
{ggg;gg .awwnaggy , y g-r ~' -

k f$k/ f k i# '

-
, g

|| muu.g m$ye%,pajfLw%yg
. . .y. 3 .m..

h.ht Eglyfh2% 0 A . am.1EWipm : -:x.:
QdRobertL Cloudpa. dAssociaens,~hachn&O~d '
,

%- ~

q#eils % %
an

4
. . ,.,m

*

y . g wa~ +g-07 ,

e ~

a p &m a: p n% g
9 1

iDIA bA %g;dgg
g

|
Myaus n . zy y w.

%s_m .-g...E,ans ,eg . d RLGA ,-b ue , ME.4n.,d'!y '

nm . m ,c

d % s%p u$ B Qf 2 * W W Ww~M W $d ' l am * h>jjy$p%m,$n&w%|

k 'y t

2 aO+
a ww r ,

f k y $ $ $ $0E h 8 ss @&l# N L J T|k w@ L
d6 Rhy/

k #i SHM

$MQ%%%% %|''k.ym$@t W |
NSM@55$M|M|

&N%W)RMQMM
L

QL % &W
- AgJ,@M@Phl.g@y)l

6 :
eWS$!W WWwe.g44. m$,$m~ 4L. pmeay .gy%. . .n v.n:p g , ya eg

# gikh j N%sk
"

E
(A "w$W w.:wa .a w;.e.:~

n %
'

/ *. A, mge%m& @n,7 - I m

$hk[%pyM,h)M JgyiF0@hg@T 1 ' THe'ueTHonoLOGY, VERIFICATION, ANDL
W hW@pi McTTM ATOPICAL REPORT ON t

y M M O 'lhdh *@4pk. :.WQNrcw[h j iwjggghgg. |APPUCATIONS.OF COMPUTER PROGRAM, .
bg@%%@hg%~ l M w*4."

GAPPIPEc
' N'n%myywMwvO .

'

1^
-w@%@ g@E2

-

- RLCA/P94/04-94/009- MiyWr4 '
3 . . -. .

"

" 'h $Wv
-

;.m,.*fy < .w as y es"#7 ' '~~

!.
, .f@p p a 5''$pj . June 1,1994 7M$$$y (

;p
'

?$h@ ~ YjMMk
' #

(
sD*Q. M/;i .

'
i' ef 4 ffy*. f9. w a . .- 4 ../g.

$$Yh, Y vf$1fk .uc.~,

.:
~

'' "
,,

|?
' ' ' '' ,;p|"?&

~S - f . '941%.' Y #s
' '

.

'

5.. % r qy: 4 ~ pc
- k[ Mp .. bid, hh ;f., m

y ,,s Wyp5 m

hffh i
"

,

i.$1:k{-||jr oy 1.

'NW

hk$
.

,

e ?pt

d@.M i k. y
8

.. j % . . , y
1 gk A-

,.

. . y y .g. m.

y
'-

,

J ^

i

e ~ .i
|

|
|

9409210309 94o722
'

PDR ADOCK 05000455
P R

.__



..
-

~, - , . +:
,

1

,. .
,

.

, . . .

~ .

s , f

~
- RobertL CloudandAssociates,Ince -

. .
..

..
. . .

(
l ya 1 g

'
'

.

,

. _n . ,-
, y

,

,

'?. -
. .

j
|

,- -_. . ~.,
,

. ,
_

,

.

c .

)
. .

.
-

.4 ,
+

1
t.

a lc.8
.a_ a. e ,

4

A TOPICAL REPORT ON
THE METHODOLOGY, VERIFICATION, AND

-

APPLICATIONS OF COMPUTER PROGRAM,
GAPPIPE j,,

RLCA/P94/04-94/009
.

<

e '.
,,

, -
June 1,1994 -

),
+

,
-- = if ar r, w's w-.w7--. r g } g g , ,. ,. ,

.

A I

i 1
. f, .

5* ,

f
"

y s E -w..

. -; - - ,ts
-,s

,

'
,

,

'
. p. .! J d

, .

--, v 4 ,

' ,'

je t , , ,
- -

,

y, Q.V, ''t' * *- . , . ,
, ,.

y, . ,jy *r g- y _. ,.g, ;,,< ,.
,

| _ _

y t.,Q A: ! - s .: _

u _ ,

S i,W ~ |: = F6 N? A:; % | C.' * * *' *

' '~ ~

. .s:, y. c ,c . s ,

-

, , ,, ,,
- p .,

,, + , -
s . x , .e

.,..

, ,
!

,

,.x .c ,-,.
.- - - , .- , . - . ,,

''., , f ,, m. f . M ' - % .,,e, .M. P gg,_y# .'y V g ;),, ;p4 ,;,. ,

% ~ 1 a ~, . m, ,

) , ,, )' JT | - .
W 4,

'.(,
"

e. " , *t

,,

. . ." (, y y *

.7 - f, dg ', I
.

.

p; -
- .'.. . c

,.,;
,g- *.*s,,. ".}*.. :/ p' ; . ',,t-. /1 61 t

M

, . , --... ,
, ,

.,

; -
,,g..

' g' g ..~,,#
' ' c .a y; . . . W' J ~ %

p,. g / k"E i$ ,# '( , 4,.$

, , ~ ! .a ., c .w |., c . :v.%. g .. .f *pv i G'T, 9' e * p .. t .< ; . :
^? ;,.Q4 3Qa,'?;f:"*%f?Mikjj, frgf Q .'**'R}&~ j' ? 'C f Q M &f.j?~N!.V.g' Mf'1? j :?.y ' 'g.5 ,.5. ' '' J'L W -'d

[ 8 , .[. ad a_.. ~
f

.-.. ' h, %'r .se
'V

o, ; y >(. y R. .y @ i W p N.sp f . & W~.:.. %,- Q. ;:Nyyb4|@.|&bMjf:%.. ~%% *2 '

,
. . . . .

. . - ,

h[ h. , 'fii h. M $
. .fhh [ . * b

'
''

4:;MdDfdSSWP@@unggQWM7dW dMI#f$@q$c!@@y@w@n.s?WAw m@ U % @n
M P' W |

a $ m m ? m p & W g ,% c$a . g " % j a w$M yp%um% pe jWi
mm y

a. ?s s y _g hg % @% g %ned%WQM .%MWcan%m% gg W

g %g6|$nW&?YMh|%s.m%Wn :nd@ $$AWW4/p,=g; n< 'y$T:
mm -

'MQq$mgk%
gp :&p$|Mg

%:A dm'3 4 -

$ 1%p~ y w y &w &: Q&s$$WW
(g #)4m
Mtd ki3 gan$x%ns X
5 s w2% W:g

d3FM;tm[pg# ' gf g.g.gpae'

m w{x{'"'w
3.. n,yyw ._ a _ygg_gg3. ;g4,

.wa
. m_w .a . "m. , . ; s,w. .. ~ . : _ .

msa . -.m% . . .
.

. , ,.

)% &, w; W r.? ,u;,.;hj
..h [ ,d

'

..h
I '

Q[b. ,
.'j "3

.A
,,

y&:A+
3i

MWof
' f z Q-% x'

, . 9 t J w % q w p y g-e n - g ,y . .,, ,,4u c. , -; ..-p=*<- .:+ ++ v., _.,. .



)

Robert L. Cloud and Associates, Inc

)

RLCAIP94/04-94/009 (NP) ,

3

)
1

A TOPICAL REPORT ON
THE METHODOLOGY, VERIFICATION, AND
APPUCATIONS OF COMPUTER PROGRAM,

) GAPPIPE .

RLCAIP94/04-94/009

June 1,1994

Submitted to: :

)
Office of Nuclear Regulatory Regulation

United States Nuclear Regulatory Commission

Prepared by:
)

Robert L Cloud & Associates, Inc. ,

!2150 Shattuck Avenue, Suite 1200
Berkeley, CA 94704

)

?

,

;

;

. ______.- - _- _____- -___ - - ____ _ - - __



.- - ~. -. _ ,

.

0; ;

? -- ;

TABLE OF CONTENTS iO ,

''

; Pace No.

LIST OF TABLES i .

O LIST OF FIGURES ii

ABSTRACT iv i

1.0 INTRODUCTION 1 |
0 :

2.0 GAPPIPE ANALYSIS METHODS AND PROCEDURE 3
2.1 GAPPIPE Overview 3
2.2 GAPPIPE Organization 6 i

'2.3 Formulation of Analysis Model 7

3 2.4 Static Analyses 8 ;
2.5 Dynamic Analyses 9

2.5.1 Eeigenvalue Solution 9
2.5.2 Response Spectrum Analysis 10
2.5.3 Equivalent Linearization Analysis 13

3 2.5.3.1 Linearized Stiffness for Symmetric
Gapped Supports 14

,

2.5.3.2 Linearized Stiffness for Asymmetric
'

Gapped Supports 16 5

2.5.3.3 Linearization Solution Procedure 19 .

g 2.5.4 Independent Support Motion (ISM) 20
2.5.4.1 Dynamic Response 20 -

2.5.4.2 Pseudostatic influence Vectors 23
'

2.5.4.3 Grouped Support input 25
2.5.5 Residual Modes (Missing Mass) 26
2.5.6 Time History Analysis 29g :

2.6 Analysis of Seismic Anchor Movements 31
2.7 Calculation of impact Forces 32

3.0 VERIFICATION OF GAPPIPE 37
3.1 Comparison with NRC Benchmark Problems 383 3.1.1 Procedure Used for Verification 39

3.1.2 Uniform Support Motion Benchmark Problems 39 ,

3.1.3 Independent Support Motion Benchmark Problems 40
3.1.4 Summary of Comparison 41

3.2 Correlation with Shake Table Test Data and ANSYS 42 '

#' 3.2.1 Correlation Prccedure . 43 ;

3.2.2 Correlation of Single Span Test Configuration 43 '

3.2.3 Correlation of the 3-D Hovgaard Bend Tests 43

O ,

;



- _ ._. - - ... . .

1

E 'O
|

L
!

3.3 Correlation with HDR Experimental Tests '44 1

3.3.1 Background 44 O'
3.3.2. SHAG Test Description 45
3.3.3 Correlation Analysis 45 .;
3.3.4 Correlation Summary 46 1

3.4 Comparison with Literature Analytical Results 46
3.4.1 GAPPIPE Linear Time History Analysis 47 9
3.4.2 GAPPIPE Nonlinear Time History Analysis 47

3.5 Verification Conclusion 48

4.0 GAPPIPE AND LIMIT STOP APPLICATIONS -49
4.1 Optimization with Analysis 49 4

4.1.1 Millstone 2 - Analysis Without Using N-411
Damping 50

4.1.2 Byron 2 - Analysis With N-411 Damping 51
4.2 Direct Replacement Without Analysis 52

4.2.1 Duke Power McGuire Program - No Analysis, gl
N-411 Damping implicit 53

4.2.2 Wolf Creek Program - No Analysis,
N-411 Damping implicit 57

4.3 General Discussion 59

5.0 CONCLUSIONS 60

6.0 REFERENCES 61
1

TABLES
:9

FIGURES .j

APPENDIX A Sample Comparison Summary of NRC Bechmark Problems:
Uniform Spectra Problem No. 7 |

#!

i
9;

4

9!

9;

.- . . . . -



1

'0

O LIST OF TABLES

Paae No.
O-

3.1 Comparison of Maximum Pipe Bending Stresses for the 3-D 64
O Hovgaard Bend Tests

3.2 Comparison Summary of GAPPIPE and Theoretical Results 65
3.3 Comparison Summary of GAPPIPE and Molnar Results 65
4.1 Optimized Support Configuration 66
4.2 Maximum Pipe Stress 67

o 4.3 Support Load Summary 68
4.4 Equipment Nozzle / Anchor Loads 69
4.5 Pipe Stresses at Equipment Nozzles 70
4.6 Maximum ASME Class 1 Pipe Stresses 71
4.7 Maximum ASME Class 2 Pipe Stresses 71
4.8 Pipe Support Design Loads 72g
4.9 Characteristics of Sample Piping Systems 73

O

O

O

O

i

O



_ _.

4

LIST OF FIGURES

O

Paae No.

2.1 Flow Chart of GAPPlPE Program 74
2.2 GAPPIPE Input File Structure 75- 42.3 Force-Displacement Relationship of a Symmetric Gap Support 76
2.4 Flow Chart of the Equivalent Linearization Process 772.5 Pipe Displacement and Impact Characteristics 78
2.6 Comparison of impact Force Calculation Methods with 79

0.82 G ZPA Shake Table Tests e-2.7 Comparison of impact Force Calculation Methods with 80
1.33 G ZPA Shake Table Tests

3.1 UNI-BENCHMARK Problem No.1 81
3.2 UNI-BENCHMARK Problem No. 2 82
3.3 UNI-BENCHMARK Problem No. 3 83 -

3.4 UNI-BENCHMARK Problem No. 4
g

84
3.5 UNI-BENCHMARK Problem No. 5 85
3.6 UNI-BENCHMARK Problem No. 6 86
3.7 UNI-BENCHMARK Problem No. 7 87
3.8 ISM-BENCHMARK Problem No.1 88
3.9 ISM-BENCHMARK Problem No. 2 g

89
3.10 ISM-BENCHMARK Problem No. 3 90
3.11 ISM-BENCHMARK Problem No. 4 91
3.12 Photograph of Single Span Test 92
3.13 Photograph of 3-D Hovgaard Bend Test 92
3.14 Single Span Dynamic Test Configuration 93

,
3.15 3-D Hovgaard Bend Test Configuration 94
3.16 Time History and Response Spectra Plots of 0.82 G ZPA Input 95
3.17 Time History and Response Spectra Plots of 1.33 G ZPA Input 96
3.18 Comparison of Pipe Bending Stress @ 1/3 Location 97

Input Level = 0.82 G ZPA O
3.19 Comparison of Pipe Bending Stress @ 1/3 Location 98

Input Level = 1.33 G ZPA
3.20 Comparison of impact Forces 99

Input Level = 0.82 G ZPA
3.21 Comparison of impact Forces 100 #

Input Level- 1.33 G ZPA
3.22 Analysis Model of the 3-D Hovgaard Bend Test Configuration 101
3.23 HDR SHAG Experiment Test Configuration 102
3.24 HDR SHAG Experiment - Comparison of Maximum Pipe 103

Accelerations #

ii

_



3

3.25 HDR SHAG Experiment - Comparison of Maximum Pipe Stresses 104
3.26 HDR SHAG Experiment - Comparison of Maximum Support 105,

'"
Loads

3.27 Description of STARDYNE Verification Problem 30 106
3.28 Geometry and Forcing Functions of the Molnar Verification Case 107
4.1 Safety injection System at Millstone 2 Nuclear Plant 108
4.2 Byron 2 - Reactor Coolant Bypass Line 2RC19/04 109m

U 4.3 Comparison of Typical Reg. Guide 1.61 and ASME Code 110
Case N-411 Damping Spectra at McGuire

4.4 Comparison of Pipe Stresses for Refueling Water Systems 111
4.5 Comparison of Support Loads for Refueling Water Systems 112
4.6 Comparison of Pipe Accelerations for Refueling Water System 113

D 4.7 Comparison of Pipe Stresses for Auxiliary Feedwater System 114
4.8 Comparison of Results for Containment Cooling System at 115

Wolf Creek
4.9 Comparison of Results for CVCS Charging and Excess 116

Letdown Piping at Wolf Creek
:D 4.10 Containment Cooling Piping System at Wolf Creek 117

4.11 CVCS Piping System at Wolf Creek 118

O

D

3

e

e

iii

e



. . - ...

,

S:

ABSTRACT ,

!Limit Stops are a type of pipe support that permit high temperature piping to expand
and contract without interference due to temperature change. Under earthquake or
other dynamic loading, Limit Stops will not permit the pipe to displace beyond the
spatial envelope defined by the range of thermal expansion. This is accomplished by O,
passive gaps in the Limit Stop. Dynamic analysis of Limit Stop supported piping is-

'

performed using the GAPPIPE computer program which is especially developed and
' formulated for efficient analysis of piping with gapped supports.

Limit Stops are fabricated and qualified to the requirements of the ASME Code
Section NF. This report mainly covers the overall development of the Limit Stop #|
technology and addresses the following specific subjects.

A description of the program GAPPIPE including analysis methods and-

procedures.
e:

A complete discussion of the experimental and analytical verification of-
,

GAPPIPE including the correlation with full scale tests.

A description of the applications of Limit Stops and GAPPIPE.-

e;
The conclusions reached in this report are:

GAPPIPE analysis of piping systems supported with Limit Stops is at-

least as accurate and in many cases superior to analysis of snubber
supported piping using current linear methods. g;

,

On the basis of the successful verification and successful experience to '-

date, Limit Stop technology is qualified for use in all nuclear power
plants.

In view of the greater accuracy of GAPPIPE and the greater reliability of-

the simple passive Limit Stops, nuclear power plant piping supported ;

with Limit Stop technology is safer, more reliable, and less costly to
maintain than piping supported conventionally. j

O'

' et
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1. INTRODUCTION

b The purpose of this topical report is to describe and document the development of the
Limit Stop technology. The technology consists of a piping analysis computer code,
GAPPIPE, that facilitates the analysis of piping systems with gapped supports, and

| the design of the gapped supports, i.e. Limit Stops. The Limit Stops are separately
| qualified under the procedures for testing and analysis of the ASME Code, Section

NF. Therefore, the main subject matter of this topical report is the mathematical basis
for the GAPPlPE code and the verifications that have been performed.t

1
;

1 The scope of this report covers the

) ~

description of the technology+

| verification studies of the technology+

| description of applications to date+

conclusions ;
-

D The report is applicable to the GAPPIPE computer code based on the methods as
described herein and the Limit Stops supports as tested in the tests described herein.

'

No limitations of the Limit Stops technology regarding applicability to piping system
support design have been identified by the extensive testing or analysis done to date.

3 Development of the Limit Stop technology was initiate'd in 1980 based on the concept
| of upgrading the successful design of frame-type displacement limiting supports used
'

in some fossil fuel plants to nuclear quality systems. The work proceeded sporadically
until 1983. At that time, the Electric Power Research Institute (EPRI) initiated partial |

| support and a more focused effort began. )
)

The completion of the first equivalent linearization algorithm for analyses of gapped
supports was accomplished in 1985. Shake table testing of the full scale 3" diameter
schedule 80 single span and Hovgaard bend experimental specimen was performed in

| 1985 and 1987. The first prototype of the present Limit Stop design was completed in
j 1987. Full scale plant testing at the HDR facility in Germany was completed in 1988.

The essential elements of the technology were then complete, and subsequent
developments were limited to improvements in the analytical approach, the i

enhancement of GAPPIPE as a commercial computer program, and the refinement of
hardware design.

The first application was a research study at Millstone 2 which is described in the
report. It was completed in 1987 but never presented to the NRC nor was the plant
modified. The next application was at Byron, also described herein. The design work
was completed in 1988. The Byron FSAR committed to have any piping analysis
code used at Byron approved by the NRC. On this basis, the Limit Stop application
was presented to the NRC at a meeting on May 2,1989. i

1

D
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Recognizing the design approach as an innovation, the NRC requested a complete
review before approving the code or permitting installation of Limit Stops at Byron.
The NRC was assisted by experts in piping analyses and non-linear analysis from I
Brookhaven National Laboratory. A comprehensive in-depth review of all analytical
work, original derivations, test work, and test analyses correlations were performed by ;

Brookhaven and the NRC. This review culminated in a favorable SER dated May 21, !

1990. The SER, however, required an independent confirmatory analysis of the
enalysis done for Byron. This was done by Brookhaven and once again culminated in $|
a favorable SER, dated February 7,1992. The Limit Stops were installed at Byron in
their September 1993 outage. The installation was straightforward and trouble free.

The next application was at McGuire. Duke Power engineers reasoned that if Limit
Stops and snubbers performed comparably as the test data showed, it should be G|
possible to replace snubbers without analysis. Implicit advantage was taken of the
ASME Code Case N-411 damping. The concept was tested analytically and found to
be true. The results are included herein.

i

The Duke approach was to make the replacement using the procedure given in 3:
10CFR50.59 for plant modifications since the replacement involves no unresolved
safety issues and there is no change to the plant technical specifications. .

Nevertheless, as a courtesy to the NRC, Duke presented their work to the NRC staff
in a meeting on December 15,1992. Subsequently, the changeout of the snubbers at
McGuire was initiated in the April 1993 outage. In this outage, Phase 1 of the g.
changeout was completed uneventfully, and about 50 snubbers were replaced with
Limit Stops. It required less than 30 minutes per unit to change out the snubber,
install and adjust the Limit Stop.

The Wolf Creek plant subsequently chose to follow the McGuire approach. A four 4'
problem sample of Wolf Creek piping was analyzed to determine if the implicit use of
ASME Code Case N-411 damping was sufficient to permit use of Limit Stops without
analysis. This " Qualification Study" was successful, and again as a courtesy, the
results were presented in detail to the NRC staff on December 9,1993. It is the
intention of the Wolf Creek staff to initiate the one-for-one changeout in their 1995

Foutage.

Based on the works described herein for GAPPIPE and Limit Stops, it is concluded ,

that the technology is qualified for use in all nuclear power plants. Moreover, it is
believed that the application of Limit Stops results in a genuine improvement in
nuclear plant operability, maintenance cost, reliability, radiation exposure, and in the 8
amount of low level waste generated. All the experience gained to date supports this i

belief.

9;
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2. ANALYSIS METHODS AND PROCEDURES'

2.1 PROGRAM OVERVIEW

The GAPPIPE computer program was developed by Robert L. Cloud & Associates,
Inc. (RLCA) with partial support by EPRI to provide a comprehensive analysis tool for
the evaluation of piping systems in accordance with the requirements of regulatoryO' codes and industry practice. GAPPIPE was developed based on the public domain
code SAP-IV [1], however extensive modifications have greatly enhanced the program
capabilities.

The GAPPIPE/GAPPOST/GAPPLOT computer program was developed to
O complement the Limit Stop applications in place of snubbers. The program contains

three separate executable modules named: GAPPIPE, GAPPOST, and GAPPLOT.
GAPPIPE performs both linear and nonlinear elastic analyses of three-dimensional
piping systems subject to thermal expansion, imposed displacements, intemal
pressure, externally applied loads, seismic and fluid transient loads or motions.

GAPPIPE differs from other piping computer programs in that it has the capability to
analyze piping systems containing gaps. GAPPIPE has two analysis methods to
compute the dynamic responses of such systems. The first method is nonlinear time
history analysis by modal superposition and pseudoforce representation of gap

O responses. This method is most suitable for the simulation of piping responses
induced by fluid transient loads or excitations where the input cannot be easily or
adequately characterized by response spectra.

For excitations defined by response spectra, GAPPIPE offers a second analysis
O method that uses the response spectrum analysis technique and the method of

equivalent linearization to account for the nonlinear behavior of gaps. In this method,
GAPPIPE can use either uniform enveloped response spectra or different spectra at
different supports using the independent support motion technique.

O After all the necessary analyses have been run using the GAPPIPE module, the I
results can be combined and checked against the requirements of the ASME Boiler
and Pressure Vessel Code, Section 111 Subsections NB-3600 and NC-3600 for Classes
1,2, and 3 piping systems using GAPPOST, the post-processor module. ]

.g For each GAPPIPE analysis performed, a data file with a .POS extension is created
containing all of the calculated responses for that analysis. GAPPOST reads these
post-processing files and combines them as directed by the user. The combined |

results are then checked for code compliance and saved in the same post-processing
file format. Thus, the combined responses can be treated as a new analysis that can

O be further combined in subsequent GAPPOST runs. The post-processor, GAPPOST,
creates a readable output file, as well as additional binary post-processing files for
further analysis combinations.

3
.O

.
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The third module, GAPPLOT, provides plotting capabilities to view and interpret the
analysis models and results. GAPPLOT can plot model geometry and deflected
shapes of static and dynamic (mode shapes) analyses. One-screen plots can be #
generated interactively on the PC/ DOS and VAXNMS system platforms, and hard
copy plots can be sent to printers which support the Adobe Postscript language.

The capacity of GAPPlPE depends mainly on the total number of nodal points in the
piping model and the number of vibration modes needed in '.Le dynamic analysis. 9
There is practically no restriction on the number of load cases or the order and
bandwidth of the system stiffness matrix. With nodes arbitrarily labeled, GAPPIPE
internally renumbers the nodes to minimize the memory required. The following are
some of the upper limits on problem size (the actual limits may vary as they are
interdependent). e

1. Maximum number of nodes: 2000
2. Maximum number of modes in a dynamic analysis: 200
3. Maximum number of gapped supports in a dynamic analysis: 99
4. Maximum number of support groups in an Independent Support Motion (ISM) ,

analysis: 30

The piping systems to be analyzed may be composed of combinations of the following
elements:

''1. Pipe elements (straight and curved segments)
2. Boundary elements (used to model pipe supports, including rigid anchors,

springs, struts, snubbers, and Limit Stops)
3. Three-dimensional truss elements
4. Three-dimensional beam elements

4:

GAPPIPE performs the following analyses:

Static Analyses

1. Thermal expansion e
2. Deadweight
3. Concentrated applied loads (forces / moments)
4. Support movements (displacements / rotations)
5. Internal pressure effects

9'
The effects of gapped supports, including the preloaded condition, can be
considered in all static analyses. The program determines which gaps close under
the applied loads and determines the correct reaction force to incorporate into the
solution.

9
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Dynamic Analyses

0 1. Eigenvalue solution. Frequencies and mode shapes are determined using
either the Determinant Search or the Subspace Iteration method.

l

2. Response spectrum analysis (RSA). Excitation can be either uniform or |

independent support motion (ISM). Directional responses may be combined by
O either absolute summation (ABS) or square root of the sum-of-the-squares

(SRSS). The modal combination options are:

a. SRSS !

b. ABS

O c. NRC 10% Method j
d. NRC Grouping Method

When ISM is used, either the SRSS or the ABS method may be used to
combine the results associated with different support groups.

O
3. Equivalent linearization analysis. This analysis is identical to RSA, except that

gapped supports are allowed.

4. Seismic anchor movement analysis. The SRSS or the ABS method may be
used to combine the results associated with different support groups and toO combine directional results.

5. Time history analysis. GAPPIPE can analyze piping systems with or without
nonlinear gapped supports subjected to time varying ground acceleration or
nodal forces. Force / acceleration time-history analyses are performed using the

O modal superposition approach.

The equivalent linearization analysis allows gapped supports that are preloaded at '

the onset of the dynamic loading. This situation can arise in the case of a gapped
support with one gap smaller than the maximum thermal expansion, so that the

O gapped support is preloaded in the " hot" condition. It can also arise in the case of
rod hangers preloaded by the deadweight of the pipe system or gapped supports
purposely installed in preloaded conditions.

This capability is available in a response spectrum analysis (with or without
0 independent support motion) and is also available in the nonlinear time history

analysis. A preloaded gapped support is activated in the analysis by the
specification of negative gap sizes.

Another option allows the user to specify a pipe position other than the " cold"
O position as the static equilibrium at the start of a response spectrum analysis. For

example, the user could request that the pipe position (and hence the relative left
and right gap sizes) be defined by thermal conditions.

5 :
;o !
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2.2 GAPPIPE ORGANIZATION

Analysis of a piping system typically consists of three phases: model generation,
analysis execution, and results processing. A flow diagram of these phases is
illustrated by Figure 2.1. A typical GAPPIPE input file structure is shown in
Figure 2.2.

In the first phase model data is read and system stiffness and mass matrices are 0;

formulated. A user generated input data file specifies the geometry of the piping
system via the nodal and element data definition. The mathematical calculations
performed by GAPPIPE during this phase are described subsequently.

The analysis execution phase depends on the type of analysis, indicated by the value i
of the NDYN parameter in the Master Control Specification. Static analyses (NDYN =
0) can be executed as a single analysis execution, which generates a single post-
processing file, or the multiple analysis feature can be used to solve several static
load cases in one execution, generating a separate post-processing file for each load
case. Dynamic analyses (NDYN = 1,2,3,5,6) can be run one at a time or in series a
with other static analyses using the multiple analysis option. The eigenvalue solution

,

(NDYN = 1) is calculated for any of the dynamic analysis options.

The final phase of a piping analysis is the processing of analysis results. GAPPIPE
generates a number of files after each execution: an output file, post-processing files, e
restart files, and various temporary files. ;

l
The output file is created for each GAPPIPE execution run. It contains the i.

model geometry, material properties, analysis options requested, and tabulated I
results. The amount of information in it is controlled by print control parameters ,|
in the input file.

