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-ABSTRACT

This report gives the present status of the guidelines for structural damping in
dynamic analyses of nuclear power plant piping systems. A brief description of the
present state of knowledge of piping system damping in the U.S. is included, as are
gaps in the overall understanding of the phenomenon. The report concludes with
proposed EG&G Idaho efforts to contribute to the satisfactory establishment of
reasonable damping values to be used in structural analyses.
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SUMMARY

The present U.S. Nuclear Regulatory Commission (NRC) guidelines for structural
damping to be used in dynamic stress analyses of nuclear power plant piping systems
are generally considered to be overly conservative and not in the best interests of the
nuclear industry as a whole. In order to generate revised guidelines, solidly based ois
technical data, a good deal of new experimental data needs to be generated and
assessed, and the parameters that influence damping need to be quantitatively iden-
tified. From data gathered to date, the relative importance of these parameters
appears to be:

1. Strong Influence

a. Type of Suppor:3

2. Weak Influence

a. Response Amplitude

b. Response Frequency

c. Insulation

3. Little or Unknown influence -

a. Geometry

b. Type of Excitation

c. Direction of Excitation or Response

d. Pipe size.

As part of the NRC piping system damping study program, EG&G Idaho Applied
Mechanics Branch will be actively invol ed in assessing and generating new data and
in participating in revising the present guidelines. In FY 1983 EG&G proposes to test
a simple system with a variety of support configurations to gain a more basic under-
standing of the damping phenomenon. In subsequent years, more complex systems
would be evaluated. The final goal of such a program would be to make blind
predictions of reasonable values of damping for a given piping system.
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PARAMETERS THAT INFLUENCE DAMPING IN
. NUCLEAR POWER PLANT PIPING SYSTEMS

INTRODUCTION |

One of the more influential parameters used in would undergo less stress when responding to
dynamic stress analyses of nuclear power plant thermal transients. However, the complexity of
piping is the value of damping assigned to the damping and the lack of consistency in available
particular piping system. In general, damping is a data have provided a substantial barrier to
measure of energy dissipation in a structure.a The establishing a generally acceptable value or values
energy losses associated with higher damping of system damping to replace those presently
values result in reducing the computed response allowed.
motion of a piping system to a given excitation,

in response to this problem, a number ofand therefore can greatly ,nfluence the numberi
organizations have begun to assess the availableand strength of supports required. At present, the
data to make a recommended change, and todamping in a system cannot be mathematically
generate additional data to fill in the gaps in thepredicted accurately, but must be determmed
present understanding of damping. With the

from vibration experiments. Since piping systems
, recognized need to adjust the allowable values,must be designed and analyzed to be structurally

data exchanges and cooperative testing effortsm comphance with mdustry requirements before
have been initiated between members of thethey can be built and tested, damping values must
nuclear m. dustry.be estimated from data obtained from existing

systems or laboratory experiments. Unfortu- An earlier EG&G reportl presented recent
nately, the body of experimental data is sparse, experimental data from a number of sources, and
there is a great deal of scatter in existing data, and described trends in damping values due to several
conclusive representative values of damoing for influencing parameters. This earlier report has
nuclear power plant piping have not been agreed been cited extensively in many recent communica-
upon. In lieu of best estimate damping values, the tions among government and industry experts who
U.S. Nuclear Regulatory Commission (NRC) has are active in revising the allowable damping values
established conservative values, discussed in " Pre- in structural analysis standards. Both the strengths
sent Guidelines" section, which would cause and shortcomings of this report, the latter which
response amplitudes and the corresponding relate primarily to the lack of data in answering
stresses to be overpredicted. This has resulted in vital questions, have been pointed out. This pre-
piping systems that have more supports than sent report details some of the ongoing EG&G
would be required if more realistic damping values efforts designed to supplement the information in
were used, to keep mathematically computed pip- Reference 1.
ing stresses below allowable values. These stiffer
systems, although highly resistant to dynamic The purpose of this report is to describe the

. .

loads, become more severely stressed during EG&G mvolvement m the m, vestigation of pipmg
,

thermal growth transients. d mping. Included are a brief summary of the pre-
sent state of knowledge in the United States

It is widely recognized that higher allowable (U.S.), recommended short and long term goals
damping values would be more reasonable, and for the U.S. program, and EG&G experiments
would be beneficial to the nuclear industry by whin will be designed to supp!cment other test
reducing the number of required piping supports. data and programs in clarifying the overall
More accurate stress analyses would be possible; concept of piping damping.
expenses would be reduced in design, analysis,
procurement, and installation of supports. There The presentation of experiment data reported
would be less chance of a support malfunction by EG&G Idaho, Inc., normally includes the
(since there would be fewer); and piping systems uncertainty of the data. For this document,

however, no uncertainties are shown on the data
a. t or a more compicte dncuwion of damping. refer to plots. The data plots used here are examples,
"naaground" scciion. intended to illustrate the trei,ds in the overall data.

I
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BACKGROUND

This section presents a definition of damping, where
its causes, and how it is calculated. Since a discus-
sion of these subjects would be quite lengthy, and M = mass
since they are adequately covered in textbooks and
manuals, only the basic concepts are outlined. To x = displacement
complete the background, a discussion of the cur-
rent NRC guidelines on damping is included. i velocity=

Definition of Damping E acceleration=

C dampingThe term damping refers to the energy dissipa-
=

tion properties of a material or system under cyclic
MifhKmotion. These energy losses are important because =

they reduce the response motion of the piping ;g gg
system when the system is vibrated. Dampmg is
generally classified into two categories: material
and system. Material damping represents the phe- The coefficient C represents damping propor-
nomenon by which energy is dissipated withm a tional to the velocity of the oscillator. The critical

volume of continuous solid matter. Examples are of h system (C )is as a function of thec

plastic slip or flow, and friction at grain bound- circular frequency w, and is defined as

aries. Under cyclic motion, these mechanisms lead
Ce = 2 Mw.

to a stress-strain hysteresis. Material damping
.

