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ABSTRACT

A simplified three dimensional finite element model of a2 pool type LMFBR in con-
junction with the computer program ANSYS is developed and scoping results of seismic
analysis are produced. Through this study various structural attachments of a pool type
LMFER like the reactor vessel skirt support, the pump support and reactor shell—suppoff
structure interfaces are stud1ed This study also provides some useful results on c.q\nva-,
lent viscous damping appy OaCh and sorne improvements to the treatment of equivalent vis-
cous damping are recommended. This study also sets forth pertinent guidelines for deta:.le?.

three dimensional finite element seismic analysis of pool type LMFBR (to be published in a

separate paper).




1. Introduction

Three-dimensional finite element stress analysis of reactcr systems under selsn'uc

- ,loadmgs presents numerous problems. In order to overcome the dlfﬁculty 1mposed by com

V‘puter capacity, the substructuring technique can be used Wthh W111 allow detalled modellmv
.-of the structure. The d1£flc1.1ty to handle required complcxl‘ues in the analys1s such as the,v
_ﬂu1d-structure interaction and fluid sloshing, hydrodynamlc erchts in various annulus and

gaps in the structure, the incorporation of an equivalent viscous ’dampmg approach and man ‘

‘other features in the analysis cannot be fully described in one paper. There are added d1f—

:hcnltlcs such as time and funding limitations which impose sermus limitations on accoms= L

‘plishing what is practical often at the cost of what is required.

Three dimensional: finite element analyols usmg the substructuring technlque for the

' above-rnentmned purpose ‘was a.tternpted durmg study at Argonne Natmnal Laboratory It

: was dec1ded tha.t such an ana1y51s can only be accomp11-=hed through careful md1v1dual han-




' dlmg of all complex1t1es mvolved.1n the analys1s. In thlS ‘counection the, work 1nvolv1ng

‘ ﬂuxd-structl.re mteractmn and ﬂu1d sloshmg 1s the sub_)ect of - Refﬁ'(l) and oth papers _

c-!-' =~an1_+\rne T4 "\K'F"'R'R in rnn1anlen \xn‘__h *qu ren

problem in the above-mentioned study.

'T‘hi‘S. equivalent viscous damping approach was developed by the author in conJunctlon

-v;e1gi;vh‘vof»v1\fuc1earv :jPe'wzrervPlants;"v Table II.1 shows the de.mpilig ratios for different mz‘iteriai:
~w thm ‘each: substru*ture of a pool-type LNIFBR Composite modal damping values wil be
vdetermmed based on an energy proportmna.l damping metheod.

A.procedure using the ANSYS computer program to obtain the response spectrum

a.nalyszs of a s,_ubstructured: system which ijncludcs composite modal darnpi__ng‘is? Qutli;ued i




this paper. The analysis is done in two parts: (1) to obtain frequencies and mode shapes

‘and (2) post processing to combine modes for total response.

T ey

Only one spectrum is used for the frequency analysis. Based on the frequency, a
modal damping factor is calculated for each mode and is then used to obtain the response
for the correct damping value in the modal summation.

Modzal damping factors are calculated in two steps. Iirst, an equivalent damping

factor is calculated for each mode of each substructure by using strain encrgy as a weight

| function and proportioning critical damping factors for each material in the substructure.
‘These substructure damping factors are then proportioned to obtain the equivalent damping
factors for each mode, using either substructure strain energy or kinetic energy as the

 weight function.

"The final rés.pon;.se'is obtained bymfnodai summation using POST 7. A linear factor”i_s
applied to ‘each modal response to account for its correct equivalent Viscous damping. The .

detailed procedure is shown as follows:

A. Assumptions

1. One response spectrum is used for ANSYS irequency analysis.

. 2. ANSYS calculates-and prints the total strain enérgy and kinetic energy fd:rv .

each mode for all.elements having thc same material'number. Although the same material - |




apphed to each modal response to account for 1ts correctj equivalent‘y,v__iscous_Elamping. The

| deta.zled procedure is shown as follows-"