The post-processing file contains all analysis results in a format which can be.

read by the post-processor, GAPPOST, or the plotting program, GAPPLOT.

9:The restart files are created for continuing an equivalent linearization analysis '.

(NDYN = 5,6) when it does not converge in the number of iterations specified
by the user. The program saves data from the iterations completed, and the
restart option resumes the solution where the previotts run left off, thus
eliminating the need to repeat iterations already completed.

9:.

GAPPIPE creates and uses a number of temporary files during each execution..

Most of these files are used intemally by the program and are discarded after
the execution; they contain no useful information for the user.

9
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The input data must be in a consistent set of units. Many of the default values are
based the English inches-pounds-seconds system of units and may not be appropriate

O or reasonable for other systems of units. Users should avoid using dafault values if
the piping model is defined by units other than the English inches-pounds-seconds
system.

O 2.3 FORMULATION OF ANALYSIS MODEL

The basic method of analysis used in GAPPIPE is the finite element stiffness method
,

in which the continuous piping system is approximated as an assembly of elements !

possessing stiffness but no mass connected at discrete nodes possessing mass but :
O no stiffness. The equilibrium equations representing the piping system can be written:

[M]{0} +[C]{0} + [K){ul = (R) (2-1)

9 where [M] is the mass matrix, [C] is the damping matrix, and [K] is the stiffness matrix .

of the element assemblage; the vectors {u}, {o}, {0} and {R} are vectors representing
the nodal displacements, velocities, accelerations and generalized loads, respectively.
These global matrices are formed by direct addition of the element matrices; for
example,

O
[K] = I [K]m (2-2)

where [K],,,is the stiffness matrix of element m. Although [K),is formally of the same
, order as [K], only those terms in [K], which pertain to element m are non-zero. Thus

:
global matrix operations can be performed by using the element matrices in compact |

form together with identification arrays which relate element to structural degrees of
freedom.

GAPPIPE uses a lumped mass analysis in which the structure mass is the sum of the* ;

individual element masses plus additional concentrated masses which are specified at i

selected degrees of freedom.
|

The calculation of the stiffness matrix and mass matrix is accomplished in three |
distinct phases:

1) The node data is read and interpreted by the program. In this phase the
equation numbers for the active degrees of freedom at each node are l

established.
>

l

D
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2) The element stiffness and mass matrices are calculated together with the
connectivity arrays. The arrays are stored in data files.

O'
3) The global pipe stiffness matrix and mass matrix are formed by addition of the

element matrices and stored in block form on tape.

The capacity of GAPPIPE is controlled by the number of nodes in the piping system.
For each node six boundary condition codes, three coordinates and the node 4
temperature are required. All node data is retained in high speed storage during the
formation of the element stiffness and mass matrices. Since the required high speed
storage for the element subroutines is relatively small, the minimum required storage
for a given problem must be sufficient to store a number of real'8 variables equal to
slightly more than ten times the number of nodes in the system. e-
The user should allow only those degrees of freedom that are compatible with the
elements connected to a node. GAPPIPE always deals with six possible degrees of
freedom at each node, and all non-active degrees of freedom should be deleted, so as
to decrease the order of the structure matrices. g

With the coordinates of all nodes known and the equation numbers of the degrees of
freedom established, the stiffness, mass and stress-displacement transformation
matrices for each structural element in the system are calculated.

The stiffness and mass matrices of the piping system are stored in blocks. The
number of equations per block depends on the available high speed storage and is
calculated by the program.

2.4 STATIC ANALYSES *

Static analyses involve the solution of the equilibrium equations:

[K]{ul = {R} (2-3) e

where (K] is the global stiffness matrix, {u} is the nodal displacement vector, and {R} is
the nodal load vector.

The solution of Eq. (2-1) is treated in many general textbooks on the finite element O

method as Reference [2]. The load vector {R} is assembled at the same time as the
structure stiffness matrix and mass matrix are formed. The solution of the equations
is obtained using a large capacity linear equation solver that uses the Gauss
elimination method. The algorithm performs a minimum number of operations; i.e.,
there are no operations with zero elements. In the program, the [L]'[D][L] *
decomposition of [K] is used, hence Eq. (2-3) can be written as:

8

4
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!O !
!

!

[L)T (vl - {R} (2-4)
{!.O

where !
|

|

{v) = [D][L){u } (2-5) }

and the solution for {v} in Eq,2-4 is obtained by a reduction of the load vectors. The
displacement vectors {u} are then calculated by a back-substitution.

.;

in the solution, the load vectors are reduced at the same time (K)is decomposed. In i

O: all operations it is necessary to have the required matrix elements in high-speed
storage. In the reduction, two blocks are in high speed storage (as is also the case in i
the formation of the stiffness matrix and mass matrix), specifically, the " leading block", |which finally stores the elements of [L] and [D), and in the succession those blocks

i
which are affected by the decomposition of the " leading" block.

.

The solution procedures described above are used to analyze static load case
consisting of any combination of the following load types: !

!
Thermal expansion-

.

Internal pressure
!

-

.O
Gravity loading (deadweight)

'
-

Support displacement !-

Extemally applied forces and moments-
>

,

O 2.5 DYNAMIC ANALYSES
!

All of the dynamic analyses start by solving the eigenvalue problem. The resulting f
mode shapes and natural frequencies can then be used in various response spectrum |
analyses, or in a time history analysis. !.O

.

!

2.5.1 EIGENVALUE SOLUTION

t

.O The generalized eigenvalue problem is given by the expression: '

i
2[K][4] = m [ M ]{4} (2-6)_ L

|

,

O
,

!
9
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where e and {4} are free vibration frequency and mode shape, respectively. The
mass matrix is diagonal with partly zero diagonal elements. GAPPIPE assumes that
only the p lowest eigenvalues and corresponding eigenvectors are needed. The
solution of Eq. (2-6) can therefore be written as: O

[K][$] = [M][$][m ) (2-7)
2

where #

[@] = [ {4}, {4}2 - {&}, 3 .

[m' ] is a diagonal matrix with the p lowest eigenvalues, and {4),, {4}2, ..., {4}, are
eigenvectors ortho-normalized with respect to the mass matrix. Two different solution # -

procedures are used in GAPPIPE, a determinant search and a subspace iteration
method. For analyses without linearization iterations, the determinant search solution
is carried out when the stiffness matrix can be contained in high-speed storage in one
block. For systems of large order and bandwidth or systems with gap supports, the
subspace iteration method is used. Both solution techniques solve the generalized e
eigenvalue problem directly without a transformation to the standard form [Ref. 3].

2.5.2 RESPONSE SPECTRUM ANALYSIS
.e

During seismic events, a piping system receives excitation through its supports.
Assuming the structure is uniformly subjected to a ground acceleration {0},, the {R(t}}
tenn in Eq. (2-7) becomes {0} and the equilibrium equations can be rewritten as:

[M]{0), + [C]{0}, + [K](u), -{M ]{0)g (2-8) #=

where

{0}, = {0} - {0},
,

The ground acceleration vector can be written as

(0), = {0},, + {0},, + {0},, (2-9)
e

where {0},,, {0},,, and {0},, are the ground accelerations in the x, y, and z directions,
respectively. Using the transformation:

{u} = [@]{x}
O

10

0
e
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i
O! i

!
where the columns of [$] are the p [M]-orthonormalized eigenvectors and {x} l

represents the generalized modal displacements, the equation for the response of
O- mode L is therefore:

|
!

r,+r,+r, (2-10) |x +2poex +ex -
t t t t t t t e

|
0- , here x is the generalized modal displacement of mode L; pt is the modal damping iw

t

ratio; and
|

-(4}[[M }{u(t)},, (2-11a) |
r,, =

-!
O '

r,, 44}[[M ]{u(t)},, (2-11b)=
,

i

i

44)[[M ]{u(t)},, - (2-11c)r,, =

O
.

..
.

-

Using the definition of the spectral displacement, the maximum absolute modal.
:

displacements of the structure subjected to an acceleration in the x direction are:

{u }t - {4}t(|{$}t[M]{r},l)S ,(e ) WhI _

(""")
O o t

.

.

!

where S,, is the spectral displacement in the x direction corresponding to the
frequency e and {r},. Referred to as the influence vector, {r}, is a null vector except -t :
that those elements are equal to one which correspond to the translational degrees of '

O
freedom in the x direction. Similarly, for the responses due to ground accelerations in

,the y and z-directions:
|
|

(u }ty = {4}t ( |{4}t[M]{r}, |}S,,(e ) PMM !
('"*")

t

.O_ .

,

- {u }t7**) = {4}t ( |{4}t[M]{r}, |} S,,(e ) (2-12c) 5(
t

;

in a similar fashion as used in the calculation of modal displacement, modal j
'O- accelerations for all degrees of freedom can be calculated. The only difference is that i

the spectral accelerations are used. The spectral accelerations and displacements for {.

mode L are related by the expression: >

;

i

;O; S.i(e ) = mbS (e ) (2-13)| ft oi t

.. i
L :

.. |
:

. 11 i
:0.. i

!
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e

where

i = x, y, z
L = 1 , 2 , .., n. O

and S,, S , and e are the spectral acceleration, displacement and modal frequency,o

respectively.

O
After the modal displacements have been estimated, the modal forces or moments for
each element are then estimated by multiplying the element's stiffness matrix by the
modal displacements of the nodes associated with that element.

The total maximum response of mode L is obtained by combining the responses due e
to the three directional components of excitation. Then the modal responses from all
modes are combined to obtain the total response. The modal combination methods
used by GAPPIPE comply with Regulatory Guide 1.92 issued by the United States
Nuclear Regulatory Commission (USNRC).

O
in GAPPIPE, the directional (or spatial) combination is performed first by either the
absolute sum (ABS) method:

|R ,| + | Rey | + |Ru| (2-14)R =
t t

9

or the square root of the sum-of-the-squares (SRSS) method:

/R 2 +R2 +R2 (2-15)R =
t u ty u

where R , R , and R are the maximum values of the response of interest due tou ty u
the three directional excitation components of mode L.

*After directional combination, GAPPlPE combines the modal responses by one of four
methods outlined in NRC Reg. Guide 1.92 [Ref. 4]:

ABS method-

SRSS method-

10% method 8+

Grouping method-

e^

12
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The SRSS method is applicable to systems without closely spaced modes. For
systems with closely spaced modes, either the 10% method or the grouping method

O should be used to combine modal results. This is because the responses of two
closely spaced modes tend to be statistically related to each other, i.e., they are likely

'

to occur at the same time or in the same vicinity of time. Therefore, the SRSS
method may give non-conservative results. According to the regulatory guide, two
modes are closely spaced if their modal frequencies differ from each other by 10% or

O less of the lower frequency.

2.5.3 EQUIVALENT LINEARIZATION ANALYSIS

A new method implemented in GAPPIPE to analyze piping systems supported by
O Limit Stops is based on the equivalent linearization technique. The concepts of

linearization for non-linear dynamic systems are well documented (Ref. 5,6,7). The
basic idea of equivalent linearization is to determine a linearized system which is
" equivalent" to the actual non-linear system. Equivalence may be defined in various
ways and is usually defined in terms of the minimization of some measure of the

O difference between the linearized and actual systems for an assumed class (or
pattern) of response. For a piping system with non-linear supports (e.g., Limit Stops),
the method provides a set of linearized support stiffness which may be used to model
the non-linear supports in order to obtain a solution for the system response. These
linearized stiffnesses will have properties which depend upon the response itself.

g Therefore, an iterative procedure is generally required to obtain the response.

Strictly speaking, non-linear systems do not generally possess natural modes of
vibration as do linear systems. However, it has been observed that most lightly
damped non-linear systems display a similar response character to linear systems in

, that the frequency spectrum of the response exhibits a series of distinct peaks or
" modes." In such cases, the concept of uncoupling the response into different mode- )
like components is still very useful. This approach has been used successfully for
rigid multi-degree-of-freedom (MDOF) systems with gapped supports (Ref. 5) and is
applied herein to the case of piping systems.

*
Based on time history analysis and actual tests of piping systems with gapped
supports subjected to earthquake type excitations (Ref. 8,9,10), it is observed that
the response is strongly narrow-bound in nature. In other words, there are only a few
predominant frequencies in the response associated with mode-like components and
the motion in each of these modes tends to be nearly harmonic with a randomly* ;

modulated amplitude. This observation motivates the special form of linearization |

which is employed in the computer program GAPPIPE.
i

Specifically the following assumptions are made:

# The system response may be uncoupled into mode-like components which may.

be analyzed separately.

13
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l

! The response in a particular " mode" is quasi-harmonic (sine wave-like) with a*

| slowly varying random amplitude and phase. Hence, the response in a
L particular mode resembles a pure trigonometric function over any one cycle of , ':

| oscillation.

2.5.3.1 LINEARIZED STIFFNESS FOR SYMMETRIC GAPPED
SUPPORTS
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2.6.3.3 LINEARIZATION SOLUTION PROCEDURE

Because the equivalent linearized stiffness is response dependent, an iterative
procedure is required to obtain the solution. The iterative procedure is illustrated byO the flow chart in Figure 2.4. In the figure, [K] is the global stiffness matrix of the
piping system excluding the gap supports. [Kun ] is the gap support stiffness matrix.
"b"is the convergence factor determining the amount of change in [Kuu ] between the |
two iterations. l

.

O in general, the procedure begins by assuming that all linearized stiffnesses are zero
as if the gap supports are not present. The pipe displacement responses at gap loca-' |
tions are then calculated using the conventional response spectrum method. Based on |

these responses, a new set of linearized stiffnesses are calculated using the linearized ;

procedure described above. With this new set of linearized stiffnesses added to the |

|O - piping system, the response spectrum analysis procedure repeats. The iteration -|

l continues until the differences between the assumed and calculated linearized |

stiffness for each gap is within a prescribed tolerance, E.

Other than the iteration flow chart, Figure 2.4 also illustrates that the converged pipe j
$ response is that associated with the cross point of two K vs. pipe displacement '

un
curves. One of the curves is the predicted K -curve, and the other is the_ calculatedun
K -curve. Note that the pipe displacement represented by the horizontal axis isuu;

l' evaluated in the gapped support direction. Around the neighborhood of the solution, =
the response is inversely proportional, as indicated by the predicted K -curve to the

_ uno value of the predicted linearized stiffness used in the calculation. However, based on
j the linearization theory, the calculated linearized stiffness, as indicated by the

calculated K -curve, increases as the response does. In the process of iternation,us
the two K values approach the cross point simultaneously along the two curves.un
When they reach within the small area representing the allowed tolerance, the

g linearization solution is achieved.

The step-by-step linearization iteration procedure is:

1) Assume a null [Kun l-
y 2) Add [Kun ] to [K).

3) Perform the response spectrum analysis to determine the maximum
displacement amplitudes at gaps.

19

O

_ - _ _ _ _ _ _ - _ _ _ .



--

I

C|

4) Use the maximum displacement amplitudes to calculate a new [K,].
5) Compare the old and new [Km ]'s to see if the difference is within the

prescribed tolerance for every gap. If all differences are within the tolerances, 9)
the solution is converged.

6) If the tolerance is exceeded by at least one gap, a new updated [Km ] is ;

calculated for use in the next iteration. !
!

7) Go to Step 2 and repeat.
O

The whole solution process is a repetition of the response spectrum analysis
procedure. The nonlinearity is embedded in the linearization procedure and the ;

iinteraction between gap supports is inherently accounted for through the iterative
solution. )

2.5.4 INDEPENDENT SUPPORT MOTION (ISM)

Piping systems of nuclear power plants are attached to buildings and other types of
structures (e.g., equipment) by means of supports. The preceding section presented
the response spectrum analysis method using uniform spectrum input for cases in ,
which all support points were assumed to be moving in-phase with the same
instantaneous acceleration level.

It may be shown that the piping response calculated using uniform support response
spectra, which envelopes the response spectra of all supports, is overly conservative ,
in some instances. This is because the building response spectra at various pipe
support points can vary considerably depending on the elevation and structure to
which the pipe support is attached. Thus using the maximum spectra at all support
points exaggerates the input excitation.

'Analysis using multiple support excitations allows the smaller excitations at some
supports to be accurately modeled, and thus removes some excess conservatism.
GAPPIPE allows ISM excitation for systems with linear or gapped supports. The
theoretical background of the ISM methodology is presented in this section.

Si

2.5.4.1 DYNAMIC RESPONSE |
|

The degrees of freedom in a piping system can be divided into two groups,
constrained and unconstrained, and the equations of motion can be expressed as

I

9:
I
|

1

I
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M M, 'C C, ~K K,
~

,, , y
i 0

8 ' (2-32).. .

M ,' M ,,, V" C ,' C,,, V', K,' K,,, V,, 0,

where {V|'(t)} , {V|(t)} and {V,(t)} are the total accelerations, velocities and -

disp'lacements, respectively, of the unconstrained degrees of freedom. The terms
3 {V, (t)} , {V'(t)} and {V,(t)} are the prescribed input motions at the constrained

degrees of freedom; the terms [M], [C], and [K] are the mass, damping and stiffness
matrices, respectively, associated with the unconstrained degrees of freedom, while

,

[M,,], [C,,], and [K,,) are the similar matrices associated with the constrained
degrees of freedom. [M,], [C,], and [K,) are the mass, damping and stiffness !

9 coupling vectors between the unconstrained and constrained degrees of freedom. "T"
denotes the matrix transpose operation.

When the upper portion of Eq. (2-32) is rearranged by moving the prescribed forces to
the right hand side, the equation of motion, in terms of total displacements, becomes:

3-

[M]{V|'(t)} [C]{V|(t)} + [K]{V,(t)}+ = ,

(2-33)

- [M,] { V"(t)} - [C,]{V'(t)} - [K,]{V,(t)}
g .

The total displacements may be expressed as the sum of the dynamic relative
displacements {V, ( t )} and the pseudostatic displacements {V, ( t )} that would result
from static support displacements; i.e.,

3
{V,(t)} = {V,(t)} + {V,(t)} (2-34)

,

By omitting the inertia and damping terms in Eq. (2-33), the pseudostatic displacement
can be solved from the following pseudostatic equilibrium equation:

[K] {V,(t)} = -{K,] {V,(t)} (2-35)

it may be solved for the pseudostatic displacements as follows !
,

J ;

{V,(t)} = [r]{V,(t}} (2-36)

where the matrix [r] is composed of the pseudostatic influence vectors defined by

i

.
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C

[r] = -{ K ]- [ K,] (2-37)
O

If the number of the constrained degrees of freedom is L, the vector {V, ( t )} is a set
of L input motions:

> (2-38){V,(t)} = < V, ,, V,, V, ,3 V,,o ,

where the symbol < > denotes a row vector. The corresponding influence vectors
form the matrix [r] as follows:

C'
[r] = [ {r}, {r}, {r}3 {r}t ] (2-39)

Substituting Eqs. (2-34) and i 36) into Eq. (2-33) leads to the following equation of
motion in terms of dynamic rotative displacements ,

[M]{V"(t)} + [C]{V'(t)} [K] {V,(t)}+ =

(2-40)

[C,) ) {V' (t)}- ( [M][r] + [M,) ) {V"(t)} - ((C)[r] + ,

where the {V,(t)} term does not appear because [K) [r] + [K,] = 0 from Eq. (2-37). !

For small damping, the above equation can be further simplified by setting [C] {r} + l

[C,] = 0. |*j
That the lumped mass matrix is used in GAPPIPE implies [M,] = 0. Equation (2-40)
then becomes:

-{ M] [r] {V"(t)} (2-41) g;[M]{V"(t)} + [C){V'(t)} [K] {V,(t)}+ =

The dynamic relative displacement can be expressed as the linear combination of the
mode shapes {4},,

O

b {4}, Y,(t) (2-42){V,(t)} =

n .i

where N is the number of unconstrained degrees of freedom.
9
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Equation (2-41) can be uncoupled into N independent equations using the
orthogonality properties of {4},, j

O
,

Y','(t) 2 p,, m,, Y,',(t) _ m,, Y,,( t ) -< P >,, {V"(t)}+ + =

(2-43) ;

for n = 1, 2, . , N i

O
where p,, and m,, are the damping ratio and modal frequency, respectively, of the n*
mode. <P>,,is the vector of participation factors for the n* mode defined as 4

i

" < P"1 Pn2 Pn3 - P,,o >O "

{$}![M][r] (2-44) .
,

{$}} [M] {4},, !

'O
Let hs (t) be the solution of the following differential equation {

-{V" 1 (t)} (2-45)h"(t) + 2 p,, m,, h'(t) e,, h (t)+ =

The solution of Eq. (2-43) becomes ,

O

N -|

Y,,(t) - E p,,,h ,(t) (2-46) |
t ai !

l

O and the dynamic relative displacements are
?

:
N f L T

|

{V,} = E {4},, E p,,, h,,, (2-47) j!
n =1 g l et j

O .;
,

2.5.4.2 PSEUDOSTATIC INFLUENCE VECTORS
i
E

Since the mode shapes {4},, are a set of N orthogonal Nx1 vectors, the influence
0 vector {r}, can be expressed as the linear ombination of the mode shape vectors as

follows: '

q
|-

O

.|
'

_
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9

:

N I

E {4}, s,, (2-48)
$

{ r}, =

n ei

Multiplying both sides of the above equation by {4}!,[M] and applying the
orthogonality property,

{4}'m [M] {4}, 0 for m e n (2-49)=

s can be found as *

oi

A
{4}![M]{r}, "'

p,, (2-50)s, = s
o

{4}![M]{4}, ;

and the influence vectors become -

g
.

N N !

E {4}, p , or [r] E {4}, < p >, (2-51) |{ r}, = =

n .1 . .i

'Substituting Eq. (2-37) into Eq. (2-51) yields

f N
. h'

-{K) E {4}, < P >, (2-52)[K,] =

i a -5 s

Multiplying both sides of Eq. (2-52) by {4}, and applying the orthogonality relation of i
mode shapes with respect to [K] gives the participation factors by the following equa - j
tion: !

I9,

{$} [K,]<p>" (2-53).
*co {4}![M]{4}, j

i

,

- Using Eq. (2-53) to calculate the participation factors requires 'no influence vectors, [r). Si
. Thus, expensive inversion of the stiffness matrix [K] as indicated in Eq. (2-44) is !
avoided. ;

i

!

5

!
!
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It should be noted that N is the number of unconstrained degrees of freedom and {$},
used in Eq. (2-51)is the complete set of modes. In the dynamic analysis by mode

J superposition, only a limited number of modes, say J modes (J s N), are considered to
save computation time.

2.5.4.3 GROUPED SUPPORT INPUT
-

2)

All constrained degrees of freedom 'with input motions may be grouped into I groups.
Each group has three input components in three orthogonal directions. Thus the
excitation to which the piping system is subjected may be defined by vector {U, (t)}
consisting of 31 acceleration input components as follows:

J

{U"(t)} T<u",, u"12 u"3 3 u"n u"i2 u ",3 > (2-54)=

where u",iu (t) represents the l'" support group in the k'" direction. The input motion
~; of each one of the L constrained degrees of freedom can be proportiona! to a partic-~

ular input component in one of the I groups by the following relationship:

{V"(t)} [B]{U"(t)} (2-55)=

where [8] is the L x 31 transformation matrix.

The influence vectors [ r ] and the participation factors <E>, corresponding to
{U"(t)} are

8 [r] [r][B] = -[ K]~' [ K,] [ B ] (2-56)=

and

_
< E >, = < P >, [ B ] (2-57)

J

where < P >, is a 1 x 31 row vector of the participation factors of the n mode; i. e.,th

<5> " < Enis Eni: Pasa Pnn Pni2 Enis > (2-58)n,

If q,3 (t) is the solution of the following equation,

q"(t) -u" (t) (2-59)2 poco,q'(t) co q(t)+ + =
n ,

the dynamic displacement in Eq. (2-47) becomes

25
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N 3 1

{V, (t)} = E {4}, E E p,a q,a(t) (2-60)
n =1 k111 O

For an independent support input component u"i,(t), its spectral displacement is
defined as

O.

max (q,m(t)) (2-61)S ,n(co,, p,,) =
o

,

By the response spectrum method, the maximum response of {V (t)} can be
calculated from the following equation - g;

max {V,(t)} C, {4}, C, C, p,,, S ,,, @,, p, ) PC)=
o

n =1 k1 1-1

S
where C., C , and C, denote the modal, directional, and group combinations,
respectively. Section 2.3.2 gives methods available in GAPPIPE for the directional
and modal combinations. For combination between support groups in the ISM
analysis, GAPPIPE supports the Absolute Sum and the SRSS methods.

*2.5.5 RESIDUAL MODES (MISSING MASS)

Generally, it is impractical to include all modes in the modal analysis of piping
systems. To save computation time, the high modes are excluded from the modal
response analysis. This truncation is justified because the higher modes in general
have small or negligible contributions to the total response. However, although the g!
omission of higher modes may have negligible effects on the response of unsupported
piping spans, the effects on the support loads and loads on the in-line components

,

'

may be significant.

This is because the pipe mass near a support is not effectively excited in the lower *

modes due to the constraint by the support, which is typically modeled as a stiff spring j
in the piping model. This fact is seen as a small mode shape displacement in lower j
modes for nodes near a support spring. Large mode shape displacements for pipe

|nodes near supports are seen only in higher modes. '

O

Higher mode contribution thus must be accounted for in the calculation of support
loads. The method used by GAPPIPE for the estimation of higher mode contributions
to the response is presented in the following paragraphs.

S i
!

)
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The influence vector {r) may be expressed in terms of mode shapes as:
'

O'
, ,

{ yt{ 4}, (2-63)
'

{r} - '

L =4

,

where N is the total number of modes. Each entry of {r} is the displacement in its '

O. corresponding degree of freedom due to a unit displacement in the excitation direction.
For the case of uniform support excitation, the entry is either 1 or 0' depending on
whether or not the direction of the corresponding degree of freedom is the same as
that of the excitation. {4}t is the mode shape of mode L, normalized with respect to .!
the mass matrix [M], i.e.,: '

O

{4}[[M]{4}, (2-64)S =y

and

0
1 when 1-j0 "

4 0 when i x j

O in the above equation, the orthogonal property with respect to the stiffness matrix is .
:also implied. The proof of the orthogonality may be found in text books on numerical

methods. Defining the expression:
;

pt -(4}[[M]{r} (2-65)

;
as the participation factor of mode L because it represents the participation of piping
mass in that mode's vibration response and then, using the orthonormal property of ;

mode shapes given by Eq. (2-64), it can be determined that

0; '

Yo pt (2-66)
'-

-r

Substituting into Eq. (2-63), i

O.
,

{r} = { pt { 4}t (2-67)
L si

i

O'
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Due to truncation of higher modes, |
|

e
fr} - yt{ 4}t {0} for n < N (2-68)=

where n is the number of modes included in the analysis. The non-zero difference
depicted by Eq. (2-68) implies that some of the piping mass is not accounted for in the 8:
calculation. Therefore, the missing nodal masses due to the higher mode truncation
may be expressed as follows:

{m),,yn, (M]({rl - pt { 4}t ) (2-69) #-=

The higher mode responses have negligible amplification and are usually in-phase.
Therefore, the maximum inertia forces, {f}, generated by these missing nodal masses
can be estimated by multiplying them by the peak input acceleration, i.e., the zero e
period acceleration, a ,, of the input response spectrum, as follows:2p

ffl = (m }g,,,, aZPA

e
It is noted that the missing nodal masses have signs. In fact, some nodes are gaining
mass rather than losing due to higher mode truncation. It is also noted that {r} is
different for the three excitation directions. In dynamic analysis of seismic responses,
the earthquake excitation information is generally supplied in three components.
Therefore, there are three sets of nodal loads, one set for each excitation component. y
A separate static analysis of three load cases, i.e., one for each excitation component,
yields the contribution from the truncated higher modes.

To obtain the total loads, the results from the static analysis, which account for the
contribution from the truncated higher modes, are combined with those from the re-
sponse spectrum analysis, which account for the contribution from the lower modes. ,

The absolute sum method is used to com' ine the results.o

The program calculates {f} for every dynamic analysis. The user can include the
missing mass effect with a one line command using the multiple analysis option or use
the output missing mass loads as the input to a separate static analysis and then 8,

combine the results using the post-processor.

