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February 9,1993 Docket No. STN 52-001

Chet Poslusny, Senior Project Manager
Standard;zation Project Directorate
Associate Cirectorate for Advanced Reactors

and Liceue Renewal
Office of the Ntelear Reactor Regulation

Subject: Submit;91 Supporting Accelerated ABWR Review Schedule

Dear Chet:

Enclosed are (1) markups for proposed changes to Sections 3.7 and 3.9, (2) results of
GE's analysis of BNL (NUREG/CR-1677) Piping Benchmark Problem No. 2 using
PISYS, and (3) results of GE's previous analyses of DNL (NUREG/CR-1677) Piping
Benchmark Problems using SAP for all four problems and PISYS for Problem No.1.
This submittal is for resolution of the open and confirmatory piping DFSER items listed
in Attachment 1, which also includes the previously closed items for information.-

Please provide copies of this transmittal to Dave Terao, Jim Brammer, and Shou Ilou.

Sincerely,

beh
Jack Fox
Advanced Reactor Programs

x: Son Ninh (NRC-NRR) w/o Enclosure
Giuliano DeGrassi (BNL) w/ Enclosure
Norman Fletcher (DOE) w/o Enclosure
Maryann Herzog (GE) w/o Enclosure
Tony James (GE) w/o Enclosure
Roy Loukon (GE) w/o Enclosure
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. ATTACHMENT I

LIST OF OPEN OR CONHRMATORY
PIPING DESER TITJWS

ADDRESSED BY FEBRUARY 9,1993 TRANSMITTAL -
,

OPEN

14.1.3.3.3.41 ITAAC-structural design of small bore piping
(Same as 3.9.2.2-5)

14.1.3.3.4.1-1 ITAAC-confirmatory analys on computer model adequacy
(Not in 3.9)

14.1.3.3.4.3-1 ITAAC-piping benchmark program ,

(Same as 3.9.1-2)
'

,

14.1.3.3.5.7-1 ITAAC-environmental elTects in fatique design, Cl.1. Piping
~

(Same as 3.9.3.1-1,14.1.3.3.5.7-2,14.1.3.3.5.8-1 and 14.1.3.3.9.1 1)

14.1.3.3.5.7-2 ITAAC-method ofincluding erniron effects of fatigue
(Same as 14.1.3.3.5.71 and 14.1.3.3.9.1-1)

14.1.3.3.5.8-1 ITAAGenvironmental effect in fatigue design, Cl. 2
(Same as 3.9.3.1-1,14.1.3.3.5.7-1,14.1.3.3.5.7-2 and 14.1.3.3.9.1-1)

14.1.3,3.5.10-1 ITAAC-methodology to address thermal striping
'

(Same as 3.9.3.12)

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

14.1.3.3.5.1 &1 ITAAC-minimum temperature for thermal analyses
(Same as 3.9.3.1-3)

'14.1.3.3.41 ITAAC pipe support criteria (8 items)
(Same as 3.9.3.3-1(1) thru (6) and 3.9.3.S2)

14.1.3.3.9.1-1 ITAAC-fatigue cumulative usage factor of 1.0
(Same as 3.9.3.1-1,14.1.3.3.5.71, and 14.1.3.3.5.8-1)

- Continued -

- . _ _ _ _ _ _. . ._
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ATTACHMEhT I (Continued)

LIST OF OPEN OR CONFIRMATORY
PIPING DFSER ITEMS

ADDRESSED BY FEBRUARY 9,1993 TRANSMrITAL

CONFIRM

14.1.3.3.3.8-1 ITAAC Dynamic scismic analyses of MS piping
'

(Notin 3.9) See new Section 3.2.5.3

14.1.3.3.3.8 2 ITAAC-verification of seismic /nonseismic
(Same as 3.9.2.13 and ) See item 14.1.3.3.3.8-1 above

14.1.3.3.4.2-2 ITAAC-Pipe flexibility between node points
(Same as 3.9.2.2-2)

14.1.3.3.4.2 3 ITAAC-Effects of equipment attached to piping
(Same as 3.9.2.2-3)

14.1.3.3.5.4-2 ITAAC Use of Code case N-411 and N-420
(Not in 3.9)

14.1.3.3.5.6-1 ITAAC-High frequency mode analysis
(Not in 3.9)

.

PREVIOUSIN CLOSED PIPING DFSER TrEMS
(For infonnation only)

CLOSED

14.1.3.3.3.9-1 ITAAC-Iluried piping design
(Same as 3.9.2.2-7)- See Amendment 23

14.1.3.3.4.4-1 ITAAC-Small bore piping decoupling criteria -
- (Same as 3.9.2.2-4) See Amendment 23

14.1.3.3.5.2 1 ITAAC-60 year life cycle factor of 1.5
(Same as 3.9.1-1) . See Amendment 23 and 1/30/93. transmittal

14.1.3.3.4.2-1 ITAC-Mass point in dynamic piping model
(Same as 3.9.2.2-2) SSAR Section 3.7.3.3.1.2 is accetable

14.1.3.3.5.4-1 ITAAC-Code case N-411 damping values-
. (Not in 3.9)- See Amendment 23 ~

14.1.3.3.5.131 ITAAC-Inertial and scismic motion effects
(Not in 3.9) See markups of Sections 3.7 and 3.9 in 1/28/93 and 1/30/93

transmittals
14.1.3.3.5.17-1 ITAAC-modal damping for composite structures
(Same as 3.9.2.2 6) See Amendment 23 +

, . . .. .-. . , . _ _ _ _
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branch line connection to the pipe run and the 3.7.33.1.6 Modeling of Piping Supports
elevation of the branch line anchors and
restraints. Snubbers are modeled with an equivalent

stiffness which is based on dynamic tests
*(2) The response spectra will not be less than performed on prototype snubber assemblies or on

the envelope of the response spectra used in data provided by the vendor. Struts are modeled -k
the dynamic analysts of the run pipe, with a stiffness calculated based on their 4

length and cross sectional properties. The I

(3) Amplification-by the rus-pipe-must-be3 stiffness of the supporting structure for [
heavnted-for:-tibed the location of snubbers and struts i/ included in the piping Y

y

branch connection to the run pipe is more analysis model, unless the supporting structure --

than three run pipe di. meters from the can be considered rigid relative to the piping, d
nearest run pipe seismic restraint, The supporting structure can be considered as d
amplification by the run pipe will be rigid relative to the piping as long as the en
accounted for, criteria specified in Subsectio_o 3.7.3.3 4 are :

. @er+ nd~sh M= c c- i
When the equivalcat stat.ic analys.is method is = -

- g
used, the horizontal and vertical load Anchors at equipment such as tanks, pumps and [ R

h )1 -h
coefficients C and C applied to the heat exchangers are _modeled with calculated thresponse spectra acceleratio,ns will conform with stiffness properties./ Frame type pipe supports
Subsection 3.7.3.8.1.5. are modeled as described in Subsection D$ H

3.7.3.3.4 'S Q
The relative anchor motions to be used in M

either static or dynamic analysis of the 3.7.33.1.7 Modeling of Special Engineered %

decoupled branch pipe shall be as follows: Pipe Supports Q
(1) The internal displacements only, as Modifications to the normal linear clastic 9

determined from analysis of the run pipe, piping analysis methodology used with f&-hmay be applied to the branch pipe if the conventional pipe supports are required to x y

relative differential building movements of calculate the, loads acting on the supports and @%{
the large pipe supports and the branch pipe on the piping components when the special Ssg

4supports are less than 1/16 inch. (j gnginected supports, described in Subsection yk A3.13.4.1(6), are used. These modifications are

p k' b
(2) If the relative differential building needed to account for greater damping of the

movements of the large pipe supports and the energy absorbers and the non-linear behavior of

