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1 EXPERIMENTAL DYNAMIC LOADS

The reactor building of the decommissioned HDR-plant,
originally housing an experimental superheated-steam
reactor system, has recently been subjected to intense
dynamic loads in a series of tests which induced cyclic
base excitation of existing mechanical components and
piping systems.

A large, eccentric mass, coast-down shaker was in-
stalled on the operating floor of the building, as
shown in Figure 1, for this purpose. The design and
operation of the shaker and the excitation levels that
were reached are summarized elsewhere (Malcher et al.
1687).

Horizontal floor accelerations were measured in the
vicinity of the VKL-piping system to be considered here
in the course of various tests with different initial
shaker coast-down frequencies. The corresponding re-
sponse spectra are shown in Figure 2, where they can
be compared with an enveloped safety-earthquake spec-
trum at a relevant location of the reactor building
of a modern PWR-plant in the FRG. Measured vertical
floor accelerations were an order of magnitude smaller.

2 SELECTION OF PIPING SUPPORT CONFIGURATION

The dynamic response of the VKL-piping system shown in
Figure 3, for two different seismic support configura-
tions which did not make use of snubbers, is of par-
ticular interest: a) the so-called HDR-configuration
with only two lateral sway struts (H4, H5) and b) the
KWU-configuration with 5 struts (HL, H5, H9, H10, H11).
The 4 nozzle connections at the ends of the piping
system served as anchor points. Intermediate supports
in the vertical direction (not shown) consisted of

4 constant force hangers, two spring hangers and a
threaded rod.
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Figure 1. Location of shaker.
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Figure 2. Response spectra of measured horizontal
floor accelerations.
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Figure 3. Routing of VKL-piping
system with sway struts.

Table 1. Natural frequencies, Hz.

Support configuration

HDR KWU
1.8 2.2
2.6 3.2
3.2 4.1
3.6 4.6
4.1 5.8
4.6 6.4
5.5 7.0
6.5 7.3
6.6 7.8
7.1 8.6
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Most of the lower calculated natural frequencies of
these two configurations listed in Table 1 are well
within the range of the forcing frequencies generated
during the tests (see Figure 2).

The lateral struts were already part of another,
dynamically less flexible support configuration which
included several snubbers and one additional strut
and were scheduled to be tested repeatedly. Their rated
load capacity was, therefore, a limiting factor in the
seismic design of the KWU-configuration. Still another
condition to be satisfied was preventing excessive
horizontal displacements of the piping in order for it
to avoid hitting a surrounding wall. The results of
accompanying response spectrum modal analyses using
horizontal floor response spectra obtained from pre-
liminary building calculations showed that allowable
pipe displacements, stresses and support loads would
not be exceeded, if the KWU-configuration were chosen.

3 TEST RESULTS

The test results confirmed the adequacy of both designs
and that the reaction loads at the sway struts remained
within the allowable range.

For the HDR-configuration, calculations predicted
partly excessive displacements which could not be
verified experimentally, because displacements were
not measured.

Thus, the present series of full-scale dynamic tests
during which resultant acceleration levels of up to
4.5 g were recorded on parts of the VKL/KWU-piping - a
system with several natural frequencies in the range of
the forcing frequencies - has shown that a support con-
figuration with lateral sway struts and no snubbers is
indeed a good solution in designing piping systems
against base excitation.

Another series of dynamic tests in which the piping
would be excited directly at selected locations is
planned for 1988. This should allow a thorough in situ
investigation of the seismic load-carrying ability of
a piping system with multiple supports.
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