The missing mass correction for an ISM analysis is exactly the same as above except
that the a , used is the envelope of the ZPA's of all the independent support inputs.zp

9,:

I
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2.5.6. TIME HISTORY ANALYSIS

O
The constraint of gap supports makes the dynamic response of a piping system
nonlinear. However, since these constraints are limited in number and discretely
located, the time history analysis of linear piping systems including these nonlinearities
can be carried out using a modified linear method, namely, the pseudo-force method.
The psuedo-force method treats non-linearities as response-dependent forcing

O functions acting on the linear piping system.

The equation of motion for the piping system with gap supports can be expressed as: '

O [M]{0} + [C]{0} + [K){u} = {p} - {F} (2-71)

where {0}, {0}, and {u} are the acceleration, velocity and displacement vectors of the
piping degrees of freedom. [M], [C] and [K] are the mass, damping and stiffness
matrices of the linear piping system. {F} is the force vector generated by the gap '

O supports. {p} is the loading vector. If the system is subjected to ground motion {0,},
the loading vector can be expressed as:

,

{p} -{ M][r]{0,} (2-72) !
=

O .

If the system has n gap supports, let g, k, and c; be the gap size, stiffness andj
damping, respectively of gap support J. The force along gap support J, f is defined as:j

,

O for d s giO j
(2-73) :f ,

I K for d > g :. j (d - g ) + c, dj j j j j

where d and d are the displacement and velocity along gap supportJ. If q is the forcej j

O ve tor along the gap support, which is an n x 1 vector, the force vector along the
piping degrees of freedom, {F), can be found as:

.

{F} = [S]{f} (2-74)

:O
where [s]is a transformation matrix defined by the direction cosines of each gap
support. The displacement vectors along the gap supports, {d}, can be calculated |from the expression: '

,

O
,

29
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,

;
,

{d} [S]T{ul (2-75)=

el
Let e, and {4}, be the modal frequency and mode shape of mode i of the linear piping - ;

system without the constraint of gap supports. By modal superposition, the piping j
deformation {u} can be expressed as:

)
i

i Om

( {u} { { 4}, y, (2-76) |
=

w
|
1

|' if m modes are considered. If the mode shape, {4},, has been normalized such that
{4}[[M]{$}, = 1, Eq. (2-71) may be decoupled into m independent equations as: 6-

9, + 2 p,m, , + ef y, = a, - S , (2-77)

e
; where p,is the damping ratio of mode 1. a, and 6, are defined as:

a, = {4}[{p} (2-78)|

e;'

S, = {$}[{F} (2-79)

Since the load vector, {F}, is a function of {0} and {u}, 6, will be a function of , and y. '!Thus, Eq. (2-77) becomes nonlinear and cannot be directly solved. Through the pseu-
do-force method, Eq. (2-77) is solved by the following procedure:

1) Solve the following equation for each mode:

el
9,") + 2 p,m, 40) + ef yi a, , i = 1, 2, ..., m (2-80) j0) =

i

2) Based on ,0) and y,('),. calculate the deformation along each gap support and ;

check if the gap is closed.
1

e:

i

-1

ej

:
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!
3) If none of the gaps is closed, then, I

I
O 9, = 9|" '

!9,'= /4

Ys = Y!"
O-

and,

6, = 0

.g and Eq. (2-77) becomes a linear equation. Go to step (1) to solve the next
time step.

4) If some gaps are closed, calculate S, and solve the following equation:

.O p/2) + 2 py,9/2) + e,2 yy2) -6, , i = 1, 2, , m (2-81)=

5) The final solution is

'= !" + I|O

9, = /4 + /23 ;

y, = y/0 + y,m :

O The procedure is repeated for the next time step. !

2.6 ANALYSIS OF SEISMIC ANCHOR MOVEMENTS

There are two approaches in the response spectrum method of analysis. The~firstO approach assumes, for each excitation component, that the anchor nodes of all
,

-

. supports move in-phase as defined by a single spectrum enveloping the input spectra :
at all anchor nodes. The other approach is a multiple spectra method that uses ;
different enveloped spectra for different groups of anchor nodes.

;O in 'both approaches, the calculated results only account for the inertia effect due to the i
in-phase displacements. The effect due to the out-of-phase, differential seismic anchor

]movements (SAM) is.not included in the analysis. Although SAM happens
,

dynamically, the effect can be approximated using a separate static analysis.
]

'O I

!
l
!
1
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There are three assumptions regarding the calculation of the effect of anchor
movements:

9
1) Anchor nodes are divided into groups depending upon their elevations.

2) Anchor nodes belonging to the same group move in-phase in each of the three
global directions.

9
3) When the anchor nodes in one group move, the anchor nodes in all other

groups remain stationary.

GAPPIPE reads the SAM dispiccaments and converts them into equivalent nodal
loads. According to the assumptions stated above, the in-chase movements of the 9;
anchor nodes of a group in each g|00al direction are analyzed as a separate static
load case. Therefore, the number of load cases equals three times the number of
groups.

The equivalent nodal load calculation is based on the fact that the effect of an anchor gj
node displacement on the attached pipe is the same as that of applying to the pipe a '

nodalload equal to the anchor displacement multiplied by the support stiffness.

The results from allload cases are then combined using one of the following possible
combination choices:

,

Direction Group
(1) ABS ABS
(2) ABS SRSS
(3) SRSS ABS
(4) SRSS SRSS #!

where ABS and SRSS denote the absolute sum and the square root of the sum-of-
the-squares methods, respectively. The directional combination is performed prior to
the group combination.

9L

2.7 CALCULATION OF IMPACT FORCES
,

The reaction force at a gapped support can be determined simply by multiplying the
gap stiffness, K,, to the calculated pipe displacement beyond the gap size. #:.

On the convergence of a GAPPIPE linearization analysis, the global piping responses,
such as displacement and bending moments, can be calculated accurately in the
context of response spectrum analysis methodology. But it is recognized that, since
the stiffness K, of a gapped support is generally much higher than the pipe global #!
stiffness, K,, the conservatism inherent in the response spectrum analysis may lead

32
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to a large variance in the magnitude of the calculated impact force. To minimize this
variance, an improved method has been developed for the calculation of impact forces

O for the gapped supports.

O

O

O
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3.0 VERIFICATION OF GAPPIPE

The purpose of the effort presented in this section is to verify the adequacy of the
O computer program GAPPIPE for use in the dynamic analysis and design of nuclear piping

systems. The verification effort consists of four independent sources of comparison:

1. Comparison with the NRC benchmark problems described in NUREG/CR-1677,
Volumes I and 11 [Ref.12,13],

O
2. Correlation with laboratory shake table test data [Ref.14] and the ANSYS

computer program [Ref.15],

3. Correlation with the in-situ HDR Experimental Tests [Ref.16],
O

4. Comparison with literature analytical results [Ref.17,18].

The comparison using the NRC benchmark solutions is a mandatory verification
procedure specified in Section 3.9.1 of the NUREG-0800 Standard Review Plan to meet

O the requirements of 10CFR Part 50, Appendix B and GDC 1. This comparison of the
NRC benchmark solutions with GAPPIPE results is intended to validate the linear
response spectrum analysis option and the associated programming structure and logic
of GAPPIPE. These include the validation of element formulation, solution algorithms,
eigensolution techniques, modal combination methods, and element load and stress

I ulations.O

The second source of verification is to use the shake table test data which were obtained
by RLCA as part of the GAPPIPE research and development effort. The intent is to
validate the equivalent linearization analysis option of GAPPIPE by correlating the
GAPPIPE sclutions with actual test measurements. An alternate comparison is also -

O
made with nonlinear time history solutions calculated using the ANSYS computer
program. This comparison shows the accuracy of GAPPIPE solutions, which are based
on the response spectrum technique, relative to the ANSYS nonlinear time history results
which are generally considered as " exact" analytical solutions.

O The third verification source is the in-situ HDR experiment sponsored in part by the U.S.
Nuclear Regulatory Commission Office of Research. In-situ pip!ng and equipment i

dynamic responses due to seismic-like excitations were recorded for teoth snubber and
,

gapped support piping designs. The verification performed here compares the GAPPIPE l

results with the recorded test data. The intent is to show that the analytical solutions of I
O gapped support piping system designs obtained by the GAPPIPE equivalent linearization {

method are valid design solutions and are comparable to the current industry piping 1

analysis of snubber support system designs. This verification source supplements the
preceding efforts in that the HDR test data are realistic in-situ responses of actual
hardware and physical conditions. Furthermore, identical tests were performed for

;

O- snubber and gapped support system designs.
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The last source of comparison is the use of analytical results published in the literature.
Two examples are used. One is reported and documented in the STARDYNE Verification
Manual [Ref.17], and the other is taken from an ASME technical paper by Molnar, et al
[Ref.18]. The intent of the comparison is to verify the time history analysis option of O.'

GAPPIPE.

In the following subsections, the description and results of each of these four sources of
comparison are discussed and summarized.

9:

3.1 COMPARISON WITH NRC BENCHMARK PROBLEMS

A total of eleven Benchmark Problems are provided in NUREG/CR-1677, Volumes I and
|| [Ref.12,13] for the purposes of verifying the adequacy of any computer programs used S|
for dynamic analysis and design of nuclear piping systems. There are seven problems
in Volume i for analysis using the Uniform Support Motion Response Spectra method,
which will be referred to as the UNI Benchmark problems from here on. In Volume 11,
there are four problems for analysis using Independent Support Motion Response Spectra
Method, which will be referred to as the ISM Benchmark problems from here on. Si

For the UNI Benchmark problems, the seven problems range from simple to complex
configurations which are assumed to experience linear elastic behavior. The solutions
provided include: (1) frequencies, (2) modal participation factors, (3) nodal displacements, '

and (4) element stresses. The solutions were determined by application of Uniform ,;
Support Motion Response Spectrum Method of seismic analysis, based on interspatial >

combination (SRSS) and then intermodal combination (GROUPING) described in i

Regulatory Guide 1.92, Rev.1, February 1976. For Problem Nos. 2,4,6 and 7, alternate
solutions based on performing intermodal first and then followed by interspatial.

,

combinations are also provided in NUREG/CR-1677, Volume 1. For verification of' g
GAPPIPE, only solutions based on performing the interspatial combination first and then
intermodal combinations are used for comparison.

For the ISM Benchmark problems, the four problems include a simple two anctior
problem, a simple three branch problem, and two large problems simulating piping from

,.
actual nuclear power plants. The dynamic loadings applied to the four problems are '

represented by distinct sets of support excitation spectra assumed to be induced by
,

non-uniform excitation in the three spatial directions. |

The GAPPIPE solutions that were compared to the NUREG/CR-1677 solutions include:
(1) predicted natural frequencies, (2) modal participation factors, (3) nodal displacements, #I
and (4) element stresses. For each problem, three sets of solutions from different
combinations are presented; the different combinations are: (1) enveloped spectra
excitation, (2) independent support excitation with SRSS combination between support
group contributions, and (3) independent support excitation with ABSOLUTE combination

,

between support group contributions. Si
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In all solutions, the combination over group contributions was performed first, followed by
SRSS interspatial combination, followed by SRSS intermodal combination without the
consideration of closely spaced frequencies (which is consistent with present NRC

.O guidelines). For purposes of GAPPIPE verification, the solutions from independent
support excitation with ABSOLUTE combinations are used in the comparison between
GAPPIPE and the NRC Benchmark solutions.

O 3.1.1 PROCEDURE USED FOR VERIFICATION

The procedure used for verification of the linear portion of GAPPIPE program is as
follows: (1) model all eleven Benchmark Problems by using GAPPIPE with all

. parameters identical in NUREG/CR-1677, Vol. I and ll, (2) a fictitious gap with a very
O large gap size is added to each problem, with the intent of verifying the program

subroutines involving gapped supports in the GAPPIPE program. Since the large gap
does not close upon loading, it will not affect the results of the original problem, (3) run
all eleven problems and tabulate the results, (4) compare the results from GAPPIPE to
the results in NUREG/CR-1677, Vol. I and 11.

O

3.1.2 UNIFORM SUPPORT MOTION BENCHMARK PROBLEMS
'UNI Benchmark Problem No.1

O
The modelis a simple, three-dimensional piping bend made up of straight and bent pipe
elements between two fixed anchors (Figure 3.1).

UNI Benchmark Problem No. 2 >

O !

The model is a multi-branched configuration resembling a fourlegged platform consisting
of all straight pipe elements (Figure 3.2). The problem has symmetric and antisymmetric
modes which allow for quick check on the symmetry of the deformation of the model.

O UNI Benchmark Problem No. 3

This problem is primarily an extended version of the first Benchmark Problem No.1
(Figure 3.3) with several anchors and a branch connection. It also includes intermediate
spring supports, used to simulate hangers and snubbers, and a flexible anchor.

7

O
For this Benchmark Problem, the results presented in NUREG/CR-1677, Vol. I were
determined to be in error from page 84 to page 111 [Ref.19]. The correct results of
natural frequencies and modal participation factors have subsequently been prepared by
the authors of NUREG/CR-1677 and presented as Problem No. 2 in NUREG/CR-1677,
V l. II. The corrected results of this problem are used in the comparisons..O
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UNI Benchmark Problem No. 4

This model simulates the primary system of a hypothetical two loop reactor plant (Figure
3.4). It consists of an elastically supported reactor vessel, two steam generators, and #
four primary pumps connected by three and four foot diameter piping. The reactor, steam
generators, and pumps were modelled with massless pipe elements dimensioned to
simulate the stiffness of these components. This modelis very significant because it
incorporates most of the features found in true piping systems in a realistic configuration.

O
UNI Benchmark Problem No. 5

This model is an in-line system between two fixed anchors (Figure 3.5). This problem,
which was taken from actual nuclear power plant piping systems, has two unique
features: one feature is a transition between two materials, and the other feature is the ;
inclusion of valves which were modelled with thick walled, stiffened piping elements by
increasing the modulus of elasticity of valve elements by a factor of three. The method
of modelling valves is similar to present industry practice.

UNI Benchmark Problem No. 6 g

The model is primarily one large sweeping bend between two fixed points (Figure 3.6).
This problem was also derived from an actual piping system which has a unique and
continuous curve geometry.

UNI Benchmark Problem No. 7 O

The model is a multi-branched structure which contains four anchor points (Figure 3.7).
This problem, also derived from an actual piping system, is the largest Benchmark
Problem, and thus permits checking of most analysis features including multiple branches,
multiple anchors, intermediate supports and hangers, valves and multiple excitation. *

3.1.3 INDEPENDENT SUPPORT MOTION BENCHMARK PROBLEMS

ISM Benchmark Problem No.1 O

The first ISM Benchmark Problem simulates a 3-1/2 inch diameter water line running
between two elevations. It represents a simple configuration joining the anchors and has
numerous intermediate supports (Figure 3.8). The excitation consists of two individual
single direction spectra corresponding to the two elevations. #

ISM Benchmark Problem No. 2

The second ISM Benchmark Problem is a three branch configuration originally used as
a Benchmark for the Uniform Support Motion analysis method (UNI Benchmark Problem #
No. 3). The support elements are divided into excitation spectra sets (Figure 3.9). The

40
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O

four excitation spectra correspond to actual spectra developed for a real reactor structure
and show variations with elevation.

O ISM Benchmark Problem No. 3

The third ISM Benchmark Problem is a two anchor configuration simulating safety
injodion piping in a nuclear power plant. It is comprised of 12-inch diameter Schedule
40 stair.'ess steel pipe between two elevations (Figure 3.10). The input excitation consists

O of four st.ectra sets; the vertical components of excitation varying from set to set while
the horizor.tal components of excitation are identical for all sets.

! ISM Benchmark Problem No. 4

,o The fourth ISM Benchmark Problem is a three branch, three anchor piping subsystem
from an actual nuclear power plant. It contains numerous section changes and complex

i geometry associated with real systems (Figure 3.11). The input excitation consists of four
distinct excitation spectra sets developed for the actual system and show variations for
elevations. This problem represents a benchmark having the size and diversity to fully

O exercise proposed analysis methods.

I

3.1.4 SUMMARY OF COMPARISON

O The comparisons between GAPPIPE and NUREG/CR-1677, Vol. I and 11, provide the
following conclusions:

(a) Natural Frequencies

g The results between GAPPlPE and NUREGICR-1677 are identical for all
eleven problems.

| (b) Modal Participation Factors

For all major modes in all eleven problems, the results from GAPPIPE areO
nearly identical to NUREG/CR-1677; for minor modes. there are some larger '

differences, but the differences are due to the use of different computer
hardware. The original NUREG/CR-1677 problems were run on a CDC-7600
machine which is a 64-bit machine, whereas the GAPPIPE problems were run i

on a VAX-11/750, which is a 32-bit machine. This produces differences when |
d,.

dealing with small numbers as in the 4 cases of minor modal participation
factors. Also, the round-off error has contributed somewhat to the percentage i

'differences. Overall, the differences between GAPPIPE and NUREG/CR-1677
are considered negligible.

3
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(c) Nodal Displacements

For all eleven problems, comparisons between GAPPIPE and
NUREG/CR-1677 showed very good agreement. 9;

(d) Element Stresses

Based on the comparisons of element stresses for the eleven Benchmark
Problems, the differences between GAPPIPE and NUREG/CR-1677 are 4!
negligible. |

The numerical results of these comparisons are quite voluminous. As an illustration, the
complete comparison for Uniform Spectra Problem No. 7 is presented in Appendix A.
Results for the other problems are similar. g)

It is concluded that the GAPPIPE program can predict and calculate accurate results as
compared to NUREG/CR-1677 for linear piping system under both (1) Uniform Support
Motion excitation, and (2) Independent Support Motion excitation. j

*

3.2 CORRELATION WITH SHAKE TABLE TEST DATA AND ANSYS l

l
Seismic testing was performed to provide test data in the development of computer |
program GAPPIPE. The tests were performed using full scale pipe specimens on a yJ
shake table located at the University of Califomia Earthquake Engineering Research
Center. Two pipe geometry configurations were tested, each involving a variety of
support, gap size, and input amplitude parameter combinations. Both configurations used
portions of full size 3-inch Schedule 80 pipe with simulated gapped supports. One
configuration used a straight pipe span excited only in-the transverse direction. The

'.second configuration used a three dimensional Hovgaard Bend which produced multi-axis
response with input excitation in only one direction. The two test configurations, as
installed on the shake table, are illustrated in Figures 3.12 and 3.13. The geometry of
the two test configurations are shown individually in Figures 3.14 and 3.15 respectively.

The test configurations described above were instrumented and monitored so that all the *!

pertinent parameters of the tests were recorded. The instrumentation includes: (1) table
motions including displacements, velocities, and accelerations, which were measured by
the internal instrumentation of the shake table system, (2) support accelerations and
loads for both rigid supports and gapped suppods (the accelerations were measured by
mounting accelerometers at appropriate locations on supports, and support loads were 4
measured by installing load cells at support connections and by strain gages mounted on
supports), (3) piping lateral accelerations at various points, particularly at gapped support
connections, were measured by accelerometers mounted on the pipe, (5) displacements

,

of the pipe were measured by potentiometers connected between the pipe and rigid 1

supports, (6) pipe strains at various points along both systems were measured by strain el
gages mounted on both inside and outside surfaces of the pipe. |

1

|

42 :

S;



_ ___

O.

3.2.1 CORRELATION PROCEDURE

For each test configuration, numerous seismic tests were performed by varying gap sizes
.O and input excitation amplitudes. The recorded test data were then compared to analytical

solutions determined using computer codes GAPPIPE and ANSYS. The GAPPIPE
,

analyses were performed to evaluate the accuracy of the equivalent linearization method
for predicting nonlinear responses. ANSYS was used to perform corresponding nonlinear
time history analyses as reference basis for accuracy. The method of nonlinear time

O history analysis, as employed within ANSYS, is ar. accepted analytical technique for
solving nonlinear dynamic problems.

Two simulated building filtered El Centro earthquake motions were used in these tests
as input excitations to the shake table. The two earthquake motions correspond to 0.82g

O and 1.33g ZPA excitation levels. The recorded shake table motions were used as time
history inputs for conducting the ANSYS analyses. The same inputs were also used to
generate the response spectra employed in the corresponding GAPPIPE analyses. The .;

time history data and response spectra for two earthquake excitation levels are shown
in Figures 3.16 and 3.17, respectively. f

O

3.2.2 CORRELATION OF SINGLE SPAN TEST CONFIGURATION

Figures 3.18 and 3.19 show the comparison of the pipe bending stresses for the single
4 span test configuration. The measured and calculated stress values are plotted versus

the average gap sizes. The comparison shows that the equivalent linearization method
,

employed by GAPPIPE is as accurate as the ANSYS nonlinear time history analysis in
predicting the nonlinear piping response due to gapped pipe supports. This agreement
between GAPPIPE and the time history solutions is expected because the single span -

g dynamic responses are first mode dominant. For complex piping systems with
multi-mode participation, it is expected that GAPPIPE will calculate more conservative
solutions as will all linear response spectrum analysis computer programs in general.

Similar results are also found when comparing the gap impact force results calculated by |

O GAPPIPE and ANSYS. The comparisons are illustrated by Figures 3.20 and 3.21 for the :

two earthquake excitation levels. It is noted that both analytical solutions are L

conservative in calculating the gap impact forces as compared to the actual measured
responses.

,

3.2.3 CORRELATION OF THE 3-D HOVGAARD BEND TESTS-

The shake table earthquake inputs for the 3-D Hovgaard Bend Test configuration were
identical to those used for the single span dynamic tests. The same earthquake input
levels of 0.82 g and 1.33g ZPA were used.

t

.
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The 3-D Hovgaard Bend Test piping system was observed to exhibit significant response
coupling as expected. The first mode resonant frequency was found to be approximately
4.9 Hz in the horizontal direction orthogonal to the direction of table motion.

9.
A number of tests were performed with various combinations of gap sizes and earthquake
input levels. Analytical results were calculated using ANSYS and GAPPIPE. The
ANSYS analysis employed was nonlinear time history analysis and used the recorded
acceleration data at the anchor points as input motions. The same acceleration data
were used to generate response spectra which were then utilized as input for the p|
corresponding GAPPIPE analysis. Figure 3.22 shows the analysis model of the 3-D
Hovgaard Bend Test configuration used in both analysis types.

The maximum pipe bending stresses of the 3-D Hovgaard Bend test configuration are
summarized in Table 3.1. The first two columns in the table state the gap conditions p
used at each of the two gapped supports shown in Figure 3.15. Each gap condition is
described by two values that are corresponding the gap sizes on the two sides of the
pipe. The value, "open", means a sufficiently large gap was used so that no impact
occurred on that side of the gap.

The last three columns in Table 3.1 are the maximum pipe bending stresses
corresponding to the recorded test data, the ANSYS and GAPPIPE analysis results
respectively. In all tests, the comparison shows that both ANSYS and GAPPIPE results
are conservative with respect to the actual responses. The GAPPIPE results are more
conservative than the ANSYS results. This is expected since the 3-D Hovgaard Bend
test configuration was observed to have multi-mode response. The GAPPIPE analysis ,

results were determined by the equivalent linearization analysis option using the response
spectrum method.

(
3.3 CORRELATION WITH HDR EXPERIMENTAL TESTS -8

3.3.1 BACKGROUND

A major structural dynamic test program, known as the SHAG experiments, was
y'conducted at the HDR decommissioned experimental reactor facility of

Kernforschungszentrum Karlsruhe (KfK), Federal Republic of Germany (FRG) during
1986. These tests were cosponsored by the West German government, the U.S. Nuclear
Regulatory Commission Office of Research (NRC/RES) and the Electric Power Research
Institute (EPRI). The overall objective of these tests was to generate data on structural
response, soil / structure interaction, and piping and equipment response for a full scale 0
reactor under strong excitation conditions. A detailed description of the SHAG test
program was presented by Kot, et al., [Ref. 7] at the 15th Water Reactor Safety Research .
Information Meeting.

The principal objectives of the piping tests in the SHAG program were to provide full
scale in-situ test data and to demonstrate the feasibility of alternate piping support
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designs to be used in place of snubbers. In addition, the test data would serve to qualify I

the methodologies needed for acceptance of the alternate piping support designs for
implementation into power plants. One such alternate pipe support is gapped supports,

O known as the HDR SHAG Limit Stop design. Figure 3.23 shows the HDR piping system
and the support designs. In this section, the HDR SHAG test data are used to correlate
with the analysis results obtained by GAPPIPE.

O 3.3.2 SHAG TEST DESCRIPTION

The SHAG test program was designed such that the building dynamic excitation was
provided by a large mechanical coast-down shaker on the operating floor of the HDR
reactor containment building. The shakerwas configured with two opposing concentrated

O weights and spun in the balanced condition to the desired circular frequency. Once the
desired speed was obtained, one of the rotating arms was released, allowing it to pivot
and couple with the other arm. This configuration created an unbalanced force as a
function of the magnitude of the concentrated weights and the initial rotational frequency
at release. After release from the initial balanced condition, the shaker slowly coasted

Q down with the frequency of rotation and the amplitude of the unbalanced force excitation
decaying with time. The shaker transmitted the eccentricloading to the building structure,
thus exciting the piping and components in a " building filtered" manner similar to the
dynamic loading of a seismic event.

O Several types of piping system response data were recorded. These data included
accelerations at support bases, pipe, equipment and a motor operated valve. Strains
were recorded at selected pipe locations, at the motor operated valve, and at components
or discontinuities (reducers, tees, and nozzles) in the system. Strains converted to
reaction forces were available for the rigid supports, snubbers, Limit Stop supports, and

'g spring hangers. Support impact forces at the Limit Stop support locations were also
recorded. System data such as temperature, pressure, mass flow rate, and the valve
position were measured.

3.3.3 CORRELATION ANALYSIS-

O

Post test analysis using GAPPIPE were performed for both the snubber and the Limit
Stop supported test configurations. Recorded accelerometer data at the HDR reactor
building, the pipe support anchors, the HDU pressurizer, and the DF-16 accumulatorwere

g" used to generate response spectra as input to the analysis. These spectra were
calculated using the Code Case N411 damping values and were enveloped for each of
the following three structures groups:

Group 1: Reactor building accelerations at the base of each support.
Group 2: Equipment accelerations at the nozzles of the DF-16 accumulator.

U,
Group 3: Equipment acceleration at the nozzles of the HDU pressurizer.

}
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The GAPPIPE analyses were performed with the Independent Support Motion analysis
option using the above three structural groups as three independent groups. In the case
of the Limit Stop supported tests, the equivalent linearization method is also used to
model the gap responses. 9

The Regulatory Guide 1.92 grouping modal combination method is used in all analyses.
The spatial directions were combined by the SRSS method. The ISM groups were
combined by absolute summation.

4

3.3.4 CORRELATION SUMMARY

fFigure 3.24 shows a summary comparison of the maximum pipe accelerations for the
snubber and the Limit Stop test configurations. For each configuration, a comparison was a!
made between the test results and the corresponding GAPPIPE analysis results. Five
piping locations were compared.

The comparison in Figure 3.24 shows the GAPPIPE analysis results are higher than the
actual responses in all cases. This finding is consistent with the analytical assumption g
that the response spectrum solutions provide conservative designs. As expected, the
degree of conservatism, measured by the relative amplitudes of the test and analysis
results in Figure 3.24, varies from pipe location to location.

An important characteristics demonstrated by the results in Figure 3.24 is the similarity ,of responses for the two pipe suppor; configurations. It is noted that the GAPPIPE
analysis using the equivalent linearization method for the Limit Stop support configuration
retain the same degree of conservatism as the analysis for the snubber configuration.3

This correlation supports and confirms the use of the equivalent linearization method
employed by GAPPIPE.

4
Similar results were also determined for other piping response parameters. Figure 3.25
shows a summary comparison of the maximum pipe stresses at five pipe locations.
Figure 3.26 is a summary comparison of the maximum support loads. In each case, it
was found that the GAPPIPE analysis results for Limit Stop provide similar degrees of
conservatism as the snubber analysis results. #

3.4 COMPARISON WITH LITERATURE ANALYTICAL RESULTS

The purpose of this comparin ' effort is to validate the time history analysis capability of 8
GAPPIPE. Two sets of literature solutions are chosen to compare to GAPPIPE results.
The first case is used to verify the linear time history analysis logic of GAPPIPE. The
second set is used to test the nonlinear time history analysis method in GAPPiPE for the
analysis of gapped supports.

