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ATTACHMENT |

LIST OF OPEN OR CONFIRMATORY
PIPING DFSER ITEMS
ADDRESSED BY FEBRUARY 9, 1993 TRANSMITTAL

QPEN
14.1.3.33.61 ITAACstructural design of small bore piping
(Same as 8.9.2.2.5)
14.1.3.84.1-1 ITAAC-confirmatory analys on computer model adequacy

(Notin 3.9)

14.1.8.8.4.31 ITAAC-piping benchmark program
(Same as 8.9.1-2)

14.1.3.8.5.7-1 ITAACenvironmental effects in fatique design, Cl. 1 Piping
(Same as 39.8.1-1,14.1.3.35.7-2,14.1.33.58-1 and 14.1.3.39.1-1)

14.1.3.8.5.7-2 ITAAC-method of including environ effects of fatgue
(Same as 14.1.83.85.7-1 and 14.1.3.3.9.1-1)

14.1.8.3581 ITAAC-environmental effect in fatugue design, Cl. 2
(Same as 39.8.1-1, 14.1.835.7-1, 14.1.885.72and 14.1.3.39.1-1)

14.1.3.35.10-1 ITAAC-methodology to address thermal striping
(Same as 3.9.3.1-2)

14.1.3.3.5.151 ITAAC-OBE as a design load
(Same as 3.1-1)

14.1.3.85.181 ITAAC-minimum temperature for thermal analyscs
(Same as 3.9.3.1-3)

14.1.3.861 ITAAC-pipe support criteria (8 items)
(Same as 3.9.88-1(1) thru (6) and 3.9.3.32)

14.1.3.39.1-1 ITAAC-fatigue cumulative usage factor of 1.0
(Same as 3.9.8.1-1, 14.1.8.35.7-1, and 14.1.3.358-1)

- Continued -



ATTACHMENT | (Continued)
LIST OF OPEN OR CONFIRMATORY
PIPING DFSER I'TEMS
ADDRESSED BY FEBRUARY 9, 1993 TRANSMITTAL

14138881 ITAAC-Dynamic seismic analyses of MS piping
(Notin 8.9) See new Section 3.25.8

14.1.3.8882 ITAAC-verification of seismic/nonseismic
(Same as 3.9.2.1 “and ) Sece ltem 14.1.83.3.83. 81 above

14.1.3.3.4.22 ITAAC-Pipe flexibility between node points
(Same as 3.9.2.2-2)

14.1.3.34.23 ITAAC-Effect. of equipment attached to piping
(Same as 3.9.2.2-3)

14183542 ITAAC-Use of Code case N-411 and N-420
(Notin 8.9)

14.1.3.3.5.61 ITAAC-High frequency mode analysis
(Notin 3.9)

PREVIOUSLY CLOSED PIPING DFSER I'TEMS
(For information only)

14.1.3.33.91] ITAAC-Buried piping design

(Same as 3.9.2.2-7) See Amendment 23
14.1.3.3.4.4] ITAAC-Small bore piping decoupling criteria

(Same as 3.9.2.24) See Amendment 23
14188521 ITAACH0 year life cycle factor of 1.5

(Same as 3.9.1-1) See Amendment 28 and 1/30/98 transmittal
14.1.3.3.4.21 ITAC-Mass point in dynamic piping model

(Same as 3.9.2.2-.2) SSAR Section 8.7.3.83.1.2 is accetable
14.1.8.3541 ITAAC-Code case N-411 damping values

(Notin 3.9) See Amendment 28
14.1.38.5.1%1 ITAAC-Inertial and seismic motion effects

(Notin 3.9) See markups of Sections 3.7 and 3.9 in 1/28/98 and 1/30/93

transmittals
14.1.3.35.17-] ITAAC-modal damping for composite structures
(Same as 8.9.2.2-6) See Amendment 23
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braoch line conpection o the pipe run and the
!elevunon of the braoch line anchors and
L restraints.

' (2) The response spectra will not be less than
: the eavelope ol the response spectra used in
the dynamic analysis of the run pipe.

() Aophhuuon—tha—pipwouu—be—g stiffoess of the supporting structure for

‘ iitromeé—for-mj the location of

‘ branch connection to the run pipe is more
thae three run pipe diumeters from the
nearest rum pipe seismic restraint,
amplification by the run pipe will be
accounted for.

| Wheo the equivalent static analysis method is
| used, tke horizontal and vertical load
coefficients C_ and Cv applied to the
response spectra accelerations will conform with
Subsection 3.738.1.5.

The relative anchor motions to be used in
either static or dynamic analysis of the
decoupled branch pipe shall be as follows:
(1) The internal displacements only, as
determined from analysis of the run pipe,
may be applied to the branch pipe if the
relative differential building movements of
the large pipe supports and the branch pipe
supports are less than 1/16 inch.
(2) If the relative differential building
movements of the large pipe supports and the
branch pipe supports are more thau 1/16
inch, motion of the restraints and anchors
of the branch pipe must be considered in
addition to the inertial displacement of the
run pipe.

| 173315 Selection of lnput Time-Historles

In selecting the acceleration time-history to
be used for dynamic analysis of a piping system,
the time-history chosen is one which most closely
describes the accelerations existing at the
piping support attachment points. For a piping
system supported at more than two points located
at different elevations in the building, the
time-history analysis is performed using the
independent support motion method where
acceleration time histories are input at all of
the piping structural attachment points.

