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ABSTRACT

This paper describes the scope and status of a piping syatem dynamics
test program. A 0.20 m(8 in.) nominal diameter test piping specimen is
designed Lo be representative of main heal transport system piping of LMFBR
plants. Particular attention is given Lo representing piping restraints.
Applied loacings consider component-induced vihration as well as seismic
excitation. The principal objective of the program is to provide a benchmark
for verification of piping design methods by correlation of predicted and
measured responses. Pre-test analysis results and correlation methods are
discussed.

INTRODUCTION

Dynamic analysis of nuclear power plant piping systems provides assurance
of structural integrity by limiting the dynamically-induced response within
values set forth in applicable codes. The uncertainty of the predicted
responzc is dependent upon the methods used for creating mathematical nmodels
of the system's compornents and the analytical techniques used in the salution
of the dynamic eveni. For sirple systems, the models and techniques are well
defined and rcadily verified with known solutions. For complex systems, i.e.
piping systems with nonlincar support traius, a nced arises for cdypamic
testing to provide the rcquired verification.

Qf primary importance in the aesign of piping systems for nuclear powcr
plants is ithe consideraticn of dynamic effects attributed to high level, low
cycle cvenls such as earthguake disturbances ind low level, high cycle events
such as mechanical compornenl vibration. The determiraticn cf a practical
design of piping confiFuration and restraint arrangement which result in
acceptable equipment nozzlc lcads, suppsri reactions ans rfasisfaction ot code
stress limits, oftrn poscs consigerable chalienge tu the anaiyst. Tnis ig
true in the design of Liquid Metal Fast tireeder Heactor (LM:bH) tHeat Trarsport
Systerm (H1S) piping where, due to the larpe and rapid terperature transients
in the duly cycle, the piping systems are desipnec with & relatively thin wall
thickness and are routed with large trerrnal expansion loops. Tris requires
additional restraint to lirit the dynamic response te allowable levels wincn
compared to the typical light water reaclor i(ian) nuclear steam supply systenm
(NSS8) piping which is relatively thick-walled, shert pun systems. 7he use of




a laree number of restpraints and the flexibility of the thin-walled pipe cross
section complicate the analytical effort beczuse the system is sensitive to
variations in support arrangement and modeling pzrameters (1). In light of
this, the design of LMFBK piping systems should embody maximum knowledge of
dynamie system response to avoid unnecessary conservatisms in the appliecation
of dynamic restraints. This will bc obtained through a comprehensive
experimental test and analysis program which will provide understanding of the
dynamic response characteristics of breeder reactor piping systems.

This paper describes the scope and status for a development program where
restraint effects will »e investigated on a piping system representative of
large diameter, thin-walled LMFBR piping. Specifically, methods are to be
established to account for various characteristics of piping restraints, i.e.
mechanical snubbers, in the deteruination of system response due to dynamic
events, The technical approach is to perform systematic tests and analytical
investigations and to correlate the measured any predicted responses. The
dynamic response characteristics of restraint components will be established
independently through analysis and tests prior to system testing. Piping
system responsc will be evaluated for varjous types of restraint components,
configurations and foreing excitations (including earthquake motions and
component nozzle vibration). The correlations of analyses and tests will:

[ confirm and refine the analytical methods and models currently used
in LMFBR Plant pipling design practice;

[} provide guidelines for the development of design requirements for
restraint devices, pipe clamps, support structures and piping
insulation,

The results obtained will be most directly applicable to Clinch Kiver Breeder
Reactor Plant (CRRKP) piping sysatems because similar design features and
conditions arc embuvdied into the test. However, the test results will be
indirectly applicable to other LMFBR (and LWR) piping systems through
extrapolation and interpretation.

TEST PROGRAM DESCRIPTION

The general test program approach is to i ~pendently determine the
response characteristics of the individual comgnnents prlor to investigating
their interaction effects witn tne assemoled system. Tnrough this decoupling
calibration tecnnique, significant component cnaracteristics will be readily
identified. Tne results of tne characterization tests will facilitate
separation ¢f the contributions ‘of each componeat for the investigation of
overall system response. System tests will evaluate parametric variations of
the componeat cnaracteristics in addition to actual piping system
configurations. As a result, overall response will be identified through tne
individual participations of the systcm's cocponeats.