A. Assumptmns
1. One response spectrum is used for ANSYS frequency analys1s. ;

2. ANSYS calculates and prints the total strain energy and kinetic energy for '
each mode for all elements havmg the same matenal number. Although the same materlal
“will he us'ed in-more than cne substructure a different materla.. number Wll.l. be asslgned for

.hthat material in each substructure to obtain the strain energy and kinetic energy forreach
substructure. |
B. Calculation of Equi\-ralent Viscous Damping I‘hctors _
1. Equwalent viscous damping factors are calculated for each substructure ‘
usmg the strain energy proportion in EquationII.l for each mode considered in the analys1s;:

nm ne

equﬁalent visccus damping factor for RtY mode for the Kth substructure-
stram energy ( QTKQ) for ith element of finite element mesh and Jth ma.tena.l
of the Kth substvucture'
fractmn of cr1t1cal dampmg for Jth material of the Kth substructure;
wnumber of elevnentS’ | |
- number of ‘materials H

¥ = modal vector obtained from frequency analysis of the entire system.

: ANSYS computes and prints DKR - for each Substructure for every mode. Note that,DKR & d,]

'for substructures cons1stmg of one material,




2. Equivalent \rlscous dampmg, ‘factors are calculated for cach nmdc of th

entire syst'cm, using a strain energy proportmn (Equation II1.2) or a kmetlc cncrgy propm-

nK
2. SEKRDKR
K=1
nkK
2. SEKR
K=1

nK

2. KEKRDKR
K=1

nkK

Y. KEggr
K=1

equivalent viscous damping iactor. for Rth mode of the system based on
strain energy approach; _
equivalent viscous damping factor for RIM mode of the system based on
kinetic energy approach;

substructure strain energy obtained from ANSYS for Rt mode in the Kth

substructure;

substructure kinetic energy obtained from ANSYS for R'™ mode in the Kth
Substructure; »
éqﬁivalent viscous darnping factor for R%™ mode in KB substructure ca.lcu-
-lated by Equatlon I.1; | |

»;number of substructures. '




substructure calc

C 'I‘ota.l Rcsponse Ca.lculatlﬂon‘

The system re sponse is obtamed using modal summation contained in the

POST 7 post processor of ANSYS. Usmg the damping factors in Part B and Equatmn (

11.4)- ‘
.‘atﬂ'gwcn_:modcy

Upr.
R * Ton

= the linear multiplier for Rth mode;

the spectral value corresponding to frequency of R'h mode and damping DR
(or DR)s

the spectra.l value corresponding to frequency of R mode and dampmg DO,‘




Do = percent critical damping for response spectra used in ANSYS {requency

analysis;

DR’ Di{ damping fzctors defined by equations II.3 and I1.4, respectively. Upp and
UgpRr may be obtained from the response spectra for multiple damping val-
ues as illustrated in Fig. I1.1.

D. Response Spectra Analysis Flow Using ANSYS and Energy Proportional Damping |

Use ANSYS frequency analysis
one value of critical

damping.

1

Calculate equivalent viscous

damping factor using strain
energy proporfional damping

for each substructure in

. each mode (equation II.1).
1

Calculate ‘equivalent viscous

m - — S dapmning fa, Jactor for.gach .. R

%
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Cal'curl‘ate' e’qui.valept ‘viscous
damping factor using strain
energy proportional damping
for each substructure in

each mode (équation I1.1).

Calculate equivalent viscous
.damping factor for each
wnode in the entire system by
using substructure energy

as the weight function -

(equation I1.2 or I1.3).

Use damping factors to
obtain linear factors (FR) for

each mode.

|

Obtain system response
through modal summation

using POST 7 of ANSYS and

FR multipliers.




| iI'I. Seismic Analysis of a Pool-type LMFDBR by Simplified 3-I Finite Element Model

A simplified three-dimensional finite element medel of a pool-type LMFBR was de-
veloped to scrve the purpose of obtlaining scoping results of the seismic analysis to aid in
establishing guidelines to the detailed three-dimensional finite element analysis outlined
above. The simplified three-dimensional finite element model can also be used as an initiall
test for the equivalent viscous damping procedure.