9
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3.4.1 - GAPPIPE LINEAR TIME HISTORY ANALYSIS

This verification case is taken from the STARDYNE Verification Manual Example 30 [Ref.
O 17]. It is a cantilevar beam subjected to a sine pulse forcing function applied at the tip

as shown in Figure 3.27. Assume the case where the sine pulse has a period of T =
0.14352 second and the cantilever beam has the following properties:

i

| E 81.0 x 10 psi=

O I 1.3333 x 10-* in'=

0.04 in' i| A =

0.1 lb/in' |p =

| 30 inches |=

O The cantiiever beam is modeled by six straight pipe e!ements in GAPPIPE. Using a time
step of 0.004784 second, the vertical displacement response at the tip of the cantilever
beam is determined. Table 3.2 summarizes the GAPPIPE results at four time intervals
as compared with the the theoretical solution. It is determined that the GAPPIPE results
differ from the theoretical values by less than 0.5%.

10

3.4.2 GAPPIPE NONLINEAR TIME HISTORY ANALYSIS

This verification case is taken from the technical paper by Molnar, et al. [Ref.18]. Molnar
;O presented the methodology and example results for the dynamic analysis of piping

systems with gaps. The Molnar method has been used in the drdan and analysis of
Westinghouse PWR piping systems.

Figure 3.28 shows the piping model presented by Molnar. It consists of nine straight pipe

O elements, two elbows, and three gapped supports. The piping system is fixed at the
ends. The gap sizes and stiffnesses at the three gapped supports are:

Gap No. Gap Size Gap Stiffness (iblin)

8
1 0.250 2.0 x 10

82 0.125 3.0 x 10
83 0.062 1.5 x 10

The forcing functions applied to the piping system are also shown in Figure 3.28. The
GAPPIPE analysis is performed using 30 modes and a time step of 0.0000625 seconds. jO The maximum impact forces at the three gapped supports and the time of occurrence are
computed by GAPPIPE and compared with the Molnar results in Table 3.3. The
differences in the comparison are found to be less than 4%.

O
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3.5 VERIFICATION CONCLUSION

: The analysis solutions of computer program GAPPIPE have been compared with the
NRC Benchmark Piping Problems, Shake Table test data, ANSYS analysis results, the 8
HDR Experimental Tests, and analytical results published in the literature. The summary
of results presented in the preceeding section shows:

,

GAPPIPE linear solutions are nearly identical to the NRC Benchmark Solutions in-

NUREG/CR-1677. g

1 GAPPIPE nonlinear solutions are comparable to ANSYS results and in many cases-

more accurate when compared to test data.

GAPPIPE nonlinear solutions provide the same degree of conservatism for piping g-

analysis of gapped supports as in current industry practice of piping analysis of
snubber supports.

GAPPIPE time history analysis solutions are nearly identical to literature results.-

These comparisons have demonstrated the accuracy, applicability and validity of
GAPPIPE in accordance with Section 3.9.1 of NUREG-0800. It is concluded GAPPIPE
can be applied for the analysis of nuclear piping systems.

O
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4.0 GAPPIPE AND LIMIT STOP APPLICATIONS

Originally the basic approach to the application of Limit Stops was to redesign and re-
3 analyze the piping system using GAPPlPE with Limit Stops in place of snubbers. This

approach is applicable for snubber reduction or elimination programs in which re-analysis
is performed with ASME Code Case N-411 damping (Ref. 20) and the number of

1

snubbers required is reduced. By using Limit Stops, snubbers can be eliminated instead j

of just reduced. This optimization approach is the first strategy discussed below.
3

However, the cost of re-analysis itself is a significant burden. For this reason Duke
Power Company proposed the idea of replacing the existing snubbers with Limit Stops
on a one-for-one basis without reanalysis. Since Code Case N-411 damping was not
used in the original design, the additional margin theoretically available from this higher

3 damping would presumably cover any changes in pipe stresses, support loads, valve
accelerations, etc. This is the second strategy covered herein. The most cost-effective ;
strategy is to analyze systems with large numbers of snubbers, thereby optimizing
hardware costs; then to use the one-for-one replacement on the most numerous lines with

,

few snubbers, thereby minimizing engineering costs.

3

4.1 OPTIMlZATION WITH ANALYSIS i

The optimization approach is straightforward in that a complete analysis is done of the

3 piping system, and stresses, support loads, etc. are determined explicitly. These results '

are then compared to allowable values from the ASME Code or other prescribed plant
specific design limits (SAR). In the analysis, the analyst replaces (mathematically) the
rigid snubbers with Limit Stops and computes the response of the system with the >

GAPPIPE computer program. After verifying that the response is within acceptable limits, !

the engineering work is finished.) ,

Altematively, however, the analyst may continue with the computer analysis and optimize
the design. This is done by taking successive dynamic supports out of the system until
the minimum number of Limit Stops are left that will permit stress and load limits to be
satisfied. This process is similar to conventional snubber reduction methods in which old3
piping designs are re-analyzed, usually with new damping ratios, and snubbers are taken '

out until the least number are left that will permit stress and load limits to be met. The
difference with the Limit Stop approach is that by substituting Limit Stops for snubbers,
the snubbers can usually be eliminated altogether. Examples of the optimization
approach are discussed in detail in References 21 and 22.

,

S
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4.1.1 MILLSTONE 2 - ANALYSIS WITHOUT USING N-411 DAMPING

Reference 21 presents a study done on the Safety injection System piping shown in -
Figure 4.1 for the Millstone 2 nuclear plant. In this study, the new N-411 damping was #!
not used. The system consisted of 6 and 12 inch stainless piping supported by fifteen
rigid hangers, one spring hanger, and eight snubbers. This study was a research effort.

!No licensing was done, nor were the results previously presented to the NRC,

Of the eight original snubbers, the optimized support configuration retains one, replaces ei
five with Limit Stops, replaces one with a rigid support, and deletes one.

,

Although a support configuration with no retained snubbers met code compliance
requirements, the nozzle loads increased in some cases. As some of the increases were
large enough to cause concern, one snubber in the horizontal X-direction was retained g;
in the optimized configuration to limit these loads. With that snubber retained, the seismic -
displacement in the X-direction was reduced to less than the thermal envelope at the
node, thus making a seismic support at that location unnecessary.

One snubber was replaced by a rigid strut based on the small thermal movement at that g
node. All other snubbers were replaced with Limit Stops. Table 4.1 summarizes the
support modifications at the eight original snubber locations.

The gap sizes were determined from the enveloped thermal deflections at each Limit Stop
location in the direction of the support. Gap sizes were rounded up to the nearest 1/16",

y'
corresponding to installation tolerances.

Pipe Stresses - Millstone 2

As shown in Table 4.2, the maximum pipe stresses are well within the ASME Code
*allowables. The Code Equation 8,10, and 11 stresses are essentially the same as in the

original (eight snubber) support configuration, because neither the snubber nor the Limit
Stop offers any resistance to thermal or deadweight loads. A decrease in Code Equation
10 and 11 stresses would be expected because seismic anchor motion (SAM) loads
should decrease due to the removal of the one X-direction snubber. On the other hand,
replacing one snubber with a rigid support increases thermal stresses. 8

Support Loads - Millstone 2

The "new" support loads for the optimized support configuration are given in Tables 4.3
and 4.4 in comparison to the " original" values calculated for each support. Most support #
loads are reduced in the new support design. Those that have increased are judged to
be within the support structural capacities.

Of primary concern are the loads at thc equipment nozzles, which show some increases
and some decreases. The maximum moment increase is 21% for the vertical Y- e
component at node 190. For a further indication of the acceptability of these equipment

50
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nozzle loads, the stresses at the nozzles are compared to the allowable stresses in Table
4.5. As shown, all stresses are under 50% of allowable except for the Code Equation 10
and 11 stresses at node 190. However, the Code Equation 10 and 11 stresses should

,

O not change due to replacing snubbers with Limit Stops, because neither support resists
thermal expansion. Therefore, if these stresses are acceptable in the original design,
they should be also acceptable for the optimized support configuration.

|

Conclusion - Millstone 2
O

The snubber elimination study at the Millstone 2 Nuclear Power Plant demonstrates that
existing snubbers can be eliminated without using the ASME Code Case N-411 damping
values. This elimination is accomplished by replacing the existing snubbers with Limit
Stop pipe supports, which offer maintenance-free performance.

.

4.1.2 BYRON 2 - ANALYSIS WITH N-411 DAMPING
;

Reference 22 presents a study done on the main hot to cold leg bypass line in the ;

O Commonwealth Edison Byron 2 plant. The objective of this study was to eliminate all
snubbers and optimize the support design taking full advantage of the improved N-411
damping ratios.

Optimized Support Conficuration - Byron 2

O
The existing pipe support configuration consisted of a total of eighteen supports: thirteen ,

mechanical-type snubbers and five rigid-acting frame supports. The first GAPPIPE
analysis, using a one-for-one replacement of Limit Stops in place of the existing
snubbers, satisfied ASME Code and design specification acceptance criteria. By

O engineering judgement, however, it was determined that some of the Limit Stops could
be eliminated, further improving upon the overall support configuration. The final
configuration, as shown in Figure 4.2, is one in which eight of the thirteen existing
snubbers were replaced with Limit Stops, five snubbers were eliminated with no support
replacement, and the five existing rigid-acting supports remained unchanged.

Analytical Results - Byron 2 '

The piping system consisted of 8",11/2" and 3/4" stainless steel piping. Although the
reactor coolant system bypass line was de.c!gnated as ASME Class 1 piping, the 3/4 inch

O piping was evaluated using ASME Section lil-NC (Class 2) rules, as permitted by
paragraph NB-3630 of the Code. The 8 inch and 1-1/2 inch diameter piping was ;
evaluated with ASME Class 1 rules. The results of the analysis reported in this paper are
limited to maximum pipe stresses and a support load summary, comparing new support i

loads versus the existing support loads. Numerous other items, such as valve
accelerations, valve end loads, nozzle loads, decoupled branch lines, and flange loadsO

. required evaluation to acceptance criteria, but are excluded here for brevity.

51
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Pipe Stresses - Byron 2

The maximum Class 1 and Class 2 stresses are shown in Tables 4.6(a) and 4.6(b),
respectively. For both Class 1 and Class 2 piping, the maximum stresses generally occur 9;

near one of the branch connections with the RCL. The other maximum stress points are
located near two vertical rigid-acting supports.

The location of the maximum stresses did not change substantively from the existing
design stress calculation. This is because the locations of the maximum stresses are $!
near points which were analytically modeled as rigid anchors. Even though existing
snubbers were eliminated or changed to Limit Stops in these regions, the rigidly '

supported points control the local frequency characteristics at these locations.
Furthermore, the N-411 acceleration spectra have the same basic profile as the original
uniform damping spectra, with the major differences being in the acceleration magnitudes.- 4
The Class 1 fatigue evaluation is characterized by thermal gradients through the pipe wall
and at gross structural or material discontinuities in the pipe. These are local effects
which are not influenced by the modifications to the support configuration. The results

'

of the fatigue evaluation were effectively unchanged from the original analysis of record.

Pipe Support Loads - Byron

Table 4.7 shows a comparison of the support design loads between the original snubber- ;

configuration and the modified configuration using Limit Stops. Although there are some
significant support load increases, there were substantial margins between the original
design loads and the maximum loads which would still satisfy acceptance criteria. O,

Despite the increases in loads, no support modifications were required, except for the
hardware changes from snubbers to Limit Stops.

|

*|4.2 DIRECT REPLACEMENT WITHOUT ANALYSIS
!

Direct Replacement is the second strategy available for the use of Limit Stops. This '

approach is being applied to the removal of approximately 3,000 snubbers at the Duke
Power Company's McGuire plant. The program is discussed in detail in Reference 23.
The direct replacement approach is based upon the concept that the calculated stresses #
and loads in a conventionally supported piping system will be reduced if the snubbers are
replaced by Limit Stops and N-411 damping is used.

Two considerations suggested to Duke that the theory described above would be viable.
The first is simply the amount of difference in the input accelerations for Code Case N- Gl
411 and Reg. Guide 1.61 damping spectra. Typical OBE floor response spectra at
Duke's McGuire plants corresponding to the two damping values are given in Fig. 4.3.
It can be seen there is a factor of 2 or more in the frequency region of peak acceleration.

A second reason was that when piping systems tested with snubbers are replaced by 0]
Limit Stops in a one-for-one fashion, the responses of the piping systems are remarkably j

|
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similar. These results have been extensively documented, perhaps most accessibly in
the October 1989 issue of" Mechanical Engineering." Figures 3.24,3.25,3.26 show this
similarity. These graphs contain results from the NRC sponsored HDR research program ,

O (Reference 16) where a full size 6" to 10" diameter piping system was tested with I

snubbers; and then tested with Limit Stops on a one-to-one replacement. Comparisons
are presented at five key locations on the system between the snubber-Limit Stop

i

responses, and between the test results and calculated predictions. |

0 The logicis that if the response of the piping is comparable for snubbers and Limit Stops !
and if the additional Code Case N-411 margin is available for the Limit Stop configuration
in a one-for-one replacement, then allowable stresses for the replacement case should i

continue to be satisfactory. Further, no reanalysis should be required because the
margins should be more generous than the existing design of record. A program was

O designed by Duke Power and RLCA to validate and implement this concept. |

|
4.2.1 DUKE POWER MCGUIRE PROGRAM - NO ANALYSIS, N-411

;

DAMPING IMPLICIT
'

O i

The broad objectives of the overall Duke program at McGuire Nuclear Station are- I

Demonstrate that one-to-one replacement can be implemented without reanalysis

O * Replace all snubbers at McGuire 1 & 2 with Limit Stop pipe supports on a one-to-
one replacement basis <

!

Establish exclusions, if any, to the one-to-one replacement approach
i

O * Provide hardware performance and reliability data by in-plant installation and
.

inspection j

l

Define the regulatory procedures for replacing all snubbers with Limit Stop pipe |
supports j

O l

The first objective was accomplished by performing in depth re-analysis .of. a !

'representative sample of McGuire piping systems. The two key analyses - '

Analyzing piping supported by snubbers in the original configuration using the :
-

original Reg. Guide 1.61 damping. )0 !

Analyzing the same piping in the original configuration with all snubbers replaced-

by Limit Stops using Code Case N-411 damping.
,

Comparing the results obtained from these two analyses permits a direct examination of
|O. the validity of the basic concept, that the added conservatism implied in Code Case N-
;

411 damping can accommodate changes in piping responses due to the Limit Stop |

r |
,

,

53
O

|
_ _ _ _ _ __ ___



. .-

Gi

application. The concept is applicable to all plants where the margins afforded by Code
Case N-411 damping are available.

Sample Characteristics 9

The first step was to select a representative sample of the piping systems. The attributes -!
considered in the sample selection and the final sample are shown in Table 4.8. Four i
systems were chosen ranging in size from 3/4" to 24"in diameter, of both stainless and
carbon steel, ranging from 160 to 650*F in design temperature, located in different g
buildings and at different elevations within the buildings. Sufficient additional attributes
such as ASME classes, snubber types and locations, and loading characteristics were
also considered. A good representation of the piping systems at McGuire was achieved.

Study Results g
|

Analytical models of the four sample systems were prepared with all snubbers replaced
by Limit Stops of comparable load capacity. For the analyses with Limit Stops the range |
of thermal expansion at each Limit Stop support becomes an item of input, otherwise the I

input is the same as that of any other piping analysis. ,j
Normally the analysis results are compared to ASME allowable stresses, allowable valve
accelerations, etc. However for the present case only the relative results for the two -
support designs are of interest. Therefore, for simplicity, stress intensification factors from ,

the ASME code were omitted from consideration. '

O
Pipe stress, support loads, and pipe accelerations are shown for the snubber and Limit
Stops in Figures 4.4 to 4.6 for the case of the Refueling Water System. The results are |
remarkably similar for the other cases, as illustrated by Figure 4.7 which shows j
comparative pipe stresses for the auxiliary feedwater system problem. The pipe stress
is a key parameter because excessive pipe stress would lead to a loss of piping integrity. #,

)As these results show, when the margin from the Code Case N-411 damping is factored |

in for the configurations supported by Limit Stops, essentially all computed response
values are lower than the " design of record" values with snubbers and Reg. Guide 1.61
damping.

O
At the outset of this work it was expected that there could be some configurations for
which the reasoning presented earlier would require modification. The results confirmed
this. It was found that retention of snubbers when they are mounted on heavy valve
motor operators in smaller diameter lines and, when mounted in close proximity to
equipment nozzles that experience substantial thermal motion will add design margin and $|
simplify equipment qualification. In both these cases the original design was oriented. l
toward the particular features of snubbers. Snubbers will be removed for such
configurations only after qualification by analysis. Relatively few snubbers are affected
by these considerations.
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Licensino Considerations

The one-for-one replacement of snubbers with Limit Stops at McGuire does not give rise
O to an unreviewed safety question.

The Limit Stops themselves satisfy ASME NF requirements

Limit Stops have a 20% greater capacity size-for-size
0

McGuire qualifies as a plant for which N-411 damping can be used

Th6 one-for-one snubber / Limit Stop exchange generally produces lower calculated
stresses and loads as shown on representative piping systems

0
The snubber / Limit Stop exchange maintains redundancy in the number of pipe
supports

Test programs on full size piping have shown Limit Stops develop stresses and

O I ads comparable to or better than that of snubbers

Limit Stops being simpler passive devices are intrinsically more reliable

The Technical Specifications for the plant do not require modification

O Since the Technical Specifications do not require changes, and no unreviewed safety
questions are introduced, the one-for-one exchange can be done under the rules of 10
CFR 50.59. This is the basic philosophy adopted by Duke Power Company following the
completion of the analyses on the representative sample. An ancillary question arises
regarding the types of inspection appropriate for the Limit Stops. In answering this

O question, it can be noted that:

Limit Stops are passive - there are no mechanisms that are required to be operable

Limit Stops are constructed of austenitic stainless steel

Limit Stops are constructed with liberal clearances

Limit Stops have a generous viewing port that permits easy visual inspection of
internal parts analogous to the construction of spring hangers.

O
For the above reasons, it is recognized that the appropriate means for assurance of
functionality of Limit Stops would be the same as presently used for spring hangers,
periodic visual inspections as outlined in the industry requirements for in Service l
inspection (ISI) programs in Section XI of the ASME Code.

O

I

|
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Cost Benefits at McGuire '

All decisions of significant financial impact at nuclear power plants require a quantitative
cost benefit analysis. McGuire Engineering performed a cost-benefit analysis on the 9,

snubber elimination program. The outlines of this analysis are discussed in the following
paragraphs.

Cost benefits were determined on the basis of a specific replacement schedule and
,

conservative assumptions regarding the cost and value of other program parameters. 9)

There are approximately 3000 snubbers in the two McGuire plants. It is planned to
replace 90% of these snubbers.

|

Benefits are " avoided costs." Benefits represent the opportunity to redirect g:
resources and/or spending.

The operating and maintenance cost per snubber per year is the critical parameter
in the cost benefit study. EPRI did an exhaustive study of these costs country wide
and concluded that the industry average was $1900/ snubber / year.7 This was in ,
1986 dollars and on average, it may be safely presumed that these costs have since
increased. Other utilities have experienced maintenance costs as high as
$6000/ snubber / year. Duke Power Company has developed a unique and rigorous
program for snubber maintenance and rebuilding. A conservative
$1200/ snubber / year was used in the cost benefit analysis by McGuire.

9
A second cost parameter used in the analysis is the cost attributed to radiation
exposure of plant personnel due to snubbers. A total of 6 REM / year at
$12,500/ REM was used in this study. This is conservative because this cost
parameter has been increasing steadily in recent years. |

#I
Other assumptions forming the basis for the cost benefit study are: I

- 4.2% inflation rate
- 9.42% discount rate
- GAPPIPE license fee
- Limit Stops hardware costs G;
- Installation cost per Limit Stop
- Radiation waste disposal costs

When the total life cycle cost of Limit Stops is compared to the total life cycle cost of
snubbers over the remaining life of the plant using a standard proforma approach, the Si

i life cycle cost of Limit Stops is estimated at 3 to 5 times less than the snubber life cycle
| cost. The result suggests the one-for-one replacement of snubbers with Limit Stops is <

| an attractive program, in present worth dollars (1992 dollars) the Benefit / Cost can be as '

| high as 8.75.
l

e;

1
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Summary - McGuire

.

In summary, the results of this technical study show:
)

Sufficient margin exists due to ASME Code Case N-411 damping to permit one-for--

one replacement of existing snubbers with Limit Stops without re-analysis for the
McGuire plant.

) The replacement program at the McGuire plar.', when completed, will maintain-

ALARA, improve reliability and reduce plant operating costs.

Operationally, Limit Stops are considered passive. They have no mechanisms to operate.
The design incorporates wide inspection slots and in all other respects is comparable to

) spring hangers. Functionality can be assured by the same ISI requirements that apply
to spring hangers. Therefore, in addition to the significant cost savings, the use of Limit
Stops at the McGuire plant will also derive these important benefits:

Plant reliability will be improved
Personnel radiation exposure will be diminisheds

J
Resources currently allocated to snubber maintenance and testing can be re-
assigned.

4.2.2 WOLF CREEK PROGRAM - NO ANALYSIS N-411 DAMPING,
'

IMPLICIT

Following the successful McGuire program, a similar program was undertaken for the
Wolf Creek Generating Station. The objectives of the study were the same as that done

) for McGuire and a similar methodology was followed.

A representative sample of four piping systems was selected for study. The sample
encompassed a broad span of piping parameters including size, material, ASME class,
operating temperatures, etc. The sample is given in Table 4.9.

)
The results obtained from the analysis of the Wolf Creek sample were comparable to
those obtained at McGuire. The original design configuration based on snubbers and R.G.
1.61 damping was analyzed. Next, the improved configuration with the snubbers and
R.G. damping replaced by Limit Stops and N-411 damping was analyzed and the results
were compared.

Results of the comparison are given in Figures 4.8 and 4.9 for two of the sample
problems. The containment cooling system piping, shown in Figure 4.10, is carbon steel
and ranges from 6 to 14 inches in diameter. The CVCS system piping, shown in Figure
4.11, is stainless steel and ranges from 3/4 to 12 inches in diameter. Similar results were

h obtained for the other two systems. The computer piping response for all parameters is
lower for the Limit Stop - N411 cases than for the " design of record."
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Exceptions

The need to retain snubbers in certain cases when the systems are not analyzed was
identified in the McGuire work. The criteria applicable to such cases were quantified 9
further in the Wolf Creek work. When N-411 damping has not been previously used,
snubbers may be replaced by Limit Stops on a one-for-one basis except in the following
situations:

Exclude snubbers which are subjected to total thermal movement of more than 0.5" g-

and are attached to valve operators.

Exclude snubbers which are the immediate dynamic supports from the equipment-

nozzles in any transverse direction and are subjected to total thermal movements
of larger than 0.5" g

Exclude snubbers that are the only dynamic supports acting to restrain the-

longitudinal direction of a pipe run between anchors and/or branch connections and
are subjected to total thermal movement of larger than 0.5"

OExclude snubbers in piping systems where they constitute more than 50% of the-

total number of dynamic supports (the percentage should be calculated after
applicable snubbers have been replaced by rigid struts) and where the majority of
these snubbers are subjected to total thermal movements of larger than 0.5",

For the cases listed above, the snubbers may be replaced by Limit Stops, when the 8
system is analyzed in the Limit Stop configuration.

Licensino. Cost Benefit. Implementation

The considerations discussed for McGuire regarding licensing and cost benefits are the e'
same or comparable at Wolf Creek. An initial changeout of approximately 50 snubbers
for Limit Stops was made at McGuire in the spring of 1993. Implementation of the first
systems for Wolf Creek is expected to occur in 1995.

Summary - Wolf Creek e

it has been shown on a broad representative sample of piping at Wolf Creek that
sufficient margin exists due to N-411 damping to permit one-for-one replacement of
snubbers with Limit Stops. The new configuration will have lower computed stresses,
loads, and acceleration than the design configuration. e-

With the new configuration, radiation exposure of personnel will be reduced, creation of
low level waste will be reduced, reliability will be increased, and maintenance costs will
be reduced.

#
3

]
.
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4.3 GENERAL DISCUSSION

Snubbers are complicated, costly, frequently unreliable, and require expensive
O maintenance programs. They were used in the design of power piping only occasionally

prior to the advent of nuclear power.

Snubbers are now widely used in nuclear plants, not so much for safety or to satisfy
regulatory requirements as may have been thought. When acting in an ideal manner,

D snubbers render the complex motion of piping systems into a linear response. They are,
therefore, added by the designer to gain analytical tractability. In other words, by using
snubbers, the engineer can analyze the dynamic response of piping with linear methods
and linear computer programs. Analytical simplicity is gained at the expense of complex
hardware.

q
~

Limit Stops work the other way around. The hardware is very simple, but the
mathematical description of the motion is complex. Focusing the emphasis on simplicity
and reliability of the hardware leads to a more reliable, low maintenance plant. A low
maintenance plant is a more cost competitive plant, and a more reliable plant is a safer

3 plant.

Three different approaches toward the application of Limit Stops to nuclear plants to lower
maintenance costs have been discussed. At this stage in the development, there are no
impediments remaining to the use of Limit Stops. The first group were installed in the
spring of 1993 at McGuire with no difficulties whatsoever. At the Byron plant, the Limit,

J Stops were installed also without difficulty in the autumn of 1993, and otherinstallations
are in planning.

D

J

J

e
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5.0 CONCLUSIONS

A complete description has been presented of the computer program GAPPIPE. A
3 complete mathematical description as well as a flowchart and description of the logic has

been given.

The verification of the program has been summarized. A complete description of the
comparison to the NRC benchmark problems that verified the linear features of the code

3 was given. The verification of the non-linear analysis was done by comparison of
analysis with full size tests, both on the seismic shake table and in the HDR power plant.
The linear piping analysis methods gave excellent agreement with the benchmark
problems and the non-linear methods correlated very well with the experimental results.

l it is concluded that GAPPIPE is at least as accurate as current piping analysis methods3
and in many cases is superior. It was on this basis that the NRC approval was granted
for the use of GAPPIPE and Limit Stops at Byron. Experience acquired since that time
has all been positive, and it is concluded that the Limit Stop technology as described in
this report is satisfactory for use in nuclear plants generally.

7
Four applications of the technology to actual power plants are contained in this report.

'

The application to Millstone 2 was a design effort on the safety injection system. The
technology is being implemented at Byron and McGuire, and it will be implemented at
Wolf Creek. The installation of Limit Stops was straightforward and trouble free.
Experience with the installations has been satisfactory to date.

3
The qualification of Limit Stops for use in nuclear plants is based on the analytical and
experimental test programs ors full size piping done to date; the in-depth reviews and
verification studies performed by the NRC and Brookhaven National Laboratory; and lastly
the successful experience gained to date with actual applications. At the present time,

* Limit Stops are qualified for applications in nuclear power plants to improve the resistance
of the piping and equipment to dynamic loads using the design approaches described in
this report.

J

9
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Table 3.1: Comparison of Maximum Pipe Bending
Stresses for the 3-D Hovgaard Bend Tests

Gap Size Condition Maximum Pipe Bending Stress
(ksi)

Input
GAP 1 GAP 2 Level Bending Test ANSYS GAPPIPE
(in/in) (in/in) (g ZPA) Direction Data Results Results

open/open open/open 0.82 z 9.0 12.0 12.3
a y 6.1 7.0 8.0
u

open/open 0.75/open 1.33 Z 13.8 17.4 18.7
y 8.5 11.2 12.8

open/O.62 0.44/open 0.82 z 9.1 9.5 13.9
y 5.9 6.2 9.4

open/0.62 0.44/open 1.33 z 11.6 12.9 18.9
y 7.1 - 7.1 12.1

open/0.87 0.75/open 1.33 z 13.2 15.2 19.4
y 8.5 9.3 12.9
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Table 3.2: Comparison Summary of GAPPIPE
and Theoretical Results

O

COMPARISON SUMMARY

Y(t), Tip Displacement (in)
me, t, (SEC)

GAPPIPE THEORETICAL 9

0.04784 -0.396 -0.395
0.09568 -1.150 -1.151
0.17701 0.872 0.868
0.24877 -0.867 -0.871 g

Table 3.3: Comparison Summary of GAPPIPE ,
and Molnar Results

COMPARISON SUMMARY

Maximum Gap Forces e,
Gap No.

