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ABSTRACT

An in-situ piping system was sunjected to seismic-like loads du-
ring the SHAM test sevries at the HDR test facility in Kahl, FRG.
Tests were run using random excitation to identify natural fre-
guencies, mode shapes and damping wvalues for different support
configurations with MDOF system idsntification methods. For one
support configuration, tests with esarthguakse-iike excitation
were evaluated by fitted parameter calculations for different
load levels. Both sets of evaluations cover the spectrum of sup-
port configurations used in practice, and trace the effects of
leoad increase.

1 INTRODUCTION

The damping values for pipes used in current design prac¢tice in
Germany are thought to be on the conservative side. They allow
higher damping wvaluass tc be used for pipes of larger diameters
(> 300 mm} *than for those of smaller diameters (2% as compared
toe 1%) for the operatiﬂg basis earthguake and again 1% higher
dampim' values in the safe shutdown earthgualke 1oad case. These
alues have repeatedly been the subject of discussiong because,
mucn higher damping values have been observed in many vibration
studies of piping systems. However, most of these experimental
findings wvary considerably, and in nearly all cases strongly
dampad vibrations as well as weakly damped vibrations were ob-
served in the same piping system [1]. Thisg explains why attempts
are being made to extract, from the existing extensive data
base, by means of averaging and regression analyses, wvalues and
findings which have a sounder statistical basiz [e.g. 2].

In the new XTA 2201.4 draft regulatory code [3] a standard
level of 4% damping iz assumed for pipes of any diameter (the
distinction between OBE and 88E isg eliminsted in favor of the
degign basis earthguake concept). The reason given iz, that
conservative damping assumptions in the eaxrthguake load case
result in a stiff systems desgign which, in turn, will entail
disadvantages in normal opera L‘Gﬂo It is also known from obser-
vations and analyses of plants fected vy sarthguakes that so
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far flexible pipe systems have never been damaged by seismic
vibrations. Finally the S3SHAM tests conducted on the HDR [4]
provided an impressive demonstration that a flexibls pipe sy-
stem was able to sustain eight times the design basis load with-
ocut being damaged. This experience lead to the conclusion that
the intreoduction of a mean walue concept for damping in the
carthguake 1load case will ncot impeir the overall safety of a
pipe system.

Against the background of this ongoing discussion it ssemed
important, when evaluating the SHAM <tests, <To pay particular
attention toc the assessment of damping values. For this reason,
the SHAM tests differ from previous wibraztion studies of pipes
in several respects:

Excitation was similar to that produced by an earthguake.
Loads were increaszed stepwise far beyond the vield point. The
pipe was investigated with different number of restraints and is
gufficiently prototypical {branchings, vessel connections,
diameters).

In addition, the employed methods of evaluation which included
parameter identification with sgimultaneous curve Ifitting over
all natural freguencies and measuring gpoints, as well as para-
meter wvariation calculation with Individual fitting of modal
damping wvalues at wvaricus load levels, by far exceed the stan-
dard and are guite capable of providing reliable information.

2 TESTS PERFORMED

The +test object of the SHAM tests was the VEL piping system
(Fig.l), a multibranched piping system with nominal pipe diams-
ters between 100 and 300 mm, which oould be excited simultane-
cusly at twe points by means of servehydraulic actuators. This
piping system was restrained in wvarious ways resulting in six
different support coniilgurations. Fig. 2 shows an overview of
all support configuraticons with the location and type of dynamic
support c¢learly indicatesd. Three configurations tested were part
of this damping investigation. In the HDR configuration (1) two
rigid struts limited the transverse movement for the sexcitation
gystems. The flexible KWU configuration (2) contained three ad-
ditional rigid struts. A bounding case of a gtiff restraint con-
cept was the NRC configuration (3) in which four additicnal ri-
gid struts and six snubbers (mechanically acting shock absor-
bers) were used,

For these three configurations the random tests performed were
evaluated by a sgystem identification program. ¥For +the flexible
configuration (2), the earthguake tests performed were svaluated
by fitted parameter calculations for the four lcoading leavels he-
tween 100% and 400% SSE.