3 g(branch pipe supports are more thau 1/16 the limit stops. If these special devices are
.R sinch, motion of the restraints and anchors used, the modeling and analytical inctbodology y

-R
g 4. (

'of the branch pipe must be considered in will be in accordance with methodology accepted
addition to the inertial displacement of the by the regulatory agency at Ihe time of

H cy(g!

run pipe, certification or at the time of application, per ;

the discretion of the applicant. <
3.7.33.1.5 Selectice of input Eme Illstories '3,"7. 3,3d8 a - -- ,t

IM$[3/W
/3.7JJ.2 Modeling of Equipment

AI_7In selecting the acceleration time history to
be used for dynamic analysis of a piping system,, For dynamic analysis, SeismTc Category'l
the time history chosen is one which most closely equipment is represented by lumped mass systems
describes the accelerations existing at the which consist of discrete masses connected by
piping support attachment points. For a piping weightless springs. The criteria used to lump
system supported at more than two points located masses are:
at different elevations in the building, the
time history analysis is performed using the (1) The number of modes of a dynamic system is
independent support motion method where controlled by the number of masses used;
acceleration time histories are input at all of therefore, the number of masses is chosen so

the piping structural attachment points. that all significant modes are included

Amendment 23 34I
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4
the number of degrees of freedo;;t.are-taken - neer. An additional examination of these sup. {
more than twice the number of modes with fre- ports and restraining devices is made to assure 8

quencies less than 33 Hz. that their location and characteristics are d
consistent with the dynamic and static analyses j

(2) Mass is lumped at any point where a sig- of the system, f
nificant concentrat:d weight is located g
(e.g., the motor in the analysis of pump 3.7.3.3.4 Analysts of Frame T)pe Supports 4
motor stand. the impeller in the analysis of g

'''The design loads on frame type pipe supports
(incade (a) loads transmitted to the support bypump shaft, etc).

&

(3) If the equipment has free.end overhang span the piping response to thermal expansion, dead
with flexibility significant compared to the weight, and the inertia and anchor motion f
center span, a mass is lumped at the effects. (b) support internal loads caused by
overhang span, the weight, thermal and inertia effects of loads

of the structure itself, and (c) friction loads g
(4) When a mass is lumped between two supports, caused by pipe sliding on the support. To g

it is located at a point where the maximum calculate the frictional force acting on the N

displacement is expected to occur. This support dynamic loads that are cyclic in nature y" N

(tends to lower the natural frequencies of need not be considered. ' --""- '

the equipment because the equipment fats ml -!!' S ;;.:k ec;ffide W A

4){frequencies are in the higher spectral range "" 5 : . i: x ..a , .u . .; I1m.

p%|of the response spectra. Similarly, in the --N '' "r " :9 ':, 7 1 .., .2
case of live loads (mobile) and a variable L2. , ._ fT.;;;. To determine the response of 4"
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 ks.
chosen to yield the lowest frequency content described in Subsection 3.7.3.8.1.5 may be +U
for the system. This ensures conservative used. The loads trasmitted to the support by gg
dynamic loads since the equipment the piping will be applied as static loads yy
frequencies are such that the floor spectra acting on the support, q '6gs4peak is in the lower frequency range. If
not, the model is adjusted to give more As in the case of other supports, the forces
conservative results, the piping places on the frame type support are 'gp4a

obtained from an analysis of the piping. vin the o

3.7.333 Field tocation of Supports and analysis of the piping the stiffness of the g

Restraints frame type supports shall be included in the g h
piping analysis model, unless the support can be % -Q,

The field location of seismic supports and shown to be rigid. The frame type supports may 5w
dT'd j yrestraints for Seismic Category I piping and be modeled as' rigid restraints providing they

piping systerns components is selected to satisf( are designed so the maximum service level D f { ,Wthe following two conditions: $) deflection in the direction of the applied load
,$ Wiess than'ytti inch and providing the total Q&

(1) the location selected must furnish the re- gap or diametrical clearance between the pipe
Y w )"i
cot

5
quired response to control strain within and frame support is between 1/16 inch and 3/16

L "$Egallowable limits; and - inch when the pipe is in either the hot or cold
3condition. - For a frame type support to be

(2) adequate building stren h and stiffness for considered rigid, it shall be at least,Wiimes '200
attachment of the component supports must be as stiff as the piping. The piping stiffness is
available. calculated using the following equation:-

The final location of eismic supports and re. El
straints for Seismic Category I piping, piping Kp = g
system components. a/d equipment, including the L

| placement of snubb s,is checked against the a
drawings and instr ctions issued by the engi. E= modules of etasticity of pipe

wM -m h be %|.~
,

Pee Wc &lW No. 353 & sede / eve /d "^ " ' " * " " ' ' ' '

G)b" therefwedeflectim limb' swd be Leve| b Smd.,/V
-

'
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I= moment ofinertia of pipe times the mass times the maximum spectral-
acceleration from the floor response spectra of

--.b . L =gW the suggested pipe support - the point _of attachments of multispan
spacing in Table NF.36111 of ASME structures. The factor of 1.5 is adequate for
Code, Section 111 simple beam type structures, the factor used is

justified.
3.7.3A Basis of Selection Mrequencies

3.7.3.61hree Components of Earthquake Motloa

Where practical, in order to avoid adverse
resonance effects, equipment and components are The total seismic response is predicted by
designed / selected such that their fundamental - combining the response calculated from the two
frequencies are outside the range of one half 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
structures, systems, and components. These fre-
quencies are excited under the seismic excita-
tion.

If the fundamental frequency of a component is
greater than or equal to 33 Hz, it is 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.

3.7.3.5 Use of Equivalent Static Lead Methods
of Analysis

3 *f.5.1 Subsysteams Other Thaa NSSS;

-See Subsection 3.7.3.8.1.5 for equivalent
static load analysis method.

.

3.7.3.5.2 NSSS Subsystems

When the _ natural frequency of a structure of
component is unknown, it rnay 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 theI-

37171
Amendment 23
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horhontal and the vertical analysis. When the response spectrum method of rnodal
analysis is used, contributions from all modes.

When the response spectrum method or static except the closely spaced modes (i.e., the
coefficient method is used, the method for difference between any two natural frequencies
combiring the responses due to the three is equal to or less than 10%) are combined by
orthogonal components of seismic excitation is the square root.of the sum.of the squares (SRSS)
given as follows: combination of modal responses. This is defined

mathematically as:
3 ,. 1/2

NR. - I
R[I

,

j=1 (3.7 14) R= I (R )''
g g

i=1 (3.7 15)
'

where
where

R;j = maximum, coaxial seismic response
of interest (e.g., displacement. R = combined response;
moment, shear, stress, strain) in th
directions i due to earthquake R; = response to tte i mode; and
excitation in direction j, (j = 1,
2,3). N = . umber of modes considered in the

analysis.

R; = seismic response of interest in i
direetion ior design (e.g., Closely spaced modes are combined by taking

displacement, moment, shear, the absolute sum of the such modes.
stress, strain) obtained by the
SRSS rule to account for the An alternate to the absolute sum method
nonsimultaneous ocrurrence of the presented in Regulatory Guide 1.92 is the
R 's following:
gj.

