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ABSTRACT

This report describes a simple seismic analysis model of the KALIMER-600 sodium cooled
fast reactor and its application to the seismic time history analysis. To develop the simple
seismic analysis model, the detailed 3-D finite element analyses for main components, IHTS
piping system, and reactor building were carried out to verify the dynamic characteristics of
each part of simple seismic analysis models. By using the developed simple model, the seismic
time history analyses for both cases of a seismic isolation and non-isolation design of
KALIMER-600 were performed. From the comparison of the calculated floor response
spectrum, it is verified that the seismically isolated KALIMER-600 reactor building shows a

great performance of a seismic isolation and assures a seismic integrity.
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2. KALIMER-600

KALIMER-600
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Fig. 1 KALIMER-600
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Fig. 1 Concept of KALIMER-600 System
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Fig. 2 Concept of KALIMER-600 Seismic Analysis Model
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KALIMER-600
(5cm)
316
3.1.1
. Fig. 3(8)

Fig. 3(b) -

Fig. 4

ANSYS SHELLG63 (Elastic Shell Element)
FLUID30 (3-D Acoustic Fluid Element)
3921 3800



3.1.2

(Equivalent density)

Peg = (Mge + Mg + Mg, ) Vg,
= (330tons+183tons+50tons) /6.39
= 88.1tons/ m’

Table 1

Mg = Core Support + Inlet Plenum + Support Barrel +
Reactor Baffle + Baffle Plate + Former Ring +

Core Shield + Inlet Plate
=(24.67 + 72.3+65.0 + 109.8 + 8.33 + 3.41 + 7.7 +2.1) tons

= 183 tons

Fig. 4

V,, = St
=2zxrht
= (a®+h*)t
=7 (5.68°+2.9%)-0.05
=6.39m’

ASME
370°C

Fig. 5

N3

N1



1000
tons

T
= p,-ZD2-L
Ps D,

- 820-%11.312 12.25
~ 1000tons

N2 400 tons N3 600 tons

2236 tons

Mn1 = M(IHX + Pump + UIS + Rx Head + Insulation Plate + Rotating Plug)
=(30 +30+22.96 + 239.44 + 49.94 + 90.48) tons
=463 tons

Mo = 40 % Sodium
= 400 tons

Mnz = M(Core + Rx Internals + RV Bottom Head + 60 % Sodium)
= (330 + 183.21 + 49.833 + 600) tons
= 1163 tons

Rotary Inertia of RV Head (N1) :

. 2
ly_ |\/lnodel'r

= 463-5.8675
= 15.94E6 kg -

Rotary Inertia of RV Bottom Head (N2) :

Ilez = (I\/Icore_i_l\/IR"VBH)'r2
= (330+49.833)-10°
= 37.983E6 kg - m?



Iy: (Mcore+'\/IR"VBH)'r2

— (330+49.833) -5.68°
=12.15E6 kg-m’

Cross Sectional Area of Shell Side:

A= %( DZ-D?)= %(11.412 — 11.317) = 1784.423x10° 7’

Area Moment of Inertia of Shell Side:

T

2= (D-D?)= %(11.414 — 11.31%) = 28785.4682x10°° m"

3.1.3

6.46 Hz 6.43 Hz
. Fig. 6 1



Unit : cm
0.0
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305.0
335.0

605.0
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1100.0
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(a) Elevation of Reactor System

Fluid-Structure

—>X—n Interaction

'

] ]

= Core + RI

Weight

WY

(b) Concept of Fluid-Structure Interaction Model

Fig. 3 Concept of Rx System Detail Modeling



RV Bottom Head

h:ZQm

Fig. 4 Detail Finite Element Model for Rx System

Table 1 Summary of Total Weight of the Core System

Type No. of Duct Internal mass Duct mass Total mass
Driver fuel 336.0 63,036.9 32,088.0 95,124.9 |
Ctrl rod 12.0 0.0 1146.0 1146.0
Uss 1.0 0.0 95.5 0.0
Reflector 72.0 53,640.0 6,876.0 60,516.0 |
B4AC shield 78.0 58,110.0 7,449.0 65,559.0 :
VS 114.0 21,387.5 10,887.0 32,274.5 |
Shield 90.0 67,050.0 8,595.0 75,645.0 |
Sum (kg) 703.0 263,224.4 67,136.0 330,360.9 g

A

y
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N14Y  (IHX + Pump+ UIS+

S Rx Head + Insulation Plate +
7 X Rotating Plug)

= (30 +30+22.96 + 239.44 +
49.94 + 90.48) tons

= 463 tons

90m

NZ [ 409 Sodium

A = 400 tons

90m

(Core + Rx Internals +
RV Bottom Head +
N3 60 % Sodium)
Y @ -(330+18321+
49.833 + 600) tons
= 1163 tons

Fig. 5 Simple Seismic Model for Rx System
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Freg. = 6.46 Hz

(@ for Detail Model

CIEFLECEHENT m
S .
. [EL
—
T |
1=
L]
L |

Freg. = 6.43 Hz

pimplifisd Eeisnlc mnklysds Medel for

(b) for Simple Model

Fig. 6 Mode Shape for Rx System
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3.2

2.5cm, 11.76¢cm
15cm
2(1/4)Cr-1Mo

3.2.1

Fig. 7 172

SHELL63 (Elastic Shell Element) 368
336
ASME
300°C
3.2.2
Fig. 8
3 N3
N5 25.74 tons

Rotary Inertia of CV Bottom Head (N5) :

l=1,=Mcpy T’

X z

= 25.738E3-10?
= 2.574E6 kg-m’

_ 2
ly_ Mcven -@

= 25.738E3-5.8675
= 886.1E3 kg - ¥
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Cross Sectional Area of Shell Side:

A= %( D2-D?)= %(11.762 ~11.712) = 921.67x10°° n?

Area Moment of Inertia of Shell Side:

z

3.2.3

(2.5cm)

21.01 Hz

21.02 Hz

-~ (D!-D!)= 2 (11.76* — 11.71*) = 15865.4x10°° m
64 64

13

(18.15m)

Fig. 9

(11.76m)

21.01 Hz

21.63 Hz

15

0.65

. Fig. 10

8.44 Hz



9.075m

9.075m

N5
v_. CV Bottom Head
= 25.738 tons

Fig. 8 Simple Model of Containment V essel
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FREDTH . =4
M = q

Freg. = 8.84Hz

| SONTAINMENT VESREL

Fig. 9 Shell Vibration Model of Containment Vessel
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FLACEMTNT

Freq. = 21.02 Hz

(@ for Detail Mode

Freg. = 21.63 Hz

Hredml fop o

(b) for Simple Model

Fig. 10 Model Shape of Containment V essel
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3.3

KALIMER-600
2
2
- = Modified 9Cr-1IMo
- =82cm
- =60cm
- =1.25cm
- =0.95cm
3.3.1
Fig. 11
PIPEL6 (3D Elastic Pipe) 151
150 . ASME
2 390°C
. Fig. 12
. Fig. 13
(Fig.13(a))
51 MPa (Fig. 13(b)) 9.5 MPa
. Fig. 14
7.3%
. Fig. 15 3165S  2(1/4)cr-1Mo
(31655:292MPa, 2(1/4)Cr-
1Mo:203MPa) Mod.9Cr-1Mo