The testing program is structured into taree major serles, a3 shown in
Figure 1. Within the component characterizaticn tests, the mechanical snubder
and pipe hanger devices are calibrated tnrougn various loaaing conditions and
configurations. 1he characterization techniques will yield the static and
dynamic parameters roquirea for identification of the components' Kinematics.
The mecnanical snubbers will also be tested mith a representative section of
0.20 ©{8 in.) pipiug and pipe clamp as snown jr Figure 2. in this way, the
response of the overall support train will be letermined. The system
charatierization tests consist of evaluating vne siructaral integrity oi ine
piping systeam support frame trrcugh various tecnniques and configurations such
tnat dynamic interaction with the piping system, 1f any, will be identifiecd.
The system tesats, wnich culminate the characterization tests, will evaluate
tne overall response of the assembicd gystem, Variations in component
characteristics and piping configuraticns wili be investigated within this
test series Lo furtner evaluate the everall sensitivity of tne system to
dynamic excitation. In additicn, simulation of component nozzle vibration
will be investigated tnrougn application o! steady state motions



representative of rotating equipment, such as large eirculating pump. Dynamic
testing will concliade witn multi-directional seismic excitation increasing in
level until the largest amplitude corresponds to a Safe Shutdown Barthquake
(SSE) event. The results of these tests will be compared with analytical
predictions to assess the validity of the models and methods currentiy used in
LMFBK piping design practice.

COMPONENT
CHARACTERIZATION
TESTS
(i)
nef MECHANICAL
HANGER SNUBRRER n
ESTS ST SYSTIM
TESTS
2
RESTRAINT MESTAA'NT PIMNG
s'sl.l"' LOLATION 1Yt CONOITION
CHARACTERIZATION (3) {d) {5)
€818
m VARIABLES:
{1}STATIC AND DYNAMIC
{21 SEISMIC AND NOZZLE VIBRATION
SurPORT {3) LOW AND HIGH FREQUENCY RESPONSE
FRAuL (4)SNUBBER AND STRUTS
tesrs {5} INSULATED AND LIQUID FILLED

Figure 1. Test Program Progression

MECHANICAL
SKUBBER
BEARING 8EAM
ASSEMBLY |
HYDRAULIC — ST
ACTUATOR
ASSEMBLY R B R

/ |

5

CLAMP ' 1.07m
&2in)
-l - 1 b
eyt -
L] -
0.20m {8 in)
UKINSULATED
PIPE SELCTION /
SUPPORT ASSEMALY

Figure 2. Mechanical Snubber Test Fixture



DESIGN

The rationale for the componeat design is to provide a system of piping
and restraiots rep-esentative of large diameter, thin-wWalled CRBRP heat
transport systes piping. To accoumplish this task, the component designs must
be guided by dimensional analysis, as suggested by Ibanez (2). This method
uses similar materials in the scale model a3 in the actual structure, and to
scale all gecometrical dimensions by a scale factor, A« With this procedure,
the dynamic properties are related as showa in Table 1.

Table 1

Dynamic Scaling Relationships

Actual Scale

Parameter Structure Hodel Relation
Force F r F = a2f
Length L 1 L=z2al
Time T t T = at
Displacement D d D= ad
Velocity v v V=v
Acceleration A a A= al/)
Frequency F f P fyx
Strain E e Eze
Rotation R r R=r

This method (referred to as velocity scaling since velocities in the
model and actual structure are ecqual) has its limitations since gravitational
and strain rate effects are distorted. However, the approach is judged
sufficient for pressure vessel systenms.

Since labouratory testing of a full scale, large diameter piping system is
toth cost and test facility prohibitive, a scale model test specimen has been
deosigned. However, a pure scale model is impractical; therefore, certain
assumptions are required. Depactures exist when the scale model design
becomes impractical. The dynamic relationships between the full and scale
models were preserved where possible.