'

When the time. history method of analysis is 'N 1/2
Ph22|Rf R,|used and separate analyses are performed for each R= I

earthquake component, the total combined response .i=1 (3.7 16).

for all three components shall be obtained using
the SRSS method described above to combine the where the second summatlow is to be done on all
maximum codirectional responses from each i and m awdes 4ose frequencies are closely
carthquake component. The total response may spaced to each other,
alternatively be obtained, if the three component
motions are mutually statistically indepe'ident, 3.7.3.7.2 NSSS Subsysten,s

by algebraically adding the codirectional
responses calculated separately for each in a response spectrum modal dynamic
component at each time step, analysis, if the modes are not closely spaced

(l.c., if the frequencies differ from each other
When the time. history analysis is performed by by more than 10% of inc lower frequeucy), the

applying the three components motions modal responses are combined by the
simultancoasty, the combined response is obtained - square root.of the sum.of. the squares (SR$5)
directly by solution of the equations of motlou, method as described in Subsection 3.7.3.7.1 and
This method of combination is applicable only if Regulatory Guide 1.92.
the three componerit motions are mutually

If some or all of the modes are closelystatistically independent.
spaced, a double sum method, as described in

3.7.3.7 Combination of Modal Response Subsection 3.7.3.7.2.2, is used to evaluate the

Y
3.7.3.7.1 Subsystems Other Than NSSS

8hf fSd 4 3us
AmcMment 23

- N-

@



_ . . _ . _ _ _ _ . _ _ _ _ _ . _ . _ _ _ . . _ . . __-

<

A++achnud 9'
' *

|
|

-

f
,

the"When the response spectrum method of analysis is used,
!modal responses for modes below the cutoff frequency (specified in

Section 3.7) are combined in accordance with the methods given in )
The responses associated WithSubsections 3.7. 3.7.1 and 3. 7. 3. 7. 2.

higher frequency modes (above cutoff frequency) are calculated and
combined with the low frequency modal responses according to the
procedura described in Subsection 3.7.3.7.3. These methods and
procedures are applicable for seismic loads as well as for loadssuppression pool dynamicwith higher frequency input such as
loads."
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3.7.3.8.1.9 Design of Small tiranch and Small (b) When the small bore piping handbook is

Bore Piping serving the purpose of the Design ., o.

($ Report it meets all of the ASME 4$
(1) Small branch lines are defined a/those ,{Jg requirements for a piping design ,4 9

lines that can be decoupled fromdiiTlytical report. This includes the piping and ,A 7)
'

y
model used for the analysis of the main run w its supports. rd
piping to which the branch lines attach. As f -J

allowed by Subsection 3.7.3.3.1.3 branch c (c) Formal documentation exists showing R
lines can be decoupled when the ratio of run N piping designed and installed to the cf 7
to branch pipe inoment of inertia is 25 to 1, { small bore piping handbook (1) is R y

conservative in comparison to results f1or greater. In addition to the moment of %
jinertia criterion for acceptable decoupling, J from a detail stress analysis for all g %,

these small branch lines shall be designed q applied loads and load combinations
C

with no concentrated masses, such as valves. 6s 44ed-h-the-41eWg*4pe Ww c.,

in the first one half span length from the , q 4. (2) does not result in piping that is

main run pipe; and will(sufficient flexi M i,4 less reliable because of loss ofs

bility to prevent restrainTof movement of 4 flexibility or because of excessive
the main run pipe. The small branch line is "kg number of supports, (3) satisfies
considered to have adequate flexibility if Mc required clearances around sensitive

its first anchor or restraint to movement is % v s components.
at least one half pipe span in a direction' O E*

perpendicular to the direction of relative The small bore piping handbook methodology
movement between the pipe run and the first will not be applied when specific information is
anchor or restraint of the branch piping. A needed on (a) magnitude of pipe and fittings
pipe span is defined as the length tabulated stresses (b) pipe and fitting cumulative usage
in Table NF 36111 Suggested piping Support f actors. (c) accelerations of pipe mounted
Spacing. ASME B&PV Code Section lit, Sub- equipment, or locations of postulated breaks and
section NF. For branches where the pre- leaks.

ceding criteria for sufficient flexibility
cannot be met, the applicant will demon. The small bore piping handbook methodology

strate acceptability by using an alternative will not be applied to piping systems that are
criteria for sufficient flexibility, or by fully engineered and installed in accordance
acuunting for the effects of the branch with the engineering drawings,
piping in the analysis of the main run 4

3.7.3.8.1.10 Multiply Supported Equipment andpiping,
Components with Distinct inputs

(2) For small bore piping defined as piping 2
inches and less nominal pipe sire, and small For multi supported systems (equipment and
branch lines 2 inches and less nominal pipe piping) analyred by the response spectrum method
size, as defined in (1) above, it is for the determination of inertial responses,
acceptable to use srnall bore piping either of the following two input motions are
handbooks in lieu of performing a system acceptable:
flexibility analysis, using static and
dynamic mathematical models, to obtain loads (1) envelope response spectrum of all support
on the piping elements and using these loads points for each orthogonal direction of
to calculate stresses per equations in NB, excitation, or
NC, and ND3600 in Section ill of ASME Code,
whenever the following are met: (2) independent support motion (ISM) response

spectrum at each support for each orthogonal

(a) The small bore piping handbook at the direction of excitation.
time of application is currently
accepted by the regulatory agency for When the ISM response spectrum method of

use on equivalent piping at other analysis is used, the following conditions
nucle ar _ power _ plants._ shnujd_be met.

"2ZI

ASII foM 6#'h" &h Subseehen Y,,4%,)h
(b,. ffof h kV saewdance^""*"" " ye anai ud ini

desi4td m aakdance ^"U MMWh are. U3a (})3 ,

-
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are applied to the subsystern model, and the modal a o-

forces, shears, moments, stresses, and u = +
,,, _

deflections are determined. Ou 2

(9) The modal forces, shears, moments, stresses, 3.7.3.8.1J EHect of Differvatial flullding

and deflections for a given direction are Mosements

combined in accordance with Subsection
3.7.3.8.1.4. In most cases, piping subsystems are anchored

and restrained to floors and walls of buildings

(10) Steps (5) through (9) are performed for each that may have differential roovements during a
of the three earthquake directions. seismic event. The movements may range from

insignificant differential displacements between
(11) The seismic force, shear, moment, and stress rigid walls of a common building at low eleva.

resulting from the simultaneous application tions to relatively large displacements between
of the three components of earthquake separate buildings at a high seismicity site.
loading are obtained in the following

Differential endpoint or restraint deflec.manner:
tions cause forces and moments to be induced

R = /R[ + R' + P[
, , ,

(3.7 24) into the piping system. The stress thus pro.
I duced is a secondary stress. It is justifiable

to place this stress, which results from
R =equivaleat seismic restraint of free end displacement of the piping

reaponse quantity system,in the secondary stress category because
(force, shear, moment, the stresses are self.llmiting and, when the
stress, etc.) stresses esceed yleid strength, minor

distortions or deformations within the piping

R R R = coline ar r e s poaae system satisfy the condition which caused the
* Y # qu antitie s due to stress to occur,

carthquake motion in the
x, y, and a directions, The earthquake thus produces a stress.
respectively. exhibiting property much like a thermal

expansion stress and a static analysis can be
3.7.3.8.1.7 Damping Ratio used to obtsin actual stresses. The

differential displacements are obtained from the

The damping ratio percentage of critical damp. dynamic analysis of the building. The
ing of piping subsystems corresponds to Regula. displacernents are applied to the piping anchors

tory Gu.de 1.61 or 1.84 (ASME Code Case N 4111), and restraints corresponding to the maximum

The damping ratio is specified in Table 3.71. differential displacements which could occur.
# The static analysis is made three times: once

Strain energy weighted modal damping can also for one of the horizontal differential
be used in the dynamic analysis, Strain energy displacements, once for the other horizontal
weighting is used to obtain the modal damping differential displacement, and once for the
coefficient due to the contributions of damping vertical,
different elements of the piping system. The
element damping values are specified in Table The inertia (primary) and displacement
3.71, Strain energy weighted modal damping is (secondary) loads are dynamic in nature and
calculated as specified in Subsection 3.7.2.15. their peak values are not expected to occur at

the same time. Hence, combination of the real

in direct integratiou analysis, damping is values of inertia load and anchor displacement
input in the form of a and $ damping load is quite conservative. In addition, anchor
constants, which give the percentage of critical movement effects are computed from static

damping, A as a function of the circular analyses in which the displacements are apphed
to produce the most conservative loads on the,

frequency, u.'