19



0.5Hz

3.3.2

Fig. 16

13 ,

3.3.3
Fig. 17

1 6.25Hz
3%

13
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KALIMER-600

4.3Hz

6.3Hz

PIPE16 (3D Elastic Pipe)

6.07Hz



Fig. 11 Detail Finite Element Model of IHTS Cold Pipe System
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Fig. 12 Deflection Shape Induced by Dead Weight and Support Position
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PIPE16 (3D Elastic Pipe) 92 ,
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Fig. 18 Detail Finite Element Model for IHTS Hot Piping System

34MPa

. Fig. 19
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19.3MPa . Fig. 20

107MPa
129MPa
. Fig. 21
2.7THz
Fig. 21(b) 7.09Hz
3.4.2
Fig. 22
PIPE16 (3D Elastic Pipe)
8 , 7
3.4.3
Fig. 23
1
1 7.09Hz 6.94Hz
2.1%
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(a) Without Support (2.7 Hz)
L ateral Support

(b) With Support (7.1 Hz)

Fig. 21 Mode Shape of IHTS Hot Piping System
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Fig. 22 Simple Seismic Model of IHTS Hot Piping System
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3.5

82cm, 1.25Cm
3.5.1
Fig. 24
55
3.5.2
Fig. 25
4
3.5.3
Fig. 26
1
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PIPE16 (3D Elastic Pipe)

9.19Hz
2.3%

34
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Fig. 24 Detail Finite Element Modd of IHTS Suction Piping System
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Fig. 25 Simple Model of IHTS Suction Piping System
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3.6
4.1m, 2.5cm

Cross Sectional Areaof Shell Side:
A= %( D2-D?)= %(4.12 — 4.05%) = 320.05x10°° n?
AreaMoment of Inertia of Shell Side:

zz

-~ (D!-Df)= 2 (41" - 4.05') = 664.02x10°° m’
64 64

3.7
3.7.1

Fig. 27  KALIMER-600

Fig. 27(a)
Fig. 27(b) 13.23m
ABAQUS
3D

3.7.2

Fig. 28
8 7

Table2 Table3
3.7.3
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X- 1
X- 1 4.8Hz
451Hz . Fig. 30 Y- 1
4.44Hz, 4.31Hz
6.0%
300tons Crane

(0.0) (-13.23.0)

(@ X-plane cutting view () X-plane cutting view

Fig. 27 Detail Finite Element Model of Reactor Building
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N106
N105
N104

N103

N102

N101

f

Top (55m), 1013.2 tons

Polar Crane (53m), 6534.1 tons

S/G (30m), 11581.2 tons

S/G SPT (25m), 1984.3 tons

IHTS CL (24m), 1236.1 tons

IHTS HL (21.2m), 2630.9 tons

EMP SPT (20m), 3096.3 tons

Ground (Om), 23783.1 tons

Fig. 28 Simple Seismic Model of Reactor Building
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Table 2 Beam Properties for Simple Seismic Model of Reactor Building

Young’s Shear Moment of Inertia of Beam (m?)
Element Area
No Nodes () Modulus | Modulus
' (GPa) (Gpa) o lyy Torsional Rigidity
1 1-2 271.08 33 2.8 50161 80834 .91706720E13
2 2-3 271.08 33 2.8 50161 80834 .91706720E13
3 3-4 271.08 33 2.8 50161 80834 .91706720E13
4 4-5 271.08 33 2.8 50161 80834 .91706720E13
5 5-6 271.08 33 2.8 50161 80834 .91706720E13
6 6-7 253.89 33 2.8 49898 80311 .14872130E14
7 7-8 104.58 33 2.8 21377 8070 .67508280E13

Table 3 Mass Properties for Simple Seismic Model of Reactor Building

Heigh | Concentrated Rotary Inertia of Mass (Kg.m?)
Node t Mass
(m) (tons) L lyy l,,
1 0 23783.1 .208518E+07 | .369961E+07 | .550275E+07
2 20 3096.3 .135655E+07 | .217648E+07 | .339530E+07
3 21.2 2630.9 .404132E+06 | .579170E+06 | .982176E+06
4 24 1236.1 .229106E+06 | .368974E+06 | .597335E+06
5 25 1984.3 .368716E+06 | .593241E+06 | .958881E+06
6 30 11581.2 .215657E+07 .349753E+07 .532277E+07
7 53 6534.1 .122948E+07 | .171340E+07 | .280475E+07
8 55 1013.2 .134766E+06 | .379516E+05 | .172655E+06
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3.8. HEFXI
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Fig. 38 KALIMER-600
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Fig. 31 KALIMER-600 Seismic Anaysis Model
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Fig. 32 Seismic Analysis Model with Coupled D.O.F.
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(b) 2% Mode Shape (X-direction, 4.54Hz)

Fig. 33 Model Shape for Non-Isolation Case
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Table 4 Summary of Natural Frequencies

Components 3-D Detail Model Simplified Model
(Hz) (Hz)
Reactor System 6.46 6.08
Containment Vessel 21.02 21.02
IHTS Hot Leg 7.09 7.09
IHTS Cold Leg 6.25 6.02
IHTS Suction Leg 9.19 9.23
Steam Generator 2 20.04
Rx Building (X-dir) 4.80 4.54
Rx Building (Y-dir) 4.44 4.35
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\\XA- Direction

(a) X-Direction

Y - Direction

(b) Y-Direction

Fig. 34 Mode Shape for Seismic Isolation Case
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A: ANSYS

/TITLE,REACTOR SYSTEM

/PREP7
ET,1,FLUID30
ET,2,SHELL63

K=2.068E9

M=820.

S=SQRT(K/M)

MP,DENS,1,M

MP,SONC,1,S

MP,MU,1,0.5

MP,EX,2,170.0E9 IRV for 370 C
MP,DENS,2,7814.0

MP,NUXY,2,0.292

R,2,0.05

MP,EX,3,170.0E9 ! RV BOTTOM HEAD
MP,DENS,3,88113.15 ! equivalent density for RV bottom head with total core + Rl mass
MP,NUXY,3,0.292

OD=11.41

RAD=0D/2.-0.025 ! shell center
H1=2.85

H2=15.1

H3=18.

BH_RAD=7.