The test piping specimen has been designed to be similar to the 0.61 m(2h
in.} primary hot leg located in the containment building of the ChBRP (3),
This system transports liquid sodium from the primary sodium pump (PSP) to the
intermediate hest exchanger (1lHX). The cystem consists of stainless steel
piping interconnecting the two major components via a typical U-shaped thermal
expanaion loop. T7Tnis arrangement provides flexibility to limit tuae
thermally~-induced stresses and reactions to within allowable limils when
operating at elevated temperatures, 546 C(1015F), Due to the relatively low
operating pressure, 1.i6 MPa(168 psi) and the large thermal transients that
occur during operating congitions, tne piping wall thickness is designed as a
minimum, 12.7 mm(0.%0 in.). The test piping systcm design reflects these two
ma jor design features of the primary hot leg, i.e. @ U-shaped configuration
and a thin-Walled pipc cross section. A 0.20 m(8 in.) nominal diameter pipe
war judged appropriatc for lavoratory testing and results in approximately a
anc-third scale rodel (A= 3), The diameter te thickness ratio of the test
spccimen was maintzined to preserve the thin-walled characteristics of the
ater picing. Also, the materials for both plant and wodel systems

large

are similar.



The tent pipe clamp desipn reflects the same basic considerations
embodied into the targe diameter pipe clamps and is presented in Figure 3.
The clamp has been scaled geometrically from the 0.61 m(24 in.) design to
ensure dynamic similarity and is constructed of similar materials. The two .
semi-circular steel rings (with attachment gussets) are held together by a
system of Belleville springs which accommodate variations in pipe diameter due
to temperature changes. The Belleville springs are preloaded which prevent
the clamp from lifting off the pipc when loads are applied at thc attachment
points. The load-bearing insulation is sandwiched between the inner clamp
ring and the outer pipe wall which minimizes thermal transient stresses in the
piping. The insulation bands contain cegmented sections of the load-bearing
insulation and are encased by stainless steel sheathing. These insulation
bands surround the pipe wall over the width of the clamp (axial to the pipe
centerline) to provide a positive compressive load area.
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Figure 3. Test Pipe Clamp Assembly

The piping support frame consists of an asgsewblage of structural steel
beams and plates which provide deadweight support for the piping system and
also to facilitate transmission of vibratory moticns from a shaker table to
the piping loop. 1n order to ensure that excessive dynamic interaction does
not occur between the support frame and piping system, the fundamental
resonant frequency of the support frame 1s designed to be sufficiently greater
than that of the maximum testing freguency expected. Accomplishment of this
requirement provides a sound and rigld frame which will not reinforce the
dynamic respense of the piping system. Structural integrity of Lhe support
frame is ensured as well as dynamic de-coupling of the frame and piping. The
support frame is deosigned with herizontal sides cgqual te 4.9 m(16 ft) and a
maximum vertical height of 2.7 m(8.9 ft), as shown in Figure &. The total mass
of the assembled structure, including the piping system, is approximately 9072
kg(20 000 1b). The entire assembly will be nounted on 2 shaker table capable
of accommodating the spatial dimensions and total mass.
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Figure 4. Test Piping Specimen and Support Frame Assembly