contributes only a small percentage to the overall It is often convenient to express damping as the
damping, in the range of 0.04 to 0.2% of critical ratio

damping for steels stressed below the yield point.2 C C
This type damping becomes more pronounced at I "F * 2 Mw *
plastic stress levels. In contrast, system damping c

refers to energy losses between distinguishable When expressed as a fraction, f is called the frac-
parts. Examples are linear slippage between con- tion of critical damping; when expressed as per-
tacting parts, rotations at joints, and closing of cent, f is called percent of critical damping.
gaps resulting in impacts. Lumping the system
damping effects together can result in contribu- The true damping characteristics of structural
tions of I to 2 orders of magnitude greater than systems are very complex and difficult to deter-
material damping. In this report, damping refers mine. In fact, purely nonlinear systems cannot be
to energy dissipation due to all sources, both characterized at all by parameters such as natural
material and system. Reference 3 gives a more frequency and percent of critical damping, but
detailed discussion on types of damping. only by response histories. However, it is common

practice to express the damping of real systems in
Mathematical Representation terms or r. This is reasonable if the system is only
Of Damping slightly nonlinear. In such cases a linear dynamic

system analysis is commonly performed, with the

Damp.mg m a system is a complex phenomenon, nonlinearities approximated by a larger value of.

and usually mere than one type of damping exists damping.

in a system at a single time. The complex problem
is generally reduced to a simplified mathematical 13y transforming the equations of motion of the

description by assuming that if the damping is system into modal coordinates qn by letting
small, the effect can be represented by equivalent X = dn 9n, the modal equation for the n degrees

siscous dampers.4 or a smgle degree of freedom of freedom can be writtenI
oscillator, the expression of motion would be F III

+2f"n + "2
.. n4 4n n n n" Mn

ME + Ci + Kx = ht) n

2

___ ___________________ _ __ __ __ __



where 2 f.
0= E.

w.
h1 4, ht&n=
9

in this case the fraction of critical damping is
proportional to the circular frequency,C c C4 =2fw h1=

n n n n n n
Rayleigh proposed a damping matrix consisting

t 2 of both mass and structural damping. Damping of
K c g ,n ,w 39=

n n n the formn

t
F (t) = 4 p(,) ,

_

Damping values are sometimes assumed to be
constant under all conditions. This assumption is called Rayleigh damping.
has not been found to be realistic under some
circumstances and other approximations have
been formulated. For uniform mass damping, the Experimental Measurement
damping force on each mass is proportional to the Techniquesmass

(F I " "ht'**d IIj A number of techniques have been developed to
estimate damping from experimental data. The

where a is a constant, simplest and most commonly used are the loga-
rithmic decrement and half power methods.4 In

C. = ah1., f. = h = ahl.
the logarithmic decrement method the ratios of

3 =1 the amplitude of vibration x at any time and then
3 I I j"j "j amplitude after m cycles x +m are used to formc n

the logarithmic decrement
and

x
"

a = 2 fj wj . 6 = In
n+m

Thus, the fraction of critical damping for each
mode is inversely proportional to circular then
frequency. A second assumption is uniform struc-
tural damping in which the damping is propor- 6 6 x* " I in "tional to the stiffness, written as

f = 21m w 2 rm = 2 rm x
e:

(F I " "d
d. j j

j
where w and ed are the undamped and damped

Ihen natural frequencies, respectively. If the damping is
less than 20%, the approximate form that neglects

C. = #K , K. = w hl. the change in frequency due to damping is suffi-
J j j j j ciently accurate (the error in calculatmg f is less

than 2%). The method is generally used with snap-

f = h = , #K. #w . back testing, in which the structure is
I I displaced, released, and allowed to vibrate freely.=

I j"j A typical experimentally determined time'
c

displacement history suitable for use with this
and technique is shown in Figure 1.

3
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Figure 1. Typicallogarithmic decrement curve.

The half power method uses a plot of response method. This method obtains the inverse Fourier
amplitude as a function of frequency to determine transform of the transfer function (see Appen-
damping.4 The damping ratio is approximately dix A) to give the impulse response in the time
equal to domain. This response form, w hich can be written

7 , 7 as the sum of complex exponential functions, is
2 1 approximated by an interactive polynomial curve

,f2*fl fitting procedure. The roots of this polynomial
yield the natural frequencies and modal damping

where fg and f2 are the frequencies where the of the measured response.
response amplitude is 0.707 times the peak
amplitude (see Figure 2). This method is useful for Present Guidelines
tests in which the excitation is sufficient to
generate a frequency response curve, such as with The current NRC position on damping values to
shaker tests. Figure 3 shows a typical experi. be used in dynamic structural modeling for the

| mentally determined frequency response curve. seismic design of nuclear power plant piping is set
| forth in Regulatory Guide 1.61.6 The percent of
; More precise (but also more complicated) pro- critical damping for operating basis earthquake
| cedures such as curve fitting and circle fitting have (OBE) and safe shutdown earthquake (SSE) load

been developed and have been used to evaluate conditions are listed in Table I and are derived
some of the data in the literature. A discussion from recommendations given by Newmark,
and literature survey of these methods is contained Blume, and Kapur.7 Since the data base at the
in Reference 5. Reference 5 also describes some of time the recommendations were made was limited,
the various methods used in structural dynamic and since the values were designed to apply to a
testing. wide variety of piping systems, the values were

deliberately set lower than the data would
One type of curve fitting method that will be indicate. Lower bound damping values would

used by EG&G to evaluate some of the damping ensure that response amplitudes and thus the cor-
data is discussed in "EG&G Program" section of responding stresses that would be compared to
this report and is called the complex exponential allowable values would not be underpredicted.

4
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Table _1. Damping values from larger diameter piping systems typically have
Regulatory Guide 1.618 higher damping values. However, upon 'more
(percent of critical damping) extensive interpretation of experimental data, a

conclusion can be supported that the higher damp-
ing values may be a function of piping supports

OBE or . rather than pipe diameter.I This would result
Pipe Size 1/2 SSE SSE from the fact that larger diameter piping is typi-

cally supported by devices that tend to dissipate

Large diameter ( < 12 in.) 2 3
energy (snubbers, constant force hangers), while
smaller diameter piping would be more likely to be
5"EE '' Y 8 .'#5' nts and spring hangers in
which less energy is d.'".Small diameter (s 12 in.) I 2

issipated.