Components. Theref re, the Primary and
yfa NA R. 43 3.E 4-7_ secondary loads are combmed by the SRSS method
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|The results of the data analyses, vibration COL license laformation requirements.

amplitudes, natural frequencies, and mode shapes -A
are then compared to those obtained from the Thermal stratification of fluids in a piping
theoretical analysis. system is one of the specific operating

conditions that is included in the loads and
Such comparisons provide the analysts with load combinallons that are contained in the

added insight into the dynamic behavior of the piping design specifications and design
reactor internals. The additional knowledge reports. It is known stratification can occur
gained from previous vibration tests has been in the feedwater piping during plant startup and
utilized in the generation of the dynamic models when the plant is in hot standby conditions
for seismic and loss of coolant accident (LOCA) following scram (see Subsection 3.9.2.1.3). I f,
analyses for this plant. The models used for during design or startup, evidence of thermal
this plant are similar to those used for the stratification is detected in any other piping
vibration analysis of earlier prototype BWR system, then stratification will be evaluated.
plants, if it cannot be shown that the stresses in the

pipe are low and that movement due to bowing is
3.9.3 ASME Code Class 1,2, and 3 acceptable, then stratification will be treated
Cornponents, Component Supports, and as a design load. In general, if temperature
Core Support Structures differences between the top and bottom of the

pipe are less than 50 F. It may be assumed
3.9.3.1 leading Combinations. Design design specification and stress reports need not
Transients, and Strrss Limits be revised to include stratification.

This section delineates the criteria for The design life for the ABWR Standard Plant
selection and definition of design limits and is 60 years. A 60 year design life is a
loading combination associated with norraal requirement for all major plant components with
operation, postulated accidents, and specified reasonable expectation of meeting this design
seismic and other reactor building Sibration life, llowever, all plant operational components
(RBV) events for the design of safety related and equipment except the reactor vessel are
ASME Code components (except containment designed to be replaceable, design life not
components which are discussed in Section 3.8). withstanding. The design life requirement

allows for refurbishment and repair, as
This section discusses the ASME Class 1,2, appropriate, to assure the design life of the

and 3 equipment and associated pressure retaining overall plant is achieved. In effect,
parts and identifies the applicable loadings, essentially all piping systems, components and
calculation methods, calculated stresses, and equipment are designed for a 60 year design
allowable stresses. A discussion of major life. Many of these components are classified
equipment is included on a component by component as ASME Class 2 or 3 or Quality Group D. In the

basis to provide examples. Design teansients and event any non Class 1 components are subjected

dynamic loading for ASME Class 1,2, and 3 to cyclic loadings, including operating
equipment are covered in Subsection 3.9.1.1. vibration loads and thermal transient effects,
Seismic related loads and dynamic analyses are of a magnitude and/or duration so severe that
discussed in Section 3.7. The suppression the 60 year design life can be assured by
pool.related RBV loads are described in Appendix required Code calculations. COL applicants will
38. Table 3.9 2 presents the combinations of identify these components and either provide an
dynamic events to be considered for the design appropriate analysis to demonstrate the required

and analysis of all ABWR ASME Code Class 1,2, design life or provide designs to mitigate the
and 3 components, component supports, core magnitude or duration of the cyclic loads.
support structures and equipment. Specific Cornponents excluded from this requirement are

loading combinations considered for evaluation of (1) tees where mixing of hot and cold fluids
each specific equipment are derived from Table occurs and thermal sleeves have been provided in

3.9 2 and are ccatained in the design accordance with the P&lDs, (S) ~res. 4 --C-

specifications and/or design reports of the -as-4ta-quanehur-k: * a %gve-an*MALR_
respective equipment. See Subsection 3.9.7.4 for has-aircad%m mformettrovidingshe e(

!! ! 3 9'II#
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la-6ke-pip m!', (3) feedwater piping outside 52 3 3 7 /~Ocontainment that is designed so cyclic loadings
and stresses are no more severe than experienced
by Class I piping inside containment. 4+e4*b.J2-
+eetir 3M ''.3-fee-GOL-ilertrrM*hmnenonG
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3.9.3.1.1 Plant Conditions %.e

All events that the plant will or might
credibly experience during a reactor year are
evaluated to establish design basis for plant
equipment. These events are divided into four
plant conditions. The plant conditions described
in the following paragraphs are based on event
probability (i.e., frequency of occurrence as
discussed in Subsection 3.9.3.1.1.5) a n d
correlated to service levels for design limits
defined in the ASME Iloller and Pressure Vessel
Code Section ill as shown in Tables 3.91 and
3.92.

3.9.3.1.1.1 Normal Condition

Normal conditions are any conditions in the
course of system startup, operation in the design
power range, normal hot standby (with condenser
available), and system shutdown other than upset,
emergency, faulted, or testing.

3.9.3.1.1.2 Upset Conditina

An upset condition is any deviation from
normal conditions anticipated to occur often
enough that design should include a capability to
withstand the conditions without operational
impairment. The upset conditions include system
operational transients (SOT) which result from
any single operator error or control malfunction,
from a fault in a system component requiring its
isolation from the system, from a loss of load or
r~ver, or from an operating basis carthquake,
o :. standby with the main condenser isolated is
an upset condition.

3 9-1s t
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ATTTACHMENT 5 FOR SECTION 3.9.3.1 (PAGE 3.9-18.1)

Severe thermal transients that will be evaluated for possible
effect on plant life are temperature rate changes faster than

#830 C/ Hour, when the total fluid temperature change is greatet-
than 38'C.

The Safety Relief Valve (SRV) discharge piping in the wetwell and
the SRV Quenchers are subjected to severe thermal transients
during SRV blowdown events. Therefore, the COL applicant will
perform ASME Class 1 fatigue analyses of the ASME Class 3 SRV
discharge piping in the watwell and the SRV Quenchers. The purpose
of these fatigue evaluations is to confirm that the fatigue
cumulative usage factor is less than 1.0, and the fatigue stresses
are less than their allowables. The fatigue evaluations will
include the SRV blowdown thermal transient loads, thermohydraulic
loads, Safe Shutdown earthquake loads and the Reactor Building
vibration loads due to SRV blowdown. Environmental effects will be
considered in the fatigue analysis in accordance with the
requirements for ASME Section III Class 1 carbon steel piping
specified in Subsection 3.9.3.1.1.7.

The SRV discharge piping in the wetwell will bs analyzed for
SRV blowdown thermal stresses due to a step change in temperature
inside the pipe from 32*C to 166*C. In order to minimize piping
thermal stresses, no shear lugs will be welded to the SRV
discharge piping.

The fatigue analysis of the SRV Quenchor will be performed in
accordance with ASME Section III, Subsection NB-3200. The quencher
will be analyzed for the heat transfer transient during SRV
blowdown where there is a step change in temperature inside the
quencher from 20*C to 166*C, and the outside of the quencher
remains at 20'C. The fatigue evaluation will also include the SRV
discharge pipe applied thermal loads, thermohydraulic transient
loads, Safe Shutdown Earthquake loads and the SRV blowdown Reactor
Building Vibration loads.