Time of Maxima Value of Maxima

GAPPIPE 1 0.2301 636.1
MOLNAR 1 0.2295 612.6 |

Oj
GAPPIPE 2 0.2839 506.1
MOLNAR 2 0.2836 506.1 i

GAPPIPE 3 0.2773 678.0 i
MOLNAR 3 0.2770 664.5 gj

9:
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Table 4.1: Optimized Support Configuration
3

ISupport Support Type Total
Node Gap Size

Number Original New (in))
185 X Snubber Snubber ----

185 Z Snubber Limit Stop 0.563
300 H Snubber Limit Stop 0.875
351 X Snubber Rigid Strut ----

3 460 Z Snubber Limit Stop 1.250
481 X Snubber Limit Stop 0.563
535 X Snubber None ---

535 Z Snubber Limit Stop 0.750

J

J

J

D

3
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Table 4.2: Maximum Pipe Stress 9

Ecuation 8
Element 48 49 57 58

| g'
| Node 385 385 450 450

Allowable (psi) 18400 18400 18400 18400
Stress (psi) 8429 8429 8351 8351
% of Allowable 45.8 45.8 45.4 45.4

Ecuation 9 Level B s
| Element 73 38 73 72

Node 540 330 537 537
Allowable (psi) 22080 22080 22080 22080
Stress (psi) 16474 16162 14302 14302
% of Allowable 74.6 73.2 64.8 64.8 g

Ecuation 9 Level D
Element 73 38 73 72
Node 540 330 537 537
Allowable (psi) 44160 44160 44160 44160
Stress (psi) 25505 24002 21204 210204 8
% of Allowable 57.8 54.4 48.0 48.0

Eauation 10
Element 13 25 27 25
Node 120 200 220 210 ,
Allowable (psi) 27975 27850 27850 27850
Stress (psi) 36318 24430 23440 23369
% of Allowable 129.8 87.7 84.2 83.9

Eauation 11
Element 13 25 27 25 #
Node 120 200 220 210
Allowable (psi) 45875 45250 45250 45250
Stress (psi) 38740 31984 31019 30931
% of Allowable 84.4 70.7 68.6 68.4

O

O
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Table 4.3: Support Load Summary
|

SUPPORT LOADS (kips)

Support %
Node Type * Original New Change Change

O 65 H RS 9.6 8.8 -0.8 -9
65 Y RS 7.2 5.6 -1.6 -23
90 X RS 6.0 8.0 2.0 32
90 2 RS 4.1 4.1 0.0 1

100 X RS 20.4 35.9 15.6 76
0 100 Z RS 14.8 26.2 11.4 77

145 H RS 42.2 64.0 21.8 52
145 Y RS 48.7 51.6 2.9 6
185 X SN 34.5 33.1 -1.4 -4
185 Z SS 39.9 20.1 -19.8 -50

,O 280 Y RS 32.6 24.4 -8.2 -25
300 H SS 22.9 13.4 -9.5 -42
315 Y RS 29.6 18.7 -10.9 -37
351 X RS 6.3 15.0 8.6 136
385 Y SP 1.4 1.4 -0.0 -0
430 Y RS 3.3 2.9 -0.4 -13'O
430 Z RS 8.3 4.9 -3.3 -40
450 Y RS 3.2 3.0 -0.3 -8
460 Z SS 7.8 11.0 3.2 41
481 X SS 13.9 6.3 -7.6 -55
495 X RS 12.3 11.4 -1.0 -8

'O 495 Y RS 4.2 4.3 0.0 1

535 X SS 13.9 0.0 -13.9 -100
535 Z SS 12.6 8.7 -3.9 -31

* Support Type: RS = Rigid StrutO
SN = Snubber
SP = Spring
SS = Seismic Stop

v
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Table 4.4: Equipment Nozzle / Anchor Loads

NODE LOAD TYPE * ORIGINAL NEW CHANGE % CHANGE g
EQUIPMENT NOZZLES

10 X F 4.1 3.9 -0.3 -7
10 X M 371.9 365.8 -6.0 -2
10 Y F 4.1 4.4 0.3 7 .
10 Y M 103.9 89.9 -14.0 -13 *

10 Z F 4.5 4.6 0.0 1

10 Z M 319.2 274.5 -44.7 -14
190 X F 22.9 27.5 4.6 20
190 X M 1336.9 1477.9 140.9 11
190 Y F 28.0 27.8 -0.2 -1 8
190 Y M 1794.8 2180.4 385.6 21
190 2: F 35.3 39.8 4.6 13
190 Z M 1726.1 1889.9 163.9 9

CONTAINMENT PENETRATION g
330 X F 8.2 9.1 0.9 11
330 X M 418.0 294.9 -123.1 -29
330 Y F 11.2 5.7 -5.5 -49
330 Y M 308.0 313.7 5.7 2
330 Z F 3.0 3.0 -0.0 -1 9,

330 Z M 279.1 261.5 -17.6 -6 |

* Load Type: F - Force (Ibs)
M = Moments (in-Ibs)

G

e
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O Table 4.5: Pipe Stresses at Equipment Nozzles

CODE EQUATION NUMBER

'O 8 9B 9D 10 11

NODE 10

Allowable (psi) 17900 21480 42960 27975 45825
Stress (psi) 3251 5850 8449 7961 11212

0 % of Allowable 18.2 27.2 19.7 28.5 24.5

NODE 190

Allowable (psi) 17400 20880 41760 27850 45250
Stress (psi) . 7555 10064 12573 19319 26874

O % of Allowable 43.4 48.2 30.1 69.4 59.4

O

O

O

.
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Table 4.6: Maximum ASME Class 1 Pipe Stresses

" * " ' **ASME Class 1 9 9 9
10 12 13Code Equation Design Level B Level D

acto

Node 77 77 77 181 207 77 116

Ma . ted
11085. 15660. 42316. 44358. 18819. 39446 0.101 eg ress i

Allowable Stress
24300. 26850. 48600. 48600. 48600. 48600 1.0(psi)

% of Allowable 0.46 0.58 0.87 0.91 0.39 0.81 NQe[$h
e

e'
Table 4.7: Maximum ASME Class 2 Pipe Stresses

ASME Class 2 CWe
8 9/ Level B 9/ Level D 10 11Equation

Node 2 2 68 2 2 e
Max. Computed Stress (psi) 12936. 17049. 34485. 22941. 35877.

P

Allowable Stress (psi) 15900 19080. 38160. 27475. 43375.

% cf Allowable 0.81 0.89 0.90 0.83 0.83
ei

;

e!

e1
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Table 4.8: Pipe Support Design Loads

'" ^ ^SUPPORT TYPE RATIO (REV/ EXIST)
NODE IID*) I'D'I

EXIST REV N U F N U F N U FO
189 SN NONE O 98 592 kNEk hhhh hfbhff h kb b/ NIkh
171 RS RS 80 128 292 48 96 343 0.6 0.8 1.2

170 SN LS O 81 246 0 306 465 NA 3.8 1.9

Q- 165 SN NONE O 240 699
' h [ hf I'

162 RS RS 73 91 200 58 81 300 0.8 0.9 1.5

157 SN LS 0 32 141 0 94 272 NA 2.9 1.9

151 SN LS 0 30 120 0 49 136 NA 1.6 1.1

Q 147 SN LS O 70 270 0 98 253 NA 1.4 0.9

117 RS RS 311 448 1283 252 392 1414 0.8 0.9 1.1

102 RS RS 144 197 880 147 239 1657 1.0 1.2 1.9

103 SN NONE O 69 747 % hirf VA hibMb INshiih8 khhhhk khkhI'$AAx k

O 98 SN LS 0 137 561 0 443 653 NA 3.2 - 1.2

89 SN NONE O 259 1146 ;II. * , 4dd s4[fh hbk hh7[U h|j pI

57 SN NONE O 93 299 M ''- h[..jh5f fkkf$hh $h$$k hUk [
55 SN LS 0 27 121 0 191 458 NA 7.1 3.8

O 49 RS RS 61 96 265 61 107 721 1.0 1.1 2.7

44 SN LS 0 70 194 0 201 441 NA 2.9 2.3

39 SN LS O 82 265 0 243 573 NA 3.0 2.2

SN = Snubber RS = Rigid-acting Support LS = Limit Stop
.

'O N = Normal Condition U = Upset Condition F = Faulted Condition

0

1
4

O
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O
Table 4.9: Characteristics of Sample Piping Systems

S
Sampic Pipe Pipe Size Pipe Problem Size 1st Temp.
Piping Class Matt. Bldg. No. of No. of Mode Ranges

Snubbers Nodes Freq. *F
(eps)

P027BY 2 2 CS AUX 5 (X 4) 50 (X 4) 13.3 544,

576

P029B3 2 .75,1,2,3 SS AUX 14 196 7.7 380

IW3A 2 6,8,10,14 CS R.B.* 8 101 8.1 32,265

P148 2 .75,1,2,3,4, SS R.B.* 23 305 4.8 70-350,
10,12 70-560

4~keactor Buifding

9

O

O

O
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O

IsESTART

MULTIPLE ANALYSIS | SINGLE ANALYSIS

4
U MODEL GENERATION

MULTIPLE ANALYSIS INPUT DATA
COMMAND

(NODAL & ELEMENT DATA)

!
O v

ANALYSIS EXECUTION
NDYN . O,1, 2, 3

5 -5, 6, 4

NDYN.O NDYN = 1, 2, 3, 5. -5, 6. -6

O , P1
t

STATIC | DYNAMIC ANALYSIS |f
| ANALYSIS

1 2 3,5,6

f ^
EIGENSOLUTION _

PIPE STIFFNESS ANALYSIS
'

C THERMAL EXP/ MOVEMENT

NE HISTN
DEADWElGHT ;

ANALYSIS

INTERNAL PRESSURE p

STATIC LOADING RESPONSE SPECTRUM
,

| ANALYSIS
| MISSING MASS EFFECT

3 S. 6.
OFFSET EFFECT -5 -6

LINEAR RESPONSE
SEISMIC ANCHOR MOVEMENT SPECTRUM ANALYSIS

~
EQUIVALENT LINEARIZATION

*
ANALYSIS ,

b
INDEPENDENT SUPPORT

MOTION ANALYSIS

ht U U U U U

OUTPUT FILES

m ANALYSIS RESTART TEMPORARY POSTPROCESSING
d PRINT FILE FILES FILES FILES

* OUT FORO16.DAT * GAP *POS FOR008.DAT. . .

FOR017.DAT FORO15DAT l

MODCU.DAT FORO17.DAT
F FOR030DATGAPENV.DAT DISCARD

IPRINTED .DEFLDAT AFTER 'GAPPOSTAFTER EXECUTION
O. EXECUTION

GAPPLOT

h h
NEW POST- POSTPROCESSING

PROCESSOR FILE PRINT FILE

J

Figure 2.1: Fiow Chart of GAPPIPE Program
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O

ANALYSIS CONTROL CARD |
TEMPERATURE CARDS { repeat as necessary
ANCHOR MOVEMENT CARDS [O mm

HEADING CARDS
MASTER CONTROL CARD
NODE POINT DATA CARDS

O ENDNC

GRAVITY CONSTANT CARD

(TRUSS ELEMENT CARDS if needed) ;

(BEAM ELEMENT CARDS if needed)
BOUNDARY CONTROL CARD

O BOUNDARY LOAD FACTOR CARD
,

BOUNDARY ELEMENT DEFINITION CARDS
PIPE CONTROL CARD

PIPE MATERIAL PROPERTY ID CARD | repeat as
PIPE MATERIAL PROPERTY CARDS |necessary

O PIPE SECTION PROPERTY CARDS

(PIPE BRANCH POINT CARDS if needed)
PIPE LOAD FACTOR CARDS
PIPE ELEMENT DEFINITION CARDS

(& PIPE ELBOW DATA CARDS)O
CONCENTRATED LOAD / MASS CARDS
ENDCL
SEISMIC ANCHOR MOVEMENT CARDS |if
ENDSA |needed

O. SYSTEM LOAD CASE CARDS (for static analyses only)

ENDSL
EIGENSOLUTION CONTROL CARD

(TIME HISTORY ANALYSIS CARDS if needed)
RESPONSE SPECTRUM CONTROL CARD

O ISM GROUP ASSIGNMENT CARDS
SPECTRUM ASSIGNMENT CARDS
SPECTRUM HEADING CARD | repeat
SPECTRUM CONTROL CARD |as

SPECTRUM DATA CARDS |necessary ,

O. LINEARIzATION ITERATION CONTROL CARD
PRIMARY GAPPED SUPPORT DATA CARD | repeat as
SECONDARY GAPPED SUPPORT DATA CARD |necessary
ENDGS

O

Figure 2.2: GAPPIPE input File Structure :

,

75

O

_ _ _ _ .



-___

O

O

N /
\ /
\ /
\ / e.
N /
.N /
X /
| 8
I

e;
:

i

|

*

!

Ag
Bu.

0i
|

/ x
9

p. 7 *
Disptmme"

t

/.

/ e

e

Figure 2 3: Force-Displacement Relationship of a Symmetric Gap Support

O

76

e



.-_

O

.O

:o

|

0

:O NOTICE:
1

INFORMATION IN THIS SECTION
IS PROPRIETARY TO RLCA AND

HAS BEEN DELETED FROM THIS COPY
O OF THE DOCUMENT

1

l

O

O |

0

f

ID

f 77

O

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



,

G

O

O

G

|

NOTICE: S'

INFORMATION IN THIS SECTION
IS PROPRIETARY TO RLCA AND

HAS BEEN DELETED FROM THIS COPY 1

OF THE DOCUMENT S

'I

O

G.

. .

\

78

: #:



O

O

O

O

O NOTICE:

INFORMATION IN THIS SECTION
IS PROPRIETARY TO RLCA AND

HAS BEEN DELETED FROM THIS COPY
9 OF THE DOCUMENT

O

l

|

,

h

i

I

9

79

v-

_ - - _ _ _ - - -



. . . - - - . . . .

,

O

|

*!
1

!
l

4

,

I

!

sl

i

l

NOTICE: 9

INFORMATION IN THIS SECTION'
IS PROPRIETARY TO RLCA AND

HAS BEEN DELETED FROM THIS COPY
OF THE DOCUMENT O

9.

-O

.O.

O

80-

+

.,

4..__



O

O

a y

O

Z X

O

@5O

@4
'
3 5

co

h 7

@e
g@

.O ' '< '2
il n

-O g NOTE:
.

Circled Numbers are
Element Numbers.

tO *4'

.

O Figure 3.1: UNI-Benchmark Problem No.1

81

0



- _ . __

Oi

O
,

ny

e|

Z X

O'

S '7
4 6 8 :

6 8 9
S' 14 9

13 :: ,1o

4'3 8217
16

9'
@ @

~

@ -

I

b g
'4 ,2 |,

< >3

O g .

@

dh NOTE:
Circled Numbers are,g4 *

%g6 Element Numbers.

Dks

1

Figure 3.2: uni-Benchmark Problem No. 2 *i

82 ;

Oi

4

m.



.

o ,

O
.

uY

O
1

\XZ

4
O' 5

" S
<,3

0
. '//

19

- f G'

>

tv -
3 y

e

O h *# O
< 't so as

9
"

< ,5
,

O @ g II

o 17 .

19
N'

g !$ 16

*0 ' * n

st 99 so ,

.

,'k..O. )
!

,

'O
F gure 3.3: UNl-Benchmark Problem No. 3

83

O



.-

G4
!

k 9
C

f @1-
.,

4
4

.

6 9 y
.,

.93- 9-

|b,,

5
%W* ) ! .e

@ k .i h
g

d'

! .'

h _99 -

#? : -m g
a-

8 1

i *
* ff*

, |'
. .c

'0
N 8

.

i e 'A 4

g
** i j@A "o ' ~

De d"# g
'

,

:ib
5500 i4 ,

*'

lEb? io
&

.r.i \

>

.-
Iu?$ :$

. b 4 " ,

i *\
e- ,

4

.

Figure 3.4: UNI-Benchmark Problem No. 4 O'

84

G:

. _ _ _ - - .



O .

l
!

|
<

|

O
x ==

!a
=

74 <

^
0 $$

_(*9
"

&
sO , ',s.
-

,

_ . ,

Ss
s

sO
M '

1
et

e
{* .

e
.o

1

h. -@
Es .

O 4
,

-t

O||:
*

*
,

;S
-

. .

4 i@ -
:O - e -)

,

i

|

<

a
'O-

~
.

- -
!

!
!

O Figure 3.5: UNI-Benchmark Problem No. 5 1

!
!

|

85

~0
|

i

.



0;

e
dY

e

X
e

59 e
37

4 0. 41 he '' s
O $7

O
5 33

sz
,3

Qtt
##2 ze ' zg4

to \st,a ** 2s 7, 27

h: ,, a,
~J'"

A , , (7 ,f ,
"

9
<7

*oeg
Circleb Numbers a
NOTE-

5"

Element Numbers /
.4 !.

*'z,~ */*
!

I,2 ,

!
/

e|Pi9are 3.6: yy, g'D% mark Problem No. 6

|

86

*



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

O

.

'O -

| -: ,,=

t *
\ t

| _ @

| x g- e.

n =s . .

|O >. s_ 'A
\ *

=$$ ds
=

"

' 'f
|O

**
' :

'
:

*y3

. ~l 4
|

| e <

,

';

o
|

-

:.

. eks
* *

- - -@_
.

z,

O .,

'_ -{9..
* s%

$

SO s
v pqq ~

@* *g|1 .1 1 -

e;

"{ (.

4 I,

O 4g 7

k -@ |

:-
,

b @-

5.

4

O Figure 3.7: UNI-Benchmark Problem No. 7

87

O

_ _ _ _ _ _ _ _ _ _ _ _ _



Gi
!

l
1

1 e,

(9 @ @
'

(L "go l
e .

@J'8!

,9 '

@< l
@,10 1

"

b)'41l2

@ 13gTYPICAL INTERHEDIATE g
SUPPORT

i 9|
| |<,15

i AY

$'qsx '7
.i,,

| 18

g o i

ne .;

za,

'

23
-

24
0@@ 23

s
..<

,

@
37

'6

f'27 * 30 g29

@ @ *

7

Figure 3.8: ISM-Benchmark Problem No.1 94
,.

88

9;



. _ _ - _ _ _ _ _ _ - _ _ _ _ - _

O.

.O . !,

,

O

Y ,.O ..

f

z/\x
4

I4 5 s
< . ,

i. . .,
,,

D%g @-o , ,n
8

p5Tv ' sg
.t i. ,,

<

M
*

#f.' * =.o'

1 s "@ @
'' "

g*' .

| ma a,

,, * = a
,

,

* "
et ..a

; w
|O

O Figure 3.9: ISM-Benchmark Problem No. 2

89

O



4

, 4

E zs
'

leat## "" %. -c 3 a.e oo
4

b 2'46 5
e ,

@ $2 !' ,

g g.
E4

f 36(a)
13 Af ggdOO

4 f,OE.- @)
2

$ v,k,
" 20

9g Cdof 3 :,pa 3ggfM)
,

&q ?$\ss
~

aae -

yg.
\

!
!

l

!

\
O * 9 O * e * G , o



. - .. . .

O

O

.O
r

pk

9[kO 33 33

tsz $"i
M M9 7 Y

Q;Gs3
' M7:

8 mi VMO nes m p g

/a .70
-

1 60

O !"4

19 5 83

kh"
O

~

'4'
,

:G

r e
'SO

<a .m
' '

) 42 5

os
05

O

,

O Figure 3.11: ISM-Benchmark Problem No. 4

91

O

- . - . .



. _ _ _ _ ___ _ . _ .

G

Pa .

9
-

~

..;:~r,y
'

- -,._
,

. ,. .,

..- .

hN
.

.

.. ,e .
.

-
..

.

. NE
.g:.-

O

Figure 3.12: Photograph of Single Span Test

O.

,
-

;, .

"
- .

O !I}
is =-

3- - _
,
.

La _fi . 7 , '^ - _ _ 1, |
. ;y-- .-

_

es-

;
_

~

, _ -Q'
'

. .
.

, y.

#
^ ' ' '

'
< .

Figure 3.13: Photograph of 3-D Hovgaard Bend Test ,.

92

0-

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



O

O
,

O

,

O
72" 72" 72", , . ,,, , , - ,

Wt.1 Zu. Wt.2
- .

h W ho
: 4 : : : : ;

108.5" 107.5"

15" GAP SUPPORT 15"
LOCATION

SINGLE SPAN DYNAMIC TESTSO
DIA. MET G d SCHEDULE

SP PEN

1 3" 8b

O

i

NOTE:g .

.

Supplemental 30 lb. lead weights designated at Wt.1 and '

Wt. 2 were included in test specimen 1 (3" SCH 80) only. |
i

i

3 |
|

Figure 3.14: Single Span Dynamic Test Configuration

e
i

93 j
!

D

_ _ _ __ ___ _ -



e-

Y

d
.

9\
N \'

N<

> SUPPORT S3

69.73" e'
61.75"

C
v
\

L
% 84.25"

+ ,.
O

GAP SUPPORT 67.875"
NO.2

LEAD WEIGHTS
Z

GROUND MOTION 3.31" e
DIRECTION

GAP SUPPORT g #N0.1 N.

6.25"

x e

SUPPORT
S2 g' 106.25., 136.25"

,

f/SUPPORT
S1 y 35.0"'

//
e

11.25"
,

O
Figure 3.15: 3-D Hovgaard Bend Test Configuration

94

O



r

O
Galt of It$1s 737.1985 tili sa,s 7,

O Sale taatatt es.: 3.
1181 3ECRtatsis .ee m.

PFIX * .31954
ST f!flE a 8.9120

tt1N = *.12197G
.: rieic ..esasO INIT ML * .ec257-

,

6.
d'

.>
O |

$,_ .
E'

N f''

O |-
'

3 |:-

2
.

O < se t'.s e s'. s e ib.ea s's.es 2's.es 2'u. es 28.es
T1HC (SEC)

2500

.O 22,0 -

2000 - .. .0.251 Damping

1750-

O ~! )
f 1500- [
$

1250 -

a ..

'1.011000- DampingQ g
" 750-

500-

250-Q_ ,

o- .

. . . . . , , . .
0 4 8 12 16 20 24 28 32 36 40

Frequency (Hz)

O

Figure 3.16: Time History and Response Spectra Plots of 0.82 G ZPA Input. >

95
O



2811 of 1[518 717.1005 tist 00.s s.
,G B01R CCCCatt as.: 3.
iun muun .. I.

)- titX * 1.31716
i

RI Ilr0 - 4. e'A6
ftIN - = . Sit'25o ST (IfE - 12.44598

] NIT VFL * .44C73 g*

a-
i

i

#o _
i

p
2-

C
> i

bl - 61%
.I i

;m-
I= ! t ;,
3 | - ,

| t
C |
9 -

.

.

1. 1-.

zu
i .1

~;.
1 i

@'
Ie

o
:- | \

o
e'

.

*

!~

' e.80 s'.80 d.se l'2.03 l'6.03 2'O.03 2'4.03 28.03 0l
TIME (SEC)

|

4000

3600-

f
3200- ,

{

... -0. 2 51 ' Damp ing .

p 2800 -
%

2400- h
O ,.. . . -l . 01 Damp ing

h 2000 -
%
u

{ 1600 - !

o |

E O'
1200-

800-

#
-

400-

) O!,
0 . a i e a . . . .

!

0 4 8 12 16 20 24 28 32 36 40

Frequency (Hz)

Oi

Figure 3.17: Time History and Response Spectra Plots of 1.33 G ZPA Input

96
O!



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

21

20 -

19 -

/, #18 -

17 -

16 -

15 -

14 -
T
E 13 -

0 12 -
E
W 11 -

~

10 - O --- Te s t.

$ 9- + --- ANSYS
o -- GAPPIPE8-

.

7-

6- /# /(Y5- 7
6T

4 , i , , , , , , ., , , , , , , , , ,

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Average Gap (in)

Figure 3.18: Comparison of Pipe Bending Stress @ 1/3 Location input Level = 0.82 G ZPA

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



28

26 -

O --- Test
_

+ --- ANSYS ,A

22 - 0 --- GAPPIPE -

20 -

e ..

$,. 18 -

8
$ 16 -
w
tm

g 14 -g
CD C

O 4
0 12 -

10 -
- .

8- o

)
6-

'

g.

4
~

i , , i i i i i i i i i i i i i i i

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Average Gap (in)

Figure 3.19: Comparison of Pipe Bending Stress @ 1/3 Location input Level = 1.33 G ZPA

# 8 O # # 0 # # 'I9- - --- --- __ _.- - --- - 8- - - - -



-
-
-

O _

-

.

O'
.

:
^

E , 2

S P

d Y I t

S P s
N P e ,

A T~

A .
G -

- - -
, 8- - -

1- -' + O O

!
, A

=

^

PO
' Z .

.

, 6 G
1

.

2 .

8 -

, 0
= -

^

6 , 4
l

e
v

1 e
L

~ t

~
, u

p
n

i

~ , 2 i
e

)
-n s

. 1 (

~O p rc ._
.a o

v
,' -

,
, G F

.

.

t -e c
g a^

, 1 a p
_r m -~ e

i

.-
_

'
v

6 , A n
o

i _
s
r

8 a
p, 0
m'

o
_
_

" , C
_

_

:

'O 0
.

' , 6 2
0 3

er~

, u
ig

_F
4

O , 0_

.
.'

,

2
.

- - - - - - 0

5 4 5 3 5 2 5 1

4 3 2 1

-
2b.6 ayu. 3mCEL>

1

.

.
g

_

_
.

_

_

; i , ; ' ri ,
-



#

#

, 2
A
T

E A
P D ,

#
S I
Y P T
S P S
N A E , 8

1A G T

, A
.P

m" Z 9
, 6 G

1

3
3

, 1

=

O , 4 l

#.e .

v1 e
L

,
t

u
_p

) n
, 2 in i _

( s
1 p e

a c 8r
,

v -" ,
G o

F

' , 1

e
g tcar a
e p
v m

- , n
A i .-

8o
s

8
i

r
a

, 0 p
m
o

,
, C

:

8.16 2, 0 3
e

' ,
r
u
g
iF4

.

- , 0 8~
-

,

y
2

- - - - - - 0

8 7 6 5 4 3 2 1

8

g c8g NEE-) .

$ c) #



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

_ O' -

f.O ,,;i
e :

h " 27
o

O. [ n a ,

,

" 2s I

.O n,
,

o g

O
.

'

.

' '

Gap Stpport 2

O I
:
!

15
Gap Support 1 ;

' * , ,
iO .g

3e i

10

o ,

8

O'
7

i

!.i. s

2 sz'' s3 Maximtm Stress location :

u
;O- .. !
~

ts '.3
,

'

s ' so
x i 7

3D HOVGRARD BEND TEST MODEL
O~

Figure 3.22: Analysis Model of the 3-D Hovgaard Ben'd Test Configuration ;

101
..O j

.

, . . - . . .-. - _ .. __;_._
_ - . .



__ - _________ __ ________ ______ ____ __ _ _____ _______ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

""The VKL System
nWith the U.S. Rigid 8'

now Hi SEISMIC STOP SUPPORT
-

Support System Installed

O C~/ DESIGNUU "^
/ -

4 SIX SNUBBERS (ALL
-

H11 V / REPLACED BY
in , GAPPED SUPPORTS)NE U e ALL OTHERSHOUfa* l UNCHANGED

h [ t SYSTEM
.

PRESSURIZED;v.fr. eeten -
TESTED AT COLD

H12
AND HOTH .-

E CONDITIONS$ Threaded rod see votre D -

g detsUhanger H5 g
strut Ti%
M9 spring

H6

dudderIS / SPHERICE E/
H7

,

'h to'
f. NN

Figure 3.23: HDR SHAG Experiment Test Configuration

o e * * ' * * * *
- - - - - -- - - - _ - - - - - - - - - - - - - - - - -- ~



O '.O LO- O O O O O O- O' O'

,

3
- .mm

} Test Results y1

C GAPPIPE Analysis an
,0 Results W

3
Y '

W-

8 g a g
* aU

. ro d<!: .

E! f'
,

E ' Snubberd bp
P / Configuration4g
f$E IB M

'

y
|a m'

-- -m , Seismic Stop==

-
4 Pipe Reducer Valve Sphe cal Tee Configurallon

Pipe Cornponent/ Location

Figure 3.24: HDR SHAG Experiment - Comparison of Maximum Pipe Accelerations

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



T
'

.g -

25 Test Results D

$ GAPPIPE Analysis g
3 20 Results
m

N

Snubber
q j , Configuration/ ,j'o

3 5 f /;

i i / i i %/ ,bhnfUgur Lion
-

E Dh-16 Reklucer HDU Sphbrical DU
Nozzle Nozzle Tee Nozzle

Pipe Component / Location

Figure 3.25: HDR SHAG Experiment - Comparison of Maximum Pipe Stresses

I

o . . . . . . c
__

. . o l



O. O. O O O O O~ O O O- O

1

/

/
18

Test Results @
T CAPPIPE Analysis g15 Results

12

o
._2

- " Snubber-

/ ,f 7 7 f ConfigurationC.

summ/ "/ / , Seismic Stop'-

H3 H4. H5 H9 H10 H11 H13 Configuration
,

Support Identification

Figure 3.26: HDR SHAG Experiment - Comparison of Maximum Support Loads

:

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ a



- _ _ _

.