Since it was recognized that damping increased The Regulatory Guide 1.61 values were approved
at higher response levels, the SSE levels were set at n an interim basis in 1973, but due to a continued
1% of critical damping higher than OBE levels, lack of consensus on what the values should be, a
Listing separate values for SSE and OBE allows a revision has not been agreed upon. The ASME
single analysis to be performed for each seismic Code,8 presents a lengthy discussion of methods

event without first identifying system response to incorporate damping into structural analyses,
and stress amplitudes. A more exact, but ineffi- but contains the same values as Table 1. No values
cient, method would be to first determine the are recommended for transients other than seismic
amplitudes and then make use of the damping events, such as fluid induced vibrations, by either
values associated with those amplitudes. Since the Regulatory Guide or the ASME Code.
damping affects response level, the process would
have to be repeated a number of times until Although the Regulatory Guide allows damping
convergence was achieved. values higher than Table 1 if documented test data

. are provided to support higher values, few,if any,
Regulatory Guide 1.61 also allows an additional attempts have been made to use other values in

1% of critical 6mping for piping over 12 in. in analyses. Thus the newest generation of nuclear
diameter than for piping equal to or smaller than power plants have their piping systems designed
this diameter. Experimental data indicates that the with the damping values of Table 1.

.

l
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PARAMETERS THAT INFLUENCE PIPING
SYSTEM DAMPING STATE-OF-THE-ART

l
Since the issue of Regulatory Guide 1.61 there in summary, there are insufficient data to effec-

have been a series of summary papers that have tively characterize the influence of various
contained experimentally determined damping parameters on damping available in the U.S. at
values.9,10,I l Actually, Ibfi!Tez and the ANCO the present time. The following sections describe
Engineers group have contributed a considerable the present state of knowledge of parametric
number of state-of.the-art papers on damping. influences on damping, and discuss new data
For convenience, the previous ANCO papers have expected to become publicly available in the near
not all been referenced, since most are cited by future. To complete the overall picture, a discus-
Reference 11. It is not the purpose of this section sion of what is not known, or " Gaps in The Pre-
to summarize all the damping data in previously sent Knowledge" section, should be reviewed in
published state-of-the-art articles, but to concen- the context of the present section. To repeat, this
trate on identifying those articles that specifically section is not intended to be a complete state-of-
relate to parametric innuences on damping. the-art discussion on damping itself, but to give a

brief overview of the current knowledge on
in general, the previously cited references have parameters that innuence damping.

tended to give an estimated range for damping
applicable to the entire system rather than concen- Parameters That influence
trating on parameters that may have an influence Damping
on damping. This is due to several reasons. First,
there is considerable scatter in the damping data, In Reference 1, the author listed a number of
so an average value is typically reported. Sec- parameters that were judged intuitively and from
ondly, most of the data were not taken for the previous articles to be the principal factors
expressed purpose of computing system damping, influencing damping. In a slightly modified
but for characterizing the overall dynamic format, these parameters are:
behavior of a specific piping system. Finally, some
of the new data were reported as justification for 1. Excitation parameters
changing the Regulatory Guide 1.61 values on a
one-for-one basis, rather than considering a. Type of excitation (seismic, Guid
parameters other than pipe diameter and type of induced)
earthquake, which are the only factors considered
in Table 1. b. Level of excitation (low, intermediate,

high)
There has been no comprehensive program in

the U.S. that has varied one parameter at a time to c. Direction of excitation (vertical, along
systematically determine its innuence on pipe pipe axis, in support direction)
damping. The Japanese have been working on
their Seismic Damping Ratio Evaluation Program 2. Physical parameters
(SDREP) for several years in which parameters
that innuence damping were varied and existing a. Type of pipe (diameter, material,
data were evaluated using multiple regression thickness)
analysis. The bulk of the data is unavailable in the
U.S., and only brief summaries were presented in b. System condition (hot or cold, filled or
several SMiRT papers.12,13,14 in the previous empty)
EG&G report,I data from German and U.S.
sources were used to qualitatively assess factors c. Insulation
that affect damping. This effort was only partially
successful, because the data did not identify all d. Type of supports (spring hangers,
parameters during the testing, (for example, the snubbers, etc.)
stress amplitude was not Fenerally computed) nor
were the data generated specifically to evaluate c. Geometry (support spacing. number of
damping. bends and elbows)

7
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' 3. Response parameters supports that dissipate more energy than the sup- -
ports of smaller diameter piping..Shibata found

a. Response frequency that carbon steel piping had slightly higher damp.;

b. . _
ing 'than did stainless steel piping. Further,

Response amplitude - Reference 12 reported- thtt- fluid filled piping
systems had higher damping valu; than..mpty-

c. Responsez direction (vertical, _ pipingt although in Reference 15, the effect was.
longitudinal, transverse), reported to be negligible in comparison to the

effect provided by insulation. In the one case-
The two major attempts to answer a broad seg- cited, EG&G in Reference I reported no change in

ment of these questions have been through the damping values computed when the system was
: Japanese Seismic Damping Ratio Evaluation Pro. - _ varied from empty to water. filled. Intuitively.
- gram 12 and the previously cited EG&G report.I . fluid friction in the piping system could dissipate
The Japanese results by Shibata are reproduced more energy and thus produce slightly higher
verbatim in Table 2.- For a simple comparison damping. However, based on available data, the
between the EG&G results and a paraphrase of the effect may . be negligible. While Reference 12'
Shibata results, refer to Table 3. A more detailed reported that the correlation- of damping.with
discussion of each parameter is provided below. insulation was low, Shibata in Reference 15 con-

cluded that insulation makes a more substantial.-
In Reference 1, EG&G reported a very slight contribution to overall damping, and that the.