See Subsection 3.9.7.2 for COL license information requirements.

nO. li I.3.5.C.9-l,l'hI3.5 S % Al'3*39I~'DC Hem t
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to accomplish its safety functions as required The MS system piping extending from the out. |)gN

by any subsequent design condition event, board main steam isolation valve to the turbine i

3 stop valve is constructed in accordance with the
y For active Class 2 and 3 pumps, specific ASME Boiler and Pressure Vessel Code Section
+} stress criteria to meet the functional III, Class 2 Criteria.

)ykD kfrequirements are identified in a footnote to
Table 3.9 2. For piping and valies there are no Turbine stop valve (TSV) closure in the main

!H% specific stress criteria for functional steam (MS) piping system results in a transient
y requirements. The ASME code allowable stresses that produces momer.tary unbalanced forces acting

are applied to assure functional capability under on the MS piping system. Upon closure of the ,

emergency and faulted design conditions. TSV, a pressure wave is created and it travels 1

313, /, /,7 at sonic velocity toward the reactor vessel ly
3.9J.l.2 Reactor Pressurt Yessel Assembly through each MS line. Flow of steam into each i

MS line from the reactor vessel continues until i
The reactor vessel assembly consists of the the steam compression wave reaches the reactor

reactor pressure vessel, vessel support skirt, vessel. Repeated reflection of the preuure
and shroud support. wave at the reactor vessel and the TSV produce

time varying pressures and velocities.
The reactor pressure vessel, vessel support throughout the MS lines.

skirt, and shroud support are constructed in
accordance with the ASME Boiler and Pressure The analysis of the MS piping TSV closure
Vessel Code Section Ill. The shroud support transient consists of a stepwise time. history
consists of the shroud support plate and the solution of the steam flow equation to generate
shroud support cylinder and its legs. The a time. history of the steam properties at
reactor pressure vessel assembly components are numerous locations along the pipe. Reaction
classified as an ASME Class 1. Complete stress loads on the pipe are determined at each cibow.
reports on these components are prepared in Rese loads are composed of pressure times area,
accordance with ASME Code requirements, momentum change and fluid friction terms.

NUREG-0619 (Reference 5) is also considered for
feedwater noule and other such RPV inlet nonle The time history direct integration method of
design, analysis is used to determine the response of

the MS piping system to TSV closure. The forces
The stress analysis is performed on the are applied at locations on the piping system

reactor pressure vessel, vessel support skirt, where steam flow changes direction thus causing
and shroud support for various plant operating momentary reactions. The resulting loads on the
conditions (including faulted conditions) by MS piping are combined with loads due to other
using the clastic methods except as noted in effects as specified in Subsection 3.93.1.

;

| Subsection 3.9.1.4.2.1 oading conditions, design
stress limits, and methods of stress analysis for 3.93.1 A Recirrulation Motor Cooling (RMC)

the core support structures and other reactor Subsystem

internals are discussed in Subsection 3.9.5.
The RMC system piping loop between the recir.

3.93.13 Main Steam (MS) System Piping culation motor casing and the heat exchanger is
constructed in accordance with the ASME Boiler

The piping systems extending from the reactor and Pressure Veuel Code Section lit, Subsection

.

pressure vessel to and including the outboard ND 3600. Stresses are calculated on an clastic
main steam isolation valve are constructed in ac. basis and evaluated in accordance with NB.3600
cordance with the ASME Boiler and Pressure Vessel of the ASME Code, Section III.
Code Section III Class I criteria. Stresses are
calculated on an clastic basis and evaluated in 3.93.13 Recirculation Pump Motor Pressure
accordance with NB.3600 of the ASME Code Section Boundary

111.
The motor casing of the recirculation inter.

nel pump is a part of and welded into an RPV

I*N
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3.9.3.1.1.7 Environmental Effects on Fatigue Evaluation of
Carbon Steel Piping

Environmental effects on the fatigue design of ASME Section III
Class 1 carbon steel piping will be evaluated in accordance with
GE document, 408HA414 (Reference 9). Additional fatigue
evaluations for environmental effects are not required for any of
the following conditions: (a) Wster temperature is below
245'C, (b) Fittings, such as elbows and toes, that are
conservatively designed and analyzed using the ASME Section III
stress indicies and (c) For transients having total cycle times
of 10 seconds or less and no tensile hold time, provided that the

~

oxygen content of the water does not exceed 0.3 ppm.

Environmental effects are considered by increasing the local peak
stress through four factors used as multipliers to the stress
indicies. The four factors are:(1) the notch factor, (2) the mean
stress factor, (3) the environmental correction factor, and
(4) the butt weld strength reduction factor.

( .:tews No. 14.1.3.3.S.7'?-)

(3) '
.
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3.9.3.4 Component Supports NF4231. The critical buckling loads for the
Class 1 piping supports subjected to faulted

The design of bolts for component supports loads that are more severe than normal, upset A
Nis specified in the ASME Code Section 111, and emergency loads, are determined by using

Subsection NF. Stress limits for bolts are given the methods discussed in Appendices F and XVil +.

in NF.3225. The rules and stress limits which of the Code. To avoid buckling in the piping &
must be satisfied are those given in NF.3324.6 supports, the allowable loads are limited to 1

multiplied by the appropriate stress limit factor two thirds of the determined critical buckling [
for the particular service loading level and loads. %

stress category specified in Table NF.3225.21. g
Masimum calculated static and dynamie i

*Moreover, on equipment which is to be, or deflections at support locations are checked .

may be, mo.nted on a concrete support, sufficient to confirm that the suppoit has not rotated 9
holes for anchor bolts are provided to limit the beyond the vendor's retommended cone of action 9
anchor bolt stress to less than 10,000 psi on the or the recommended arc of loading. ''

$nominal bolt area in shear or tension. p
Suppoftts for ASME Code Section til

Concrete anchor bolts (including under cut instrumentation lines are designed and k
type anchor boits) which are used for pipe analyzed in accordance with ASME Codelection
support base plates will be designed to the lil %section Nij dj

applienble factors of safety which are defined in +
I&E Bulletin 79 02,' Pipe Support Base Plate The design of all supports for non-nuclear H

V
Designs Using Concrete Expansion Anchor Bolts,' piping satisfies the requirements of ANSl\ASME

| Revision 2 dated November 8,1979. B31.1 Power Piping Code, Paragraphs 120 and |
121.

3.9.3.4.1 Piptog
For the major active valves identified in

Supports and their attachments for essential Subsection 3.9.3.2.4, the valve operators are
ASME Code Section Ill, Class 1,2, and 3 piping not used as attachment points for piping
are designed in accordance with Subsection NF' up supports.
to the interface of the building structure, with
jurisdictional boundaries as defined by The design criteria and dynamic testing re.
Subsection NF. The loading combinations for the quirements for the ASME 111 piping supports
various operating conditions correspond to those are as follows: 3 gm gp
used for design of the supported pipe. The
component loading combinations are discussed in (1) Piping Supports All piping supports are
Subsection 3.9.3.1. The stress limits are per designed, fabricated, and assembled so
ASME III, Subsection NF and Appendix F. that they cannot become disengaged by the

Supports are generally designed either by load movement of the supported pipe or equip-I
rating method per paragraph NF 3260 or by the ment after they have been installed. All
stress limits for linear supports per paragraph piping supports are designed in accordance

with the rules of Subsection NF of the
ASME Code up to the building structure

* Augmented by the following: (1) application of interface as defined by the jurisdictional
Code Case N 476, Supplement 89.1 which goverus boundaries in Subsection NF.
the design of single angle members of ASME Class
1,2,3 and MC linear component supports; and (2) (2) Spring llangers . The operating load on
when eccentric loads or other torsionalloads are spring hangers is the load caused by dead
not accommodated by designing the load to act weight. The hangers are calibrated to en.
through the shear center or meet ' Standard for sure that they support the operating load
Steel Support Design *, analyses will be perforrned at both their hot and cold load settings.
in accordance with torsional analysis methods Spring hangers provide a specified down
such as: * Torsional Analysis of Steel Members, travel and up travel in excess of the
USS Steel Manual *, Publication T114 2/83. specified thermal movement. Deflections |