Amendment 23
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173316 Modeling of Piping Supports

Sonubbers are modeled with an equivalent
stiffoess which is based on dynamic tests
performed on prototype saubber assemblies or on
data provided by the vendor. Struts are modeled
with a stiffoess calculated based on their
length and cross-sectional properties. The

soubbers and struts imdincluded in the piping
analysis model, unless the supporting structure
can be considered rigid relative to the piping

The supporting structure can be considered as
rigid relative to the piping as long as the

criteria specified in_Subsecti 3.7.3.3’._1,{1_;
i (Inserf A 3

Anchors at equipment such as tanks, pumps and
beat exchangers are modeled with calculated
stiffoess properties.d Frame type pipe supports
are modeled as described in Subsection
3.72.3.3.4,

3.733.0.7 Modeling of Special Engineered
Pipe Supports

Modifications to the normal linear-elastic
piping analysis methodology used with
conventional pipe supports are required to
calculate the loads acting on the supports and
on the piping components when the special

C\ ﬂgiuecred supports, described in Subsection
it

3.4.1(6), are used. These modifications are
needed to account for greater damping of the
energy absorbers and the non-linear behavior of
the limit stops. If these special devices are
used, the modeling and analytical mcibodology
will be in accordance with methodology accepted
by the regulatory agency at 'he time of
certification or at the time of apolication, per
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317- 3:30’
of Equipment

31332 M

For dynamic analysis, Seismic Category
equipment is represented by lumped-mass systems
which consist of discrete masses connected by
weightless springs. The criteria used to lump
masses are:

(1) The number of modes of a dynamic system 15
controlied by the number of masses used
therefore, the number of masses is chosen so
that all significant modes are includced

In
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1h




A ttachmen? 3a

Mass effects will be included for eguipmen’
which have a Fundawenta! fre?awcy of /fess
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the sumber of degrees of freedon are taken
more than twice the number of modes with fre-
quencies less than 33 Hz

Mass is lumped ac any point where a sig-
nificant concentrat:d weight is located
(e.g., the motor in the analysis of pump
motor stand, the impelier in the analysis of
pump shaft, etc)

If the equipment has free-end overhang span
with fexibility significant compared to the
center span, a mass is lumped at the
overhang span,

When a mass is lumped between two supports,
it is located at a point where the maximum
displacement is expected to occur. This
tends to lower the natural frequencies of

(4)

the equipment because the equipment feretromTured-iali-be-statreeostiicienie and |~
frequencies are in the higher spectral range A AT S T T e ;
of the response spectra. Similarly, in the W:& “
case of live loads (mobile) and a variable Sowdrmp-vendion. To determine the response of L & 1
support stiffness, the location of the load the support structure to applied dynamic loads, }
and the magnitude of support stiffness are  the equivalent static load method of analysis ‘-E} §
chosen to vield the lowest frequency content  described in Subsection 3.7.3.8.1.5 may be |« ¢
for the system. This ensures conservative used. The loads trasmitted to the support by §~?:
dynamic loads since the equipment the piping will be applied as static loads |
frequencies are such that the floor spectra  acting on the support. S ¥
peak is in the lower frequency range. If &> R
not, ths model is adjusted to give more As in the case of other supports, the forces ‘é
conservative results, the piping places on the frame-type support are h\(* %3
obtained from an analysis of the piping ¥in the £y 2
17233 Field Location of Supports and analysis of the piping the stiffness of the *2 g
Restraints frame-type supports shall be included in the f <
piping analysis model, unless the support can be | % 3} !
The field location of seismic supports and shown i0 be rigid. The frame-type supports may | & &, “ |
restraints for Seismic Category | piping and be modeled as rigid restraints providing they \f’ e
piping systems components is selected to sati are designed so the maximum service level D | & 8 -
the following two conditions: %) deflgction in the direction of the applied load X iq
o {s less than 1M inch and providing the total i‘; g‘
(1) the location selected must furnish the re- gap or diametrical clearance between the pipe i@&.'&
quired response to control strain within and frame support is between 1/16 inch and 3/16 | ¢ w» “_\‘
allowable limits; and inch when the pipe is in eitber the hot or cold | § & w5
condition. For a frame-type support (o be QJ

(2)
attachment of the component supports must be

adequate building men’(} and stiffness for

neer. An additional examination of these sup-
ports and restraining devices is made to assure
that their location and characteristics are
consistent with the dynamic and static analyses
of the system.

1.73.3.4 Analysis of Frame Type Supports

* The design loads on frame type pipe supports
inclide (a) loads transmitted to the support by
the piping response (0 thermal expansion, dead
weight, aed the inertia and anchor motion
effects, (b) support internal loads caused by
the weight, thermal and inertia effects of loads
of the structure itself, and (¢) friction loads
caused by pipe sliding on the support. To
calculate the frictional force acting on the
support dynamic loads that are cyclic in nature
need not be considered. :

P,
pe

considered rigid, it shall be at least imes
as stiff as the piping. The piping stiffness s
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available. calculated using the following equation:
The final location of seismic supports and re- El
straints for Seismic Category I piping, piping Kp = =S

system components, agd equipment, including the

placement of snubbers, is checked against the A . _
drawings and instrpctions issued by the engi- E = modules of elasticity of pipe 1
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| =« moment of inertia of pipe

L = “oasraif the suggested pipe support
spacing in Table NF-3611-1 of ASME
Code, Section 111

31.73.4 Basis of Selection f Frequencies

Where practical, in order to 4avoid adverse
resonance effects, equipment and components are
designed 'selected such that their fundamental
frequencies are outside the range of one-hall to
twice the dominant frequency of the associated
support structures. Moreover, in any case, the
equipment is analyzed and/or tested to demon-
strate that it is adequately designed for the
applicable loads considering both its fundamental
frequency and the forcing f-equency of the
applicable support structure.

All frequencies in the range of 0.25 to 33 Hz
are considered in the analysis and testing of
structurcs, systems, and components. These fre-
quencies are excited under the seismic excita-
tion.

if the fundamental frequency of a component s
greater than or equal to 33 Hz, itis treated as
seismically rigid and analyzed accordingly.
Frequencies less than 0.25 Hz are not considered
as they represent very flexible structures and
ate not encountered in this plant.