trend that indirect methods, i.e., when the piping damping increases with the thickness of the ther-
system vibration - was induced through the mal insulation. The EG&G report did not haver
supporting structure, produced lower damping sufficient information to investigate the influence
than when the excitation was placed on the piping - of insulation on damping. The strongest con-
directly. However, the effect represented only - tributor to piping. system damping. in both -
about 1/2 of 1% of critical damping, which was References I and 12' was the type of supports
judged to be insignificant. Shibata reported that- used. A consistent finding was that systems sup '
the correlation was hardly observed. The EG&G ported by snubbers and constant force hangers
report found that higher levels of excitation pro- were judged to have higher damping values than -
duced higher damping levels. The Japanese did systems supported- by rigid restraints. The
not consider this parameter. Intuitively, larger- Japanese reportedl2 that an effect due to the
excitation levels would be expected to produce nurrber of elbows was not observed, and that a
higher stresses, and more impacting of supports correlation of damping with the number of sup-
and other nonlinear effects, which would induce ports was hardly observed. EG&GI did not have -
higher damping levels. Since excitation level is enough data to conclude if system geometry was
closely associated with response level, which is the an important factor.
parameter more often reported by investigators,
this parameter should also be considered in con. In the EG&G report,I considerable effort was
junction with the discussion on response level made to relate response frequency to damping.
below. Although neither source reported a cor. The response frequency is a parameter - that
relation between excitation direction and damp. includes support stiffness and spacing, mass
ing, intuitively, response in the direction of an distribution, pipe size, and geometry. Conveni-
energy dissipating support would be expected to ently, it is also typically reported for all piping
produce greater damping values than excitation system dynamic characterization tests. In several
perpendicular to the axes of supports. cases, particularly that of the data from the

lleissdampfreaktor (IIDR) piping, an inverse
Neither source concluded that the pipe size frequency / damping correlation is seen.- Shibata's

influenced damping. This is contrary to the data also shows a weak correlation of frequency
i philosophy of Regulatory Guide 1.61, which lists with damping. In other data, damping seems to be

pipe diameter as one of the two parameters on constant with frequency. This anomaly is dis-,

which allowable damping for piping analyses is cussed in more detail in " Gaps in present
'

based. Iloweser, as previously stated, the sup- Knowledge" section. Both the EG&G and
ports themselses may be the parameter con- Shibata results indicate that there is a weak cor-
tributing to the damping, rather than the pipe siic, relation between response amplitude and damp-

| since larger diameter piping systems typically base ing. This seems to be an intuitively reasonable

8
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Table 2. Shibata's results '_
(from Reference 12) s

"
1 "
|

Damping-Contributing Discussion About the Correlation -

Factor Between Damping and Each Factor :
---

-

1. Type of plant The results show a strong correlation. It is considered that this is not only --

due to essential differem.c between BWR and PWR, but is the damping
"

chancteristics not explained with factors.
-

2. Test method The correlation with test method is hardly obe,erved.
-

3. Pipe diameter The correlation is observed in some cases. 'These two factors have basically
high correlations.

_

4. Thickness of pipe With many other factors such as " fluid in pipe," " supporting conditions" and
so on. Therefore, it is doubtful whether this result shows a true correlation. -

5. Pipe material The data of pre-operating tests were measured at small amplitudes where C

Lmaterial damping is considered small, observed correlation with materialis
~

not easily conceivable. Results show CS pipings have slightly high damping
_

than SS pipings. --

6. Insulation The correlation with damping is low.

7. Fluid in pipe Weak correlation with fluid in pig is observed. In other words pipings con- -

taining fluid have higher damping values.
.

_

8. Support-type Strong correlation with support-type is observed. Contribution to damping (
becomes greater, in the order of rig;J hanger, restraint, U bolt and oil snubber. .

' -

9. Deflection amplitude The correlation with amplitude is weak. This results seems to be caused by - _

that most of the data of pre-cperating tests were measured at very small -

amplitudes.

'

10. Frequency The weak correlation with frequency is observed. Damping value decreases {
as frequency increases.

I1. Number of supports The correlation with the number of support is hardly observed. -

12. Piping equipped The correlation is observed in scme groups of the data. It is considered to be =

with/without valve, caused by the effect of bias in samp' ng data. _

_

pump

I13. Number of cibows This factor is selected to be one expressing geometric effect. The distinct
_

correlation with the number of cibow is not observed. r

^
__

_4

-

-r-.

E
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Tacle 3i Parameter influence on damping as reported by Were and Shibata;

Reference I Reference 12
Parameters - (Ware) (Shibata)

Excitation

Type No No
Level Weak -

Direction . No- -

Physical

Type of pipe No No
System condition No- Weak
Insulation - Weak
Support type Strong Strong
Geometry - None

Response .

Frequency Weak Weak
Amplitude Weak . Weak
Direction No -

relationship because with larger amplitudes, the is just beginning in the U.S. The following section
stress level increases and nonlinear effects such as . describes some of the new data released and
gaps become more pronounced. Unfortunately, expected to be released during 1982, and early
most of the data was gen: rated at low stress levels, 1983.
and in addition, the actual stress levels were not
reported. Other researchers have as a general rule New Dataconcluded that damping increases with response
level, although an applicable quantitative correla-
tion has not yet been determined. This relation- Other than the substantial quantity of Japanese
ship is discussed in more detail in " Gaps in data that is not presently available in the U.S., the
Present Knowledge" section. No correlation was major U.S. test data completed by 1982 and not
found in the response direction by EG&G, previously' released are the EPRI/ANCO testing at
although as in the case of the excitation direction, the Indian Point plant and in the ANCO labs,
one might expect higher damping in the direction General Electric (GE) safety / relief valve piping
of the support axes. sesults, and U.S. Department of Energy (DOE)

testing of thin walled liquid metal fast breeder
Other investigators have commented on one or reactor (LMFBR) nuclear grade piping. In addi-

more of these parameters in their reports and tion, Battelle Institute in Frankfurt, West
papers.9,10,I I,16,17,18,19 These results will in Germany, has released results from testing on a
part, be discussed in the related material in Gaps loop removed from the llDR plant,
in Present Knowledge section.