1 SOLID
K,1,RAD
K,2,RAD,-H1
K,3,RAD,-H2
K,4,,-H3

K,5,,-H1
K,6,,-H2

L,1,2
L,2,3
LARC,3,4,6,BH_RAD

L,5,2
L,6,3
L,5,6
L,6,4

N1=5
N2=15
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N3=10

LESIZE,1,,,N1
LESIZE,2,,,N2
LESIZE,3,,,N3

LESIZE,4,,,N3
LESIZE,5,,,N3
LESIZE,®6,,,N2
LESIZE,7,,,N3

TYPE,1 ! SODIUM
MAT,1

A,5,2,3,6

A,6,3,4,4
VROTAT,1,2,,,,,6,5,180,2
VMESH,ALL

K,100,,,-RAD
K,101,-RAD

K,1000

L,100,7

L,101,9
LARC,1,100,1000,RAD
LARC,100,101,1000,RAD
LESIZE,20,,,N1
LESIZE,21,,,N1
A,1,2,7,100
A,100,7,9,101

TYPE,2 I RV SIDE CYLINDER
MAT,2

REAL,2
ASEL,S,AREA,,15,16
ASEL,A,AREA,,4,10,6
MSHKEY,1

AMESH,ALL

MAT,3 ! RV BOTTOM HEAD
ASEL,S,AREA,,7,13,6
MSHKEY,1

AMESH,ALL

ALLSEL

EPLOT

I*GO,: XX
ASEL,S,AREA, ,4,13,3
SFA,ALL,1,FSI

SAVE

FINISH

/SOLU
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ANTYPE,MODAL
MODOPT,UNSYMM,3
M,ALL,UX
NSEL,S,LOC,Y,-0.0001,0.0001
D,ALL,ALL
NSEL,S,LOC,Z,-0.001,0.001
DSYM,SYMM,Z

ALLSEL

SAVE

SOLVE

FINISH

/SOLU
EXPASS,ON
MXPAND,30
SOLVE
FINISH

XX
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/TITLE,CONTAINMENT VESSEL

/PREP7
ET,1,SHELL6G3

! Material 2 : 2(1/4)Cr-1Mo

MP,EX,1,190.0E9 ! for 300 C
MP,DENS,1,7730.

MP,NUXY,1,0.3

R,1,0.025

OD=11.76

RAD=0D/2.-0.025/2 ! shell center
H1=15.25

H2=18.15

BH_RAD=7.+0.15

1 SOLID
K,1,RAD
K,2,,,-RAD
K,3,-RAD
K,4,RAD,-H1
K,5,,-H1,-RAD
K,6,-RAD,-H1
K,7,,-H2

K,100,0.,0.,0.
K,101,,-H1

LARC,1,2,100,RAD
LARC,2,3,100,RAD

L,1,4
L,2,5
L,3,6

LARC,4,5,101,RAD
LARC,5,6,101,RAD

LARC,4,7,101,BH_RAD
LARC,5,7,101,BH_RAD
LARC,6,7,101,BH_RAD

N1=8
N2=15

LESIZE,1,,,N1
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LESIZE,2,,,N1

LESIZE,3,,,N2
LESIZE,4,,,N2
LESIZE,5,,,N2

LESIZE,6,,,N1
LESIZE,7,,,N1

LESIZE,8,,,N1
LESIZE,9,,,N1
LESIZE,10,,,N1

A1,2,54
A,2,3,6,5
A4,5,7,7
A,5,6,7,7
MSHKEY,1
AMESH,ALL

ALLSEL

EPLOT

SAVE
FINISH

/SOLU

ANTYPE,MODAL
MODOPT,REDU

M,ALL,UX
NSEL,S,LOC,Y,-0.0001,0.0001
D,ALL,ALL
NSEL,S,LOC,Z,-0.001,0.001
DSYM,SYMM,Z

ALLSEL

SAVE

SOLVE

FINISH

/SOLU
EXPASS,ON
MXPAND,20
SOLVE
FINISH
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C: ANSYS

/TITLE, IHTS COLD LEG PIPING SYSTEM of KALIMER-600
/PREP7
ET,1,PIPE16

| BEAM3 REAL PROPERTY
DI_L=0.82

DI_S=0.6
TK_L=1.2506E-2
TK_S=0.95E-2
TK_X=3.E-2
DO_L=DI_L+TK_L*2.

DO _S=DI_S+TK_S*2.

DO X=1.1

R,1,DO_L,TK_L,,,,860.
R,2,D0_S,TK_S,,,,860.
R,3,D0_X,TK_X,,,,860.

! Material 1 : 316 S.S.

mptemp,1,100,200,300,400,500,600

mptemp, 7,700

mpdata,kxx,1,1,15.3,16.8,18.3,19.7,21.2,22.6

mpdata,kxx,1,7,23.9

mpdata,c,1,1,486,508,529,550,571,592

mpdatac,1,7,592.
mpdata,alpx,1,1,16.4e-6,17.0e-6,17.5e-6,17.9e-6,18.3e-6,18.7e-6
mpdata,alpx,1,7,18.7e-6
mpdata,ex,1,1,189.€9,183.€9,176.€9,169.€9,160.€9,151.e9
mpdata,ex,1,7,140.e9
mpdata,dens,1,1,7932.0,7889.0,7846.0,7803.0,7760.0,7717.0
mpdata,dens,1,7,7717.0

mp,nuxy,1,0.306

! Material 2 : 2(1/4)Cr-1Mo

mptemp,1,50,100,200,300,400,500
mpdata,kxx,2,1,36.9,37.2,37.5,35.2,34,32
mpdata,c,2,1,463,484,523,563,610,672
mpdata,alpx,2,1,10.6e-6,10.8e-6,11.2e-6,11.6e-6,11.9e-6,12.2e-6
mpdata,dens,2,1,7723,7710,7680,7650,7610,7580
mpdata,ex,2,1,193.13e9,188.0e9,183.0e9,176.0e9,167.0€9,158.0e9
mp,nuxy,2,0.306

! Material 3 : Mod 9Cr-1Mo

mptemp,1,20,100,150,200,250,300
mptemp,7,350,400,450,500,550,600

mptemp, 13,650,700

mpdata,kxx,3,1,22.3,24.4,25.5,26.3,26.9,27.4
mpdata,kxx,3,7,27.7,27.9,27.9,27.9,27.8,27.6
mpdata,kxx,3,13,27.3,27.0
mpdata,alpx,3,1,5.8e-6,6.2e-6,6.5e-6,6.7e-6,6.85e-6,7.05e-6
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mpdata,alpx,3,7,7.22e-6,7.4e-6,7.5e-6,7.65e-6,7.85e-6,8.1e-6
mpdata,alpx,3,13,8.25e-6,8.6e-6
mpdata,ex,3,1,213.€9,208.e€9,205.€9,201.€9,198.€9,195.e9
mpdata,ex,3,7,191.€9,187.€9,183.€9,179.€9,174.€9,168.€9
mpdata,ex,3,13,161.€9,153.e9

mp,dens,3,7580

mp,nuxy,3,0.306

! Material 4 : Sodium

mptemp,1,100.,200.,300.,400.,500.,600.
mpdata,kxx,4,1,87.3,81.8,76.6,71.6,66.8,62.3
mpdata,c,4,1,1383.3,1339.1,1304.2,1278.5,1262.1,1255
mpdata,alpx,4,1,68.05e-6,67.61e-6,66.73e-6,65.4e-6,63.63e-6,61.45e-6
mpdata,dens,4,1,926.9,903.6,880.0,856.2,832.2,808.2
mp,ex,4,10.0

mp,nuxy,4,0.306

K,1,0.,3.,0.
K,2,4.18,3.0,0.
K,3,0.,3.,-6.56
K,4,4.18,3.,-6.56
K,5,4.18,3.,-3.28
K,6,8.65,3.,-3.28
K,7,8.65,8.5,-3.28
K,8,8.65,8.5,1.92
K,9,8.65,2.5,1.92