The design of the insulation system for the test piping loop includes
components representative of large diameter HTS piping. A typical section of
insulated straight piping, detailing the individual hardware, is shown in
Figure 5. The stand-off assembly, which provides an annulus for the location
of trace heaters and leak detection equipment, is attached dircctly to the
pipe wall by means of a locking device. The inner jacketing, supported by the
stand-off assembly, encloses the annulus and is secured with the inner banding
strap. The inaulating material is layered in specified thicknecsses and
individually secured with tie wires. The ocuter jacketing completes the
assembly and is fastened and locked with an outer banding strap. For the
elbows, the typical inner jacketing is replaced by pre-formed, split sheathing
which provides a smooth contoured jacket ensuring a uniform annulus. The
insulation is layered as in the straight piping, but glass cloth tape secures
the final layer at the outer btoundary in lieu of the outer jacketing and
banding straps. 1he design is prototypic, since geometric and material
similarities are maintained.
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The apecitication of the mechaniesl snubbers for the test pipiug system
considered various characteristios and similarities to the large diameter HIS
restraint dovices. As a result, the cquivalent support train consisting of
the mechanical snubber, pipe clamp, piping cross section and civil structure
are dynamically similar. Variable spring hangers are chosen in lieu of
constant support hanpers, since testing will be performed at room temperature
and vertical thermal cxpansion effects are negligible. Also, the predicted
piping movements due to vibration will not significantly vary the supporting
force of the variable spring hangers. A typical test restraint arrangement is
presented in Figure 6.
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Figure 6. Test Restraint Arrangement
ANALYSIS

Pre-test analyses were performed to verify the static and dynamic
characteristics of the test system and also to serve as pre-test predictions
for evaluation of the test results. The preliminary mathematical models
utilized will provide the basis for future analyses. The actual test results
will be correlated with analytical predictions, and the models will be
modified until test response can be simulated by analysis. Therefore, a close
interaction between the test program and analytical effort will be maintained.

The test piping system was analyzed both uncoupled and coupled with the
plping support ftrame. Various piping mars conditions were investigated to
determine the effects on system response. 7Two restraint arrangements were
simulated; (1) a low frequency system characteristic of typical piping, and
(2) a dynamically scaled system where resonant conditions are increased due to
the scale factor {(as shown in Table 1).

The restraint configurations were determined using statie and modal
analysis techniques to achieve the rcquired responses. The lew [requency
syster consisted of five mechanical snubbers and five variable spring
nengers. his restraint configuration approximates a conventional 0.20 m(8
in.) piping system desirn. The dyramically scaled system consisted of twelve
mechanical snubbers and five variable spring hangers (equivalent to the CRBRP
primary hot leg). The resulting fundamenial resonant frequencies for the
insulated and liquid filled piping conditions were:

Low Frequency Svstien Dynamically Scaled System

£ =10.9 Hz f = 20.1 Hz



The results of the piping system and support frame interaction anzlysis
indicated that a Lotal of cight piping system vibrational nodes can be
simulated witnout resonating the support frame. The response from subsequent
modes (above %0 Hz) included interaction cffects from bo'! subsystems.

Kesponse spectpum analyses were perforied to determiue the response of
the piping and restraint components for planned seismic simulation tests. The
test excitation was constructed from actual time history motions used in the
design of the CRBRP large diameter piping. However, for the dynamically
scaled systen, frequency and acceleration parameters were scaled (as shown in
Table 1) to preserve dynamic similarity. Yhe results obtained from these
analyses (reaction forces, displacements and stresses) will be used as
pre-test predictions for actual test conditions.

CORRELATION

The primary objective of this devclopment program is to provide a
benchmark for piping design methods and analytical teehniques. Comparisons of
the predicted and measured responses will be made at several levels including
as-designed, as-built and post-test. Both simplified and detailled models will
be used. The data obtained from preliminary characterization tests will
reinforce assumptions made in the analytical models, i.e. restraint stiffness,
free play and damping characteristics.

Linear and nonlinear time history analyses will be used for correlation
with the test data. Conventional analyses using the response spectrum method
will also be performed. Additional poat-test analyses will be conducted using
data obtained from the control accelerometer mounted on the shaker table
platform.

The analytical data obtained from the various models and methods will be
compared with the measured responses. The degree of deviation will provide
the basis to verify and refine the piping dcsign methods. As a result, the
integrity of the design methodology will be established.

STATUS

This development program was initiated in January 1980. Final assembly
and testing began in March 1981.

CONCLUSIONS

The deveiopment program described in this paper 'will confirm and refine
the mathematical models and analytical methods currently used in the design of
LMFBR piping systems. Design and practical performance requirements for
restraint devices, pipe clamps, support structures and piping insulation will
also be developed. 1n addition, the payoff of improved dynamic analysis
models will be established.
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