The testing at the Indian Point plant was con.
In summary, only a few qualitative trends have ducted on a feedwater line for EPRI by ANCO

been observed that correlate damping with its Engineers, w ho have the most experience perform-
influencing parameters, and the comprehensise ing large scale shaking of piping of all organiza-
task of defining the quantitatisc relationships that tions in the U.S. Preliminary results can be found
are necessary to fully understand the phenomenon in Reference 16, but the final report has not yet

10
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been released. Summary papers of the totingl7,18 The Battel;e Institute repet20 contains soms
"show that the data from these experin cnts will damping values found durir.g test rig expiriments

'

make a substantial contribution to the under- on piping performed at A1PA Stuttgart and shows
standing (.f nuclear power plant damping. ANCO the influence of snubbers and hangers. Att., '

-_
W, ..

has also conducted tests on a Z-bend piping can- isometric of the system is shown in Figure 4, and - "'

figuration in its laboratories for EPRI. The du, the line diagram in Figure 5 identifies the
,

when released, is expected to be used boti for measurement lecatien3. itesults are listed in H. 9
-'

Table 4. The most significant result is that for the 7";'analysis / experiment benchmarkirs purpose ., and
~

main law,' the damping for the X-Z plane modefor pipe damping results. - -

*dramatially increased when a hanger or snubber -fA GE report 19 sumrrariel ow data for a ~was ?dded/ [ f
number of safety / relief .alve tests on boiling

Sefveral odiitior,al tests cre expected to be con
' '

. Y*

w;ater reactor (BWR) plants and subsystems l~he ducted ast n po-ts hsued in the U.S. m the.1932 'Is

sigmficant conclusions from the report were: 'to 1983 pricd that will further assist in con- '

..

1. The GE damping test data reported here On tribtping to the overa'l understanding of pipmg
-

Reference 19) showed no strong dependency damping. Hanford Engineering Development '

(' ' ,

upon either frequency or pipe size but did Laboratory (HEDL) has been testing small piping '

tend to increase with nominal pipe bending systemtin the Lh1FBR thin walled pipe area of
.

,,research conducted through the DOE.21 Detailed - ,stress.
residts of this suies and testing of a larger

2. The GE damping data, when plotted as a ' LAIFBR !!nc by Schutt and Hulbert of Westing- f,
function of stress, did indicate that the house Advarced Reactors Division (WARD) are x .',

damping in these BWR piping systems was expected to be made available in 1983. Further
at least 5% (of critical damping) for tests in the EPRl/ANCO series have been pro-
measured stresses considerably less than posed, possibly ii cooperation with the NRC. / ' ~

the ASN1E Code service level A and B Finally, EG&G anticipates cotiducting a series of '
'

s

limits. tests that would be run at the-Idaho National $.J -
Engineering Laboratory (INEL). The outline for

See " Gaps in Present Knowledge" section for GE these tests will be preacnted in "EG&G Program"
data as it relates to response amplitude. section of this report.

11
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Table 4. Battelle Institute modal damping results
(piping empty and unpressurized)

Percent of Critical Damping

With snubber

With Hanger
Without Hanger or Snubber in Z-Direction In Y-Direction In Z Direction

aFrequency

llending Mode X-Response Y-Response Z-Response Z-Response Y-Response Z-Response (Hz)

Y-direction 0.35 0.5 0.4 0.5 - 0.4 5.08 to 5.28

X-Z plane 0.4 0.45 0.45 9.3 0.6 11.2 6.13 to 8.88
( + X/ + Z)

X-Z plane 0.4 0.3 0.25 b 1.4 - 14.01 to 15.31

(-N/ + Z)

Y-directioa 0.35 0.4 0.4 0.42 1.8 0.5 15.08 to 15.79

Ilypass in 0.4 0.4 0.5 0.4 0.6 0.4 18.00 to 18.33
Y-direction

ll> pass in 0.2 0.15 0.15 0.2

X-direction 0.23 0.15 42.95 to 43.11

llypass in 0.3 0.25 0.40 0.4 0.3 0.4 45.49 to 45.54
Y-direction

a. Varies slightly with support type.

b. Nonlinear resonance characteristic (higher damping).

.
.
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IDENTIFICATION OF PARAMETRIC EFFECTS

From the brief discussion above on the state-of- dissipating supports adds damping to a system.
the-art, it was concluded that from the sparse data An example is shown in Figure 6, which is taken
base, only overall trends in parameters that affect from Reference 12. Ilowever, data on the quanti-
damping have been identified. Most of the test: tative influence of the wide variety of types of sup-
have been fer general characterization of the ports (sway braces, rigid restraints, spring
dynamic response of piping systems rather than hangers, constant force hangers, and snubbers)
damping, so that the supplementary data neces- under varying levels of response amplitude are not
sary for a parameter study (such as stress levels) currently available in the U.S. Further questions
are not typically reported. This section gives a can be raised as to what effect multiple supports
more detailed discussion of the gaps in the present would have over a single support, and how various
overall understanding of piping damping, and combinatic,ns of supports would change the
identifies some goals that the U.S. program could damping of a system.
strive to accomplish in the next several years.

Response Amplitude. In general, it has been
established that increased response amplitude

Gaps in Present Knowledge Psuhs in higher damping.II.19 It was pointed out
m Reference i that the relationsh,p betweeni

excitation / response levels and damping is not
From the state-of.the-art discussion above altogether straightforward, since if the increased

trends from available data were identified. excitation causes higher damping, the highe
Qualitatively, the parametric influences in order damping would in turn inhibit response motion.
of importance would seem to be: Furthermore, the data are sometimes contradic-

tory. Figures 7 and 8 (from References 22 and 19,
1. Strong influence respectively) show increased damping with

response (stress) level up to and beyond yield
a. Type of Supports stresses. On the other hand, Figure 6 shows that

damping decreases with stress level. This anomaly
2. Weak Influence can perhaps be explained by the fact that the

Figure 6 data were taken at low response levels,
a. Response Amnlitude and that the damping mechanism may have been

Coulomb friction that would decrease with
b. Response Frequency response level. Such a phenomenon was also

observed by ANCO in testing a 5 in. ipe at the
c. Insulation Diablo Canyon nuclear power plant 2 in which

the damping decreased, then increased with
3. Little or Unknown Influence acceleration level, as shown in Figure 9.

a. Geometry One constraint in determining the influence of
response amplitude is that much of the test data

b. Type of Excitation was taken at low stress levels for safety reasons
during in-situ testing. Also, the stress level was not

c. Direction of Excitation or Response generally computed or reported. Consequently,
the task of determining system damping at high

d. Pipe Sire, stress tes els must usually be determined in
laboratory experiments. Reference 5 discusses

Esen with these trends there are inconsistencies various methods that could be used to extrapolate
in the data, and a lack of quantitative informa- low level excitation damping results to high level
tion. To further clarify the gaps in knowledge excitation situations. but the lack of actual data is
some examples are given below, a present barrier to such an effort.