3 N
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due to dynamic loads e checked to confirm
that they do not-f_" .:d: d; :fG-2,
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Snubbers A he operating loads on snubberst(3)

['1I#ff 4S MN [#IdWfe ., sefs e, RI)V o LO ads d

i,'::c:; '':,','"R's'M:1*du,'r ,' ' '"" 2';; MecAania4ad bd<sa HPcc a

operating conditions. Snubbers restrain Snud$$rs y/// fl /qf/ g/7tN i

e lati n ad to e associated liferen $# # #3 840CN off##IUIf [DT
tial movement of the piping system support f, tic /ra r 3 3 [ g /7 yg/4/yg/g' /j, sys/cus,
anchor points. The criteria for locating
snubbers and ensuring adequate load $hubbf/J Md p[esl Mr /n dC(df 481eC :,

.

capacity, the structural and mechanical (sji| A A S g g g e c /f m ggd,ggg/fm M
s

performance parameters used for snubbers and
b'T# Mfd / S Ed+10b 8#[f/c'df I.the installation and inspection consider-

Vc/ocl/yi#dations for the snubbers are as follows: Seus/iers cons /s/* o@ A /awihb

dIr["#!Nh ~ / #i
al')||4f fife CV'P|

#/(a) Required Load Capacity and Snubber Loca. ^ C|eh

anel |0'f Csimed b)'0a elevis afinc Ard
tion

The loads calculated in the piping
/O bo'./M/N f/fu(/AfC G E I'dfdynamic analysis, described in Sub-

section 3.7.3.8, cannot exceed the ol/(f e+1M $nuf,/,gyg opogya/r.73
inubber load capacity for design, gfyggf gj M7'#g jnormal, upset, emergency and faulted j

4 b ftArvic cygy,f3- gue(s a3_ tar)),,p-
-

fconditions,.

b"O dut> act*' i assiv& hovel opera}Nnfiv A d l' snubbers
i,ali,ks)rauocratinys yeater e c/evice.s cabiet, oao, cog,ks

% go bys i dyna?"k "*Y''', '''Pansiens od tonrracs, ,, " resisface.cyclic. ioad tesh us!! -

be cuducted h n'd.1
the ,,e<for,nece oHA C

A /<a"liceo,,.in>I valae. These y
so, suers vill be sebjechd h
J namie, eye /ic load fethI
a+ j,sss grea k e than w
epai in o,e-Aalp -/Ae caladated
safe shWoun ea<h asKe /oact$Ion the snubler,

'39311
Amendment 2.3

@:
. - - .-- . - . - . - . ._ - - .



. ._ _ _ _ _ _ __ _ __ .___.m. _ _ _ . . _. _ , ___

MM zwtocAs
Standard Plaat arv n

i
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1. Deceinber 1978, and NEDE.2.P 24057 .

fAmendment 2. June 1979,

4. General Electric Company, Analytical Model
for Loss of. Coolant Analysis in Accordance
with 10CFR$0, Appendix K. NEDE 20$66P,

'

Proprietary Document, November 1975.
..
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'
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SUDJECT! 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. j

Method" NUREG/CR-1677,' Volume-II- August'1985 |

1.0 PURPOSE j

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 methodst' -

1) Uniform Support Motioni(USM) Method,
.

.

2) Independent Support Motion 1(ISM) Methodiwith square: root
some of- the squares (SRSS)f combination of- support' group-- ]contributions.

3) ISM' Method.with absolute sum combination'of support.
-group' contributions.

For all three solution methods, the SRSS1moda1' combination was-
'

performed first, followed.by the combination of support group.
contributions, followed by the SRSS'interspatialtcombination.

.-The Benchmark-results provided:in. Reference 2, were not .

,
~

calculated %in taa-same order as. described above.-Instead,"the
support groupLeontributions-wereLcombined-first,' followed by the.
interspatial--combination,-followed by.the modal combination.

~

,

Due to this difference'in:how the fina11results are calculated,
the PISYS results for Method 3 are up to 10% greater than the
Reference 2 results.

.

t
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3.0 DESCRIPTION OF ANALYSIS PERFORMFD

Benchmark problem no. 2 is shown in Figure 1.

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

The following output results are provided in Appendix 21

modal frequencies and participation factors

displacements and calculated loads for the
three analysis methcds.

4.O SUMMARY OF RESULTS

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

The analysis results for the USH method and for the ISH 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 combines 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 eccurately calculates piping system
dynamic loads and displacements due to Envelope Spectrum
excitation and Independent Support excitation.

_
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i

TABLE 1 SUPPORT FORCES FOR ZNVELOPE SPECTRA METHOD AND
INDEPENDENT $UPPORT MOTION WITH SRSS OF GROUPS

support PISYS NUREG 1677 PISYS HUREG 1677
No. Envelope Envelope SRSS Group SRSS Group

(Lb.) (Lb.) (Lb.) (Lb.)

!
1 90 90 53 53 ;

'
2 65 65 46 46

3 177 177 113 113

4 708 708 441 441

5 -446 446 257 257
i

6 206 206 123 123

I
7 164 164 98 98

8 373 373 221 221 :

9 58 58 32 32

10 198 198 124 124

11 103 103 66 66 ;

12 378 378 103 103 ;

13 192 192 114 114

14 245 245 116 116 -

t

.

+

b

b

%

)

>

_4_ .

.
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!
.

TABLE 2 SUPPORT FORCES FOR INDEPENDENT SUPPORT MOTION
WITil ABSOLUTE SUM OF GROUP CONTRIBUTIO!1S

Support PISYS NUREG 1677 Percent
No. (Lb.) (Lb.) Difference

I-

i

1 83 76 9.2 |

2 77 70 10.0

3 158 156 1.3 :
!

4 619 607 2.0 .

!

5 367 350 4.9 -

6 190 184 3.-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

13 175 170 2.9

14 172 158 .8.9

't

}

_f
'

s

5-
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TABLE 3 PIPE MOMENTS AND DISPLACEME!iTS COMPARISON

TYPE MAXIMUM RESULTANT HAXIKUM DISPLACEMENT
oP liQliEILT_Iln-1baJ (In.) __.

MET 110D PISYS NUREG 1677 PISYS NUREG [677

ENVELOPE 20828 20769 0.09 0.09

Element 9 Node 4 (Z direction)

ISM with
SRSS 13067 13045 0.06 0.06
Group

Element 9 11odo 4 (Z direction)
_

ISM with
ABS 18316 18176 0.00 0.08
Group

Element 9 Hode 4 (Z direction)

)
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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS rep 0RT t

Please read carefully

The only undertakings of General Electric Company respecting

internation in this document are contained in the contract between

the customer and General Electric Corpany, as 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 inforestion by anyone other than the customer or for any

purpose other than that for which it is intended. is not

authorized; and with respect to any unauthorized use. General

Electric Company askes no representation or verranty, and assuees

no liability as to the completeness. securacy. or usefulness of the

information contained in this document.
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1.0 ABSTRACT

A benchmark analysis of P15YS was performed in August of 1979 and

documented in NEDO-24210. "PISYS ANALYSIS OF NRC BENCNMARK PROBLEMS".

The analysis established that PISYS predicted dynamic responses

consistent vith the NRC benchmarks when applying the enveloped response

spectra method of analysis. Although independent support motion

analysis was employed in 1977, no benchmark problems existed. The

purpose of this report is to document that the PISYS and SAP programs

predict responses cons 4. stent with the 1983 NRC Benchmark when the

independent support motion method of ana$ysis is emploved.