L,1,2
L,2,5
L,3,4
L,4,5
L,5,6
L,6,7
L,7,8
L,8.9

ELB=0.7

LFILLT,1,2,ELB
LFILLT,3,4,ELB
LFILLT,5,6,ELB
LFILLT,6,7,ELB
LFILLT,7,8,ELB

KKK=10
LESIZE,1,,,5
LESIZE,2,,,5
LESIZE,S,,,5
LESIZE,4,,,5
LESIZE,5,,,10
LESIZE,6,,,5
LESIZE,7,,,5
LESIZE,8,,,10
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LESIZE,9,,,KKK

LESIZE,10,,,KKK
LESIZE,11,,, KKK
LESIZE,12,,, KKK
LESIZE,13,,,KKK

K,20,0.,0.,0.,0.
K,21,0.,0.,-6.56
L,1,20

L,3,21

LFILLT,14,1,ELB
LFILLT,15,3,ELB
LESIZE,14,,,5
LESIZE,15,,,5
LESIZE,16,,,10
LESIZE,17,,,10

MAT,3
REAL,2
LMESH,1,4
LMESH,9,10
REAL,1
LMESH,5,8
LMESH, 11,13
REAL,3
LMESH, 14,17
EPLOT

SAVE

FINISH

*GO,:X

/SOLU

ANTYPE,STATIC

D,123,ALL,0.

D,129,ALL,0.

D,85,ALL,0. ! EMP Support
IDDEL,85,UY

ID,71,UY,0. ! VERTICAL SUPPORT -1 (design)
ID,64,UY,0. ! VERTICAL SUPPORT -2
1D,81,UX,0. ! HORIZONTAL SUPPORT -3
ACEL,,9.8

ITREF,21. ! for Thermal Expansion
ITUNIF,390. ! for Thermal Expansion
ALLSEL

SAVE

SOLVE

FINISH

X

I*GO,: XX

/SOLU

ANTYPE,MODAL
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MODOPT,SUBSP,20

D,123,ALL,0.

D,129,ALL,0.

D,85,ALL,0. ! EMP Support
IDDEL,85,UY

D,71,UY,0. ! VERTICAL SUPPORT (design)
1D,64,UY,0. ! VERTICAL SUPPORT
1D,81,UX,0. ! HORIZONTAL SUPPORT
TUNIF,390.

ALLSEL

SAVE

SOLVE

FINISH

/SOLU

EXPASS,ON

MXPAND,20

SOLVE

FINISH

/POST1

SET,LIST

1:XX

/TITLE, IHTS HOT LEG PIPING SYSTEM of KALIMER-600
/PREP7

ET,1,PIPE16

| BEAM3 REAL PROPERTY
DI_L=0.82

DI_S=0.6
TK_L=1.2506E-2
TK_S=0.95E-2
TK_X=3.E-2

DO _L=DI_L+TK_L*2.
DO_S=DI_S+TK_S*2.

DO X=1.1

R,1,DO_L,TK_L,,,,830. ! LARGE PIPE
R,2,DO_S,TK_S,,,,830. ! SMALL PIPE
R,3,D0_X,TK_X,,,,830. ! CO-PIPE

I STRUCTURAL STEEL(MOD9CR-1Mo, 545 C)
MP,EX,1,174.5E9 ! FOR MODAL ANALYSIS AND DEAD WEIGHT ANALYSIS
MP,DENS,1,7580.0 ! FOR MODAL ANALYSIS AND DEAD WEIGHT ANALYSIS

*GO,:K

! FOR THERMAL EXPANSION ANALYSIS

! Material 3 : Mod 9Cr-1Mo
mptemp,1,20,100,150,200,250,300
mptemp,7,350,400,450,500,550,600

mptemp, 13,650,700
mpdata,kxx,1,1,22.3,24.4,25.5,26.3,26.9,27.4
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mpdata,kxx,1,7,27.7,27.9,27.9,27.9,27.8,27.6
mpdata,kxx,1,13,27.3,27.0
mpdata,alpx,1,1,5.8e-6,6.2e-6,6.5e-6,6.7e-6,6.85e-6,7.05e-6
mpdata,alpx,1,7,7.22e-6,7.4e-6,7.5e-6,7.65e-6,7.85e-6,8.1e-6
mpdata,alpx,1,13,8.25e-6,8.6e-6
mpdata,ex,1,1,213.€9,208.e€9,205.€9,201.€9,198.€9,195.e9
mpdata,ex,1,7,191.e9,187.€9,183.€9,179.€9,174.€9,168.e9
mpdata,ex,1,13,161.€9,153.e9

mp,dens,1,7580

mp,nuxy,1,0.306

K

K,1,0.,1.2,0.
K,2,14.65,1.2,0.
K,3,14.65,6.8,0.
K,4,12.15,6.8,0.
K,5,12.15,9.8,0.
K,6,12.15,9.8,-1.23

L,1,2,20
L,2,3,10
L,3,4,10
L,4,5,10
L,5,6,10

ELB=0.7

LFILLT,1,2,ELB
LFILLT,2,3,ELB
LFILLT,3,4,ELB
LFILLT,4,5,ELB

KKK=10
LESIZE,1,,,20
LESIZE,2,,,10
LESIZE,S,,,5
LESIZE,4,,,5
LESIZE,S,,,5
LESIZE,®6,,, KKK
LESIZE,7,,,KKK
LESIZE,8,, , KKK
LESIZE,9,,,KKK

K,20,0.,0.,0.,0.
K,21,0.,3.,0.
L,20,1

L,1,21
LESIZE,10,,,3
LESIZE,11,,,3

REAL,2
LMESH,1,9
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REAL,3
LMESH,10,11
EPLOT

SAVE

FINISH

*GO,:X

/SOLU

ANTYPE,STATIC

D,87,ALL,0.

D,46,ALL,0.

IDDEL,46,UY

1D,20,UZ,0. ! LATERAL SUPPORT-1
D,13,UY,0. ! VERTICAL SUPPORT-1
ACEL,,9.8

TREF,21.

TUNIF,545.

ALLSEL

SAVE

SOLVE

FINISH

X

1*GO,:X

/SOLU

ANTYPE,MODAL

MODOPT,SUBSP, 20

D,87,ALL,0

D,46,ALL,0

D,20,UZ,0. ! LATERAL SUPPORT-1
1D,13,UY,0. ! VERTICAL SUPPORT-1
TUNIF,545.

SAVE

SOLVE

FINISH

/SOLU

EXPASS,ON

MXPAND, 20

SOLVE

FINISH

/POST1

SET,LIST

I:X

/TITLE, IHTS SUCTION LEG of KALIMER-600
/PREP7

ET,1,PIPE16

! BEAM3 REAL PROPERTY

DI_L=0.82
TK_L=1.2506E-2
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DO_L=DI_L+TK_L*2.
R,1,DO_L,TK_L,,,,860. ! LARGE PIPE

! STRUCTURAL STEEL(MOD9CR-1Mo, 390 C)
MP,EX,1,187.8E9
MP,DENS,1,7580.