Support Type. It has been conclusively demon- Response Frequency. Another parameter
stratedl2,20 that the addition of energy sometimes characterized by contradictory data is

15
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the response frequency, in Reference I the author available insights at this time. These are quoted
postulated that this might be a parameter of from Reference 15 as follows-
convenience since it related many of the stiffness

,,1. Thermal insulator (calcium silicate) con-
. . .

and mass variables. Several of the pipirg systems
tributes to increasing of the damping ofsurveyed in Reference i showed an inverse
piping system.

frequency / damping relation, especially below
10 lit, as demonstrated by Figures 10,11, and 12. 2. The component characteristics test of
This phenomenon was also observed by the thermal insulator indicated that the
Japanese.12 Itowever, other data does not tend to damping ratio of piping with the calcium
support the premise that damping varies with sihcate thermal insulator increases as the

l9 states that thermal insulator becomes thicker and thefrequency. The GE test data report
no such trend was observed, and the preliminary pipe diameter becomes larger, and as the
Indian Point data .16 shows that damping is response acceleration becomes larger andl

relatively constant with frequency as shown in the vibration frequency becomes higher.
Figure 13. When the remaining EPRl/ANCO While the damping ratio of the reflective
data from the Indian Point test series is finally metal insulator is observed considerably
released, this point may be further clarified. lower than that of the calcium silicate

thermal insulator.
Insulation. No program to thoroughly assess Ibc

3. M m e@ M m mimig k@affect of m, sulation has been carried out and for damping ratio of piping system with
reported in the U.S. Since the EPRl/ANCO tests

I ''"' nsu tor, the foHowing equation
at Indian Point were undertaken with both . r m the component danewso aineinsulated and noninsulated conditions, the

'"E ' ' 'I'' '' '''''
resulting data, when released, may shed more light
on the subject. In the meantime, the Japanese con. Log h = 0.09 D + 1.699 Rm
clusions reported in Reference 15 offer the best + 0.088 d - 1.173

_
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where damping, and conversely piping sup-
ported by the restraint with gap shows

damping ratio (87o) nonlinear behavior and the responseh =

acceleration does not develop more than a

nominal diameter (inch) certain value.D =

6. The scale model test showed that the large
mass ratio of thermalRm =

damping ratio is obtained by gapsinsulator to piping
between pipmg and the thermal, sulator,m
nd by gap and friction at supporting

response displacementd =
p ris of piping system.(mm),

7. In seismic design of piping system for
4 The damping effect of internal fluid is nuclear power plant, the damping ratio,

negligibly small as compared with that of 0.5 Co is specified in Japaa. From above-
thermal insulator. mentioned results, it may be concluded

that the larger damping ratio than the
5. The simplilied piping model tests showed specified value is applicable to actual

that the damping effect of the thermal design of piping system with thermal
insulator is assumed to be 1/2 by the insulator."
translational motion of piping and ther-
mal insulator, and also to be 1/2 by the Summary. Obsiously, there are many gaps in
friction at the overlapped portions of our understanding of the phenomenon of piping
aluminum plate. Furthermore, the damping, w hich can only be filled in by continued
restraint without gap does not affect the testing and data esaluatica. A discussion of

20
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potential goals is described below for the U.S. Short Term Goals. It will doubtlessly take
program. Anticipated EG&G contributions to several years to acluire the knowledge of damping
such a program are presented in the "EG&G values and their i.ifluencing parameters required
Program" section.

to form an adeqvately justifiable basis, backed up
by solid technical sources, for allowable damping

Potential Goals values to be used in nuclear power plant piping
analyses. Mearwhile, the nuclear industry would
be saddled wita the present guidelines, which are
generally accepted to be too conservative and are

For a program to keep on a consistent course, it further considered not to be in the best interests of
is helpful for a set of goals to be established and the country as a whole. For a number of years,
followed as the outline of the program develops. there have been continued calls for revisions to the
The program should be flexible enough so that current guidelines.25 Based on the available data,
changes can be made to the goals, and new goals immediate changes have been recommended from
added, based on the information obtained from an allowable of Sro of critical damping by gel 9
presious stages. This section outlines some poten- to 10ro by Rodabaugh (in a letter appended to
tial short and long range goals for w hich tl e U.S. Reference 24). J. D. Stevenson26 compiled best
damping study program could strive. The Pressure estimates of mean values of damping below 10 Hz
Vessel Research Committee (PVRC) Technical and arrived at 5.8ro of critical damping for the
Committee on Piping Systems has already actual stress levels at which the tests were con-
established a Damping Value Task Group 23,24 to ducted, and 7.3 ro of critical damping at SSE stress
begin efforts to bring about resisions to the cur- levels.
rent guidelines. The following recommendations
do not contradict the approach the PVRC In order to initiate a change before many more
Committee has adopted to date. nuclear power plants are designed and built, it

21
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seems feasible that the present allowable percent Additionally, more response levels (other than
of critical damping guidelines could be raised simply OllE and SSE) could be allowed. ..

based on the data reported since the release of The ultimate goal of the program should be to
Regulatory Guide 1.61. Ilowever, it should be

provide for the engineer the ability to select a pip-recognized that the pipe diameter and the seismic
ing system, consider its geometry and supports, _

excitation level are not the only parameters on and make an accurate prediction as to what would
which such an immediate change might be based,

be reasonable damping values to be used in an
and that due to the present lack of sufficient data analysis. In achieving this goal, several blindthat identifies the effect of the various influencing

predictions based on actual piping systems mightparameters, a good deal of judgment by the be made, and parameters adjusted by trial and
experts in the field would need to be injected into error until reasonable agreement of results could

_the decisionmaking process. It should further be be obtained. This approach is similar to the tack
pointed out that although a single value might be now bemg used to improve fimte elementthe simplest way to set an allowable damping

modeling of systems.value, the result could be nonconservative for
rigidly supported small piping lines, and overly While EG&G expects to be an active participant -

restrictive for larger lines heavily supported by in short term plans, the major thrust of activities
snubbers. A method of including the influencing will be concentrated on the long term goals.
parameters would seem to be both reasonable and
achievable and is discussed below.