The 180° simplificd three-dimensional pool-type LMFBR finite element model is
shown in Fig. III.1, Thec substructures included in the system are: 1) concrete wall, 2) skir
support, 3) deck structure, 4) primary vessel, 5) IHX's, 6) pumps, 7) removable reactor and
8) fixed reactor (not shown in Figure). The concretc wall (84 ft OD, 60 ft high, 3 ft thick) k
supporting the primary vessel and deck structure was modeled by the soylid clements. The’
skirt support is composed of 2 in. thick steel plates for transmitting the heavy weight of the
reactor vessel to the concrete wall. The skirt support was modeled by 3-D quadrilateral
shell elements. The 10 ft thick deck structure is composed of radial ribs and circurn_feren;
tial ribs which are cevei‘éd by horizontal plates. The deck was simplified to be modeled by
the 3-D quadrilateral shell elements and pipe elements. The primary vessel which is 69 1'1.
in diameter and 61 ft in height has wall thickness from 1.6 in. to 2 in. It contains all of the
components of the heat generating system, i.e., fixed reactor, IHX's, pﬁmps. The primary |
vessel was also modeled by 3-D quadrilateral shell elements. There are two pumps and’
‘four IHX's within the 180° model. They were simplified to be modeled by pipe elements. Th:

removable reactor was also simplified to be modeled as pipe elements at the center of the.

model, Spring elements were used at several locations along the skirt support to J‘;ép'r.e[sen,_t,




compon pONENnts """o'f 'i:h“e“ﬁ“e'a“ “g’éﬁ‘e ra.t' ng's sys Systerm, 1. ’é?f “tﬁé”‘d e

the stlﬂnes.; G.E the reactor bulldlng vhlch 1s‘ not 1nc1uded in the model,

A linear transient dynamic analysis of the simplified 3-D finite element modc,l was
perisrmed by using the ANSYS prog,ra.m The spectrum-compatible modified EL C}"NTRO

acceleration time history enveloping the 0.2 G, 2% damping NRC des1gn response spcctru
was used as input motion. The dyramic response of various structural attachments ‘were

obtaincd: The post processor (POST 28) of ANSYS was employed to generate the’ response

spectra at various spots in the system. The 2,% damping response -Spectra. at skirt suppor

and pump support generated by POST 28 along.with a pump support response spé:-(:tfum

(OBE, 2% damping) for a large scale LMFBR {Ref. 4) is shown in Fig. Il[.2. Fig. III.2 show

that the spectrum at skl.rt support has peak acceleration 3.55 G occurring at 7.5 Hz w1th
0.32 G rated at high frequency range.

The spectrum at pump support has 4.8 G peak:valuc,
with 0.41 G rated at high frequency range.

1v. CQnClusioxls

In this paper a procedure for the determination of equivalent viscous dan1p1ng in ¢or
_)unctmn w1th a.substructuring technique is presented A s1mp1A 1ed t ree- d1mens1ona1 fm1

elem, nt model usm:; AN'—'YS ‘program is prescnted which provxdcs 1n1t1a1 t st of

this equ;valcnt viscous demping procedure. This simplified three dimensional finite




clement model also serves the purpose ol obtaining scoping results of the seismic analys 5

>,oii.' a pool-type LMFBR to aid in establishing guidelines to the detailed three-dimensional
fixlite clement analysis. Some initial studies of critical structural attachments such as
_‘:reactor vessel skirt support and pump support are made using this simplified three-

‘dimensional finite element model.

(1]
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. Components Damping Values in'a Pool-type
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| RESPONSE SPECTRUM AT PUMP SUPPORT
— — — RESPONSE  SPECTRUM AT SKIRT SUPPORT {ANSYS RESULT)
----------- RESPONSE SPECTRUM AT PUMP SUPPORT (ANSYS RESULT)
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Fig. 1.1, Substructures Assembly with Dynamic Degrees of Freecdom and
Wavefront Requirements for a Pool-type LMFBR 3D-Model

Fig. II.1. Graphical Representation of Method to Obtain Linear
Multipliers Required for Modal Superposition

Fig. I11.1. Simplified Three-dimensional Finite Element Model of a Pool-type LMFBR-

Fig. 1I1.2. Response Spectra at Pump Support and Skirt Support (2% Damping)