The frequency range between 0.25 Hz and 33 Hz
covers the range of the broad band response spec-
trum used in the design.

1735 Use of Equivalent Static Load Methods
of Analysis

1% 5.1 Subsystems Other Than NSSS

See Subsection 3.7.3.8.1.5 for equivaient
static load analysis method.

31,7352 NSSS Subsystems

When the natural frequency of @ structure of
component is unknown, it may be analyzed by apply-
ing a static force at the center of mass. In
order to conservatively account for the possibil-
ity of more than one significant dynamic mode,
the static force is calculated as 1.5 times the

Amendment 23
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times the mass times the maximum spectral
acceleration from the floor response spectra of
the point of attachments of multispan
structures. The factor of 1.5 is adequate for
simple beam type structures, the factor used is
justified,

1,706 Three Components of Earthquake Motion

The total seismic response is predicted by
combining the response calculated from the (wo

b %

)
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borizonial and the vertical analysis.

When the response spectrum method or static
coefficient method is used, the method for
combir.og the responses due (o the three
orthogonal components of seismic excilation is
given as follows:

3 " 12
R = : ll:
' jer Y (3.7:14)
where
li « maximum, coaxiz! seismic response
I of interest (e.g., displacement,

moment, shaar, stress, strain) in
directions | due to earthquake
excitation im direction j, (j = 1,
2 3).

R wseismic response of interest in |
direction for design (¢ .§.,
displacement, moment, shear,
stress, strain) obtained by the
SRSS rule to account for the
poasimultancous ocrurrence of the
R .'s

1)

When the time-history method of analysis is
used and separate analyses are performed for each
earthquake component, the total combined response
for all three components shall be obtained using
the SRSS method described above to combine the
maximum codirectional responses from each
carthquake component, The total response may
alternatively be obtained, if the three component
motions are mutually statistically independent,
by algebraically adding the codirectional
responses calculated separately for each
component at each time step.

When the time-history analysis is performed by
applying the three componenis motions
simultaneously, the combined response is obtained
directly by solution of the equations of motion.
This method of combination is applicable only if
the three componert motions are mutually
statistically independent.

1737 Combilaation of Modal Response
»

C’ 17371 Subsystems Other Than NSSS

b rwgttue SMPTT

Amendment 23

{inserd Attachment § )

When the response specirum method of modal
analysis is used, contributions from all modes,
except the closely spaced modes (i.¢e., the
difference between any two natural frequencies
is equal to or less than 10%) are combined by
the square-root-of-the-sum-of-the-squares (SRSS)
combination of modal responses. This is defined
mathematically as:

R [ 2 "5’2
w1 (3.7-18)
where
R « combined response;
R « response to the i mode; and

N = pumber of modes considered in the
analysis,

Closely spaced modes are combined by taking
the absolute sum of the such modes.

An alternate to the absolute sum method
presented in Regulatory Guide 1.92 is the
following:

N 3 1/2
Re |3 poe|mur |

T ] 3716
where the second snmmation s to be done oo all
L and m & ~des - _ose [requencies are closely
spaced to each other.

17372 NSSS Subsystems

In a response spectrum modsl dynamic
analysis, if the modes are not closely sprced
(i.e., if the frequencies differ from sach other
by more than 10% of tne lower frequency), the
modal responses are combined by the
square-root-of-the-sum-of- tke-squares (SR3S)
method as described in Subsection 3.7.3.7.1 and
Regulatory Guide 192,

If some or all of the modes are closely

spaced, a double sum method, as described 0
Subsection 3.7.3.7.2.2, is used to evaluate the

348




A44achment 4 .

"When the response spectrum method of analysis is used, the
modal responses for modes below the cutoff frequency (specified in
section 3.7) are combined in accordance with the methods given in
Subsections 3.7.3.7.1 and 3.7.3.7.2. The responses associated with
higher frequency modes (above cutoff frequency) are calculated and
combined with the low frequency modal responses according to the
procedure described in Subsection 3.7.3.7.3. These wethods and
procedures are applicable for seismic loads as well as for loads
with Prigher fregquency input such as suppression pool dynamic

loads."
Citem 0. 14.),3,3.6.67] comment |)
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are applied to the subsystem model, and the modal
forces, shears, moments, stresses, and
deflections are determined

(9) The modal forces, shears, moments, sIresses,
and deflections for a given direction are
combined in accordance with Subsection
173814

(10) Steps (5) through (9) are performed for each
of the three earthquake directions

(11) The seismic lorce, shear, moment, and stress
resulting from the simultancous application
of the three components of esrthquake
loading are obtained in the following

manner
4 - 5
= » ® % " ' 2

¥ Rl oRy P} (37:24)

R wequivalent seismic
response quantity
(force, shear, moment,
stress, etc.)

R‘ Ry R’ scolinear response

quantities due to
carthquake motion in the
x, vy, and 2 directions,
respectively.

173417 Damping Ratio

The damping ratio percentage of critical damp-
ing of piping subsystems corresponds (o Regula-
tory Gude 1.61 or 1.84 (ASME Code Case N-411-1),

K} damping ratio is specified in Table 3.7-1.