These sets of evaluations cover the range of configuration
used in practice and trace the effects of increasing load.

3 RANDOM TESTS, EXPERIMENTAL MODAL ANALYSIS

The random displacement sgignal used in these teste had a dura-
tion of 120 seconds. The sgignal consists of broadband noise
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linearly decreasing in intensity over “he 2-40 Hz freguency
range. Two tests were run with random excitation for all con-
figuretions, in each of which one actuator was immobilized.

The database was compriged of 30 acceleration measursment
points. From their trangfer functions (50 averages;: Fourier
length 4096 points; Hanning window) impulse responses were cale
culated by an Inversse Fourisr transform. The impulse response,
weighted by an exponsntial window, was discretized, by means of
a complex exponential technigue in the time domain, into a num-
ber of independent free vibration processes, which directly con-
tain the reguired systems parameters. From the natural freguen-
cies and dampings identified in this wayv, a fixed set of modal
parameters was assemblad for best fit to all transfer functions
of both tests with different excitation locaticons. In this man-
ner 1t became possibls, despite occcasiconally bad ccherence due
to non-linearities inherent in the system, o identify reliable
modal parameters [5].

For all measurement points and both tests of sach configura-
tion, +the agreement between +the transfer functions and their
counterparts reconstructed from the identified modal parameters

is good.

Fig. 3 shows the evaluated damping wvalues as a function of
freguency. The mean wvalues of damping in the freguency range up
to approx. 10 Hz of 3.28%, 3.92%., and 4.14% for the th:ee confi-
gurations are in lins wlLD expectations based on experience from

earlier pipe studies, a=s is the occurrence of individual very

gtrongly or very weakly damped modes.

Plotting the mean wvalues of damping for the three configura-
tions studied versus <the number of dynamically effective reo-
straints as shown in Fig. 4, indicates an apparently uneguivocal
trend towards stronger damping with increasing numbers of re-
straints. However, because of the large variance in individual
findings, this statement would not pass a statistical signifi-
cance test. Instead, it must be ramembersd that the mean valuez
of damping differ very little for the stiff system (3) and the
flexible system (2), and that for vandom excitation both values
of approx. 4% correspond to the level proposed in the draft KTA
code [3].

4 BARTHQUAKE TESTS, PARAMETER CALCULATIONS

The generated time history used in the earthguake tests had 3
duraticn of 15 s and a peak acceleration of 6 m/s

(=100%-83E). The increases in load were achisved by linear
amplification Because the dLra*iem of excitation is relatively
short and ths sVsLem was excited simultaneously at two points it
is not possible to determine damping values by a direct system
identification proc@sw Therefore, parameter calculations uging
a modal superposition time history anslysis method were perfor-
mad [6]. In thls way, it was possibla to use different damping
values for different eigenmodes. Tn a first step, small damping
was chosen for all eigenmodes. The ﬂ;mmlng values wers changed
until optimum agresment was achieved in the acesleration respon-
se sgpectra obtained from measurements and calculations, re-
spectively. In addition, some natural fraguencies had %o %oe
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matched to thoss of the measurements for
levels,

Az a rule, tThe respongse gpectra for each individual eigenmode
gould not bs perfectly fitted an measurement points. Con-
sequently, fitting was performsd 1 t the measu-

d idered vibra-

the different loading

rement pcints with high 300@16Tu"70l
tion mode wers glven more weight.

Fig. 5 ShOW the damping values determined in this manner for
the wvariocus loeading levels plotted versus Ifreguency. The connec-
ted points represent damping values changing with ths locading
levels.