0:

:

,

e
e

i

:
;

Of
,

'N i'

F(t) si
,

'

/
/

|
p ', YCt) |

/ ~ j _
1

/ g:
r

FCt)=f0'|$lNff)$
0<f<r >

,

L o 'th Y el
"

F(t)

:

. #!
.

o,f ...-..

,

i=- g * ,8T

Figure 3.27: Description of STARDYNE Verification Problem 30 )
e|

i
i

I

|
i

O

|

106 i

*\
. -



___a

'O
!

Y
<

O
* */| .

/
8

.

e"3o
l'8 ,

*

5<, . _ .

' "

a - _

*
38 ~2 ~3 9-

O :|x{g
|: C$

3-D Piping System

O

R 8*$ i
I
i
45 stc

O

p 2oo. - -- , j

; I
fi

058fC
O

.. ---- .._

I
F seo. ,

:-

O 3
.

. .
Q2 @ SEC

Applied Forcing Functions |
l

O
Figure 3.28: Geometry and Forcing Functions of the Molnar Verification Case

107

.O 4

1



__ - - _ - - -

O.

9

Y

$\xZ

L1

Gw

[N

e-

LJ

9
( a(*

,

,/N A
=>

,\e.

'fu P
'

'W.5yg ..

a

**
La

* 9
dasw

' '

1 100

0

Figure 4.1: Safety injection System at M|Ilstone 2 Nuclear Plant

108

O

-



O O -0 0 0 0 0 0 0 0 0
>

tJ

LJ

[ 7/Nx
'

w

s

Q

@
g 7~

@/
\ ''

,Jj @-

8 @ |Na

LJ

''m /

x
@ /*N @

@

h Snubber Rep? aced by Seismic Stop

@ Snubber Replaced by Rigid Support

h Snubber Deleted
(

Figure 4.2: Byron 2 - Reactor Coolant Bypass Line 2RC19/04
,

!

l

_ _ _ _ _ _ _ . _ -. _. . .. . _ . . -



2

1

1%D OBE
3- p

? \g1 '
C \w
c
O N-411 OBE'O I -

5 '

sj
&

/

0.5 H
!

I

e
4

' i i i , , ,

| 0 i

0 5 10 15 20 25 30 35 40 )'

Frequency (Hz)
f

Figure 4.3: Comparison of Typical Reg. Guide 1.61 and ASME Code Case N-411
Damping Spectra at McGuire

1. . . . .* *- * . .. .-



e e o o o o o o o o o

5 Limit Stops - N-411 Spectrao"

Snubbers - Existing Design Basis /

15 - 7

'

Qn 4 ,,

)';
y

9 i /o m '

tg y $ 1o -

t .

/ 2|
4

p
<

(
x? ;$4 s

/ .. !r .
d t > ,

<

+

<, ! : g e : ,

p ;gj
. ' -

e

h* :i : i-

" * *e * s a: m * F e e n W M Falb s an h y si;&ggis-0
1 80 153 229 290 371 439 514 579

Pipe Element

Figure 4.4: Comparison of Pipe Stresses for Refueling Water System

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



_-

E Limit Stops - N-411 Spectra

[ Snubbers - Existing Design Basis
35 2

4

30 -

3 /
g '25 -

O ,

3 20 - d.

-

.

0 '[ . .

1 9 17 25 33. 41 49 57 65 73 81 89 97 105 113 121 129 137 145 153
5 13 21 29 37 45 53 61 69 77 85 93 101 109 117 125 133 141 149

Supports

Figure 4.5: Comparison of Support Loads for Refueling Water System

.____ __ O __________________#________________#____________ _ # ___ _ _ ___ # # # # # # #



'

i. O .O' O O O O O- G 0: .O 10'-:

9 [

_ E Snubbers - Existing Design Basisg

Limit Stops - N-411 Spectra,

5 0?
s2 5h .

O 4y
$ 3 L -

.

L
-

l~
,

57 64 114 156 425. 439 464 M1Q MIT MIR M1J
63 108 115 159A D06A 462 472 M1P M2T M2R

Valve Nodes
'

Figure 4.6: Comparison of Pipe Accelerations for Refueling Water System

. _ _ _ _ _ _ _ _ _- -. _ - . . . . ~ . _ . _ - . _ . . _ . . . ._. _ ___ .- _ _ - - - . _ , . _ _ . _ . . _ _ . - . . _ . - _ _-



- , !

a

.

A
1

5
N ..6

|, * ,
2
5

mi B e
t

3 s
5 y

S
.^ C .r

3 e .

t
1 a .

R w
.

.d .e8 e .

0 F
5 y

.

r
i

.a
. 3 i

l

Rn x
u _

o A
i r6 t o

3 a f

4 c s
s ( o e

i s .s L sa e
s rB s S

t

a er nt r e
c g 1 t p

e s 4 S ii P
p e f

oS D A .n
1

-

7 oYg
0 s1 n C

i

r4 i a
s J A- t p

N 4 mi

x- 5 o
E C .Cs

p - 7 :

o s 4 7
t r 4
S e eb rt

b 2 ui

m u 5 ig
Fni

L S .

n6
6

3 5$
$

1

/ ' .

D 2 0

y-
ya .

$
'! | ||' L



,

|
Containment Cochng System - Ppe Stresses (No SIPS)

4
O /-5=- -

a i

: / 0,

|! __

Stress LocatKms

E!*s' c O.",m "*
O

Containmort Cooling Systern- S+ port Loads

=

/
|'

i
-g

0 ~'
.ar = = = = sw - i= =xr ..w sist a== = s= == saa sur .= r , ,,e

EI"sh Di*Ja'."

ntainment Coonng System - Resultant Anchor Loads

O ""

,,,, .

z
-

2
~O g""

3 .,.

- -
_

*n - F~l - __r,. Bn - <,
O -m - - , . g ,,; g; ,,. ~ ,n -~ ~> -

E f*/c?m.r O JS2.'''*

Figure 4.8: Comparison of Results for Containment Cooling Piping
O system at Wolf Creek

115

O



O,

CVCS Charging 8 Excess Letdown . Poe Stresses (No SFs)

/

*
*

s . .. ,g,, ,, ,, - s.

EFI4" Of"iT

e.
CVCS Charging 8 Excess LeWwn . Support Loads

/-

/ 1 |-
.

. - - - - - -.. - --- ,_
M"4"* D *2

CVCS Charging & Excess Letdown Resukant Anchor Loads
no

8:
. _

-
-

F -

1~
s- e;
3
= -

_
-

|_

no -

_.

I
_

E E _ m s[
g

'

_~
n. R e .a E R,

.,. --mygggg,7----- ,

EWATDM

Figure 4.9: Comparison of Results for CVCS Charging and Excess Letdown
Piping at Wolf Creek # l

116

*|
i



. . . , .
. - _ _ _ - _ _ _ _ _ _ _ . _ - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ - - - - . - -- .,--

;3
i

t

my

C
I
1

l

1
!

!

! n>

0
.

1

'i2 21

f%"
,,

i

' 4 ,

/ #,, 112b
<i''

a

/g= ,,
, i- -e

' $ .. ,, z/\x 1*ar
,

_s
!

-

8

b N'
sa

.

.

/N
,,

SJ

l>
ll

48
''

ti 60 i'

* )p %, , ,
\..

"

./. .\
, .

c 1g y- %. ..
_

.x,
W ~ > gm

(*

|3
|

'3

Figure 4.10: Containment Cooling Piping System at Wolf Creek

117
3

. .

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



Y

j-x
I

== m
,

,

8'S ' 400
g " A

a Ao,
we ,

.2.

ep"
a .

co .z. ., ,
.-~

y ,,cg-

fyg,t,h~{ 'g:"h
azu. . .

+4H;t.

Figure 4.11: CVCS Piping System at Wolf Creek

1

- - - - - - ______________k______.___________O_ _ _ _ _ _ _$ g * # 9 e g



O
|
i
|

!

|

9

0

0

APPENDIX A

O

SAMPLE COMPARISON SUMMARY OF NRC BENCHMARK PROBLEMS:

UNIFORM SPECTRA PROBLEM NO. 7
0

.o

O

O :

O .

O

_ _ . . _ _ _ _ _ _ _ . _ _ _



9:

BENCHMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM NO.7, PAGE:BM7-1

BENCHMARK PROBLEM NO.7 ;

GAPPIPE VERSION 2.0
|
|

NATURAL FREQUENCIES
- - - _ _ = - - - -- _ = _ _ . - - - - -_ _ _ _ - -_

MODE NUREG GAPPIPE % DIFFERENCE

___" (21_- - !2) u21-11mS1) *100= ,;-

._ _ -- _ ___

1 5.034 5.034 0.00%
2 7.813 7.813 0.00%
3 8.193 8.193 0.00%

'

4 8.977 8.977 0.00% ;
5 9.312 9.312 0.00%
6 9.895 9.895 0.00% 01
7 13.22 13.222 0.02%
8 14.96 14.957 -0.62%
9 15.07 15.067 -0.02% !10 17.75 17.755 0.03% _

11 18.21 18.209 -0.01%
12 22.9 22.9 0.00% e'
13 25.02 25.023 0.01%
14 25.85 25.855 0.02%
15 26.94 26.943 0.01%
16 28.13 28.133 0.01%
17 30.3 30.299 -0.00%
18 35.22 35.218 -0.01% 9:.
19 37.1 37.096 -0.01%.
20 42.61 42.614 0.01%
21 44.42 44.418 -0.00%
22 48.09 48.09 0.00%
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BENCilMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM NO.7, PAGE:DM7-2

3 ---- HODAL PARTICIPATION FACTORS ----
_____________________________________________

| X-DIRECTION |
__________________________________________ _ _______

MODE ITUREG GAPPIPE % DIFFERENCE
NO. (1) (2) ( (2 ) -(1) ) / (1) *100%

J ___________- __ _ _==____________________ _______

1 1.7670E-01 0.17674 0.02%
2 2.6400E-02 0.0264 0.00%
3 1.0750E-01 0.10748 -0.02%
4 8.7500E-01 0.87504 0.00%
5 .;2. 013 0E-01 0.20134 0.02%

J 6 2.3130E-01 -0.23135 0.02%
7 5.1610E-01 0.5161 0.00%
8 2.3760E-02 -0.02376 0.00%
9 1.0170E-01 -0.10168 -0.02%

10 -1.0110E-01 -0.10312 0.02%
11 8.2670E-02 0.08267 0.00%

] 12 -7.4940E-01 -0.74936 -0.01%
13 -5.7780E-01 -0.57776 -0.01%
14 2.9970E-01 -0.29972- 0.01%
15 -1.2100E-02 0.0121 0.00%
16 5.2590E-01 -0.52594 0.01%
17 -3.3140E-01 -0.83136 -0.00%

[) 18 -5.6670E-02 -0.05667 0.00%
19 -1.7510E-01 -0.17514 0.02%
20 2.7160E-01 0.27158 -0.01%
21 -1.3590E-03 -0.0014. 0.07%
22 1.1500E-01 0.11514 0.12%

3
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\BENCHMARKING GAPPIPE 2.0, UNIFORM SPECTRA-PROBLEM NO.7, PAGE:BM7-3 '

|
'

i

---- MODAL PARTICIPATION FACTORS ---- g
| Y-DIRECTION |-------

_ _ _ - - = - - - - - - - - _ _=----

MODE NUREG GAPPIPE % DIFFERENCE
NO. (1) (2) ( (2) -(1) ) / (1) *100%

- - - - - - - - - - - --------- _ _ _ - - - - - - - -

1 -5.8590E-01 -0.58585 -0.01%
2 -2.5090E-01 -0.25089 -0.00%
3 4.3320E-01 0.43324 0.01%
4 -1.6270E-01 -0.16271 0.01% ;

5 .1.1080E+00 1.10845 0.04%
6 9.2980E-01 -0.9298 0.00%.

,7 4.3290E-01 0.43291 0.00% -

8 -4.1440E-02 0.04144 0.00%
9 6.8040E-02 -0.06804 0.00%

10 -3.0960E-01 -0.30959 -0.00%
11 -1.0110E+00 -1.01137 0.04%
12 2.2690E-01 0.22692 0.01%
13 1.3730E-01 0.13725 -0.04% O.-

14 -3.9320E-01 0.39324 0.01%
15 -3.4340E-03' O.00343 -0.12%
16 3.9050E-02 -0.03905 0.00%
17 -1.2320E-01 -0.1232 0.00%
18 -2.9740E-01 -0.25738 -0.01%
19 2.1750E-01 0.21754 0.02% O
20 -1.3340E-01 -0.13342 0.01%
21 -2.0310E-01 -0.20315 0.02%
22 1.5090E-01 0.15081 -0.06%
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BENCHMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM NO.7, PAGE:BM7-4'
,

:

Q ---- MODAL PARTICIPATION FACTORS ----
_____________________________________________

| Z-DIRECTION | ;
__________=--_- -=_==- -=_________________________

MODE NUREG GAPPIPE % DIFFERENCE '

NO. (1) (2) ( (2)-(1) )/ (1) *100%
-O ----- ---------------------------------------------- --

1 1.3580E+00 1.15771 -0.03%
2 1.0870E+00 1.08672 -0.03% |
3 4.4660E-01 0.44656 -0.01%
4 -5.3890E-01 -0.53885 -0.01%
5 -3.6630E-02 0.03663 0.00% '

Q 6 -6.9300E-03 6.'10693 0.00%
e7 7.9820E-01 0.79824 0.01%

8 -6.6440E-01 0.66444 0.01% i
9 7.4620E-02 -0.07462 0.00% !

10 7.9960E-02 0.07996 0.00% L

11 -1.5860E-01 -0.15858 -0'01%.

-Q 12 4.4770E-01 0.4477 0.00%
13 2.7720E-01 0.27725 0.02% "

14 1.6930E-01 -0.1693 0.00%
15 2.1380E-01 -0.'21383' O.d1%
16 '-2.9700E-02 0.0297 0.00%
17 -2.2180E-01 -0.22176 -0.02%

0 18 -1.4530E-01 -0.1453 0.00% .;*

19 -1.0070E-01 -0.10072 0.02%
20 1.6140E-01 0.16143 0.02% :
21 -2.2720E-02 -0.02271 -0.04%
22 2.6000E-02 0.0261 0.38%
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BENCliMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM rIO.7, PAGE:BM7-5

NODAL DISPLACEMENT $;
____-- ___________________________________

| X-DIR. DISPLACEMENT |
_____________- -=_ -___________________

NODE NUREG GAPPIPE % DIFFERENCE -

NO. (1) (2) ( (2)-(1) )/ (1) *100%
_____________________________________________________ g;

1 0.0000E+00 N/A
2 1.5547E-04 0.0002 28.64%
3 0.0000E+00 N/A
4 3.4377E-03 0.0034 -1.10%
5 ;2.9812E-02 0.0298 -0.04%
6 4.5900E-02 0.0459 0.00% =

7 0.0000E+00 N/A
8 5.5673E-02 0.0557 0.05%
9 0.0000E+00 N/A

10 6.6947E-02 0.0669 -0.07%
11 8.4820E-02 0.0848 -0.02%
12 0.0000E+00 - N/A g;'
13 -8.0124E-02 0.0801 -0.03%
14 0.0000E+00 N/A
15 5.4967E-02 0.055 0.06%
16 9.7873E-03 0.0098 0.13%
17 0.0000E+00 N/A
18 6.4978E-05 0.0001 53.90%- g19 0.0000E+00 N/A
20 6.3349E-05 0.0001 57.86%
21 0.0000E+00 N/A
22 0.0000E+00 N/A
23 0.0000E+00 N/A
24 0.0000E+00 N/A g-25 5.2360E-05 0.0001 90.99%
26 0.0000E+00 N/A
27 0.0000E+00 N/A
28 0.0000E+00 N/A
29 0.0000E+00 N/A
30 3.4825E-05 0 N/A g.31 3.3013E-02 0.033 -0.04%
32 0.0000E+00 N/A
33 3.5608E-02 0.0356- -0.02%
34 0.0000E+00 N/A
35 4.2436E-02 0.0424 -0.08%
36 0.0000E+00 N/A g37 0.0000E+00 ,N/A
38 0.0000E+00 N/A
39 0.0000E+00 N/A
40 2.6313E-02 0.0263 -0.05%
41 6.8867E-03 0.0069 0.19%
42 0.0000E+00 N/A

_ g43 0.0000E+00 N/A
44 5.1200E-03 0.0051 -0.39%

O
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BENCliMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM NO.7, PAGE:BM7-6

45 5.1203E-03 0.0051 -0.40%0 46 5.1196E-03 0.0051 -0.38%
,

47 0.0000E+00 N/A48 3.3789E-03 0.0034 0.63% !

,

49 C.0000E+00 N/A50 6.1398E-04 0.0006 -2.28%51 0.0000E+00O *

N/A52 0.0000E+00 N/A53 0.0000E+00 N/A
.

'
54 0.0000E+00 N/A55 3.4300E-08 0 N/A56 .-0. 0000E+00 N/A57 'O.0000E+00'O N/A58 0.0000E+00 N/A59 0.0000E+00 N/A60 1.7441E-05 0 N/A61 0.0000E+00 N/A62 0.0000E+00 N/A63 0.0000E+00O N/A64. 0.0000E+00 N/A65 6.9086E-08 0 N/A66 0.0000E+00 N/A67 0.0000E+00 N/A'68 0.0000E+00 N/A69 0.0000E+00 N/AO 70 1.7603E-05 0 N/A ,

71 3.7432E-03 0.0037 -1.15%
72 0.0000E+00 N/A73 3.9369E-03 0.0039 -0.94% }74 0.0000E+00 N/A75 4.4190E-03 0.0044 -0.43%O 76 0.0000E+00 N/A

'

'

77 0.0000E+00 N/A i78 0.0000E+00 N/A79 0.0000E+00 N/A80 5.4341E-03 0.0054 -0.63%
81 6.2293E-03 0.0062 -0.47%O s2 0.0000E+00 N/A83 0.0000E+00 N/A84 6.3786E-03 0.0064 0.34%
85 6.3781E-03 0.0064 0.34%
86 6.3732E-03 0.0064 0.42%
87 0.0000E+00 N/AO' 88 4.3035E-03 0.0043 -0.08%
89 0.0000E+00 N/A90 8.1040E-04 0.0008 -1.28%
91 0.0000E+00 N/A92 'O.0000E+00 N/A

:

93 0.0000E+00 N/AO- 94 0.0000E+00 N/A
~

i95 2.9319E-08 0 N/A

O q
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96 0.0000E+00 N/A g
97 0.0000E+00 N/A
98 1.8851E-05 0 N/A
99 0.0000E+00 N/A

100 2.0063E-05 0 N/A '

,

101 0.0000E+00 N/A
102 0.0000E+00 N/A g5,,

103 0.0000E+00 - N/A -

104 0.0000E+00 N/A
105 4.3439E-05 0 N/A
106 0.0000E+00 N/A
107 .0.0000E+00 N/A
108 0.0000E+00 N/A g'
109 0.0000E+00 N/A
110 7.0486E-05 0.0001 41.87%
111 8.7379E-05 0.0001 14.44%
112 0.0000E+00 N/A
113 1.2410E-03 0.0012 . -3.31% '

114 0.0000E+00 N/A g'
115 5.5974E-03 0.0056 0.05%
116 0.0000E+00 N/A
117 0.0000E+00 N/A

'118 0.0000E+00 N/A
119 0.0000E+00 N/A
120 1.4778E-02 0.0148 0.15%
121' 6.8606E-03 0.0069 0.57% 0:
122 0.0000E+00 N/A
123 0.0000E+00 N/A_

124 9.8402E-03
~

0.0098 -0.40%
0.0098 -0.41%

i125 9.8390E-03
126 9.8303E-03 0.0098 -0.31%

O,'127 0.0000E+00 N/A
128 6.6620E-03 0.0067 0.57% ;

129 0.0000E+00 N/A j

130 1.2579E-03 0.0013 3.35%
131 0.0000E+00 N/A
132 0.0000E+00 N/A
133 0.0000E+00 N/A O
134 0.0000E+00 N/A
135 0.0000E+00 N/A
136 0.0000E+00 N/A
137 0.0000E+00 N/A
138 0.0000E+00 N/A |

139 0.0000E+00 N/A O!
140 3.4767E-08 0 N/A i

141 0.0000E+00 N/A
142 0.0000E+00 N/A
143 0.0000E+00 N/A
144 0.0000E+00 N/A
145 0.0000E+00 N/A

- O!
146 0.0000E+00 N/A

4:
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147 E+00 N/A0 .

148 0.0000E+00 N/A
149 0.0000E+00 N/A
150 0.0000E+00 N/A
151 0.0000E+00 N/A
152 0.0000E+00 N/A
153 E+00 N/AO .

154 0.0000E+00 N/A
155 0.0000E+00 N/A
156 0.0000E+00 N/A
157 0.0000E+00 N/A
158 JO.0000E+00 N/A
159 0.0000E+00 N/Aq'-
160 0.0000E+00 N/A
161 0.0000E+00 N/A
162 0.0000E+00 N/A
163 0.0000E+00 N/A
164 0.0000E+00 N/A
165 0.0000E+00 N/AO 166 0.0000E+00 N/A
167 0.0000E+00 N/A
168 0.0000E+00 N/A
169 0.0000E+00 N/A
170 0.0000E+00 N/A

O
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O

O
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O



.- -

O

BENCHMARKING GAPPIPE 2.0, UNIFORM SPECTRA PROBLEM NO.7, PAGE:BM7-9

NODAL DISPLACEMENT
O.------------------. =--------------------

| Y-DIR. DISPLACEMENT |
- - - - - - - - - - - --- _ - _ . _ _ _ - - - - . -------------------

NODE NUREG GAPPIPE % DIFFERENCE -

NO. (1) (2) ( (2) -(1) )/ (1) *100%
:---------------. . - - - - - - - - - - - - _ - - ----------

1 0.0000E+00 N/A O
2 1.1943E-05 0 N/A
3 0.0000E+00 N/A
4 1.2626E-02 0.0126 -0.21%
5 ~-1.3710E-01 0.1371 -0.00%
6 2.1288E-01 0.2129 0.01%
7 0.0000E+00 N/A O
8 2.4383E-01 0.2438 -0.01%
9 0.0000E+00 N/A

10 2.4386E-01 0.2438 -0.02%
11 2.4388E-01 0.2438 -0.03%
12 0.0000E+00 N/A
13 2.1412E-01 0.2141 -0.01% 0
14 0.0000E+00 N/A
15 1.3426E-01 0.1342 -0.04%
16 1.5598E-02 0.0156 0.02%
17 0.0000E+00 N/A
18 4.3568E-03 0.0044 0.99%
19 0.0000E+00 N/A 0:
20 5.4549E-08 0 N/A

.

21 0.0000E+00 N/A ''
..

22, 0.0000E+00 N/A,

23 0.0000E+00 N/A
24 0.0000E+00 N/A
25 6.6019E-03 0.0066 -0.03% O
26 0.0000E+00 N/A
27 0.0000E+00 N/A
28 0.0000E+00 N/A
29. O.0000E+00 N/A
30 9.0729E-03 0.0091 0.30%
31 2.6793E-02 0.0268 0.03% O
32 0.0000E+00 -N/A
33 2.8586E-02 0.0286 0.05%
34 0.0000E+00 N/A
35 3.5129E-02 0.0351 -0.08%
36 0.0000E+00 -

N/A
37 0.0000E+00 N/A O.
38 0.0000E+00 N/A
39 0.0000E+00 N/A
40 3.6328E-02 0.0363 -0.08%
41 3.3668E-02' O.0337 0.10%
42 0.0000E+00 N/A
43 0.0000E+00 N/A - 9:
44 2.9760E-02 0.0298 0.14%

.

O
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Q 45 1.9342E-02 0.0193 -0.22%
46 2.1563E-03 0.0022 2.03%
47 0.0000E+00 N/A
48 1.2546E-05 0 N/A
49 0.0000E+00 N/A -

50 3.2359E-06 0 N/A
O 51 OE+00 N/A.

52 0.0000E+00 N/A
53 0.0000E+00 N/A
54 0.0000E+00 N/A
55 4.8784E-08 0 N/A
56 .C.0000E+00 N/A
57 0.0000E+00 N/A'q
58 0.0000E+00 N/A
59 0.0000E+00 N/A
60 4.4227E-03 0.0044 -0.51% -

61 0.0000E+00 N/A
62 0.0000E+00 N/A
63 E+00 N/AO .

64 0.0000E+00 N/A
65 5.3981E-08 0 N/A
66 0.0000E+00 N/A
67 0.0000E+00 N/A
68 0.0000E+00 N/A
'' *" '+ " "/^O 70 5.8988E-03 0.0059 0.02%
71 1.7980E-02 0.'018 0.11%
72 0.0000E+00 N/A
73 1.9502E-02 0.0195 '' -0.01%
74 0.0000E+00 N/A
75 2.6305E-02 0.0263 -0.02%')f 76 0.0000E+00 N/A
77 0.0000E+00 N/A
78 0.0000E+00 N/A
79 0.0000E+00 N/A
80 3.5424E-02 0.0354 -0.07%
81 3.7510E-02 0.0375 -0.03%O 82 0.0000E+00 N/A-
83 0.0000E+00 N/A
84 3.4077E-02 0.0341 0.07%
85 2.2168E-02 0.0222 0.15%
86 2.5241E-03 0.0025 -0.95%
87 E+00 N/A0 .

88 1.2952E-05 0 N/A
89 0.0000E+00 N/A
90 3.3406E-06 0 N/A
91 0.0000E+00 N/A
92 0.0000E+00 N/A
93 **U "#^O *

94 0.0000E+00 N/A
-

-

95 5.0365E-08 0 N/A

,

O

. _ _
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|
96 0.0000E+00 N/A g
97 0.0000E+00 N/A
98 6.8591E-03 0.0069 0.60%
99 0.0000E+00 N/A i

100 7.7882E-03 0.0078 0.15% |
'

101 0.0000E+00 N/A |102 0.0000E+00 N/A--

103 0.0000E+00 N/A g|i
104 0.0000E+00 N/A
105 1.6231E-02 0.0162 -0.19%
106 0.0000E+00 N/A-

107 .;0.0000E+00 N/A
,

108 0.0000E+00 N/A g
109 0.0000E+00 N/A

*

110 5.1417E-08 0 N/A
111 3.2014E-02 0.032 -0.04%
112 0.0000E+00 N/A- -

113 3.8590E-02 0.0386 0.03%
;

114 0.0000E+00 N/A g:
115 4.4797E-02 - 0.0448 0.01%
116 0.0000E+00 N/A .

117 0.0000E+00 N/A
118 0.0000E+00 N/A
119 0.0000E+00 N/A

'

120 6.0182E-02 0.0602 0.03%
O:~121 5.7435E-02 0.0574 -0.06%

122 0.0000E+00 N/A
123 0.0000E+00 N/A
124 5.0766E-02 0.0508 ~ 0.07%
125 3.2820E-02 0.0328 -0.06%

;

126 3.7553E-03 0.0038 1.19 %~ -

127 0.0000E+00 N/A
,

'128 1.5603E-05 0 N/A
129 0.0000E+00 N/A
130 4.0246E-06 0 .- N/A >

131 0.0000E+00 N/A >

132 0.0000E+00 N/A
O133 0.0000E+00 N/A

134 0.0000E+00 N/A
135 0.0000E+00 N/A
136 0.0000E+00 N/A
137 0.0000E+00 N/A -

138 0.0000E+00 N/A
139 _0.0000E+00 N/A O
140- 6.0673E-08 0 N/A
141 0.0000E+00 N/A i

142 0.0000E+00 N/A
143 0.0000E+00 N/A
144 0.0000E+00 N/A

Oi145 0.0000E+00 N/A
-

146 0.0000E+00 N/A
'

O.