Strain energy weighted modal damping can also
be used in the dynamic analysis. Strain energy
weighting is wsed to obtain the modal damping
coelficient due to the contributions of damping
different elements of the piping system. The
clement damping values are specified in Table
1.7-1. Strain energy weighted modal damping is
calculated as specified in Subsection 3.7.2.15.

o direct integratiou analysis, damping 18
input in the form of @ and § damping
constants, which give the percentage of critical
damping, A as a function of the circular
frequency, W,

I tem MJ;__I#. 13.3.6.4-2

/
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173818 Effect of Differentin! Buliding
Movements

In most cases, piping subsystems are anchored
and restrained 1o floors and walls of buildings
that may have differential movements during a
seismic =vent, The movements may range from
insignificant differential displacements between
rigid walls of & common building at low eleva-
tions to relatively large displacements beiween
separate buildings st a high seismicity site

Differential endpoint or restraint deflec.
tions cause forces and moments to be induced
into the piping system. The stress thus pro-
duced is a secondary stress. It is justiliable
to place this stress, which results from
restraint of free-end displacement of the piping
system, in the secondary stress category because
the stresses are self-limiting and, when the
stresses exceed yield strength, minor
distortions or deformations within the pipiog
system satisfly the condition which caused the
stress Lo occur,

The earthquake thus produces a stress:
exhibiting property much like & thermal
expansion stress and & static analysis can be
used to obtain actual stresses. The
differential displacements are obtained from the
dynamic analysis of the building. The
displacements are applied to the piping anchors
and restraints corresponding to the maximum
differential displacements which could occur
The static analysis is made three times: ooce
for one of the horizontal differential
displacements, once for the other borizontal
differential displacement, and once for the
vertical,

The inertia (primary) and displacement
(secondary) loads are dynamic in pature and
their peak values are not expected to occur al
the same time, Hence, combination of the peak
values of inertia load and anchor displacement
load is quite conservative. ln addition, anchor
movement effects are computed from static
analyses in which the displacements are applicd
to produce the most conservative loads on the
components. Therefore, the primary and
secondary loads are Myyg the SRSS method

4lI-T damping can Aot e ) .

used for analyzing linear Me’e’j absorbing (.
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The resuits of the data analyses, vibration
amplitudes, natural frequencies, and mode shapes
are then compared (o those obtained from the
theoretical analysis,

Such comparisons provide the analysts with
added insight into the dynamic behavior of (he
resctor internals. The additional knowledge
gained from previous vibration tests has been
utilized in the generation of the dynamic models
for seismic and loss of coolant accident (LOCA)
analyses for this plant. The models used for
this plant are similar to those used for the
vibration analysis of earlier prototype BWR
plants

193 ASME Code Class 1,2, 8nd 2
Components, Component Supports, and
Core Support Structures

1931 Loading Combinutions, Design
Transients, and Stress Limits

This section delineates the criteria for
selection and definition of design limits and
loading combination associated with normal
operation, postulated sccidents, and specified
seismic and other reactor building vibration
(RBV) events for the design of safety-related
ASME Code components (excepl containment
components which are discussed in Section 3.8),

This section discusses the ASME Class 1, 2,
and 3 equipment and associated pressure retaining
parts and identifies the applicable loadings,
calculation methods, calculated stresses, and
allowable stresses. A discussion of major
equipment is included on a component-by-component
basis 0 provide examples. Design transients and
dynamic loading for ASME Class 1, 2, and 3
equipment are covered in Subseciion 39.1.1.
Seismic-related loads and dynamic analyses are
discussed in Section 3.7. The suppression
pool-related RBV loads are described in Appendix
3B, Table 3.9-2 presents the combinations of
dynamic events to be considered for the design
and analysis of all ABWR ASME Code Class 1, 2,
and 3 components, component supporis, core
support structures and equipment. Specilic
loading vombinations considered for evaluation of
cach specific equipment are derived from Table

3.9.2 and are ccatained in the design accordance with the Pth;,W
specifications and/or design reports of the ‘) .
respective equipment, See Subsection 3.9.7.4 for har already bren performed: provrdme-the-com.
(i1l 70 19.13.3 8 7<) 1008
Amendment 1) Y 3.5,5,8'/
4. 13,35 1-1)

COL license information requirements.
At

Thermal stratification of fuids in a pipiag
system is one of the specific operating
conditions that is included in the loads and
load combinations that are contained in (he
piping design specifications and design
reports. It 18 knows stratification can occur
in the feedwater piping during plant startup and
when the plant is in hot standby conditions
following scram (see Subsection 3.9.2.1.3). If,
during design or startup, evidence of thermal
stratification is detected in any other piping
system, then stratilication will be evaluated.
If it cannot be shown that the stresses in the
pipe are low and that movement due (o bowing is
acceptable, then stratification will be treated
as & design load. In general, if temperature
differences between the top and botiom of the
pipe are less than 50°F, it may be assumed
design specification and stress reports need not
be revised 1o include stratification.

The design life for the ABWR Standard Plant
is 60 years. A 60 year design life is a
requirement for all major plant components with
reasonable expectation of meeting this design
life. However, all plant operational components
and equipment except the reactor vessel are
designed to be replaceable, design life not
withstanding. The design life requirement
allows for refurbishment and repair, as
appropriate, to assure the design life of the
overall plant is achieved. la ¢ffect,
essentially all piping systems, components and
equipment are designed for a 60 year design
life. Many of these components are classified
as ASME Class 2 or 3 or Quality Group D. In the
event any non-Class 1 components are subjected
to cyclic loadings, including cperating
vibration loads and thermal transient effects,
of a magnitude and/or duration so severe that
the 60 year design life can be assured by
required Code calculations. COL applican‘s will
identify these components sod either provide an
appropriate analysis to demonstrate the required
design life or provide designs to mitigate the
magoitude or duration of the cyclic loads
Components excluded from this requirement are
(1) tees where mixing of hot and cold fluids
occurs and thermal sleeves have been provided |
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1o accomplish its salety functions as required
by any subsequent design condition event

For active Class 2 and 3 pumps, specific
siress criteria to meet the functional
requitements are identified in a footnote 1o
Table 3.9.2. For piping and valves there are no
specific stress criteria for functional
requirements. The ASME code allowable stresses
are applied (0 assure functional capability under
emergency and faulted design conditions.

