiffness Type ) = 2 @EHIFAIE ( Homent )
ND +5¥k4 4 7 ( Type of Restoring Force Characteristic )
=1 —ME LY - PE (Normal Tri-Linear Type )
=2 ESEWE ( Origin-Oriented Type )
= 3 BA&HEHA ( Peak-Oriented Type )
= 6 TR B R OAERA]
( Reversal Type for Soil Spring Element )
ac # 1 i AKH ( Reaction Force in the Crack Point )
uR H2RnBHE ( Reaction Force in the Yield Point )
Gl & 2 T R
( Stiffness Decrease Factor for the Second Slope as Defined Below. )
G2 o IR AT R
( Stiffness Decrease Factor for the Third Slope as Defined Below. )
N2 o 0BLEHBS ( Last Element No. )

p4

x ZOF =SBy b ITSIV LN FTRT T3,

( A Blank Card Must Terminate This Data Set. )

QR

ac

0

K1
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(11.1) DIRECT INTEGRATION RESPOHSE ANALYSIS COMMARD
1 10 20 30 40 50 60 70 80
Command ! . : o '. : :
DIRECT : : : 1 : ';
(11.2) DATA FOR ANALYSIS
1 10 20 30 40 50 [$14] 70 80
1 1 1 1 1 ] 1
! 1 [} 1 1
LsT| DT DIV BETA TLR TLF | :
b I I 1 ] I
5 | Fl0.0 | F10.0 | F10.0 | F10.0 | F10.0 : :
LST iy 2w 78 ( Number of Digitized Acceleration Data )
DT HES I OB I H A
( Time interval between Digitized Acceleration Data )
DIVI MRS T PR B 1%, ( Number of Analysis Time Steps during DT. )
BETA Mo B 4. DEFAMILT=1/6 ( Constant 8 for Newmark-8 Hethod )
TLR jzgeAneSokiliilfaepal:z 3l ik
{ Time Step Interval for Qutput of Acc. , Velo. and Disp. )
TLF reyalaks alii LA spalizdiidti] i

( Time Step Interval for Qutput of Stresses )
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{11.3) VAVE DATA
1 10 20 30 490 50 60 70 80
IF L) | wMAX WHUL T © YNAME i
5 |15 | F10.0 | F10.0 5L A4 :
1F A F14HEF DEFAULT=4 ( Logical Unit No. for Wave Input )
LJ ka4 2 I LETEL ( Number of Lines to Skip )
WMAX %%mm%*ﬁ\WM&W&HE%B#*ﬁ@%%ﬁE?%O
( Maximur Acceleration Value to be ised. The Acceleration Values
in the Record will be Scaled to Give Maximum tcceleration = WHMAX
Used Only if WMUL is O , Left Blank Otherwise. )
WHUL ML TS ( Multiplication Factor for Acceleration Values. )
FNT @ Mo 7a-—<w b o F: (10F7.3) ( Format of Input Wave )
WNAME :  HES% ( Identification for Wave )
(12.1) MODE SUPERPOSITION RESPONSE ANALYSIS COMMAND
1 10 20 30 40 50 60 70 80
CommalndHUDE:r:ll":I:‘:‘
SUPERMODE | 15 : ‘ w : :
MODE SRR B.DORBUTETS
( Humber of Modes to Superpose, Less than MODE in Data Set 8.2 )
(12.2) DATA FOR ANALYSIS
(11.2)1=@ L ( See Data Set 11.2 )
(12.3) WAVE DATA

(11.3)12fA % ( See Data Set 11.3)
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(13.1) STOP COMMAND

20 30 40 50 60 70 30

1

Command

STOP

F - ~ « — = = - = =

AT - FEETTSHHDJCL 2 Table 331TRT . 7 7 4 VHADBI GBS,

10 &~ 14&

OBEICT—F 2y FEIDNTIEILERL,

/7JCLG JOB

Table 3.3 57 JCL

//JCLG EXEC JCLG
//SYSIN DD DATA,DLM='++"

// JUSER

T.4 €.5 I.5 W.2 SRP
OPTP PASSWORD=
// EXEC FORT77.,50=J9068.DYNA,A="ELM(=x)"
// EXEC LKED7?77

// EXEC GO
//SYSIN
//FTO4FQ01
//FTDBFDOL
7/
//FTOQFO01
1/
//FT10F001
7/
//FT1I1F001
/7
//FT1ZFO01
r/

//
//FT13F001
/7

/7
//FT14FO001
/7

//

++

r/

CD DSN=J9068.DYNA_DATACTESTO1).DISP=5HR

DD DSN=J9068.HIMO6.DATACELANSOO1Y,DISP=SHR

DD SPACE=(TRK,(50-10)),UNIT=WK10,DISP=NEW,
DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VES)

DD SPACE=(TRK,(50-10>),UNIT=WK10,DISP=NEW,
DCB=(LRECL=19064,BLKSIZE=190&8,RECFM=VBS)

DD SPACE=(TRK,(10,103),UNIT=WK10.,DISP=NEW.,
DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)

DD SPACE=(TRK,(20,20)),UNIT=WK10,DISP=NEW,
DCB=(LRECL=19064,BLLKSIZE=19068,RECFM=VES)

DD DSN=J9068.DYMODE.DATA., '

SPACE=(TRK,(5,5)) UNIT=TSSWK.,DISP=(NEW,CATLG) ,
DCB=(LRECL=80,BLKSIZE=3120,RECFM=FB)

DD DSN=J906B.DYRESP.DATA.

SPACE=(TRK,(10,10)) ,UNIT=TSSWK,DISP=(NEW,CATLG),
DCB=(LRECL=80,BLKSIZE=3120,RECFM=FB)

DD DSN=J9068.DYHYST.DATA.
SPACE=(TRK,(50,50)) ., UNIT=TSSWK,DISP=(NEW,CATLG) -
DCB=(LRECL=B0,BLKSIZE=3120,RECFM=FB)
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4. ® H #l
41 BFEFN

ha— FOBEBEBEDT = v 7, fio— F&OEELEERITES 120 BN ERER =Xk
Lt N7 e F BT AETable 4.1 1CRd, COEFLIBWR-MARKI BEFREREE 7/
£, Ao- FCARNABRSLUARE T AT XTRETE AL C, AHREL LN
AHBTERFRY NAEMBANT D TH D, HERET 2 ¥ - HEAL, EERT LR
HEHERE L,

A HIEE FEL—CENTRO NS4 0 DFEKAMEA 5 C Ogal WRBELLAHDTS S,

KT — FOAFFIZAPPENDIX & LTERICT T,

4.2 EEEE
He4F DRETIE 5 N BRI ORBYI AFig 4 1 ~Fig 4.4 ICRT. SHHE & bR

A 4t=0001secDbDTH 5, WO FTNTHDERCELTHBREEREF = v 7 LT,
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