K,1,8.65,0.09,1.92
K,2,8.65,-7.8,1.92
K,3,12.15,-7.8,-3.28
K,4,12.15,-5.8,-3.28

L,1,2
L,2,3
L,3.4

ELB=0.7
LFILLT,1,2,ELB
LFILLT,2,3,ELB

KKK=10
LESIZE,1,,,20
LESIZE,2,,,10
LESIZE,3,,,5
LESIZE,4,,,10
LESIZE,5,,,10

REAL,1
LMESH,1,5

EPLOT
SAVE
FINISH

/SOLU
ANTYPE,MODAL
MODOPT,SUBSP,5
DK,1,ALL,0
DK,4,ALL,0
SAVE

SOLVE

FINISH

/SOLU
EXPASS,ON
MXPAND,5
SOLVE

FINISH

/POST1
SET,LIST
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D: ABAQUS

*Heading
** Job name: kal-fix05 Model name: kal-fix04
*Preprint, echo=NO, model=NO, history=NO, contact=NO

*%

** PARTS

*%

*Part, name=PART-1-1

*Node

1, 0., 0., 0.

2, 0., 3.42285432e-07, 20.
3, 0., 3.62822561e-07, 21.2000008
4, 0., 4.10742501e-07, 24,
5, 0., 4.27856776e-07, 25.
6, 0., 5.15139561e-07, 30.1000004
7, 0., 9.07056346e-07, 53.
8, 0., 9.41284895e-07, 55.

*Element, type=B31

NoabhwdheE
NoabkhwdheE
0O~NO O WN

*Nset, nset=_PICKEDSET3, internal, generate

1, 8, 1

*Elset, elset=_PICKEDSET3, internal, generate
1, 7, 1

*Nset, nset=_PICKEDSET15, internal, generate
1, 8, 1

*Elset, elset=_PICKEDSET15, internal, generate
1, 7, 1

*Nset, nset=_PICKEDSET12, internal, generate
1, 6, 1

*Elset, elset=_PICKEDSET12, internal, generate
1, 5 1

*Nset, nset=_PICKEDSET13, internal

6,7

*Elset, elset=_PICKEDSET13, internal

6,

*Nset, nset=_PICKEDSET14, internal

7,8

*Elset, elset=_PICKEDSET14, internal

7,

*Elset, elset=_l1, internal, generate

1, 5 1

*Elset, elset=_12, internal

6,
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*Elset, elset=_I3, internal
7,
** Region: (Section-1-_11:Picked), (Beam Orientation:Picked)
*Elset, elset=_l1, internal, generate
1, 5 1
** Section: Section-1-_11 Profile: Profile-1
*Beam General Section, elset=_|1, section=GENERAL
271.08, 50161., 0., 80834., 66028.8
1.,0.,0.
3.3e+10, 3.60778e+09, 0.
*Damping, alpha=0.30747, beta=0.0004751
** Region: (Section-2-_12:Picked), (Beam Orientation:Picked)
*Elset, elset=_I2, internal
6,
** Section: Section-2-_12 Profile: Profile-2
*Beam General Section, elset=_I2, section=GENERAL
253.89, 49898., 0., 80311., 112433.
1.,0.,0.
3.3e+10, 3.60778e+09, 0.
*Damping, alpha=0.30747, beta=0.0004751
** Region: (Section-3-_13:Picked), (Beam Orientation:Picked)
*Elset, elset=_13, internal
7,
** Section: Section-3-_13 Profile: Profile-3
*Beam General Section, elset=_I3, section=GENERAL
104.58, 21377., 0., 8069.9, 4860.6

1.,0.,0.

3.3e+10, 3.60778e+09, 0.
*Damping, alpha=0.30747, beta=0.0004751
*End Part

**
*%

** ASSEMBLY

*%

*Assembly, name=Assembly

**

*Instance, name=PART-1-1, part=PART-1-1

*End Instance

**

*Nset, nset=_PICKEDSET11, internal, instance=PART-1-1
1,

*Nset, nset=_PICKEDSET15, internal, instance=PART-1-1
8,

*Nset, nset=_M5, internal, instance=PART-1-1

2,

*Nset, nset=_M®6, internal, instance=PART-1-1

2,

*Nset, nset=_M7, internal, instance=PART-1-1

3,

*Nset, nset=_M8, internal, instance=PART-1-1

3,

71



*Nset, nset= PICKEDSETY9, internal, instance=PART-1-1
4,

*Nset, nset= PICKEDSET10, internal, instance=PART-1-1
6,

*Nset, nset= PICKEDSET20, internal, instance=PART-1-1
1,

*Element, type=MASS, elset=_M24 Mass_1_

1, PART-1-1.1

*Mass, elset=_M24_Mass_1_, alpha=0.30747
2.5132e+07,

*Element, type=ROTARYI, elset=_M25 Mass 1 1
2, PART-1-1.1

*Rotaryl, elset=_M25 Mass_1 1 , alpha=0.30747
660198., 2.08518e+07, 5.55027e+07, 0., 0., O.

*Element, type=MASS, elset=_ M26_Mass_2_

3, PART-1-1.2

*Mass, elset=_M26_Mass_2_, alpha=0.3
1.09878e+06,

*Element, type=ROTARYI, elset=_M27 Mass 2 2

4, PART-1-1.2

*Rotaryl, elset=_M27_Mass 2 2 , alpha=0.3
1.35655e+06, 2.14648e+06, 3.3953e+06, 0., 0., O.

*Element, type=MASS, elset=_M12_Mass_3_

5, PART-1-1.3

*Mass, elset=_M12 Mass 3

4.1321e+06,

*Element, type=ROTARYI, elset=_M13 Mass 3 3
6, PART-1-1.3

*Rotaryl, elset=_M13 Mass_3 3_

440132., 579171., 982176., 0., 0., O.

*Element, type=MASS, elset=_M14 Mass 4 _

7, PART-1-1.4

*Mass, elset=_M14 Mass_4

2.9277e+06,

*Element, type=ROTARYI, elset=_M15 Mass 4 4

8, PART-1-1.4

*Rotaryl, elset=_M15 Mass_ 4 4_

222911., 368974., 597335., 0., 0., O.

*Element, type=MASS, elset=_M16_Mass_5_

9, PART-1-1.5

*Mass, elset=_M16 _Mass 5

1.6265e+06,

*Element, type=ROTARYI, elset=_M17 Mass 5 5
10, PART-1-1.5

*Rotaryl, elset=_M17_Mass 5 5_

368710., 593240., 958800., 0., 0., O.

*Element, type=MASS, elset=_M18 Mass 6_

11, PART-1-1.6

*Mass, elset=_M18 Mass 6

1.6365e+06,

*Element, type=ROTARYI, elset=_M19 Mass 6 6
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12, PART-1-1.6

*Rotaryl, elset=_M19 Mass 6 6_

2.1567e+06, 3.4975e+06, 5.3227e+06, 0., 0., O.
*Element, type=MASS, elset=_M20_Mass _7_

13, PART-1-1.7

*Mass, elset=_M20 Mass_7_

9.8849e+06,

*Element, type=ROTARYI, elset=_M21 Mass 7_7_
14, PART-1-1.7

*Rotaryl, elset=_M21 Mass 7 7_

1.2294e+06, 1.7134e+06, 2.80475e+06, 0., 0., O.
*Element, type=MASS, elset=_M22 Mass 8 _

15, PART-1-1.8

*Mass, elset=_M22 Mass_8

5.6506e+06,

*Element, type=ROTARYI, elset=_M23 Mass 8 8
16, PART-1-1.8

*Rotaryl, elset=_M23 Mass 8 8

134766., 379516., 172655., 0., 0., O.