393,107
19012 Reactor Pressure Vessel Assembly

The reactor vessel assembly consists of the
reactor pressure vessel, vessel support skirt,
and shroud suppori

The reactor pressure vessel, vessel support
skirt, and shroud support are constructed in
sccordance with the ASME Boiler and Pressure
Vessel Code Section 111, The shroud support
consists of the shroud support plate and the
shroud support cylinder and its legs. The
reactor pressure vessel assembly components are
classified as an ASME Class 1. Complete stress
reports on these components are prepared in
accordance with ASME Code requirements.
NUREG-0619 (Reference $) is also considered for
feedwater nozzle and other such RPV inlet nozzle
design.

The stress analysis is performed on the
reactor pressure vessel, vessel support skirt,
and shroud support for various plant operating
conditions (including faulted conditions) by
using the elastic methods except as noted in
Subsection 39142 Loading conditions, design
stress limits, and methods of stress analysis for
(he core support structures and other reactor
internals are discussed in Subsection 3.9.5.

19213 Main Steam (MS) System Piping

The pipiog systems extending from the reactor
pressure vessel to and including the outboard
main steam isolation valve are constructed in ac-
cordance with the ASME Boiler and Pressure Vessel
Code Section 111, Class 1 criteria. Stresses are
calculoted on an elastic basis and evaluated in
accordance with NB-3600 of the ASME Code Section
m

Amendment 1)

2MAGI WAL
S—— A

The MS system piping extending from the out
board main steam isolation valve to the turbine
stop valve is constructed in accordance with the
ASME Boiler and Pressure Vessel Code Section
11, Class 2 Criteria.

Turbine stop valve (TSV) closure in the main
steam (MS) piping system results in a transient
that produces momentary unbalanced forces acting
on the MS pipiag system Upon closure of the
TSV, a pressure wave is created and it travels
at sonic velocity toward the reactor vessel
through each MS line. Flow of steam mnto each
MS line from the reactor vessel continues until
the steam compression wave reaches the reactor
vessel. Repeated reflection of the pressure
wave at the reactor vessel and the TSV produce
time varying pressures and velocities,
throughout the MS lines.

The analysis of the M5 piping TSV closure
transient consists of a stepwise time-history
solution of the steam flow equation to generate
a time-history of the steam properties al
numerous locations along the pipe. Rzaction
loads on the pipe are determined at each elbow,
These loads are composed of pressure-times-area,
momentum change and fluid-friction terms.

The time-history direct integration method of
analysis is used to determine the response of
the MS piping system to TSV closure, The forces
are applied at locations on the piping system
where steam flow changes dirsction thus causing
momentary reactions  The resulting loads on the
MS$ piping are combined with loads due to other
effects as specified in Subsection 39.3.3.

193.1.4 Recirculation Motor Cooling (RMC)
Subsystem

The RMC system piping loop between the recir
culation motor casing and the heat exchanger s
constructed in accordance with the ASME Boiler
and Pressure Vessel Code Section I11, Subsection
NB-3600. Stresses are calculated on an elasiic
basis and evaluated in accordance with NB- 3600
of the ASME Code, Section 111

183.1.5 Recirculation Pump Motor Pressure
Boundary

The motor casing of the recirculation inier
pal pump is a part of and welded into an RFY

19 %
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19304 Component Supports

1IC5IEN { all supports

piping satislies the requirements

Bil.1 Power Piping Code

For the maior active

chmenis Oor essentia subsection 3.9.3.2.4, Lhe
a58 1,4, ADG 2 PipIng not used as attachment
with Subsection NF* uf

he building structure, wilh

undarics as delined A B criteria and dynamic Lesting

ading combinations (o qi ) 4 for the ASME 111, piping ¢

f

Pl
nditions correspond 1o those subecechon NF
the supported pipe. The .
nbinations are discussed in ) i‘:;v:m;, Supports All pipiag support
The stress limils are per designed, fabricaied, and assemblied
o NF and Appendix | that they cannot become disengaged by (he
are generally designed either by load movement of the supported pipe or eqgi
hod per paragraph NF-3260 or by the ment after they have been instalied
for linear supports per paragraph piping supports are designed in accordar
with the rules of Subsection NF ol the
ASME Code up 1o the building stru
interface as defined by the jurisd
ase N-476, Supplement 89.1 which goveras boundaries 1n Subsection NI

mented by the following: (1) application
f single angle members of ASME Class
inear component supporis; and (< Spring Haogers - The operating
ads or other torsional loads are spring hangers is the load caused by
dated by designing the load 10 acl weight. The hangers are calibrated
shear center or meet "Standard {or Jre that they support the operating
be perlormed at boih their hot and coid load set!

analvses will
fiad

s method g hangers provide a specilied

Members | and up travel in exc
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due to dynamic locdiau checked to confirm
that they do not '
ASaite " g 2

o 0 ittt b b bits s i 8 0 0 0 el
IR T e T AV o
)w no | - 4
(3) Snubbers ¥he operating loads on snubbers (' 413.1.4 /)“)M"j )

are the loads caused by dynamic events ,
(¢4 seismic, RBV dus to LOCA and SRV dis.- Linsex f_ as new £ r.s,tjoarajny’/«)

charge, discharge through a reliel valve
line or valve closure) during various
operating conditions. Soubbers restrain

i ——— T

Mechanica] god hodvavic 7yke
piping against response to the vibratory 3nubbers il ‘i uaed when

i spo A
excitation and to the associated differen- /'ZV'Y'J as shock arvestors foy
tial movement of the piping system support nu(/(ar Saf(f/ V(Lﬁ/ f ’v ‘/’ I |

anchor points, The eriteria for locating _
snubbers and ensuring adequate load Shubbers ave &/&SI ned In auora’an(e

capacity, the structural and mechanical Joith ASME Sechom Subsecrm NF

performance parameters used for snubbers and
the installation and inspection consider- (c""fo”"’} S*Maé(/ hd "'/S.