The PVRC will be actively pursuing such a
recommendation by gathering available data and Table 5. Hypotheticalform of allowable
possibi applying regression analysis tech- damping values -

mques.* A cooperatise effort to revise the pre-
sent guidelines involving electric utilities through
EPRI, nuclear plant vendors and architect / $OBE SSE

Type of Support LF/ilFa g,pfigpa
-,engineers, and the Nuclear Regulatory Commis-

sion and its consultant EG&G is expected.

Long Range Goals. The long range goals of the Rigid strut X1/X2 X11/X12
damping program do not have the immediacy
associated with the short term goals. Conse- Sway brace X3/X4 X13/X14
quently, time can be taken to obtain a basic under-

standing of the interrelationyhips between damping Spring hanger X5/X6 XIS/X16
m pipmg systems and the miluencing parameters.
From this research work, an expanded table of Constant force hanger X7/X8 X17/X18
allowable damping values for various types of piping
systems could be constructed to take the place of Snubber X9/X10 X19/X20
Table 1. As an example, Table 5 illustrates a con-
ceivable format including a comt' nation of factors a. LF (low frequency, below 10 liz)

z

that might be incorporated into such a table, IIF (high frequency, above 10 liz). ,

I his table could be further modified by allow-
ing certain Rayleigh damping coefficients for par- Note: For insulators add the following per-

ticular systems. Reference I showed that many centages: Calcium Silicate Y
For insulators add the following per-

piping systems could be characterized by Rayleigh
damping and that several commonly used struc- centages: Reflective Z.

-

tural computer codes accept this type damping.
.

.

J
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EG&G PROGRAM

Ihere are several areas of interest to be under- the stillness of the test pipe and test supports.
taken in 1 Y 1983 by 10&G. As previously stated, Ihey will also provide end condnions for the pipe
n is intended that close cooperation will be mam- section sarymg f rom pinned to fixed conditions. A
tained w;th the PVRC, I!PRI, and olhen w ho are straight section of pipe will be supported between
actively acquiring data on pipe damping. I urther the end fixtures by typical piping supports such as
ettorts to share m the v ast resources of the snubbers, spring hangers, constant force hangers,
lapanese will be punued. and sway braces that will be anchored to the steel

floor beam. Ihe hydrauhc actuator and snapbackt o supplement these ef forts and to fill m some
appara:us will ako be anchored to this beam and

of the gaps m duniping knowledge, IL&G will
attached 1o the pipe f or escitation purposet Aperf orm a testmg program of its own. I he overall
typical test configuration is shown m l'igure 16.test plan w dl t ollow a basic budding block T here will be two u/es of stainless steel pipe used

approach m which simple contigurations wdl first m the test arrangements, such as 3 and 8 in.
be tested in a laboratory enuronment, with the nominal diameter Schedule 40 pipe. It is anti-compleu t y gradually mcreased, una m f uture cipated that provisions can be made to test each

| yea n, m-suu testmg of actual pipmg systems pipe empty, tilled w nh water, and insulated.I
nught he undertaken to scrity blind predictions.

I his section provides a general description of Excitation and Data Reduction
the proposed IT 1983 test layout and configura-
non, the escitanon and data acquisuion systems.

Sescral means of exe"ation will be employed. Aand the baue test pla n. Some possibihties of hydraulic actuator w... be used as the primarypotential tests beyond I Y 190 are ako meluded.
source of energy mput. I his actuator can enher be
attached to the teu component with a reachon
mass added or attached to a nearby rigid support

Damping Test Layout and souctum wnh a tom supphed between the sup-
Configurat. ion por t structure and the tested component. i he lat-

ie, a,,angemen, w ould be used in these tests. The
actuator w eighs approumately 300 lb and can

Attei suneying a number of snes at the INI I deselop a maumum dynanuc f orce of 2200 lb
n was deternuned that the best lot ation f or the with good response characteristics well above the
proposed dampmg tests is at the Auuhan Reactor 11 II/ range to be tonudered m these testt the
Area Ill( AR A til) AR A lil, located as shown m shaker operates on an oil pressure produced by a
1 igure 14, was origmalh the ute of a gas cooled power supply conusung of a gear pump drnen by
teu icattor Alter bemg detomnusuoned, the site an electuc motor. (hl coolmy is supphed by way
has been used f or sanous phsucs :md maleriak of an oil. w ater he.u eschanger that requu cs a
lests lhnldmg M M at AR A lit presenth houses w ater supph and dram at t he test location. I his
some of these tests and prosides a space and sei power supph w nh us oil resen on is mounted on a

th.o uould be needed Ior periornung ihe steel trame u nh casten. A ihud component of Ihe
m es

t omemplated dampmg teus.
hsdrauhc su. tem n the h drauhc mamf old that
regulates the lugh pres-ure surges in the hsdrauhc

I igm e it mdic.ncs the .u r a nyemein of test
hnes. INtraulic hose Imes allow t he power supphcipupmera and test tnime setup w ohm the area to bt lotated up to 2s ti awas f rom the hsdrauht

I he iest area n appioumatch 40 , long and I s fI
shaker i lecu omcs Ior tius ss stem consist of the

w ide I he test Inime w di esten r .done the leneih hsdianhc pow er supph s omrol console, t he sen o
of the .u ca w nh ibe hsdiaubt pow er supph f or :he

t onn oller f or t he aa n.nor s ak e on the shaker.attuator .md t he modal anah /cr to be lot a,cd and an mpm ugnal w.n c gener.cor
ne.u bs