*End Assembly

**

*%

** STEP: Step-1

**%

*Step, nhame=Step-1, perturbation

*Frequency, eigensolver=Lanczos, acoustic coupling=on, normalization=displacement,
number interval=1, bias=1.

,»30.,,,

*%*

** BOUNDARY CONDITIONS

**

** Name: Disp—-BC-1 Type: Displacement/Rotation
*Boundary

_PICKEDSET20, 1, 1

** Name: Disp-BC-2 Type: Displacement/Rotation
*Boundary

_PICKEDSET?20, 2, 2

** Name: Disp—-BC-3 Type: Displacement/Rotation
*Boundary

_PICKEDSET?20, 3, 3

** Name: Disp-BC-4 Type: Displacement/Rotation
*Boundary

_PICKEDSET20, 4, 4

** Name: Disp—-BC-5 Type: Displacement/Rotation
*Boundary

_PICKEDSET20, 5, 5

** Name: Disp-BC-6 Type: Displacement/Rotation
*Boundary

_PICKEDSET20, 6, 6

*%

** OUTPUT REQUESTS
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**

*Restart, write, frequency=0
**

** FIELD OUTPUT: F-Output-1

**

*Qutput, field, variable=PRESELECT
*End Step
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E : KALIMER-600 ANSYS

I HORIZONTAL SEISMIC TIME HISTORY ANALYSIS
/INPUT,MODEL,INP

/TITLE, HORIZONTAL SEISMIC TIME HISTORY ANALYSIS OF KALIMER-600
/INPUT,LOAD,INP

/CONFIG,NRES,5000
/SOLU

! Excitation node
ANTYPE,TRANS
TRNOPT,FULL
TIMINT,OFF
OUTRES,ALL,1
PI=ACOS(-1)
ICDR=0.03 ! OBE
CDR=0.05 ! SSE
ISTRUCTURAL DAMPING

FREQ1=0.5 1 ISOLATION
FREQ2=10. 1 ISOLATION
IFREQ1=3 I NON-ISOLATION
IFREQ2=10 I NON-ISOLATION

BET=CDR/(PI*(FREQ2+FREQ1))
ALP=4.*PI*FREQ1*(CDR-BET*PI*FREQ1)
ALPHAD,ALP

BETAD,BET

TIMINT,ON

SAVE

D,101,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! NON-ISOLATION
D,101,ROTX,,,,,ROTY,ROTZ I ISOLATION
D,301,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION
D,302,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION
D,303,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION
D,304,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION
D,305,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION
D,306,UY,0,,,,UZ,ROTX,ROTY,ROTZ ! ISOLATION

*DO,T_STEP,1,N_STEP,1

TIME,DAT_T(T_STEP)

ID,101,UX,DAT_D(T_STEP) | NON-ISOLATION
D,301,UX,DAT_D(T_STEP)

D,302,UX,DAT_D(T_STEP)

D,303,UX,DAT_D(T_STEP)

D,304,UX,DAT_D(T_STEP)

D,305,UX,DAT_D(T_STEP)

D,306,UX,DAT_D(T_STEP)

SOLVE
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*ENDDO

SAVE
FINISH

! FILE NAME = MODEL.INP

/TITLE, KALIMER-600 SEISMIC TIME HISTORY ANALYSIS
/PREP7

ET,1,BEAM4

ET,2,PIPE16

ET,3,MASS21

ET,4,COMBIN14,,1

ET,5,COMBIN14,,2

ET,6,COMBIN14,,3

]

Il DEMENSIONS
!
RV_RO=11.41/2.
RV_RI=11.31/2.
CV_RO=11.76/2.
CV_RI=11.71/2.
]

Il REAL PROPERTIES

|

I RV
R,200,1.784423,28.78546818,28.78546818,1,1
I CV
R,201,921.664745E-3,15.8654,15.8654,1,1

I IHTS PIPING

PDI_L=0.82 ! LARGE PIPE
PDI_S=0.6 I SMALL PIPE
PDI_X=1.1 I CO-PIPE

PTK_L=1.2506E-2

PTK_S=0.95E-2

PTK_X=3.E-2

PDO_L=PDI_L+2.*PTK_L
PDO_S=PDI_S+2.*PTK_S
PDO_X=PDI_X+2.*PTK_X
R,202,PDO_L,PTK_L,,,,860.
R,203,PDO_S,PTK_S,,,,860.
R,204,PDO_X,PTK_X,,,,860.

1 SG

SG_DO=4.1

SG_TK=0.025
SG_DI=SG_DO-SG_TK*2.
SG_A=3.14*(SG_DO**2.-SG_DI**2.)/4.
SG_|=3.14*(SG_DO**4.-SG_DI**4.)/64.
R,205,SG_A,SG_I,SG_I,1,1

I RX BUILDING
R,206,271.08,.80834E5,.50161E5,1,1
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RMORE,,.91706720E13,1,1
R,207,271.08,.80834E5,.50161E5,1,1
RMORE,,.91706720E13,1,1
R,208,271.08,.80834E5,.50161E5,1,1
RMORE,,91706720E13,1,1
R,209,271.08,.80834E5,.50161E5,1,1
RMORE,,.91706720E13,1,1
R,210,271.08,.80834E5,.50161E5,1,1
RMORE,,.91706720E13,1,1
R,211,253.89,.80311E5,.49898E5,1,1
RMORE,,.14872130E14,1,1
R,212,104.58,.80699E4,.21377E5,1,1
RMORE,,.67508280E13,1,1

I RX VAULT

RXV_RO=7.606

RXV_TK=1.5
RXV_RI=RXV_RO-RXV_TK
RXV_A=3.14*(RXV_RO**2.-RXV_RI**2.)
RXV_|=3.14*(RXV_RO**4.-RXV_RI**4.)/4.
R,213,RXV_A,RXV_I,RXV_1,1,1

I IHTS PUMP
R,214,SG_A,SG_I,SG_1,1,1

| ISOLATOR
KH=(2.*3.14159*0.5)**2.*57601.E3/6.
KV=(2.*3.14159*21.)**2.*57601.E3/6.
R,301,KH,0.12

R,302,KV,0.03

I' MATERIAL PROPERTIES
]

I (316SS, 370C)

MP,EX,1,170.0E9

MP,DENS, 1,7814

IMP,DMPR,1,0.03

| (2(1/4)Cr-1Mo, 300 C)

MP,EX,2,190.0E9

MP,DENS, 2,7730.

MP,NUXY,2,0.3

IMP,DMPR,2,0.03

I (MOD9CR-1Mo, 390 C)

MP,EX,3,187.8E9

MP,DENS, 3,7580.

IMP,DMPR,3,0.03

I INTERNAL REINFORCED CONCRETE: RX VAULT)
MP,EX,4,29.2E9

MP,DENS, 4,2400.