Evaluation by pavameter variation cszslculations allows the
stress in the piping to be determined f@r sach lﬂd1VLdual vibra-
tion mode and to be compared with the associlated wmodal damping
value. The lazrge variance of medal damping values is Lound in
the reglon of low modal stresses. In particular, all damping va-
lues identifisd at 1% or less can be assigned to vibration modes
which generated stressses of not nore than 25 MPa.

L

The results of the evaluation of the relaticonship bheltwsen mo-
dal damping and maximum modal stress are ghown in Fig. 6 for six
modes. The permissible gtresgzez (dynamic part) in this austeni-
tic material would be wp rox. 300 MPa for level O and eaoprox.
400 MPa for lmvel [y all ables. This figure doss not exactly
show the ax; Lt While five modes show an increase in
damping wl kIzc l@md is raiged f£from 3200 to 400% E8E, damping
does not ¥ increase for mode 2, degpite a maximum modal stress
in excess 500 MPa and well above vield in 4 other regions of

the pipe.
The average damping of The

Lf)

ix relevant modes decreases (from
.2 to 3%) as the load. increases f£fxro 1 0 to 200%, remains
anhanqed as the load incrsases from 200 to 300%, and grows more
strongly (to 3.7%) as the load iz ralised to 400%. This behavior
is well known f£rom many experimental Iinvestigations [1]; it ig
due to the fact that damping caused by mechanisms in which the
damping force is independent of the vibration amplitude (such as
friction forces) decreases proportional To the increase in
amplitude, while the affect of other damping mechanismg {such as
material damping) comes into play only at larger amplitudes. The
fact that this effect began to be felt, in the experiments with
earthguake=1ike excitation only under lcads at which the stress
limits of level D were exceeded at multiple locaticons is an
unexpected finding.

Fig. 6 also shows the damping values as given by vegulatory
codes, togsther with the applicable stress limits in the respec-
tive ranges of applicability. The damping values used to date in
accordance with KTA Rule 2201.4 are seen to be conservative lo-
wer bound sstimates of damping for the response related modes in
the SHAM experiments. The damping value of 5% in the frequency

=

range wug to 10 Mz proposed by the PVRC [7] is clearlvy higher
than the mean damping values determined in the SHAM tests. im a
study by Hadjian et al. [Z] referved to above, sven higher dam-
ping wvalues of up to 7.5% (for DN 200) are propoged for intro-
duction into the US licensing procedure. These are based on
regreseion analysez of experimental data. The database of those
analyses stems from varicug experiments in which the maximum
stresses exceeded half the yield point in cnly a few exceptional
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cagses. Conseguanily, an extra ! £i
times +the loading was made from th exis+ﬁng datau th value
derived in this way are not o i i o D

The uniform walue of 4% for all pipes as foreseen in the new
German draft code [3] can be congidered to be reasonable in the
light of the SHAM test rasults.

5 CONCLUSIONS

Evaluation of the random tests by means of an advanced method of
experimental parameter ildentification did not, on the average,
result in major differences between the damping characteristics
of the piping in the flexible configuration (2) and in the stiff
configuration (3). The mean valuss of nodsl damping of the 15
modes identified in the freguency ranges of up to approx. 10 Hz
are 3.92 and 4.15%, respactively, tThug confirming the 4% damping
value Zfor piping systems given in the new dratt regulatorvy code
of KTA 2201.4.

Evaluation by parameter wvaria lom caleculations of the earth-
guake tests for the flexible configu 18 ation permitted an assess-
ment of the vibration modes of tbc pi as to their significance
to the response. In particulas
ping of 1% and less were i
stress exerted on the pipe.

The basgic idea Lﬁdvﬁlaﬁlﬂg the concept, in the new draft re
latory code [3], namely to allow more flex t
to be installed and mzke better use of tl

br ion modes with modal dam-
o .

l_
ns ngfl ant with respect <o the

; i
the rarvely expacted earthguake event without impairing overall
safety, can be confirmed in the light of the SHAM tests results.
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Fig.1: VKL Piping with Positions of Dynamic Supports
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