ations for the snubbers are as follows: S nubbers consist o a ve /otif)u/,‘m'f,v

(#) Required Load Capacity and Snubber Loca- o A ?"/tmbm'/"m’ﬁ)j 4 ')‘bd'r/’ 5#"/
tios +O Fo Plf( (’/‘h/) aJ *A( /’ ¢ e”/
tl.ncl/mntﬁ’ fo a ¢clevis a lached

The loads calculated in the piping .
dynamic analysis, described in Sub- e 1 € bwldin :fmz*arc at 7‘/’(

section 3.7.3.8, cannot exceed the other end Snubbevs o y(gfr ds
snubber load capacity for design, / s Pue buval "
4 s

normal, upset, emergency and faulted y éy’"i‘-‘ uvm
Ynamic  evgnrs such a3 earihpuake
A

conditions.

Foy  Aualvauhe shubbers but a/urr)‘?] noyma/ 0/6’@"0/’0“ act

with Joad ratings grearer ., ,oajuve devices which acomodate
nov’

than 50 Lips oy namic W,Mm‘*e‘/"‘_’”“&” and tontracknmg

cyclic had fesps Wil LZTOUT vesistance,

be wﬂduc'fﬂ/ P W!-"'f)’

the fw{wmwcc of e |
rontrol vaNe. These Aydranlic
snubbers will be sabjected fo
(/)mam'c c7¢/ic Joa tests

at Jeads 5(&!/‘60‘ than ov
czuau' fv mc-ﬁa”: ﬂe. cq/cw"ﬁ'ﬁ,
Safe Shatdown earﬁ‘zaake foa
on ﬁ!e Snubbey
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DATE: FEBRUARY 5, 1993

TO: N.PATEL

FROM: M.HERZ0G /#W

SUBJECT: ANALYSIS RESULTS FOR PIPING BENCHMARK PROBLEM NO. 2

REFERENCES: 1. "PISYS~Piping System Analysis Program",
GE Document No. NEDE~24077
2. "Piping Benchmark Problems Dynamic Analysis
Independent Support Motion Response Spectrum
Method" NUREG/CR=1677, Volume 11 August 1985

1.0 PURPQSE

To present the results of the piping dynamic analysis performed
using the PISYS-Piping Analysis Program (Reference 1).
Benchmark Problem No. 2 provided in Reference 2 was analyzed.

2.0 DYNAMIC ANALYSIS METHODS

The dynamic analysis was performed using the following response
spectrum methods:

1) Uniform Support Motion (USM) Method,

2) Independent Support Motion (ISM) Method with square root
some of the squares (SRSS) combination of support group
contributions.

1) ISM Method with absolute sum combination of support
group contributions.

For all three solution methods, the SRSS modal comnbination was
performed first, followed by the combination of support group
contributions, followed by the SRSS interspatial combination.

The Benchmark results provided in Reference 2, were not
calculated in tue same order as described above. Instead, the
support group contributions were combined first, followed by the
interspatial combination, followed by the modal combination.

Due to this difference in how the final results are calculated,
the PISYS results for Method 3 are up to 10% greater than the
Reference 2 results.



3.0 DRESCRIPTION OF ANALYSIS PERFORMFD
Benchmark problem no. 2 is shown in Figure 1.

A complete liotin? of the piping model and dynamic loads input
data is provided in Appendix 1.

The following output results are provided in Appendix 2:
modal frequenc.es and participation factors

displacements and calculated loads for the
three analysis methcds.

4.0 SUMMARY OF RESULIS

Tables 1 through 3 provide a comparison of the PISYS results with
the Reference 2 results.

The analysis results for the USM method and for the ISM method
with SRSS combination of group contributions are identical to the
Reference 2 results.

The analysis results for the ISM method with absolute sum
combination of group contributions are within 10% of the
Reference 2 results., The difference in analysis results is
because PISYS coml ines the final results in a different order
than what was used in Reference 2. (See Section 2.0)

5.0 CONCLUSION

The PISYS computer program Accurately calculates piping system
dynamic loads and displacements due to Envelope Spectrum
excitation and Independent Support excitation.
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INDEPENDENT SUPPORT MOTICN WITH SRSS OF GROUPS

TABLE 1 SUPPORT FORCES FOR UNVELOPE SPECTRA METHOD AND '
l

Support PISYS NUREG 1677 PISYS NUREG 1677 |
No. Envelope Envelope SRSS Group SRSS Group :
(Lb.) (Lb.) (Lb.) (Lb.) |
1 90 90 53 53 g
2 65 65 46 46 i
3 177 177 113 113 -
4 708 708 441 441 |
“ 446 446 257 287 |
6 206 206 123 123 |
7 164 164 98 98 |
8 373 173 221 221
9 58 58 32 32
10 198 198 124 124 |
11 103 103 66 66 é
12 178 178 103 103 i
i3 192 192 114 114
14 245 245 116 116 |
i
i
E
T
o o

T S —




TABLE 2 SUPPORT FORCES FOR INDEPENDENT SUPPORT MOTION

WITH ABSOLUTE SUM OF GROUP CONTRIBUTIONS

Support PISYS NUREG 1677 Percent
No. (Lb.) (Lb.) Difference
1 83 76 9.2
F) 77 70 10.0
3 158 156 1.3
N 619 607 2.0
5 167 350 4.9
6 190 184 3.}
7 149 146 2.1
8 316 301 5.0
9 49 45 8.9
10 179 169 5.9
11 94 91 3.3
12 165 152 8.6
13 178 170 2.9
14 172 158 8.9
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IMPORTANT NOTICE REGARDING