MP,GXY,4,12.45E9

MP,NUXY,4,0.17

IMP,DMPR,4,0.03

| (REINFORCED CONCRETE: RX BUILDING)
MP,EX,5,33.0E9
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MP,DENS,5,0.
MP,GXY,5,2.7778E9
IMP,NUXY,5,0.17
IMP,DMPR,5,0.03

I MASS21 REAL PROPERTIES
]

IRV

M1=463.E3

M2=400.E3

M3=1163.E3
M_RVBH=49.833E3+330.E3
IMY1=0.5*M1*(CV_RO**2.+CV_RI**2.)
IMX3=M_RVBH*10.**2.
IMY3=M_RVBH*RV_RI**2.
IMZ3=M_RVBH*10.**2.
R,1,M1,M1,M1,0.,IMY1,0.
R,2,M2,M2,M2,0.,0.,0.
R,3,M3,M3,M3,IMX3,IMY3,IMZ3
1CV

M5=25.7381E3
IMX5=M5*10.**2.
IMY5=0.5*M5*(CV_RO**2.+CV_RI**2.)
IMZ5=IMX5
R,5,M5,M5,M5,IMX5,IMY5,IMZ5
' [HTS PUMP

158G

I RX BUILDING
R,101,23783.1E3,23783.1E3,23783.1E3,.208518E7,.550275E7,.369961E7
R,102,3096.3E3,3096.3E3,3096.3E3,.135655E7,.339530E7,.217648E7
R,103,2630.9E3,2630.9E3,2630.9E3,.404132E6,.982176E6,.579170E6
R,104,1236.1E3,1236.1E3,1236.1E3,.229106E6,.597335E6,.368974E6
R,105,1984.3E3,1984.3E3,1984.3E3,.368716E6,.958881E6,.593241E6
R,106,11581.2E3,11581.2E3,11581.2E3,.215657E7,.532277E7,.349753E7
R,107,6534.1E3,6534.1E3,6534.1E3,.122948E7,.280475E7,.171340E7
R,108,1013.2E3,1013.2E3,1013.2E3,.134766E6,.172655E6,.379516E5

]

! NODE GENERATION
]

I RX

N,1,-3.,0.0
N,2,-3.,-9.0
N,3,-3.,-18.0
I CV

N,4 ,3.,-9.075
N,5,3.,-18.15
N,500,3.
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' I[HTS COLDLEG - R

ELB=0.7

DL=6.56/2. ! FOR LOCATION CENTERING BETWEEN IHXs

DX=2.7 I LOCATION CENTERING TO RX CENTER

TL=ELB ! TUNING LENGTH WITH CONSIDERATION OF ELBOW AT CO-PIPE =

RAD OF ELBOW

N,6 ,0.+DX,1.2,0.+DL
N,7,0.+DX,3.,0.+DL
N,8,4.18+DX-TL,3.0,0.+DL
N,9,0.+DX,1.2,-6.56+DL
N,10,0.+DX,3.,-6.56+DL
N,11,4.18+DX-TL,3.,-6.56+DL
N,12,4.18+DX-TL,3.,-3.28+DL
N,13,7.573+DX-TL,3.,-3.28+DL
N,14,8.65+DX-TL-TL/2.,3.,-3.28+DL
N,15,8.65+DX-TL-TL/2.,8.5,-3.28+DL
N,16,8.65+DX-TL-TL/2,8.5,1.92+DL
N,17,8.65+DX-TL-TL/2.,2.5,1.92+DL
N,501,0.+DX,,0.+DL
N,502,0.+DX,,-6.56+DL

I [HTS SUCTION LEG - R
N,503,8.65+DX-TL-TL/2.,0.09,1.92+DL
N,18,8.65+DX-TL-TL/2.,-7.8+TL/2.,1.92+DL
N,19,12.15+DX-TL-TL/2.,-7.8+TL/2.,-3.28+DL+TL/2.

I'I[HTS HOTLEG PIPING - R

TL3=0 I TUNING LENGTH =(RAD OF ELBOWY/2.)
N,20,7.325+DX-TL3,1.2,0.+DL
N,21,12.555+DX-TL3,1.2,0.+DL
N,22,14.65+DX-TL3,1.2,0.+DL

N,23,14.65+DX-TL3,6.8,0.+DL

N,24,12.15+DX+TL3,6.8,0.+DL

N,25,12.15+DX+TL3,9.8,0.+DL
N,504,12.15+DX+TL3,9.8,-1.23+DL

N,26,7.325+DX-TL3,1.2,0.-DL
N,27,12.555+DX-TL3,1.2,0.-DL
N,28,14.65+DX-TL3,1.2,0.-DL
N,29,14.65+DX-TL3,6.8,0.-DL
N,30,12.15+DX+TL3,6.8,0.-DL
N,31,12.15+DX+TL3,9.8,0.-DL
N,505,12.15+DX+TL3,9.8,1.23-DL

1S/G -R

N,32,12.15+DX-TL-TL/2.,-5.8+TL/2.,-3.28+DL+TL/2.
N,33,12.15+DX-TL-TL/2.,-5.8+TL/2.+10,-3.28+DL+TL/2. ! 7.8=(L of SG)/2
N,34,12.15+DX-TL-TL/2.,9.8,-3.28+DL+TL/2.
N,35,12.15+DX-TL-TL/2.,9.8+0.3,-3.28+DL+TL/2. ! 0.3=ASSUMPTION

I RX BUILDING
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G1=2.

G2=0. ! DISTANCE RX BUILDING APART FROM RX CENTER
G0=-20. ! HEIGHT BETWEEN FLOOR BOTTOM TO RX HEAD
N,101,G2,G0.

N,102,G2,G0+20.

N,103,G2,G0+21.2

N,104,G2,G0+24.

N,105,G2,G0+25.

N,106,G2,G0+30.1

N,107,G2,G0+53.

N,108,G2,G0+55.

I RX VAULT
N,109,,-10.
N,508,
N,509,,G0

! ELEMENT GENERATION
!

I RX

REAL,200

E, 1,2

E,2,3

ICV

REAL,201 $MAT,2
E,500,4

E.4,5

' [HTS COLD LEG - R
TYPE,2 $REAL,204 $MAT,3
E,501,6

E,6,7

REAL,203

E.,7,8

E,8,12

REAL,204

E,502,9

E,9,10

REAL,203

E,10,11

E,11,12

REAL,202

E, 12,13

E,13,14

E, 14,15

E,15,16

E, 16,17

I [HTS SUCTION LEG - R
REAL,202
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E,503,18
E,18,19
E,19,32

I'I[HTS HOT LEG - R
REAL,203

E,6,20

E,20,21

E,21,22

E,22,23

E,23,24

E,24,25

E,25,504

E,9,26
E,26,27
E,27,28
E,28,29
E,29,30
E,30,31
E,31,505

1SG -R
TYPE,1 $MAT,3 $REAL,205
E,32,33
E,33,34
E.34,35

I RX BUILDING

MAT,5

REAL,206 $E,101,102
REAL,207 $E,102,103
REAL,208 $E,103,104
REAL,209 $E,104,105
REAL,210 $E,105,106
REAL,211 $E,106,107
REAL,212 $E,107,108

I RX VAULT
TYPE,1 $MAT,4 $REAL,213
E,508,109
E,109,509

' [HTS PUMP - R
TYPE,1 $MAT,2 $REAL,214
E,17,503

! CONCENTRATED MASS ELEMENT GENERATION
]