Gr8707/ GAL 87 1-1
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;

2.0 BACKCSOUND ,

General Electric vos the first to implement independent support notion

dynaste analysis of piping in 1977 using the sap program. The

independent support sotion method was developed by General Electric to

eliminste the conservatism associated with applying the envelope of ,

spectra at all pipe attachment points to the entire piping system.

Subsequently the independent support motion method was incorporated into

all major piping programs used by industry. In 1985, after the

independent support motion method had been videly accepted for piping

analysis, the United destes Nuclear Regulatory Commission issued

NUREG/CR-1677 for confirming the correctness of computer programs

predicting responses by the independent support motion method. Since

the analytical methods used in the NUREC/CR-1677 bench mark calculations
.

are the same as those used by General Electric in 1977, the NRC bench
,

marks provide official confirmation of the correctness of the original

General Electric methodology.

CF8707/ GAL 87 2-1
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3.0 DESCRIPTION OF SAPG04 AND PISYS

The SAP program was originally constructed from three earlier prograes

developed under the direction of Professor E. L. Wilson, Department of

Civil Engineering, University of California at Berkeley. The element

library and static snelysis options were taken f rom the SOLID / SAP

Program, the eigenvalue extraction algorithms were incorporated from

coding that was originated by Dr. K. J. Bathe, and the forced vibration

and response spectrum analyses were adapted from the original version of

Professor Wilson's SAP Program. The espebility for ASME Class 1, 2 or 3

piping analysis was developed by the Engineering / Analysis Corporation

under a contract with the General Electric Company at San Jose. Later,

the capability of the program was further developed and expanded within

the General Electric Company at San Jose for independent support motion

seismic and dynamic snelysis and for fluid-mass-effect evaluations.

PISYS is a specialized development of SAP for use in the analysis of

piping. The basic solution routines of SAP have been combined with an

input isnguage translator specialized for modeling piping. The SAP and

PISYS programs have been benchmarked against one another to verify that

the solution routines give consistent load predictions.

GF8707/ GAL 87 3-1
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SAP was selected for the primary benchmark verification presented in

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

applied. The predictions of P15YS are identical to SAP since they have

the same solution routine; therefore the benchmark comparisons are

equally valid for SAP and PISYS.

GF8707/ GAL 87- -3-2

_ _ ,



.. I
;;C a

'
(1 - |

t

+
.i

i

4 NRC BENCHMARX PROBLEMS-

:
,

L

-;
540 tesEf I

CS
z
- u

S42 t61 .

02* I

. $4, ,3,
07-- -t.-

,

J]A37 g,,7,33 08

M3 *

01 09

10- - -- f]
Y

,

i.
X11-- -----f) .

-12 -- - --f]
544 te; j

13-- - -f] 2 j

[$43 ly;
14 -.- -f

g

D *'----- f]

16 -------{ }-
-

;17M)
5

18------ .() pS46 (101

19--- ---()
20 $43gg3

21 4
AS1115.16,171

j ?? 36 .

'
*

23
N35 r

24 .

N34 --548 (121-
% 33-25- q8-

26 547 til)'- 32
-:

-

28= 33.
-

27
',I

550 114) 30

29' NOTO
549 (131)T. NUWBCRS IN PARENTHESES A#E

~ SUPPORT CLEWN15 i e 11.2. ,i

BENCHMARK PROBLEM
NO .' 1

4-1

..2. _ . . .. . _ .. .. .-.. .. - . . . _ .a.--- . _ , , . . . _ , . , . - . . , , - - - , , , _ . _.



. .._ -___ . _ _ . . _ _ - _ . . _. -_ _._.~ m__ _ ._- . _ _ . _ . . _ . _.___ .

>

i.

>

l

i

B

;

L,

:
>

[
'

M >

4

, ,

Z/\X
.

4

@.,- @
. ;

-,

Rb i>.

%g o- e,
,

p)o * . .

i

h 3e
6

<

et-
.

.

. sp$s
.

Livn
* n g

47

A1-* -
:

ga ,.-
s. 1

i.
,,g*

ah.. -

,

>

.

"5_NC-MARK PRC3'24 Na 2 .. ;
.

' I

4-2
&

w

&

L

4

,N+ e 4 -- v. - pn , - ~ , .*.gw -r , e ,-er >---r yw -- ,ye-- r i



A-,,- + ----w--- -~ + , - , - - -

L

M

'h
'

3'
Q '$ '

sig- 5m

m\-
..

'e

G -

E

G5 hc ' M :e, ,
s -

|5
M h.

Y a
~

$ _6 g
g jg A , f. g

:=
g

\| 9 i
y ., u .

7
k 's

e
W 4

= E

$ E
yo

5%
O

$2.4(%$, /s .
..,,> ._. . - .

Dk Q

:fg
o

, -

4-3

1. -



4 4 .a .~,.s +__-s. ~,--u.<_. 4.C.-mm=-2. ma .e+- ~us-..su-r-- ...w,u.h-~-~.-4_- -ma. .- =#-.-+.-m.-. . .-._ ..

.

,

I

I4

I

i

i

> S
\ 5
3

Gm n
5 75 g

m

2

I
P

,

C

I Ky S v .

E'
-

L f

?
.

.

ar ,

* 4. *

f J g.
Ws h: O"

I

G
B

!

\
<

!

| 4=4 ,

t-

!
-.., . - - . . . , .. ., . - - , , . ., - , , , ~ ,... , , , , . . . - . , ... . . . . ..



_._ -. . _ . . . __ . . . . _ . _ . - - . - . . . _ _ . _ _ _ _ _ _ . _ . . _ _ _ _ _ _ . . _ _ . . _ _ . _

||

,

5. COMPARISON OF P!SYS AND SAPC04 PREDICTION WITH BENCFMARK

PROBLEM 1.
,

1

METHOD ENVELOPE

SUPPORT .IE~ ~- 6?? P15YS SAP

, |LB) [LB)ELEMENT I
'

-

i

! 93 93 93

2 107 107 106
,

'
3 89 89 88

4

l .14
'2 234 234

5 ! 84 84 84
i

6 100 100 100 :

7 39 39 39 ;

8 78 78 -78
| ,

I
'

9 28 28 28'

i 10 78 78 78 ,

! ,
,

! 11 59 59 59 )

i 12 185 185 185 >

I | |
13 221 221 220 .

14 89 89 89-

15 1 120 120 120,

! -

16 57. _
l 57 57

!
17 56 | - 56 56 '

; -

|
|

|
|

| GF8707/ CAL 87 5-1
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COMPARISON OF PISYS AND SAPC04 PREDICTION kf!TH BENCHMARV

PROBLEM 1.

(CONTINUED)

~

METHOD SQUARE KOOT OF THE SUM OF SQUARES BY GROUP

SUPPORT NURLG 1677 PISYS SAP

ELEMENT [LB) (LB) (LB)

l'

1 , 86 86 86

2 , 93 94 92

3 81 81 80

4 '202 204 200

5 74 73 72

f 84 83 81
6

7 34 33 32

8 % 45 45
;

i

9 26 26 25

10 57 38 38

1

11 53 52 51

12 136 126 126

!

13 fl52 146 145

14 95 97 94

15 84 84 83,

68 66-3 '

| 67 I16:-

17 [ 74 | 75 73
.

,

,

1
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COMPARISON OF PISYS AND SAPG04 PREDICTION WITH BENCHMAPI

PROBLD11.

(CONTINUED)_

MElHOD ABSOLUTE SLH BY GROUP

NUREG 1677 PISYS I SAP

SUPPORT N ' \ELEMENT [LB) (LB] (LB)

1 !!7 121 NA

2 126 133 NA

3
109 114 NA

l

4 278 289 NA

NA
5 100 103 g

'

6 113 117 NA

| .