CONTENTS OF TH1S REPORT

Flesse resd corefully

The only undertekings of Genersl Electric Company respecting
information in this document are contained in the contract between
the custower and General Electric Cowpany, #s identified in the
purchase order for this report and nothing contained in this
document shall be construed as changing the contract, The use of
this information by snyone other than the customer or for sny
purpose other than thet for which it 1s intended, 1is not
suthorized; and with respect to sny unsuthorized use, Generasl
Flectric Company makes no representation or warranty, snd sssumes
no lisbility as to the completeness, accurscy, or usefulness of the

information conteined in this document.
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1.0 ABSTRACT

A benchmark snalysis of PISYS wae performed in August of 1979 and
documented in NEDO=24210, “PISYS ANALYSIS OF NRC BENCHMARK PROBLEMS",
The snalysis established that PISYS predicted dynamic responses
consistent with the NRC benchmarks when spplying the enveloped response
spectrs method of enalysis. Although independent support motion
analysis was enployed in 1977, no benchmark problems existed, The
purpose of this report is to document that the PISYS and SAP prograns
predict responses cons‘stent with the 19685 NRC Benchmark vhen the

independent support wotion method of anaiysis is emploved.

Gr8707/GALE? 1 =1
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2.0 BACKGTOUND

General Electric was the first to implement independent support motion
dynemic snalysis of piping in 1977 using the SAP program. The
{ndependent support motion method ves developed by Genersl Electric to
eliminste the conservatisw sssccisted with spplying the envelope of
spectrs ot all pipe sttechment points to the entire piping system,
Subsequently the independent support motion method wes incorporated into
#11 major piping progrews used by industry. 1In 1985, after the
{ndependent support sotion method had been widely accepted for piping
snalysis, the United stetes Nuclesr Regulatory Commission {ssued
NUREG/CR=1677 for confirming the correctness of computer programs
predicting responses by the independent support motion method, Since
the snalytical methods used in the NUREG/CR-1677 bench mark calculations
sre the seme #s those used by Genersl Electric in 1977, the NRC bench
warks provide officiel confirmetion of the correctness of the originel

General Electric wethodology.

GFB707/GALBY 2 =1



3.0 DESCRIPTION OF SAPGOL AND PISYS

The SAP progrem wes ordginally constructed from three earlier programs
developed under the direction of Professor E, L, Wilson, Department of
Civil Engineering, University of Californis ot Berbeley. The element
l1ibrary end static snslysis options vere taken from the SOLID/SAP
Progrem, the eigenvelue extraction slgorithms were incorporsted frow
coding that was origineted by Dr, K. J, Bathe, snd the forced vibration
end response spectrum snalyses were sdapted from the originel version of
Professor Wilson's SAP Progrem, The copability for ASME Clases 1, 2 or )
piping analysis was developed by the Engineering/Analysis Corporstion
under » contract with the General Electric Company st Sen Jose. Later,
the copability of the program wes further developed and expanded within
the General Electric Company st San Jose for indepemdent support motion

seisnmic and dynewic snelysis end for fluid-mass-effect eveluastions,

PISYS 18 @ specinlized development of SAP for use in the snalysis of

piping. The basic sclution routines of SAF have been combined with an
input lengusge trenslator specialized for wodeling piping., The SAF and
PISYS programs have been benchmarked sgainst one another to verify that

the solution routines give consistent load predictions.

GFB707/GALE?Y 31




SAP was selected for the primary benchmark verification presented in

this report because the input for the piping models could be directly

spplied., The predictions of PISYS sre identical to SAP since they have

the sawe solution routine; therefore the benchmark comparisons are

equally velid for SAP and PISYS,

GF8707/GALB? 3«2
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R R Y NS N T

COMPARISON OF P Al 4 PR ON W RK
PROBLEM ).
“ENVELOPE
TAr
(L8] (18)
) 93 93 93
2 107 167 106
3 89 89 -
‘ 23 234 234
s : 84 8 84
. 100 100 100
Ly 29 19 39
: 8 78 78 7
L : 28 28 28
10 i 78 78 )
1 89 59 5%
12 188 185 185
|1 ;221 221 220
14 89 89 89
18 1120 120 120
16 f 57 i 1) | 57
17 ; 56 56 i 56
1
GF8707/GALE? 5 -1
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COMPARISON OF PI1SYS AND SAPGO4 PREDICTION WITH BENCHMARK
PROBLEM 1.
(CONTINUED)
“METHOD SOUARE ROOT OF THE SUW OF SGUAKES BV CROUF |
erron " PIEYS IIF
LEMENT (LB) (LB) (LB)
|
| 1 86 86 86 |
2 ’ 93 94 92 |
3 i 8l 8l 80 |
4 !202 204 200 i
5 | 74 73 12
. | 84 83 8
7 % 13 12 |
f . 55 4“8 45
) | 2 26 25
i 10 | 87 18 18
|1 | $3 52 51
12 !x:o 126 126
13 152 146 145
i 14 ! 95 97 9%
15 l B4 B4 83
\ 16 | &7 68 66
17 7% | 75 7
GF8707/GALB? 5«2



