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One phase of the seismic studies conducted with the decommissioned Refesdampfreaktor in
Kahl, West Germany was the prediction of ti.e resatse of the Recirculation Loop piping (URL) .
to the 5 Ks blast loading. As a follow-on study to the US effort in this area, BNL performed
linear analyses of the URL piping to corroborate the linear analyses performed by an alternate
NRC contractor and to verify those saalyses considering distinct, independent support excita-
tions. In this study the computer models and processed input data developed by the alternate
contractor were used.

The BNL effort was initiated in FY 1982 under the Mechanical Piping Benchmark Project.

Specifically response predictions were made for the HDR URL system subjected to the 5 Kg
blast loading considering uniform support motion with elastic supports and independent sup-
port motion with elastic supports. For the evaluations the independently developed BNL
finite element piping analysis code, PSAFE2, was used.

The overall agreement between the results predicted with a linear model and the seasured
results for the IBR URL system is relatively poor. This' asteement did not taprove when proc-

essed independent support excitations were considered. In general the predicted peak re-.

sponse amplitudes agreed with the measured peak amplitudes but there vos little correspond-
ence between the actual time history traces. Better results were obtained for points located

at, or near supports. Apparently this improvement corresponds to the close proximity of the
input excitation for these points.

In all major aspects the results developed at BNL with the linear analysis code PSA:TE2
match those developed for the same model with the linear analysis code NUPIPE II. Additional-
ly the BNL results agree well with those predicted for an alternate model with' the nonlinear
analysis code ANSYS.

The paper includes a description of the computer model and compariscas between measured
and predicted acceleration time history records for selected points in the system. Predicted

results considering both uniform support excitation and independent support excitation are

provided.
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In 1979 the decommissioned Heisodampfreaktor (MDR) in Eshl, West Germany was subjected

to excitation developed by t' e detonation of a buried 5 Kg explosive charge located in theh

soil t. ear the containment building. Installed instrumentation recorded both the input exci-
tation to, and the response of the recirculation loop pipag. Subsequent to the test the
response of the system was calculated using both linear and nonlinear analysis methods and
the measured motions as inputs. As a follow-on study to these original evaluations, BNL in-
dependently developed linear response predictions for the system considering uniform suppors
excitation with elastic supports. In this study the originally developed computer models and
processed input data were used in conjunction with the BNL developed finite element piping
analysis code PSAFE2, Subudhi [1].

2. Model Descristion
The finite element modes used 'in these evaluations was, to the extent possible when using

11fferent analysis methods, identical to the model used in the original evaluations, Thinnes

(21. Figure 1 shows a computer generated sketch of the entire system with only same key nodal
points labeled. T .e reactos, node 30-63 was modeled with 15 heavy wolled pipe elements. - The
two recirculation loop jumps, nodes 77-95 and nodes 4-15 were each modeled with five heavy
us11ed pipe elements. All pump and reactor supports were modeled with linear spring elements.
The included piping was modeled appropriately with approximately 90 pipe and elbow elements.
For all components the pipe e! ament well thicknesses were selected to simulate the stiffness

of the component while the sua density was adjuad to provide the proper weight. The nodes
for which response predictions were made are show on the figure. '

3. Analysis

Two separate response evaluations were madt,. In the first analysis all supports were
assumed to edibit uniform support excitation where the inputs were the pre:essed averages of
the accelerations measured at some four points in the recirculation piping room.

In the second analysis independent support motions, Suludhi (3), were considered. In i

this case all the loop support elastants were divided into three 4roups, each exhibiting a
iseparate excitation. The first group consisted of ali supports other than the reactor sup- I

ports and the support at node 170. The support at nods 170 formed the second group while the
i

reactor supports, nodes 30 and 63, formed the third group. . The processed input support accel-
eretion records for the I and Z direction were different for each of the groups while the Y -[
direction input for each group was identical and equal to that used in the uniform support
motion analysis. . All records were of 0.6 sec duration and none differed significantly from
the uniform support motion accelerograms.

For both analysea model superposition time history methods of solution were used with a
30 mode approximation, 2% uniform damping and a solution time step of 0.001 sec.
4 Results

The computed natural frequencies for the system ranged from 1.835 Hs for the fundamental
node to 36.14 Hs for the thirtieth mode. These corresponded reasonably well to those predict-
ed with the NUPIPg II code for the save model, the largest difference being 2.8% for mode 12.
In the first five modes the pgs exhibit r*sid body displacements and rotations with assoc 1-
ated displacenants and rotations of the connecting'pipicq. In fact the purps participate

{- strongly in all modes up to the twentieth natural frequency.
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Figures 2 through 5 thow the predicted cnd s,easured absolute acceleration data for sea
lected points in the system. On each figure three curves are shown, the solid line corre-

sponds to the accelerations predicted using independent support excitation, the center line
symbol to the accelerations predicted using uniform support excitation and the dashed line
corresponds to the seasured acceleration record. The legend for each curve lists the node
number and coordinate direction 'for tb data depicted.

A description of all the !.ca developed is provided in reference [4].
5. Discussion of Retics

From a consideratica of all the response results the following general observations were
made. For all cases the response predicted for independent support excitation almost coin-

- cides with the response predicted foc uniform support excitation. This was expected since
the independent excitations differed little from the uniform excitation. Where these two
response curves differ the predicted rssponse for the uniform support excitation case in

general envelopes that predicted for independent support excitation. When measured response
is considered, no consistent trend was apparent. For point 36 the computed and measured
responses are similar in both magnitude and phase. For some points there is a similarity in
phase for the early time period while for other point.a no similarity in phase exists for any

time. Regarding amplitude the peak predicted amplicudo does seem to match or exceed the peak
measured amplitude. lastly the correspondence between measured and predicted response did
seem te improve as the point of comparison approached a support or the source of excitation.

In conclusion, the overall agreement between the results predicted with a linear model

and the measured results for the HDR URL system is relatively poor. This agreement did noc
improve when processed independent support excitations were considered. In general the pre-
dicted peak response amplitudes agreed with the measured peak amplitudes but there was little
correspondence between the actual time history traces. Better reaults were obtained for

points located at, or near supports. Apparent 1/ this improvement corresponds to the close
proximity of the input excitation for these points.

In all major aspects the results devkloped at BNL with the linear analysis code PSAFE2
match those devrtoped for the same model with the linear analysis code NUPIPE II. Additional-
ly the BNL results agree well with those predicted for an alternate model with the nonlinear

analysis code ANSYS.
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