_ _
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,

Q 147 0.0000E+00 N/A
148 0.0000E+00 N/A ,149 0.0000E+00 N/A
150 0.0000E+00 N/A
151 0.0000E+00 N/A
152 0.0000E+00 N/A

,

-Q 153 0.0000E+00 N/A '

154 0.0000E+00 N/A
155 0.0000E+00 N/A
156 0.0000E+00 N/A

,

157 0.0000E+00 N/A
158 c0.0000E+00 N/A ,

O 159 0.0000E+00 N/A
160 0.0000E+00 N/A
161 0.0000E+00 N/A
162 0.0000E+00 N/A
163 0.0000E+00 N/A
164 0.0000E+00 N/A

O 165 0.0000E+00 N/A
166 0.0000E+00 N/A
167 0.0000E+00 .N/A :
168 0.0000E+00 N/A !

169 0.0000E+00 N/A
170 0.0000E+00 N/A '

O

O

!

O
;

i

f

O_ ;

-O' .

..

'O
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NODAL DISPLACEMENT ,

3:_ - - - - _ - - - - - _ _ _ _ _ . - - _ _ - - - - _ _ _ _ _ - - _ - _ _ _ _ - - _ .

| Z-DIR. DISPLACEMENT |
-----------------------_ .-----------------------

NODE NUREG GAPPIPE % DIFFERENCE
NO. (1) (2) ( (2 )-(1) } / (1) *100%

----------- ___=- .==-... --------.------

1 0.0000E+00 N/A 8:
2 1.5704E-03 0.0016 1.88%
3 0.0000E+00 N/A
4 1.0175E-02 0.0102 0.24%
5 1.0246E-02 0.0102 -0.45%
6 '1.0258E-02 0.0103 0.41%
7 0.0000E+00 N/A C;
8 4.2529E-02 0.0425 -0.07%
9 0.0000E+00 N/A

10 1.4599E-01 0.146 0.01%
11 3.1155E-01 0.3115 -0.02%.

12 0.0000E+00 N/A
13 3.4272E-01 0.3427 -0.00% 3:
14 0.0000E+00 N/A
15 3.4275E-01 0.3427 -0.01%
16 3.4276E-01 0.3427 -0.02%
17 0.0000E+00 N/A
18 3.3296E-01 0.3329 -0.02%
19 0.0000E+00 N/A g;
20 3.0513E-01 0.3051 -0.01%
21 0.0000E+00 N/A
22 0.0000E+00 - N/A
23 -0.0000E+00 N/A
24 0.0000E+00 N/A
25 2.3497E-01 0.2349 -0.03% g.
26 0.0000E+00 N/A
27 0.0000E+00 N/A
28 0.0000E+00 N/A
29 0.0000E+00 N/A
30 1.1216E-01 0.1121 -0.05%
31 7.9233E-02 0.0792 -0.04% g;
32 0.0000E+00 N/A
33 7.8076E-02 0.0781 0.03%
34 0.0000E+00 N/A
35 7.8062E-02 0.0781 0.05%
36 0.0000E+00 N/A
37 0.0000E+00 N/A g
38 0.0000E+00 N/A
39 0.0000E+00 N/A
40 7.8033E-02 0.078 -0.04%
41 7.8011E-02 0.078 -0.01%
42 0.0000E+00 N/A
43 0.0000E+00 N/A
44 7.1388E-02 0.0714 0.02%

_ g=

9
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;

O 45 4.9073E-02 0.0491 0.05%
46 1.1821E-02 0.0118 -0.18%
47 0.0000E+00 N/A
48 5.2949E-03 0.0053 0.10%
49 0. 0000E4 00 N/A

'

50 1.2978E-03 0.0013 0.17%
O 51 0.0000E+00 N/A

52 0.0000E+00 N/A ,

53 0.0000E+00 N/A ,

54 0.0000E+00 N/A i

55 1.0634E-07 0 N/A
56 .;0.0000E+00 N/A ;

O 57 0.0000E+00 N/A ;
58 0.0000E+00 N/A
59 0.0000E+00 N/A
60 3.3988E-02 0.034 0.03%
61 0.0000E+00 N/A !
62 ~ 0.0000E+00 N/A '

O 63 0.0000E+00 N/A ;,

64 0.0000E+00 N/A '

65 9.6922E-08 0 N/A
66 0.0000E+00 N/A
67 0.0000E+00 N/A
68 0.0000E+00 N/A 'i

O 68 8 08008+0 N/A
70 6.6275E-03 0.0066 -0.41%

;

71. 1.0294E-02 0.0103 0.06%
72 0.0000E+00 N/A i

73 1.0368E-02 0.0104 0.31%
:'74 0.0000E+00 N/A

75 1.0367E-02 0.0104 0.32%O 76 0.0000E+00 N/A !

77 0.0000E+00 N/A [78 0.0000E+00 N/A
79 0.0000E+00 N/A '

80 1.0364E-02 0.0104 0.35%
81 1.0360E-02 0.0104 0.39%O 82 0.0000E+00 N/A i
83 0.0000E+00 N/A ,

84 9.7800E-03 0.0098 0.20%
85 7.2066E-03 0.0072 -0.09% !
86 2.1734E-03 0.0022 1.22% '

87 0.0000E+00 N/AO 88 1.1610E-03- 0.0012 3.36% ,

89 0.0000E+00 N/A
90 2.9753E-04 0.0003 0.83%
91 0.0000E+00 N/A
92 0.0000E+00 N/A
93 0. 0 OE+00 N/AO 94 0.0000E+00 N/A

,

95 2.7215E-08 0 N/A

. O-

_ _ _ _ _ _ . _ _ _ _ _ _ _
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96 0.0000E+00 N/A -g 1

97 0.0000E+00 N/A
98 7.7922E-03 0.0078 0.10%
99 0.0000E+00 N/A

100 9.0227E-03 0.009 -0.25%
101 0.0000E+00 N/A
102 0.0000E+00 N/A
103 0.0000E+00 N/A g
104 0.0000E+00 N/A
105 -3.7942E-02 0.0379 -0.11%.
106 0.0000E+00 N/A
107 O.0000E+00 N/A
108 0.0000E+00 N/A i

N/A E109 0.0000E+00 -

110 ~ 6.6414E-02 0.0664 -0.02%
111 6.7065E-02 0.0671 0.05%
112 0.0000E+00 N/A
113 6.6159E-02 0.0662 0.06%
114 0.0000E+00 N/A -

115 6.6157E-02 0.0661 -0.09% 0
116 0.0000E+00 N/A
117 0.0000E+00 N/A i
118 0.0000E+00 N/A ~l
119 0.0000E+00 N/A
120 6.6125E-02 0.0661 -0.04%
121 6.6097E-02 0.0661 0.00% Ol
122 0.0000E+00 N/A
123 .0.0000E+00 N/A.
124 6.1337E-02 0.0613 -0.06%-

;
125 4.3511E-02 0.0435 -0.02%, !
126 1.1506E-02- 0.0115 -0.05% !
127 0.0000E+00 N/A 9|128 5.5821E-03 0.0056 0.32% i
129 0.0000E+00 N/A |130 1.4202E-03 0.0014 -1.43%
131 0.0000E+00 N/A
132 0.0000E+00 N/A
133 0.0000E+00 N/A O|
134 0.0000E+00 N/A
135 0.0000E+00 N/A
136| 0.0000E+00 N/A ;137 0.0000E+00' N/A
138 0.0000E+00 N/A !139 0.0000E+00 N/A- O!
140 1.2653E-07- 0 N/A'
141 0.0000E+00 N/A
142 0.0000E+00- N/A

-143 0.0000E+00 N/A
144 0.0000E+00 N/A
145 0.0000E+00 N/A - 9,
146- 0.0000E+00 N/A

e:

--- -- - . -
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147 0.0000E+00 N/A
148 0.0000E+00 N/A
149 0.0000E+00 N/A |
150 0.0000E+00 N/A
151 0.0000E+00 N/A ,

152 0.0000E+00 N/A |,,
J 153 0.0000E+00 N/A

154 0.0000E+00 N/A
155 0.0000E+00 N/A
156 0.0000E+00 N/A
157 0.0000E+00 N/A
158 co.0000E+00 N/A

's 159 0.0000E+00 N/A
160 0.0000E+00 N/A
161 0.0000E+00 N/A
162 0.0000E+00 N/A
163 0.0000E+00 N/A
164 0.0000E+00 N/AO, 165 0.0000E+00 N/A
166 0.0000E+00 N/A
167 0.0000E+00 N/A
168 0.0000E+00 N/A
169 0.0000E+00 N/A
170 0.0000E+00 N/A

O

D

D

e

,
1

1

:.'o |
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NODAL ROTATION 9_-
- ____________________________

| X-DIR. ROTATION ||

_______.._________=__ - - _-_=______________ __________

NODE NUREG GAPPIPE % DIFFERENCE
NO. (1) (2) ( (2) -(1) ) / (1) *100%

_--______ -_ -________ _ - -_____

O!1 0.0000E+00 N/A
2 4.9439E-04 0.0005 1.13%
3 0.0000E+00 N/A
4 2.9433E-03 0.0029 -1.47%
5 14.6516E-03 0.0047 1.04%
6 4.8306E-03 0.0048 -0.63%
7 0.0000E+00 N/A O:
8 5.6235E-03 0.0056 -0.42%
9 0.0000E+00 N/A

10 5.7956E-03 0.0058 0.08%
11 5.4779E-03 0.0055 0.40%
12 0.0000E+00 N/A
13 4.6526E-03 0.0047 1.02% .O..

! 14 0.0000E+00 N/A
15 4.2457E-03 0.0042 -1.08%

i 16 3.6891E-03 0.0037 0.29%
' 17 0.0000E+00 N/A

18 3.3305E-03 0.0033 -0.92%
19 0.*0000E+00 N/A G
20 3.2150E-03 0.0032 -0.47%
21 0.0000E+00 N/A
22 0.0000E+00 N/A
23 0.0000E+00 N/A
24 0.0000E+00 -N/A
25 2.4341E-03 0.0024 -1.40% G_.

26 0.0000E+00 N/A
27 0.0000E+00 N/A
28 0.0000E+00 N/A
29 0.0000E+00 N/A
30 1.1605E-03 0.0012 3.40%
31 5.7443E-04 0.0006 4.45% 9-
32 0.0000E+00 N/A
33 4.5943E-04 0.0005 8.83%
34 0.0000E+00 N/A
35 .2.7554E-04 0.0003 8.88%

i 36 0.0000E+00 N/A
| 37 0.0000E+00 N/A 9:

38 0.0000E+00 N/A
39 0.0000E+00 N/A
40 3.0980E-04 0.0003 -3.16%
41 3.7324E-04 0.0004 7.17%
42 0.0000E+00 N/A
43 0.0000E+00 N/A - G!
44 4.0394E-04 0.0004 -0.98%

O!

_ -
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0 45 4.1044E-04 0.0004 -2.54%
46 4.4760E-04 0.0004 -10.63%
47 0.0000E+00 N/A
48 3.1672E-04 0.0003 -5.28%
49 0.0000E+00 N/A -

50 1.4378E-04 0.0001 -30.45%
O 51 0.0000E+00 N/A

52 0.0000E+00 N/A
53 0.0000E+00 N/A
54 0.0000E+00 N/A
55 3.6891E-08 0 N/A
56 J0.0000E+00 N/A

O 57 0.0000E+00 N/A
58 0.0000E+00 N/A
59 0.0000E+00 N/A
60 5.8029E-04 0.0006 3.40%
61 0.0000E+00 N/A
62 0.0000E+00 N/A

O 63 0.0000E+00 N/A
64 0.0000E+00 N/A
65 2.5646E-08 0 N/A
66 0.0000E+00 N/A
67 0.0000E+00 N/A
68 0.0000E+00 N/A

O 69 0.0000E+00 N/A
70 1.7154E-04 0.0002 16.59%
71 3.3022E-04 0.0003 -9.15%
72 0.0000E+00 N/A
73 3.6026E-04 0.0004 11.03%
74 0.0000E+00 N/A

O 75 3.4994E-04 0.0003 -14.27%
76 0.0000E+00 N/A
77 0.0000E+00 N/A
78 0.0000E+00 N/A
79 0.0000E+00 N/A
80 1.7775E-04 0.0002 12.52%

g 81 9.8463E-05 0.0001 1.56%
82 0.0000E+00 N/A
83 0.0000E+00 N/A
84 7.0382E-05 0.0001 42.08%
85 6.8260E-05 0.0001 46.50%
86 7.6284E-05 0.0001 31.09%

O 87 .00 E+00 N/A
88 6.5462E-05 0.0001 52.76%
89 0.0000E+00 N/A
90 3.2497E-05 0 N/A
91 0.0000E+00 N/A
92 0.0000E+00 N/A

O 93 0.0 E+00 N/A
,

94 0.0000E+00 N/A
95 8.5776E-09 0 N/A

O
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96 0.0000E+00 N/A O97 0.0000E+00 N/A
98 1.7147E-04 0.0002 16.64%
99 0.0000E+00 N/A

100 1.7140E-04 0.0002 16.69%
101 0.0000E+00 N/A
102~ 0.0000E+00 N/A O.103 0.0000E+00 N/A
104 0.0000E+00 N/A
105 2.2970E-04 0.0002 -12.93%
106 0.0000E+00 N/A
107 30.0000E+00 N/A
108 0.0000E+00 N/A ,

109 0.0000E+00 N/A -

110 3.6095E-04 0.0004 10.82%
111 4.5364E-04 0.0005 10.22%
112 0.0000E+00 N/A
113 4.8421E-04 0.0005 3.26%
114 0.0000E+00 N/A
115 4.6192E-04 0.0005 8.24% S
116 0.0000E+00 N/A
117 0.0000E+00 N/A

- 118 0.0000E+00 N/A
119 0.0000E+00 N/A
120 1.1193E-04 0.0001 -10.66%
121 2.0550E-04 0.0002 -2.71% $
122 0.0000E+00 N/A
123 0.0000E+00 N/A
124 2.4733E-04 0.0002 -19.14%
125 2.5894E-04 0.0003 15.86%
126 3.9052E-04 0.0004 2.43%
127 0.0000E+00 N/A G
128 3.1589E-04 0.0003 -5.03%
129 0.0000E+00 N/A
130 1.5554E-04 0.0002 28.59%
131 0.0000E+00 N/A
132 0.0000E+00 N/A
133 0.0000E+00 N/A S
134 0.0000E+00 N/A
135 0.0000E+00 N/A
136 0.0000E+00 N/A
137 0.0000E+00 N/A
138 0.0000E+00 N/A
139 0.0000E+00 N/A 9-
140 4.0828E-08 0 f(/A
141 0.0000E+00 N/A
142 0.0000E+00 N/A
143 0.0000E+00 N/A
144 0.0000E+00 N/A
145 0.0000E+00 N/A - G
146 0.0000E+00 N/A

e
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147 E4 00 N/A0 .

148 0. 0000E+ 00 N/A
149 0.0000E+00 N/A
150 0.0000E+00 N/A
151 0.0000E+00 N/A
152 0.0000E+00 N/A
153 E+00 N/AO .

154 0.0000E+00 N/A
155 0.0000E+00 N/A
156 0.0000E+00 N/A
157 0.0000E+00 N/A
158 e0.0000E+00 N/A
159 0.0000E+00 N/AO 160 0.0000E+00 N/A
161 0.0000E+00 N/A
162 0.0000E+00 N/A
163 0.0000E+00 N/A
164 0.0000E+00 N/A
165 0.0000E+00 N/AO 166 0.0000E+00 N/A
167 0.0000E+00 N/A
168 0.0000E+00 N/A
169 0.0000E+00 N/A
.170 0.0000E+00 N/A

O

O

O

O

'O .

O
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NODAL ROTATION
__-___-______-______-___-__-_-__ #.__-_____-

| Y-DIR. ROTATION
|___-_ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - =_-____

NODE NUREG GAPPIPE % DIFFERENCE '

NO. (1) (2) ( (2)-(1) )/ (1) *100%
- _ _ - - - - - - - - - _ - - - - _ - - _ - - - _ - - _ _ _ _ _ - - ---------_--_-__

1 0.0000E+00 N/A O
2 1.4871E-04 0.0001 -32.75%
3 0.0000E+00 N/A
4 5.9654E-04 0.0006 0.58%
5 ;9.9068E-04 0.0010 0.94%
6 1.0207E-03 0.0010- -2.03%
7 0.0000E+00 N/A O '

8 1.1197E-03 0.0011 -1.76%
9 0.0000E+00 N/A10 1.1803E-03 0.0012 1.67%

11" 1.2787E.03 0.0013 1.67% -

12 0.0000E+00 N/A13 1.3679E-03 0.0014 2.35% 0
14. 0.0000E+00 N/A15 1.4385E-03 0.0014 -2.68%
16 1.5752E-03 0.0016 1.58%
17 0.0000E+00 N/A18 1.7575E-03 0.0018 2.42%
19 0.0000E+00 N/A 9
20 1.8046E-03 0.0018 -0.26%
21 0.0000E+00 N/A <22 0.0000E+00 N/A
.23 0.0000E+00 N/A24 0.0000E+00 N/A25- 2.1106E-03 0.0021 -0.50% G26 0.0000E+00 N/A-27 0.0000E+00 N/A28 0.0000E+00 N/A29 0.0000E+00 N/A30 1.8626E-03 0.0019 2.01%.
-31 9.9997E-04 0.0010 0.00% 932 0.0000E+00 N/A33 6.5024E-04 0.0007 7.65%
34 0.0000E+00 .N/A
-35 7.6983E-05 0.0001 29.90%
36 0.0000E+00 N/A37 0.0000E+00 N/A G38- 0.0000E+00 N/A39 0.0000E+00 N/A40 8.8744E-04 0.0009 1.42%
41 1.2562E-03 0.0013- 3.48%
42 0.0000E+00 N/A43 0.0000E+00 N/A - S44 1.5708E-03 0.0016 1.86%

O
e

. . .. . . . .. -. . . .. .
.

. . ..
.

- - - - - - - - - - - - - - - -- -
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~

97 0.0000E+00 N/A
Q 98 2.9814E-04 0.0003 0.62% '

99 0.0000E+00 N/A
100 3.2251E-04 0.0003 -6.98%<

'
101 0.0000E+00 N/A
102 0.0000E+00 N/A '

103 0.0000E+00 N/A
O 104 0.00 OE+00 N/A

105 . 6. 4 66'7E-04 0.0006 -7.22%
; 106 0.0000E+00 N/A

107 0.0000E+00 N/A
: 108 0.0000E+00 N/A
i 109 J0.0000E+00 N/A
:O 11 2.3777E-04 0.0002 -15.89%

111 1.8081E-04 0.0002 10.61%
112 0.0000E+00 N/A

*'

113 2.9634E-04 0.0003 1.24% *
,

114 0.0000E+00 N/A,'

115 3.3064E-04 0.0003 -9.27%
116 0. O E+00 N/A iO

; 117 0.0000E+00 N/A '

; 118 0.0000E+00 N/A
i 119 0.0000E+00 N/A I

| 120 2.2842E-04 0.0002 -12.44% '

' 121 7.2680E-04 0.0007 -3.69%
.122 0.0000E+00 N/AO 123 0.0000E+00 N/A
124 1.2296E-03 0.0012 -2.41%
125 1.2964E-03 0.0013 0.28%
126 1.1215E-03 0.0011 -1.92% '

,

127 0.0000E+00. N/A. I
i 128 7.4204E-04 0.0007 -5.66% '
.O 129 0.0000E+00 N/A !
| 130 1.8927E-04 0.0002 5.67%
| 131 0.0000E+00 N/A |132 0.0000E+00 N/A ;

133 0.0000E+00 N/A
$. 134 0.0000E+00 N/A

'

;O 135 o,oooog+oo gja ,

136 0.0000E+00 N/A '

137 0.0000E+00 N/A [
,

138 0.0000E+00 0.0000 N/A '

139 0.0000E+00 N/A- ,

!140 2.8770E-08 N/A-O 141 o,oooog+oo gja ;
'

142. 0.0000E+00 N/A
143 -0.0000E+00 N/A
144 0.0000E+00 N/A- ;

145- 0.0000E+00 .N/A
1 146 0.0000E+00' N/A

~ ,

TO
-

147 0.0000E+00 N/A '

148 0.0000E+00 N/A
1

: .

O-- :
,

,

..,.m.. .- - ~. , , _ . . - - - , .
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149 0. 0000E4 00 N/A
150 0.0000E+00 N/A g;'

-

151 0.0000E400 N/A
152 0.0000E+00 N/A
153 0.0000E+00 N/A
154 0.0000E+00 N/A
155 0.0000E+00 N/A
156 0.0000E+00 N/A
157 0.0000E+00 N/A -

158 0.0000E+00 N/A
159 0.0000E+00 N/A
160 0.0000E+00 N/A
161 0.0000E+00 N/A
162 0.0000E+00 N/A ,:163 0.0000E+00 N/A ''-

164 0.0000E+00 N/A i
165 0.0000E+00 N/A '

166 0.0000E+00 N/A
167 0.0000E+00 N/A ,

168 0.0000E+00 N/A .169 0.0000E+00 N/A Oi
170 0.0000E+00 N/A

e;

1

O

e

e

!

- O

Oi

. . ,

) T -u m m a w e
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NODAL ROTATION
O __.._________________________-__-____-_______

| Z-DIR. ROTATION |
_____________________________________________________

NODE NUREG GAPPIPE % DIFFERENCE
NO. (1) (2) ( (2 ) -(1) ) / (1) *100%

_____________________________________________________
O 1 0.0000E+00 N/A

2 4.3453E-05 0 N/A
3 0.0000E+00 N/A
4 2.8785E-04- 0.0003 4.22%
5 4.8167E-04 0.0005 3.81%
6 5.1415E-04 0.0005 -2.75%

O / 0.0000E+00 N/A
8 6.2890E-04 0.0006 -4.60%
9 0.0000E+00 N/A

10 6.5629E-04 0.0007 6.66%
11 6.0289E-04 0.0006 -0.48%
12 0.0000E+00 N/A

O 13 4.9990E-04 0.0005 0.02%
14 0.0000E+00 N/A
15 4.0873E-04 0.0004 -2.14%
16 2.6385E-04 0.0003 13.70%
17 0.0000E+00 N/A
18 2.8414E-04 0.0003 5.58%

Q 19 0.0000E+00 N/A
20 2.6031E-04 0.0003 15.25%
21 0.0000E+00 N/A
22 0.0000E+00 N/A
23 0.0000E+00 N/A
24 0.0000E+00 N/A

O 25 1.2807E-04 0.0001 -21.92%
26 0.0000E+00 N/A
27 0.0000E+00 N/A
28 0.0000E+00 N/A
29 0.0000E+00 N/A
30 6.5295E-05 0.0001 53.15%

O 31 2.2404E-04 0.0002 -10.73%
32 0.0000E+00 N/A
33 2.4192E-04 0.0002 -17.33%
34 0.0000E+00 N/A
35 3.5426E-04 0.0004 12.91%
36 0.0000E+00 N/A

O 37 0. 000E+00 N/A
38 0.0000E+00 N/A
39 0.0000E+00 N/A
40 5.5886E-04 0.0006 7.36%
41 6.7143E-04 0.0007 4.25%
42 0.0000E+00 N/A

O 43 000E+00 N/A.

44 7.3746E-04 0.0007 -5.08%
45 7.4283E-04 0.0007 -5.77%

,

a

1
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46 5.7791E-04 0.0006 3.82%
47 0.0000E+00 N/A g!
48 2.8368E-04 0.0003 5.75%
49 0.0000E+00 N/A
50 7.5058E-05 0.0001 33.23%
51 0.0000E+00 N/A
52 0.0000E+00 N/A
53 0.0000E+00 N/A g;
54 0.0000E+00 N/A
55 1.5794E-08 0 N/A
56 0.0000E+00 N/A
57 0.0000E+00 N/A
58 /0.0000E+00 N/A
59 0.0000E+00 N/A a
60 1.3447E-04 0.0001 -25.63% "'

61 0.0000E+00 N/A
62 0.0000E+00 N/A
63 0.0000E+00 N/A
64 0.0000E+00 N/A
65 2.8675E-08 0 N/A g :'66 0.0000E+00 N/A
67 0.0000E+00 N/A
68 0.0000E+00 'N/A
69 0.0000E+00 N/A
70 2.3499E-04 0.0002 -14.89% '

71 4.1539E-04 0.0004 -3.70%
g .,72 0.0000E+00 N/A '

73 4.3969E-04 0.0004 -9.03%
74 0.0000E+00 N/A
75 5.3226E-04 0.0005 -6.06%
76'"0.0000E+00 N/A
77 0.0000E+00 N/A g._78 0.0000E+00 N/A
79 0.0000E+00 N/A
80 6.9980E-04 0.0007 0.03%-
81 7.9250E-04 0.0008 0.95%
82 0.0000E+00 N/A
83 0.0000E+00 N/A 4:84 8.4502E-04 0.0008 -5.33%
85 8.4779E-04 0.0008 -5.64%
86 6.6708E-04 0.0007- 4.94%
87 0.0000E+00 N/A
88 3.4554E-04 0.0003 -13.18%
89 0.0000E+00 N/A
90 9.8093E-05 0.0001 1.94% g-
91 0.0000E+00 N/A
92 0.0000E+00 N/A
93 0.0000E+00 N/A
94 0.0000E+00 N/A
95 2.0975E-08 0 N/A
96 0.0000E+00 N/A

- O'
97 0.0000E+00 N/A

G:

_ . -
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;

98 2.3482E-04 0.0002 -14.83%
99 0.0000E+00 N/AO. 100 2.3419E-04 0.0002 -14.60%

101 0.0000E+00 N/A
102 0.0000E+00 N/A
103 0.0000E+00 N/A -

104 0.0000E+00 N/A105 9.1896E-05 0.0001 8.82%3 106 0.0000E+00 N/A
107 0.0000E+00 N/A
108 0.0000E+00 N/A109 0.0000E400 N/A
110 ,6.4295E-04 0.0006 -6.68%:

111 9.8722E-04 0.001 1.30%3 112 0.0000E+00 N/A..113 1.0294E-03 0.001 -2.85%
114 0.0000E+00 N/A115 1.0585E-03 0.0011 3.92%
116 0.0000E+00 N/A117 0.0000E+00 N/A3 118 0.0000E+00 N/A119 0.0000E+00 N/A120 1.1943E-03 0.0012 0.47%
121 1.2515E-03 0.0013 3.88%
122 0.0000E+00 N/A

,

. 123 0.0000E+00 N/A
,

0 124 1.2803E-03 0.0013 1.54%7

125 1.2712E-03 0.0013 2.27%,

126 9.8498E-04 0.001 1.52%
; 127 0.0000E+00 N/A i

128 5.2935E-04 0.0005 -5.54%
,

! 129 0.0000E+00 N/A .O 130 1.5226E-04 0.0002 31.35% i

131 0.0000E+00 N/A| 132 0.0000E+00 N/A
>

133 0.0000E+00 N/A,

134 0.0000E+00 N/A135 0.0000E+00 N/AO 136 0.0000E+00 N/A .i137 0.0000E+00 N/A i138 0.0000E+00 N/A139 0.0000E+00 N/A
.;

140 3.2507E-08 0 N/A141 0.0000E+00 N/A !D. 142 0.0000E+00 N/A143 0.0000E+00 N/A144 0.0000E+00 N/A145 0.0000E+00 N/A
146 0.0000E+00 N/A
147 0.0000E+00 N/Ag 148 0.0000E+00 N/A ~

j149 0.0000E+00 N/A !

!
:

I

3
:
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l

150 0.0000E+00 N/A
| 151 0.0000E+00 N/A gj
.

152 0.0000E+00 N/A :
| 153 - 0.0000E+00 N/A '

154 0.0000E+00 N/A
155 0.0000E+00 N/A ;

156 0.0000E+00 N/A l
; 157 0.0000E+00 N/A gj
1 158 0.0000E+00 N/A

159 0.0000E+00 N/A '

160 0.0000E+00 N/A |
161 0.0000E+00 N/A

| 162 0.0000E+00 N/A'

163 0.0000E+00 N/A g164 0.0000E+00 N/A.
165 0.0000E+00 N/A
166 0.0000E+00 N/A
167 0.0000E+00 N/A
168 0.0000E+00 N/A
169 0.0000E+00 N/A g,170 0.0000E+00 N/A

|

!

|
~

|

| Gj

i

O!
!

I

i

!