N OF P1SY 4 PREDICTION W NC
PROBLEM 1.
(CONTINUED)
“~XESOLUYE SUW BY GROUF
Nt RRETETT W v I
LEMERT (L) (L8) l (L
| 17 121 ‘ NA
2 126 139 ' NA
3
109 14 | KA
4 278 | 289 NA
5 100 103 NA
6 113 17 : A
7 4 ’ & : NA
§ 65 63 NA
9 35 i NA
10 63 62 | NA
1 72 % WA
12 185 176 NA
13 204 204 NA
14 131 137 ! XA
15 116 118 | NA
16 92 96 | NA
17 ol R el
GFB707/GALS? 3 «d




NRC _BENCHMARK COMPARISON

ROBLEN
NUREG 1677 TAP WOREC 1677 | SAF
EL:M!NT ENVELOPE ENVELOPE SRES GROUP | SRS GROUP
(L8] (LB) (LB) (L8]
! 90 90 53 52
2 65 65 “ "
3 177 177 13 110
‘ 708 708 4l 430
5 “hb 44t 287 252
6 206 206 123 130
2 164 164 9 104
. 373 373 221 216
9 58 58 7] 3
10 198 198 124 121
3 103 104 66 65
12 378 178 103 98
13 192 192 114 120
1 245 245 16 114
GFB707/GALS? ik







NRC BENCHMARK COMPARISON

PROBLEM
{ COHTIM‘EEZ
ET??BIT"*“EU!!E‘T!’V TAP WUREC 1677 | SAF
LEMENT ENVELOPE ENVELOFE SRES GROUP §RSS GrOUP

(LB) (LB) (L8) (L8]
2) 169227 168100 89089 86830
22 34378 34330 28458 28020
23 1697062 1696000 599310 $47200
24 6792 6786 4983 4885
28 801 800 831 813
26 303 303 M2 308
27 7447 7443 4412 4371
28 11991 11980 5898 5620
GF8707/GALBY $ - 6




NRC_BENCHMARK COMPARYSEON

PROBLEM &
(CONTINVED)
0 | . AP WUREG 1677 | SAF
LEMENT | ENVELOPE ENVELOPE §RSS GROUP | BRSS GROUP
(18] (L8] (L8] (LB)
'h

! 3 3722 2016 2415
2 2390 2012 (497 1502
'3 2186 2184 1523 1521
i ‘ | 42 | 42 24 28
E | 2uss W8 | 1es 1489
6 | a0 4850 2524 2523

? ; 6768 e | 302 o

. T I TTE 2094 2081
9 ! 3482 3481 2302 : 2300
10 a0 L am 1265 1307
1 | 61 | 40 3% i %
12 f 6660 | eess | 5043 5038
13 | 269 2670 1887 1856
14 o ess4 | 658 5308 | 8304
15 ' 109 ] 109 84 84
16 5015 5013 e | sen
17 3334 3334 2593 2590
18 4139 sk L mee o e
19 861 067 681 882
20 64 o » 3

OB — o — . - - - —— - S ——— —— -
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MOMENTS AND DISPLACEMENTS COMP N

1 WOMENT “PISPCACEENT
ARIABLES L,I! [IN=LBS) [IN)
\ TYPE
\ | OF THE TREC FISYE | SAP ‘ﬁlﬂ!!t FISVS
ROBLEM )\\\\ METHOD 1677 1677
ENVELOPE 1478 1584 1581 0,1222 0,1279
FLEM #3 NODE #33
1 SRES GROUP (4193 4189 4120 10,2787 0,2822 0,2748
' ELEM 01 NODE #32
ABS GROUP [9035 9433 ]» - 0,3827 0,3913 -
| NODE 36 NODE #32
: ENVELOPE (18508 - 18501 10,0224 - 0.0204
I 2 ELEM #) NODE #2
' SRSS GROUP [1162]) - 11315 10,0170 - 0,0166
L ELEM #] NODE #2
ENVELOPE [60150 - 60106 | 0,0057 - 0,0060
3 _ELEM 4] NODE 02
SRSS GROUP (35408 - 34732 | 0.0076 - 0.0076
ELEM 42 —+ NODE 02
ENVELOPE |433014 - 433674] 4 .BSE-05 | - 4, 90E~0%
4 ELEM #1 NODE /1
SRSS GROUP (277825 : 277929] 3,22E-05| ~ l 3.22E-05
ELEM #1 NODE ¢1
GF8707/GALB? 5 -9



6.0 METHODS COMPARISON

The folloving bar chart prepared for benchmark preblem one provides »
visusl comparison of the differences in the predictions of the different
snalyticel methods: uniform response spectrs (URS), and independent
support motion (IMS) combining groups by sbsolute sum (ABS) and sum of
the squares (SRES). From exsmination of the chart, the follovwing
conclusion can be drewn: the difference in predictions using the save
methods ste small; independent support motion predictions are
significantly less than uniform response spectrs vhen groups are
combined by sum of the squares; and independent support motion with

combination of groups by sbsolute sum provides predictions significontly

grester than grouping by sum of the squares snd is often grester than

uniforw input,

GFB707/GALRY
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7.0 CONCLUSION

As can be seen from examination of the tables comparing loed
predictions, the SAP/PISYS solut! ° routines predict loads identicsl to
or consistent with the four benchmark problem predictions, The
evalustion reconfirms the verification for enveloped response spectra
and extends the verification to independent support motion anelysis.

The benchmark problem combined the modal responses by the square root of
the sum of the squares method, In applicetion, General Electric
combines the modal responses by the double sum method in sccordence with
Regulatory Guide 1,92, 1If the ben. .mark problems were computed using

double sum, the predicted losds would be somevhat higher,

The comparion of predicted responses sre in excellent egreement for all
four bench mark problems. The small differences that occur can be
sttributed to differences in the way the progrvms interpret the input
for the piping mathematical sodels. The method of calculation
originally implemented by General Electric in 1977 has been sccepted a8
correct by the publication of United States Nuclear Regulatory

Commission NUREG/CR=1677 .n 1985.
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