I RX
TYPE,3
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REAL,1 $E,1
REAL,2 $E,2
REAL,3 $E,3
I CV

REAL,5 $E,5

I RX BUILDING

REAL,101 $E,101
REAL,102 $E,102
REAL,103 $E,103
REAL,104 $E,104
REAL,105 $E,105
REAL,106 $E,106
REAL,107 $E,107
REAL,108 $E,108

I IHTS COLDLEG - L
N,36,-(0.+DX),1.2,0.+DL
N,37,-(0.+DX),3.,0.+DL
N,38,-(4.18+DX-TL),3.0,0.+DL
N,39,-(0.+DX),1.2,-6.56+DL
N,40,-(0.+DX),3.,-6.56+DL
N,41,-(4.18+DX-TL),3.,-6.56+DL
N,42,-(4.18+DX-TL),3.,-3.28+DL
N,43,-(7.573+DX-TL),3.,-3.28+DL
N,44,-(8.65+DX-TL-TL/2.),3.,-3.28+DL
N,45,-(8.65+DX-TL-TL/2.),8.5,-3.28+DL
N,46,-(8.65+DX-TL-TL/2.),8.5,1.92+DL
N,47,-(8.65+DX-TL-TL/2.),2.5,1.92+DL
N,506,-(0.+DX),,0.+DL
N,507,-(0.+DX),,-6.56+DL

I'[HTS SUCTION LEG - L
N,48,-(8.65+DX-TL-TL/2.),-7.8+TL/2.,1.92+DL
N,49,-(12.15+DX-TL-TL/2.),-7.8+TL/2.,-3.28+DL+TL/2.
N,510,-(8.65+DX-TL-TL/2.),0.09,1.92+DL

I IHTS HOTLEG PIPING - L
TL3=0 ! TUNING LENGTH =(RAD OF ELBOWY/2.)
N,50,-(7.325+DX-TL3),1.2,0.+DL
N,51,-(12.555+DX-TL3),1.2,0.+DL
N,52,-(14.65+DX-TL3),1.2,0.+DL
N,53,-(14.65+DX-TL3),6.8,0.+DL
N,54,—(12.15+DX+TL3),6.8,0.+DL
N,55,-(12.15+DX+TL3),9.8,0.+DL
N,511,-(12.15+DX+TL3),9.8,~1.23+DL

N,56,-(7.325+DX-TL3),1.2,0.-DL
N,57,-(12.555+DX-TL3),1.2,0.-DL
N,58,-(14.65+DX-TL3),1.2,0.-DL
N,59,-(14.65+DX-TL3),6.8,0.-DL
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N,60,-(12.15+DX+TL3),6.8,0.-DL
N,61,-(12.15+DX+TL3),9.8,0.-DL
N,512,-(12.15+DX+TL3),9.8,1.23-DL

1S/G - L

N,62,-(12.15+DX-TL-TL/2.),-5.8+TL/2.,-3.28+DL+TL/2.
N,63,-(12.15+DX-TL-TL/2.),-5.8+TL/2.+10,-3.28+DL+TL/2.
N,64,-(12.15+DX-TL-TL/2.),9.8,-3.28+DL+TL/2.
N,65,-(12.15+DX-TL-TL/2.),9.8+0.3,-3.28+DL+TL/2. ! 0.3=ASSUMPTION

| ELEMENT GENERATION
I

I IHTS COLD LEG - L
TYPE,2 $REAL,204 $MAT,3
E,506,36

E,36,37

REAL,203

E,37,38

E,38,42

REAL,204

E,507,39

E,39,40

REAL,203

E,40,41

E,41,42

REAL,202

E,42,43

E,43,44

E,44,45

E,45,46

E,46,47

I'[HTS SUCTION LEG - L
REAL,202

E,510,48

E,48,49

E.49,62

I'[HTS HOT LEG - L
REAL,203

E,36,50

E,50,51

E,51,52

E,52,53

E,53,54

E,54,55

E,55,511

E.39,56

E,56,57
E,57,58
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E,58,59
E,59,60
E,60,61
E,61,512

1SG -L
TYPE,1 $MAT,3 $REAL,205
E,62,63
E,63,64
E,64,65

I'HTS PUMP - R
TYPE,1 $MAT,2 $REAL,214
E,47,510

I COUPLING NODES

!
CP,1,ALL,508,1,500,501,502,506,507
CP,7,ALL,34,504,505
CP,13,ALL,64,511,512

CP,19,ALL,101,509
CP,25,ALL,102,503,510

CP,31,UZ,1083,21,27,51,57
CP,32,UY,104,13,43

CP,33,ALL,105,33,63
CP,39,UX,106,35,65

I*GO,: XX
I SEIMSIC ISOLATION

BL_X=49./2.
BL_Z=36./2.

N,301,-BL_X,GO0,BL_Z
N,302,,G0,BL_Z
N,303,BL_X,G0,BL_Z
N,304,-BL_X,G0,-BL_Z
N,305,,G0,-BL_Z
N,306,BL_X,G0,-BL_Z

TYPE,4

REAL,301
E,101,301
E,101,302
E,101,303
E,101,304
E,101,305
E,101,306
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TYPE,5
REAL,302
E,101,301
E,101,302
E,101,303
E,101,304
E,101,305
E,101,306
TYPE,6
REAL,301
E,101,301
E,101,302
E,101,303
E,101,304
E,101,305
E,101,306
XX

SAVE
eplot
FINISH

*GO,:X

/SOLU
ANTYPE,MODAL
MODOPT,SUBSP,5
IM,ALL,UX
1D,101,ALL I FOR NON-ISOLATION
D,101,ROTX,,,,,ROTY,ROTZ
D,301,ALL
D,302,ALL
D,303,ALL
D,304,ALL
D,305,ALL
D,306,ALL

SAVE

SOLVE

FINISH

/SOLU

EXPASS,ON
MXPAND,5

SOLVE

X

SAVE

FINISH

' FILE NAME = LOAD.INP

| STORE DISPLACEMENT TIME HISTORY DATA
n_step=2100 ! NUMBER OF TIME STEP
IVFC=2.0/3.0 ! for Vertical
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VFC=1.0 ! for Horizontal

IAMP=1.071428571*VFC 1 OBE
AMP=1.071428571*2.0*VFC I SSE
G=9.8

GRAV=AMP*G

*dim,dat_t,array,n_step

*dim,dat_a,array,n_step

*vread,dat_t(1),k_acc,dat
(3x,e22.5)

*vread,dat_a(1),k_acc,dat
(27x,e25.5)

*voper,dat_a(1),dat_a(1),mult, GRAV

*dim,dat_v,array,n_step

*voper,dat_v(1),dat _a(1),intl,dat_t(1),0.005

*dim,dat_d,array,n_step

*voper,dat_d(1),dat v(1),intl,dat t(1)

*vplot,dat_t(1),dat_d(1)

1*GO,:X1

/output,frs,out

VPUT,DAT_T,2

VPUT,DAT_D,3

FILLDATA,4,1,1000,1,0.1,0.1

RESP,5,4,3,3,0.05,0.01

PRTIME,0.0,100.0

XVAR,4

PLVAR,5

PRVAR,5

/OUTPUT

1:X1
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