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| ABSTRACT .

A Tlinear e]ast1c ana]ys1s of the LOFT reactor 1nternals was conducted to
demonstrate the structura] integrity of ‘the reactor system during two Loss- of—
Coo]ant Acc1dents (LOCA). Time dependent pressure transients were used to pre-

“dict the behavior of.the internals for the follewihg LOCA's: |
14" 15 msec Reactor Vessel Nozz]e Hot Leg Break
14" iS msec Reactor Vessel Nozzle Co]d Leg Break.
For the most severe design LOCA (Co]d Leg LOCA), the LOFT reactor internals
“ can safe]y withstand stresses due to a combination of pressure trans1ent Toad-

. ing and se1sm1c 1oad1ng
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MECHANICAL ANALYSIS OF LOFT REACTOR INTERNALS
DUE TO LOSS OF COOLANT ACCIDENTS

I. INTRODUCTION

The structural analysis of the LOFT reactor internals for Loss-of-Coolant
Accident (LOCA) conditions is documented in this report. The analysis accounts
for the lateral time history interactions of the vessel, vessel fillers, core
barrel, flow skirt, core fillers, corner modules, center module, control
modules, control guide assembly, and control rods. The model is shown in
Figure 1, and is the same model as that used in Reference 2 for analyzing the

internals for Loss-of-Coolant Experiment (LOCE) conditions.
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-ITI. DISCUSSION OF THE MODEL

The various-interngl'components were all modeled‘as 1inear, elastic beams
compatible with fhe SAP IV.structural analysis computer program. Appendix A
of the original report'(LfR 1115-34) cbntaiﬁs a listing of the CDC version
used for this analysis. The four corner fuel modules were represented by a
single beam having four times the mass and four times the stiffness of a single
module but with the same mass/stiffness distribution. This yie]ds forces in
the model which are four times fhe forces in a single corner module but dis-
placements in the model which are corréct without modification. fhis same
procedure was used in modeling the four control modules, guide assemblies,
and COhtf01 rods. Model 9 (Figure 1) is the designation used for the model
employed in thiS'anélysis. |

A11 lateral stiffness values were based on the centroidal moment‘of
inertia. In the fuel region of the modules, guide tubes and fuel rods were
accounted for in the stiffness. In a dynamic ana]ysis.by MPR of the fuel
modules, Reference 4, a procedure is outlined for using a reduced fuel stiff-
ness to account for the deflected shape of the fuel region. While this approach
to the analysis is current]y being reviewed, the effect of fuel module stiff-
ness on the sfructura]‘integrity of the corersupport components is not}consid-
ered to be significant. | |

Lumped masses were applied to discrete node points to obtain an accurate
reprgsentation of the actual mass distribution in each of the beams.

Hydrodynamic‘effects f}om the interaction of the water with the interna]é
were accounted for by applying lTumped masses to discrete nodeé to represent
the distribution of the wafer's mass. At bearing pad locations between the
vessel and vessel fillers, vessel fillers and barrel, support was assumed to
exist hased on hydrodynamic mass considerations. Details of these calculations

are available if desired.
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ITI. FORCING FUNCTIONS.

Preséure:transients.predjcted:by WHAM analyses. of two' LOCA conditions
- were used as the basis for-calculating lateral time}varying.loads.imposed on
the vessel,. vessel fillers,. and. barrel. The;anaﬂysisrwas:conductéd.for 0.100
sec. with 1000?timé<incrementszbyer“theiinterVaJi The: WHMPLT" computer program
was used.to;convert:theupressuke>transienf5’to equivalent: time=varying forces
on the. internalsi. A-Tisting of WHMPLT is' contained inm:Appendix A’ of’ the
original report. To:reduce the-computer time kequired'for“aisOJUtion, each
force- transient was reduced. from 1000" time. increments to an:equivaient tran-
sient consisting*of'ZOO?time.Tncrementsdusing"thevWHATAB computer program. A
listing qf”WHATABZis cohtainedfin Appendix: C of the: original report. These
foréing functions. were: then input: to SAP’LV'to‘ana]yze;the;response of the
internals to the: following  LOCA: conditions: |

(a): 18" 15 msec Hot.Leg LOCA

(b) 14" 15 msec' Cold Leg LOCA..
The‘useéof these:LOCA-condﬁtjbns,4as;the basis for the:analysis, is jﬁstified
in Referencev51where:thé3LOCAiis‘defined;asaa.doub1é—ended'0ff$ettshear occur-
ring in 15 msec. The: 15 msec is;a.tdtal break time consisting of a 5 msec

pipe break time:p]ustOamsec(a]1owance;for’the'offset'to.occuw.
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IV. DISCUSSION OF RESULTS
Bending stresses for the internal components due to a LOCA Cold Leg Break

are shown in Figures 2 to 10. The maximum.stress in each component is:

Vessel: 1,087 psi'

Vessel Fillers:: 339 psi
Barrel: 549 psi
Flow Skirt w/Core Filler: 444 psi

Corner Module: 24,742 psi

Center Module: 10,508 psi
Control Module: 9,483‘psi
Guide Assembly: 1,522 psi. -

Control Rod Assemb]y: 4,766 psi

The maximum stress occurs in the guide tube assemblies of‘thé corner module
Jjust below the Upper End Box.' This is, according to Réferenceil, the same loca-
tion where the_maximum seismic sfress occurs. Seismic stress corresponds to
a Safe Shutdown Earthquake. The maximum LOCA and seismic stresses afe 24,742
psi and 17,148 béi,,réspective]y, having a sum of 41,890'psi. The allowable
'<Bending stress for thi§ 304 L SS Cd1d4worked region of the module, according
to Reference 3, is 50,000 psi at 600 °F-' The analysis was performed for 650 °F,
which is quite»;]ose.

Both the LOCA and seismicnstresses are considerab]y lower than this through-
out the remainder of the reactor interna]é; and do not approach the allowable
'streés-for 304 L'staiﬁless Sfeel under faulted conditions (32,880 psi).

The maximum overturning moment transmitted to“fhe vessel lugs is:
12,980 in-kips (Cold Leg LOCA) |
4,472 in-kips (Hot leg LOCA).
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The design 1imit, according to Reference 2, is 20,000 in.-kips.
A comparison:between stresses in the ‘three most highly stressed areas of
the model for the two LOCA's .is:given in Figure 11.
‘Natural -frequencies for the .LOFT reactor internals are:presented in

Table I.
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TABLE 1

NATURAL FREQUENCY SUMMARY (LATERAL MODEL 9)

Freq. (Hz . Period (Sec)

R 12.61 | .0793
2 20,52 .0487
3 40.50 - .0247
4 “42.07 - .0238
5 46.35 o6
6  46.83 | .0214
7 46,98 0213
8 53.49. L0187
9 54ﬁ96 .0182
0

- 76.00 . 0132

17 .
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V. CONCLUSION

The worst-case LOCA design.conditions is that of.a:14" 15-msec cold leg
break. Under this LOCA condition-and-a Safe Shutdown Earthquake,“the.LOFT

reactor ﬁnterna15'have sufficient strength-to withstahd imposedlloading.

18
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