'ma phat h t est s w iH be per f or med bs unposmel he icst Innue w ill < onsnt ot a iipid beam an nunal duplat enmu on 'ne ss stem and t hen
a ppr o s u n.H eh M tr hine ant hor ed t. f l. m''

m s t.u u a nciiu s h r e!c.n m e !L imposed dnplate
unh mos cabic e n,I r i s hn es monmed u ni m '' mcm in ihn is pc n test, d.unpmg will be deter
Ihesc cnd h u mis w ill be r wid m s omi'.u m .n io n micil bs the loca r n hn ut det r einent m ei h od

't

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - . - - - - - - - - -_
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applied to the structural response in the time first characterize the damping capabilities of
domain. Impact tests using hammers will also be individual supports. Data has been collected from
performed on the test setup. Pictures of the actuator, a number of support vendors on the general stiff-
its hydraulic power supply, and the impact hammers ness characteristics of their products. Characteris-
are shown in Figures 17,18, and 19. tics of specific supports that will be used in the test

program will be further tested by EG&G.
Input forces to the system will be measured by

load cells located between the actuator and the The goals of the first phase of the program will

pipe for the shaker tests and in the head of the be to investigate the following effects using the

hammer in the impact tests. Response of the simple configuration described herein:

system will be measured by accelerometers, Pipe with and without individual supports
displacement transducers, and strain gauges
attached at various locations on the pipe.

2. Effect of adding additional supports
Response signals will be sent from the transducers
to the analyzer by way of coaxial cables with

3. Elfect of using two different types of
signal amplifiers. Strain gauge data wdl be

supp ris
transmitted to strain conditioners to be reduced
and recorded for documentation of strain levels 4. Effect of support spacing
during the tests.

5. Effect of adding water to pipe
The structural analysis system that is to be used

in the tests (see Figure 20) is capable of sime'-
6. Effect of changing pipe size

taneously recording eight channels of data and
then analyzing each channel. Modal analysis

7. Effect of response amplitude
testing utilizes a structure's calculated frequency
response functions to determine modal frequencies,
damping, and mode shapes.

. ct M response Nuency.

These parameters will be investigated by varying
During the tests, coherence functions will be only one at a time whenever possible. The pro-

calculated to determine the quality of the frequency posed sequence of events to be followed in carry-
response functions. Mathematical details of the ing out the test plan are:
transfer and coherence functions are given in
Appendix A. Evaluation of the coherence fune- 1. Design fixture, initiate procurement
tions during the tests allows for immediate correc-
tion or modification of the test procedure to 2. Test individual supports
ensure the best results possible.

3. Install fixture
The modal analysis techniques to be used for

determining system damping utilize the complex 4. Test pipe with and without individual sup-
exponential method and the frequency response ports up to approximately 80% yield stress

function. This function is a ratio of the Fourier
transform of the response output (displacement or 5. Vary support types and spacing

acceleration in this case) to the Fourier transform
of the input force. T herefore, this type of testing 6. Vary mass spacing

generally consists of some means of exciting the
structure, electronic equipment to record input 7. Increase response amplitude to beyond
excitation and response, transmission lines from yield stress

the recording equipment to the data storage
desice, and the analyzer / storage device. 8. Repeat 4 through 7 for different size pipe

9. complete data reductionTest Plan

The EG&G research program will start with
simple test configurations and gradually increase A detailed test plan and schedule will be issued

their complexity. The goal of the initial phase is to before commencing testing.

26
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Future Work Once the laboratory phase of the program has
been carried out, parameters associated with
damping in nuclear power plant piping systems

After completing the initial phase, a more com- would be characterized, and blind predictions
plicated three dimensional test setup will be con- associated with in-situ testing could be under-
structed. The next set of experiments will rely taken. A number of ciecommissioned facilities atheavily upon the results of the initial phase of the Idaho National Engineering Laboratory havetesting and the EPRl/ANCO results. Tentative

been surveyed as part of this program, and would
plans would include large magnitude inertance be suitable for such experiments,
testing.
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APPENDIX A '

PROCEDURE FOR DETERMINA~ ~lON OF
--

TRANSFER AND COHERENCE FU.'ICTIONS
-

2
lly definition.

An additional impros ement in the quality of 11 j
_

A(w);
is obtained by measuring a number of similarly

-_.

obtained acceleration and force time histories,
II;; = p ( A-1) a"(t); and fn(t);, and averaging. That is

__

J ==_=
c

where 11;j is the transfer function for accelera.
.

n -

tion response at DOF i caused by the force at [S -

n =
DOF j, and the argument w denotes functions of pg,, = n = 1 ej
frequency.

8J - )
_

During testing, measured quantities are a(t)j S."

and f(t); d DOF j as functions of timeacceleration and force at, respectively,
""I 'I

DOF i an
.

The corresponding form of the coherence function =
Then is

_

A(w)j = #[a(t)i] (A 2) - . Z
_

n n

F(w); = S|f(t);) (A-3) [ g , {1 (S "j )*
_

n
2 n=1 ijn= i

7respectively, and are Fourier Transforms of a(t); - - I^

and f(t);. g

The equivalent definition of 11[ is used for ""I 55 " * I II H
computational purposes because of nherent noise
cancellation properties and is written where,if

-

,

A(w)8. F(w .* S. . n 'n
. 83

A (w)8. = S[a (t)i} m-
11.j = F(w). F(w)J (A-4) 7s .* ~ S. .

) JJ ;
"' where L

A(w); F(w);* F"(w); = F[f"(t);]
_

Sjj =

_

Sjj F(w); F(w)J=
then

_

-

and F(w);* is the complex conjugate of F(e);. l
The coherence function, y,, w hich is a measure S" = A"(w)i [F"(w)i)*81

of the quality of Il j, is defined -
i

,

S . S;.* jj " ^ "'j ("'jI
_

3

i = 3,, 3, ( A-5)
-JJ 18 and finally --

where -

S" = A"(w)i [A"(w)i]* .--

A(w); A(w);*, o s y s t _

''Sj; =

and Equations (A-6) and (A-7) represent the com-
_-

.

putations that ate performed during data acquisi. ?"y 1, implies perfect coherence, tion. The value of n is typically equal to about 20.= '
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