'
'

7 44 44 | NA

I

8 65 63 NA

9 35 36 NA
,

10 63 62 i NA
,

NA
11 72 74 i

12 185 17b NA

13 204 204 ! NA

14 131 137 NA

!NA
15 116 .118 ;

'
.

16 92 96 | NA

( : .

I 17 103 . 106 i NA'

' ' l_ _.

|
L

.

:
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NRC BENCHMARK COMPARISON

PROBLEM 2

SUPPORT NUREG 1677 SAP NUREG 1677 SAP

ELEMENT ENVELOPE ENVELOPE SRSS CROUP SRSS CROUP

[LB) [LB) [LB) (LB)

1 90 90 53 52

2 65 65 46 46

3 177 177 113 110

4 708 708 441 430

5 446 446 25't 252

6 206 206 123 130

7 164 164 98 104

8 373 373 221 216

9 58 58 32 31
,

10 198 198 124 121

11 103 104 66 65

12 378 378 103 -98

!13 192 192 114 120
1 1

, 14 245 245 116 114
,

I

CT8707/ GAL 87 .5 - 4
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NRC BENCHMAFK_COMPAk150N

FROBLEM 3

SUPPORT NUREG 1677 SAP NURLG 16?? SAP i

ELDiENT ENVELOPE ENVELOPE SRSS GROUP SRSS GROUP t

(LB) ILB) (LB) (LB)

!
1 11 11 4 4

2 7837 7824 6845 6790

3 4472 4470 3100 3064

4 8931 8928 2923 2905

5 359 361 524 404

6 729 732 1144 874

7 784 784 1068 817

8 1043 1043 1416 1284

i

9 1378 1378 1666 1591

10 3408 3404 2776 2684

11 1448 1444 1736 1699

12 1688 1624 3160 3152

13 87 81 2408 2397

14 1370 1368 2408 2397

15 9930 9943 12711 | 11240
,

16 58341 58290 77406 76930

17 10767 10760 12661 12350 l

;

18 3031 3029 2834 2800 i
i .

19 15459 15850 | 4923 4910

! 894 803 79389620 j

GF8707/ CAL 87 5-5
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NRC BENCHMARK COMPARISON

PROBLEM 3

(CONTINt'ED)

SUPPORT NUKEG 1677 S Al' NUREG 1677 SAP

ELEMENT ENVELOPE ENVELOPE SR$$ GROUP SRSS GROUP

ILB) (LB} (LB) (LB)
*

21 169227 169100 89089 88830

22 34378 34330 28458 28020

23 1697062 1696000 599310 547200

24 6792 6786 4953 4885

25 801 800 831 813

26 303 303 312 308

27 7447 7443 4412 4371

28 11991 !!980 5898 5820

CF8707/ GAL 87 5-6
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NRC BENCHMARK COMPARISON

PROBLEH 4
4

(CONTINUED)

St'PPORT NL'kl0 16 7 7 SAP NUREG 1677 SAP
ELEMENT ENVELOPE ENVELOPE SRSF CROUP- SRSS CR0l'P

.

[LB] [LB) [Lb) [LB)
'

,

1 3724 3722 2416 2415

2 2390 2412 4497 1502

'3 | 2156 2154 1523 1521

4 42 42 24 25

5 2466 2478 1484 1489

6 4850 4850 -2524 2523

7 4765 4769 3028 3031
1

8 3825 3822 2094 2081
' '

,

! 23009 3482 3481 2302
'

:,

10 -2101 2191- 1265 ! 1307'

'
i '

11 61 $0 34 34
,

12 6660 6659 5043 5038
1,

13 2669 2670 1857 1856'

14 6554 6553 5308 5304i

15 i 109 | 109- 84 84

'
16 5015 5013 3878 - 3871

--

-|4

2593 2590'
17 3334 3334 -.

!

18 4739 4738 .. 3706 3700'

|

19 861 867 | 681 682 !,

'
I

20- 64 64 36 36
'
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|

NRC BENCHMARK COMPARISON

PROBLDi 4

(CONTINUED)

r,UPPOR1 NURLG 16?? SAP NUREG 1677 SAP

ELD!ENT ENVELOPE ENVELOPE SRSS CROUP SRSS GROUP

(LB) (LB) (LB) (LB)

/

2 1 2312 2313 1297 1298

22 2079 2078 1227 1227
,

!
655 655

23 1153 !!51 |

24 1829 1815 863 860

25 883 879 531 131

26 869 850 437 436

27 1858 1860 988 989 ;

!
28 257) 2563 1674 1665

29 1349 1339 1006 1004 |
,

I

30 106 108 68 69

:

4370 4369 3588 3590
!31 '

|

32 1770 1357 905 906' ,

I I

33 1170 1148 589 558

'

'34 970 982 685 692

'

35 749 i, 729 347 318i
t

!

36 | 2952 2947 1876 i 1807'
- . . .

I

5-8
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HOMENTS AND DISPLACEMENTS COMPARISON

MOMENT DISPLACD1ENT

'ARI ABLES [1N-LBS) [1N)
TYPE
OP THE NUkEG PISYS SAP NUREG P15YS ~ SAP

PROBLEH N HETHOD 1677 1677
g

ENVELOPE 1478 1584 1581 0.1222 0.1279 0.1254

ELEM #3 NODE #33

1 SRSS GROUP 4193 4189 4120 0.2757 0.2822 0.2745

ELEH di NODE $32

0.3827 0.3913ABS GROUP 9035 9433 --

NODE #36 NODE #32

i 0.020418501 0.0224ENVELOPE 18505 --

2 ELEM $1 NODE #2

0.016611315 0.0170SRSS GROUP 11621 --

| ELEM #1 NODE #2

0.006060106 0.0057ENVELOPE 60150 --

3 ELEM #1 NODE #2 ,

0.007634732 0.0076SRSS GROUP 35408 --

ELEM #2 NODE #2

4.90E-05433674 4.85E-05ENVELOPE 433014 --

4 ELEM fl -NODE fl

3.22E-05277929 3.22E-05SRSS GROUP 277825 --

ELEM di NODE #1

GF8707/ GAL 87 5-9
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6.0 HETHODS COMPARISON

The following bar chart prepared for benchmark problem one provides a

visual comparison of the differences in the predictions of the different

analytical methodst unifore response spectra (URS), and independent

support motion (IMS) combining groups by absolute sum (ABS) and sum of

the squares (SRSS). From examination of the chart, the following

conclusion can be drevnt the difference in predictions using the saec

methods are small independent support motion predictions are

significantly less than unifore response spectra when groups are

combined by sum of the squarest and independent support motion with

combination of groups by absolute sum provides predictions significently

greater than grouping by sum of the squares and is often greater than

uniform input.

I
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7.0 CONCLUSION

,

"

As can be seen from examination of the tables comparing load

predictions the SAP /PISYS soluti n routines predict loads identical to

or consistent with the four benchmark problem predictions. The

evaluation reconfirms the verification for enveloped response spectra

and extends the verification to independent support motion analysis.

The benchmark problem combined the modal responses by the square root of

the sum of the squares method. In application. General Electric

combines the modal responses by the double sua method in accordance with

Regulatory Guide 1.92. If the bene. mark problems were computed using
i

double sum the predicted loads would be somewhat higher,

,

The comparion of predicted responses are in excellent agreement for all

four bench mark problems. The small differences that occur can'be

attributed to differences in the way the progress interpret the input

for the piping mathematical models. The method of calculation

originally implemented by General Electric in 1977 has been secepted as:

t

. correct by the publication of United States Nuclear Regulatory

Commission NUREG/CR-1677 .n 1985.

L
L

1 '.l

|

|
!
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