.
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|
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w>om w. Gem 2.0, tmsam mcw sunun m.7. . -- tsi:w.n |
1

O c >o+= marx m.7. run ur star sus
EWPIM MRsim 2.0
MMG K21TS

fliN FX(1) W(!) W(I) TX(!) M(!) M2(I) PX(JK) W(JK) VZ(JK) TX(JK) M(JK) M(JK)
ML FX(J) W(J) W(J) TX(J) M(J) MZ(J)

0 12.3E+02 2.6zE402 8.07204: 4.%n403 2.iOSE403 2.21n404 2.3E4(2 2.6se+a2 8.072E4: 4.%7E+03 i.655E403 2.m+04

2 2.3E402 2.6zE402 8.ca+014.%7E4031.65&@ 2.059E404 5.2Mf+013.527E402 8.072E412.54E405 4.2N4031.WE+04
2.665E402 2.3E402 8.072E+01 1.233E4C3 4A6SE4031.7tdE404

3 2.65K402 2.36X402 8.0241 1.2DE+03 4AME4031.7tdE404 2.6zE+G2 2.3R*02 8.072E411.2DEC 1.947E4051.011E+04

4 2.6M+021.701E402 5.751E*01 1.2DE4G51.%K4031.01E+04 2.6 TOG 21.701E402 5.75E401 1.253E+031.G35E403 7A44E4G5

5 2.619E +021.701E+02 5.75E401 1.2DE*031.032E403 7444E405 7.272E+013.05?E402 5.751E+012.637E4G21.36?E403 6.282E+05

O 1.70E402 2.619E4(2 5.75E4017.G3E402 9.182E402 4.M405

41.7DE+02 2.6M402 5.75E4017.031E402 9.182E+02 4.852E4051.70E402 2.6M402 5.75E4017.031E+02 4.8M402 2.753E+02

7 T.77 E412.07DE+02 3.153E4017.03E402 4.87K402 2.753E402 7.799E4012.0?DE402 3.153E4017.031E*02 8.%E402 5.847E403 *

8 7.77K+012.07DE402 3.153E+017.031E+02 8.%0E4G! 5.847E+05 2.014E402 9.151E4013.153E+012.MiE*021.234E4 6.588E+03

2.07DE402 7.79I+013.153E+01 1.06T405 8.666E402 6.621E+05

9 2.070E4G2 7.7%013.153E*01 1.050E403 8.665E+02 6.621E+03 2.070E4(2 7.7%013.153E401 1.05T*C31.37E405 5.221E+C3

Q 10 6.93&4013.3310413.743E+01 1.050E4051.377E4 5.221E+05 6.936E4013.331E4013.743E401 1.050E403 2.m403 4A7W+03

116.93&413.7G+013.331E401 1.050E405 4A?9E403 2.008E4 5.1DE4015.9E4013.331E+013.855E+G5 2.355E4G5 2.215E+05

3.743E4016.93E4013.33E4014.3G4G51.195E403 2A25E+03

12 3.7W4013.351E4016.95E+014.3G+05 2.MiE+051.190E+03 3.7E4013.331E+016.936E4014.343E4 3A13E4031.62BE403

13 3.755E412.3&f4014.334E414.343E4G5 3A13E41.62E*05 3.75BC12.385E+014.334E+014.343E403 2.144E+031.M403

14 3.M1E+01 1.923E4019.375E*014.3a4 2.144E4031.0205 3.ME41 1.9ZIE4019.375E+014.343E405 3.974E*05 8.054E402

Q 15 5.37tE4012.257E413.16K401 1.37aE405 2.37K4051.667E+05 537ff412.257E*013.160E401 1.37E405 3.316E+051.05SE4

16 537K413.160E4012.267E401 1.378E*051.05EG 3316E405 6.131E41 1.1E4012.26?E4019A53E4021 A17E405 3.350E403
5.M+01 1.81E4012.257E+014.732E*G21.611E+05 3.344E4

17 5.96K4012.26R401 1.8IiE+014.7480+02 3.344E41.611E@ 5.9sE412.267E*01 1.!D5E4014.748E+02 3.052E4051.371E403

18 6.92BE+01 1.%OO12.251E+014.742E4G2 3.052E4031.378E+03 6.M401 1.%B012.251E4014.74E*02 2.2BE+G5 8E7E*02

19 9.030E413.22aE4013.05E4014.74E402 2.2BE403 8.!Ei?EG 9.030E4013.22sE413.058E4014.748EG 1.742E4G5 2.852E+02

0 23 9.03 E40 3. B 13.22SE414.74E402 2.852E*G21.742E405 4.50E+018303E4013.22E+012.253E402 4.21K4021.540E405

3.0m019.03E4013.22K401 1.77aE+02 3.362E4021.223E403

213.QB013.22E+019.050E401 1.77aE+021.223E403 3.362E+02 3.0m013.22E+019.030E401 1.77E*02 2.56?E+021.825E+G2

22 3.357E414.8?E+01 1.051E+021.77aE402 2.567E+021.525E402 3.357E+014.678E401 1.051E+021.778E402 2.711EG 1.31'K+G5

23 3.38?E+014.87E401 1.051E+021.77E402 2.711E403131@05 4.744E+013.573E401 1.051E402 2.154E+03 2.159E+C51 A57E+03

4.878E4013357E+01 1.051E+02 3.187E+03 3.593E*021 A85'405

O 24 4.878e+01 i.05ie@ 3.3s?t4013.1s7E403 i Aa5E4a3 3.593E402 4.87aE401 1.051E4a2 3.387E4013.187t4G31 Ame+03 t.925e+a3

25 4.87E401 1.053E402 3A30E4013.157EG 1AEE4031.925E403 4.87E+01 1.053E+02 3A30E4013.187E+031.579E+G3 3.657"+03

26 4.310E4012.55N417.S'.1E+012A13E4051.9th031.323E403 431T412.557E4017.841E4012A13E403 4.%3E4G51.893E402

27 4.313413.2424018.77E4012A13E+05 4.%3E4051.ftr5E402 4.312E4013.2ME418.771E412A13E405 8.982E+051 A95E403

28 4.972E+013.!DI4013.95K+018.152E+02 2A53E405 2.244E403 4.972E+013.!DE4013.950E 018.152E402 9.842E402 6.757E+02

291.77K+01 2A57E401 1.905E*01 1.152E+02 9.71T4021.27E4031.77E4012A57E401 1.905E41 1.153+02 5.172E402 5.011E+02
o 301.77E41 1.9E*012A57E401 1.152E+02 5.011E402 5.17E402 2.021401 1.64E412A57E+012.21E+G2 3.8202 4.9E402v

2.143E+01 1453E412A5K+014.027E4G2 2.050E+02 4.772E402

312.1W4012ASA+01 1 AS4E*014.02SE*02 4.773+02 2.054E+02 2.143E4012AS?E401 1 AS4E*014.03E402 2.592402 3.355E+02

321.7BE+01 1.254E+01 1.448E+014.(25E4G2 2.593+G2 338h021.781E41 1.264E41 1 A4E+014.G?5E+02 3.57%G2 7A75C402

331.970E+012.21E4012.053E4014.0250+02 3.579E402 7A7B021.970E4012.881E412.053E414.025E402 5.930EG 2.375E402

341.9m012.0DE4012.21E414.G25E+02 2.375E+G2 5.930E402 2.68W019.677E40) 2.881E401 1.%1E402 3.625E*02 6.23E+02

0 2.m3e+0i i.97aE+012.m1Edi 1.55,E+02 2.840E402 5.8<cE402

35 2.053E412.21E41 1.970E401 1.551E402 5.8'oE4G2 2.840E4(2 2.053E4012.21E41 1.970E401 1.551E402 3350E+02 2.02E402

35 2E3E+015.0Vf4012.702E+01 1.551EW 33E402 2.02E+02 2E3E415.03&*012.703E401 1.551E402 3.632E4021.39?E+03

l

1

Q 1

l
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IOOfWalE CAI4' lit 2.0, LAf f&M !KCTRA 54UnfN 60.7 -..~..... IWI:iW-30

37 2A3E+015.02(+012.?G141 1.551E+02 3.632E+G21.W/L4G5 3.619E4014.su(4012R4013.874EW 2.574E+021.562E403
5.GYi41 243E+01 2R401 4.22E402 9.6%E+01 1 64X<n g

38 5.QVI.+012.7K5.*01243E4014.82DE@ 1.64%+03 9.6%E415.056E4012.?U2E4012E304014.82E4021.7WL403 4R4G!
37 5.024412.721E+012.932E4014.820E+021.79T4G5 4.220E402 5.C36E4012.72E4012.952F+014.83]E402 2.077E*C3 85/BE4G2
40 3.67E+012R+013EE*012.200E4G21.90E403 7219E+02 3B5E4012.209E4013A1E4012.2 DOE *021.75&MB 6.544E402
413.67aE4012.20K+013EE4012.2DI4G21.758E405 6.54t(402 3BBE4012.2pK4013AE4012.2000@ 1.615E4 5.90E+02

42 3.6780+012.2crK4013&E4012.20E*021.6tX405 5.90E+02 3B8E4012.209E4013EE4017 mrr4a! 3.a50E+02 8.asI402
43 3.675E+01 IM401 1.754E+012.200E402 3.850E402 8.85E402 3BSE401 1.759E401 1.754E*012.200E4021.28K4031.69E+03
44 3.67E+0135;0E41 1.6%E412.200E+G21.25?E*031.6aE*05 3.671E+013.550E41 1.6ME4012.200E402 7.923E402 3.647E+02

45 3.671E+01 1.Mi40135A+012.200E402 3.64?E402 7.92E*021.aME4013.582E4013.550E401 1.226E402 2.995E402 7.135E4G2
1.&4413.67E4013.550E4012.354E@ 8.521E*015.90?E402

461.R(4013.55E+013.67E+0125A402 5.90E402 8.52E+01 1.406E+013.550E4013.671E4012.354E+02 2.159E+G2 4.MMI2
47 4.405E41 1.37?E4013.353E4012.354E402 2.199E*02 4.403E402 4.405E+01 1.37K+013.353E+012.'I54E*021.968E4051.2134G5 -
48 9.42K413.52K4012.do?E4012.354E*021.96fE4051212E405 9.42?E*013.529E4012.dG7E4012.35(E402 2.491E+05 4.466E402 k
49 9.42?E412.6044013.529E4012.354E4G2 4.466E4G2 2.491E405 8.3ZiE415.16K4013.529E413.69?E402 3.2DK402 2.439E+03

2.607E401 9.42?E401 3.52K401 4.dGO:4021.3itI402 2.170:405

50 2Jo?E4013.529E4019.42?E4014.dO2E402 2.170E4051.370E4G! 2.60?E4013.52E4019.42?E+014.602E402 8.579E402 4.759E402
513.400E4016.067E401 1.26E402 4.602E+G2 8.53K+02 4.75rK402 3.400E4016.05?E401 1.261E402 4.m402 2.310E+G51.%1E403
52 3.400E4016.06?E*01 1.261EG 444EE402 2.310E4051.%E405 2.955E+016.2ffiE41 1.261E402 2.12SE4031.?U?E405 2.18?E403

6.09E4013.400E401 1.261E+02 2.87&+C3 2.02?E+G2 2.348E4G5 O
$3 6.09E401 1.2610402 3.400E4012.874405 2.34aE*05 2.02?E402 6.05?E41 1.261EG 3.400E4012.87K+03 2.713E*G3 2.064E*G5
54 6.05?t401 1.295E402 3.47K4012.87K405 2.773E405 2.0%E403 6.05?E41 1.2EiE402 3.47/E4012.87K+G5 3.251E403 4.053E403
12.43K410.00E+00
2 3.6I5E-02 0.02]E+00

3 3.54K-G2 0.001400

4 6.018E.02 0.000E@ O'
5 5.455E4010.030E400

6 5.142E+01 0.000E*00

7 3.430E410.000E400

8 4.878E4010.000E40)

91.QS3E402 0.000E+00

10 6.909E4010.0]OE400 0!11 5.3 pee 401 0.0]QE+00

12 9.M4010.000E400

13 2.932E4010.00]E400

14 5.G MC 41 0.O]OE+00

15 2.72E4010.0XE40)

16 3.47K+010.000E400 9j17 6.057E+010.00T+00

181.265E+02 0.000E400

19 3.68K403 0.00I+00

20 3.18?E*G3 0.0XIE+00

Tl 1.57K+03 0.000E@

22 2.55W405 0.aIE+00 9
23 9.334E+03 0.QXE400

24 2.85?E*C3 0.00T+0)

25 8.57E402 0.01E40)

35 4.f20E@ 0.00T+00

27 2.074+03 0.01E40)

as 4.0s3Ee 0.00re
S)19 2.874+03 0.0IE400

i

e

_ _____-____
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1 CMitt wksu 2.0 R[uts g
E1EN PX(!) W(1) vz(1) Tx(I) My(!) MZ(!) m(J/C) Vy(J/C) VZ(J/C) Ty(J/C) MY(J/C) MZ(J/C)

80. h(J) W(J) VZ(J) TX(J) MY(J) MZ(J)

12.3W42 2.M6E402 8.0M4014.94&405 2.10ff*03 2.217E+04 2.32E+02 2.m402 8.070E4014.9 EW 1.M+03 2.059E*04
2 2.3m02 2.u6E402 8.070C+014.%K+051.(6&+05 2.0mo; 5.22013.5mC2 8.070E4012.54E403 4.275E*031.90ff*04

2Mi+02 2.3E+02 8.070E401 1.215E405 4.467E*G51.76)E40i

3 2.&6E+02 2.36T+02 8.070E401 1.253E+G5 4.467E4051.7204 2.&M402 2368E402 8.070E401 1.2K+G51.%7E4031.011E+04

4 2.6%C21.701E+02 5.750E+01 1.25304051.%7E+C51.011E+04 2.61W4(21.701E402 5.750E401 1.255E4051.039E403 7A43E403
5 2.6m021.701E+02 5.750E4011.2XD05120E4G5 7A43E+03 7.2;0E4013.0m02 5.750E4012.640EW 1.367E403 6.281E403

1.701E+02 241W402 5.750E401720E402 9.180E+02 421E+05

61.701E+02 24WC2 5.75T4017.03T402 9.1E*02 4.881E4051.701E*02 2.6m02 5.750E 017.030E402 4.900E+02 2.750E+02

7 7.m*012.070EW 3.150E4017.07JE402 4.m*02 2.750E40c 7.8EE4012.07T+02 3.tST4017.030E402 8.9GOE402 5.847E+05
,

8 7.5EE+012.070E+02 3.150E+01720E402 8.960E402 5.847E+G5 2.013E+02 9.150E4013.150E4012A60E4021.254E+03 6.587E+03 *

2.0&G2 TJ00E+013.150E4011.0@03 84R+02 6421E+03

9 2.0M402 7.80T4013.150E401 1.0500405 8.670E402 6.621E+03 2.070E+02 7.8EE4013.150E401 1.060E+0513m03 5.220E405

10 6.930E*013.3300413.740E+01 1.050E4051.39E+a5 5.220E405 6.930E*013.33D013.740E401 1.0TE405 2.m4Q3 4.479E+03

116.930E4013.740E*013.330E4011.050E+03 4A205 2.00T+05 5.130E 015.m4013.HD013ESE403 2.355E405 2.215E4G5

3.74T4016.930E4013.33T4014.343E4051.1m03 2A85E405

12 3.74T+013.33T+016.930E4014.343E405 2AS3E+051.1205 3.740E*013350E4016.930E4014.343E403 3A13E4051.628E403 O
13 3.75T4012JWO14.330E4014.343E405 3A13E4051.M405 3.750E40123;0E4014330E+014.343E405 2.143E+031.05aE403

14 3.7ME 01 1.9&O19.370E4014.343E405 2.143E+031E8E4G5 3.7@01 1.920E4019.370E4014.343E403 3.9%c5 8.050E402 -

15 5.3SB012.270E413.160E+011.377E405 2.32051.657E403 5.35)E4012.270E*013.160E4011.3TK+03 3.32031E8E403

16 5.330E4013.1GD012.270E401 1.37K+051ET405 331&+G5 6.13E401 1.14T4012.27T+019A50E4021 A16E+C5 3.350E405

5.9m01 1.81I4012.27T4014.K0E4021411E405 3.343E4G5

17 5.970t4012.270E401 1210E4014.75T402 3343E4051410E405 5.9?UE4012.270E+01 1.810E+014.750E402 3E1E4051.371E+05 O
16 6.930E401.1.9A' 4012.250E4014.750E402 3EDQ51.371E405 6.930E4011.950E4012.250E4014.750E402 2.281E405 M M402

19 9.C30C4013.230E4013.07T+014. DOE 402 2.281E*03 8.850E+02 9.050E4013.25T4013.070E4014.750E+021.K2E403 2E0E402

20 9ET4013.070E4013.25T4014.75T402 2E0E4021.742E4G5 4.510E4018A00E+013.230E41 ? "M402 4.220E4021.540E405

3.07T4019E0E4013.230C+01 1.73]E+02 3.32021.225E+C5

213.070E4013.23T4019.030E401 1.7E+021.22Bc5 3.3202 3.070E4013.230E401920E+01 1.7Z0E402 2.570E4C21E20E402 -
22 3J;0E401420E401 1.061E4021.75)E402 2.57T+(21.820E4(2 3JiOE4014.m*01 1.051EW 1.78D02 2.711E4051.32G5 $
25 3J&O14.83B01 1.051E+021.73D02 2.711E+031.31@03 4.AT4013.570E401 1.051E402 2.154E405 2.tST4G51 A57E403

4.83D013J;00401 1.051E402 3.1&E+05 3.9m021.M403

24 4.83B01 1.051E+02 3J;0E+013.1*'E4031 ASB05 3.59D02 4.SEE+01 1.051E+02 33;0E4013.186E+051 A33E4031.925E403

25 4.REE401 1.QSD02 3A3D013.12051 AIBc51.925E+03 4.20E+01 1.0SD02 3A30E4013.1&f4031.5mG5 3.6E*G3
26 4.31T+012.M0E4017.8;CE*012A13E4051.91T+031.32D03 4.31T4012.590E4017.800E+012A13E+03 4.%2E4G51.S;0E402

27 4.31T4013.25T+018.72012A13E+Q5 4.%2E4051.S;T402 4.31T4013.250E4018.770E+012A13E+G5 8.951E+G51.495E+03 9
28 4.9m013.81T4013.9" 4018.150E+02 2A53E+05 2.243E+03 4.97T+013.81T4013.950E4018.150E402 9E0E402 6.7900402A
271.7aD012ASD01 1.m401 1.150E+02 9.71T+021.27E4031.73]E+012AG01 1.9CDE401 1.150E402 5.170E402 5.01T402
301.75D01 1.90]E412A60E*01 1.tSOE402 5.010E*02 5.170E402 2RDE401 1.64T4012A60E4012.830E*02 3.810E+02 4.9;0E402

2.14T401 1 A50E412A60E+014.G50E+02 2.050E402 4.7/0E402

312.14T412A6T41 1 A50E414.02T402 4.770E+02 2.050E402 2.140E*012A60E401 1 Am014.020E402 2.590E402 3.300E+02

321.73D01 1.250E41 1 A50E4014KT+02 2.5202 3.32021.7%01 1.260E401 1 AST4014.020E+02 3.5m02 7A7T402 $
331.9m012.80E4012.0&D014.020E+02 3.5aDC2 7A70E+021.970E+012.8SB012.0s)E4014.03B02 5.930E402 2.3;0E42

341.97E*012.050E4012.m4014RT+02 23m02 5.930E+02 2.62019.700E400 2.8SD01 1.%0E402 3420E402 6.220E42

2.0sD01 1.97T4012.8m01 1.5500+0? 2.840E402 5.m402

35 2.050E+012.890[401 1.970E401 1.550E*02 5.8202 2.840E402 2.050E412.50E401 1.970E+01 1.550E402 3.350E402 2.03T402

36 2E&4015.0@012.70&+01 1.550E*02 3.36T402 2E0E402 2.8m015.0m012.700E401 1.550E402 3.630E4021.397E+03
3F 2ET415.0;T412.73D01 1.550E+02 3.6314021.377E403 3.62T 014.550E*012.700E4013.870E402 2.570EW 1.562E403 $

5.om012E0E 012.73D014.820E+02 9.7J)E 01 1.645E+03

$
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.O
3a 5.ua.m 2.7ea+0i 2.en+0i 4.aw io.2+03 9.70acei 5.0a+0i 2.7ar+0i 2.ea+0i 4.820E402 i.Wx+03 4.2rrr.a2
39 5.0GT4012.720E+012.93a+014.m+021.Wi+G3 4.251+02 5.fya+012.72T+012.93T4014.820E402 2.077E403 8.5&I+02

40 3.m4012.2114013hE+012.200E+021.M4 7.27T+02 3.m+012.21T+013.6st+012.20r+021.7A403 6.540E402
413.mD012.213;+013.660E*012.3XlE+G21.75&+03 6.540E+02 3.680E412.210E*013.t/R+012.200E4021.614E+03 5.950E402

42 3.mD012.21T+013//R4012.2nUG21.614E+03 5.9'A+02 3. TAI +01221T+013.660E412.200E402 3.50E*02 8.asD02
43 3.6M+01 1.kOE+01 1.7A+012.20T+02 340E402 8.85142 3.670E401 1.7tE401 1.7514012.200E4021.257E4G31.653E4G3~

0 44 3.670E*01'3.550E*01 1.700E4012.2aI402 ia7E4a3 i.talte 3.67a+013.550E40i i.700E4 2.2rIt402 7.92T+02 340E402
45 3.6R*01 1.?DU013.550E4012.20T+02 3.t60E402 7.92T+02150E4013.5sI+013.550E4011.230E402 2.9AE+02 7.130E402

1.70B013.6R413.550E4012.35&W 8.50P015.910E+02

461.700E413.5ST413.670E4012.35&+02 5.91T T 5.5mE401 1.700E40135A413.670E4125A4T 2.162402 4.4aE+02
47 4.40T401 1.3sB013.33D012.350E4G! 2.162402 4.4aD02 4.400E401 1.3sI4013.3sD012.350E+021.958E4C31212E4C3
48 9.430E+013.530E4012.610E4012.35E4021.M4031.212E4 9.0LO13.53004012.610E+012.351402 2.490E+03 4.470E+02

0 '' 9.'32*12.63T40i 3.53E412.350E402 4.4R*02 2.490E4 8.300E*015.170E4013.s30E4013.700E402 3.210E402 2.43sa3
2.61T4019.430E4013.530E4014.690E4021.JADT 2.170E+03

50 2.610E*013.s30E419.430E4014#0E*02 2.170E4031.3XE402 2.61T413.53T419.430E4014.690E402 8.540E402 4.7E0E402
513.400E+016.070E401 1.261E+02 4.6;0E402 8.540E402 4.7tdE+02 3.4aE4016.070E401 1.261E+02 4BOE+02 2.31T4031.%1E403

;

52 3.400E416.070E401 1.261E+02 4.69B02 2.310E+031.%1E403 2.960E4016.2SB01 1.261E*02 2.12BE*G31.707E403 2.WE403
6.07T+013.400E4011.261E+02 2.877E*G3 2.C3T402 2.348E403

,O $3 6.070E401 1.261E402 3.40T+012.877E+c3 2.34aE403 2.03T.02 6.070E41 1.251E+02 3.400E4012.877E403 2.773E403 2.054E+03
54 6.0R41 1.2 TEE 4G2 3.420E4012.877E+G3 2.713E+05 2.064E+03 6.070E411.2EE4m 3.45E4012.877E403 3.250E403 4.052E403
12.435E-010.000E400

2 3.632E 02 0E0E400

3 3.54E-02 0.00DO)
4 6.012E-02 0.0XD00

o 5 5 x u+0i0.axI e
6 5.141r.401 0.0 mE40)

7 3.430E4010.00T+0)

8 4.87tD010.03DO)
,9.1.053E402 0.01DG)

to 6.93 D 01 0.00T400

Q 115.37?t4010.00T40)
12 9.691E+010.0TE40)

13 2.932E*010.0mE+00

14 5.QEC4010. alba)
15 2.721E*010.QXE+00

16 3.472410.010E400

.Q 17 6.Q57E+010.aXDO)

18 1.265E+G 0.01 D O)

19 0.0 m t+00 3.ta B c5

20 0.03I+0) 3.18T4I3
210.0mE*001.5E+03
22 0.000E4G) 2.564E403

Q Z3 0.0XD00 9.353E+c3

24 0.COI4 2.857E4G3

25 0.alr*00 8.577E+02
26 0.00B00 4.81bC2
27 0.QIE400 2.077E403

28 0.01E+00 4.aa+G3

Q 29 0.01E+0) 2.87/E+03

30 0.0XDO) 3.25&+03i

O l
I
i
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1 Poaxiut O!FfU1 MIS DE.iREN NMG NO C#PlfT WRSKN 2.0 (uan oe unc): '

O'
|nfM fv(1) vr(I) V2(1) Tx(t) m(I) MZ(1) PxrJ/t) W(JK) V2(JK) Tx(JK) m(JK) m(JK)

e0. Fx(J) Vr(J) V2(J) tx(J) Mr(J) MztJ)
1 -0.0a 0.an -O m % -0.02% 0.0K 0.00% 40a 0.0K -0.02% -0.02% 0.0% 0.00%
2 -0.04% 0.0A -0. 0 -0. 6 0.0A 0.0K 0.02 -0. m -0.02E 0.0A 0. R 0.02

0.0% 40@ -0.02% 0.0A -0.02% 0.0% WA WA WA WA WA WA
3 0.00% -0.0G -0.02% 0.00% -0.02% 0.0% 0.00K -0A% -0. 0 0.00% 0.00% 0.00% O
4 0.GA 0.02 -0.02% 0.00 0.00K 0.00E 0m 0.00% -0.02% 0. M 0.00E -0.01%
5 0.00% 0m -0.02% 0.00% 0.00E -0.01% -0.05% -0.05% -0.02% 0.11% 0.00% -0.02%

0.00% 0.00% -0.02% -0.01% -0.02% -0.02% WA WA WA WA WA WA
6 0.0A 0.004 -0. M -0J01% -0.M -0.02% 0.001 0.0A 4 02% -0.01% 0.02% -0.11%
7 0.01% 0.0A 41% -0.01% 0.02% -0.11% 0.0t% 02 410K -0.01% 0.00% 0.005
8 0.01% 0.0A -0.10E -0.07% 0.tXIE 0.00C -0.02 -0.01% -0.10% -0.20% 0.00% -0.02% O

0.0A 0.01% -0.10% 0.00% 0.0% 0.0A WA WA WA WA WA WA
9 0.0A 0.01% -0.1m 0.0A 0.05% 0.00% 0.0A 0.0t% -0.10E 0.0A -0.07% -0.02%

10 -0.0 A -0. 6 -OM 0.00E 40A -0.02% -0.0A -0. m 405 0.00% 0.0% 0.00E '
11 -0.0A -0.02 -0.0% 0.0A 0.0A 0.QA -0.05% 0.0A -0.0 % -0.03% 0.0% 0.00%

-0.0 % -0.09% -0.0% 0.00K 0.03E 0.00% WA WA WA WA- WA WA
12 -Om 4cn -0.0A Om 0.0x 0.00E -0.On -0.au -0.0A 0.0A 0.00s 0.00E G;
u -0.12 0.17% -0.0A 0.0A 0.0X Om -0.ux 0.17% -0.0A 0.0A -Om% 0.0A
% -0. m -0.%% -Os 0.00E -0EE OJ10E -0. 6 -0.EE -Om 0.00% 0.0A -0.05%
15 0.07% 0.t.R 0.02 -0.07% -0.02 0.00K 0.07% 0.12 0.0A -0.07% 0.00% 0.00E
16 0.07% 0.00E 0.13E -0.07% 0.0E 0.0E -0.02% -0.3SE 0.13% -0.5 -0.07% 0.00E

0.05% -0.05% 0.12 0.%% 0.00E 4 05% WA WA WA WA WA WA
17 0.02% 0.tX 0.28% 0.03 -0.05E -0.05E 0.02% 0.13% 0.35K 0.03 -0.05% 0.00E $:
16 ' O.05% 0.05% -0.03 0.03 -0.05E 0.00K 0.05% 0.05% 403 0.0c 0.00% 05
19 0.0A 0.0A 0.07% 0.0a 0.00E 0. 5 0.0E 0.0SK 0.07% 0.0c 0.03E -0.07%

20 0.0E 0.07% 0.0S% 0.03 -0.07% 0.0E 0.02% -0.0c 0.0t% -0.tR 0.07% 0.00%

0.07% 0.0E 0.0SK 0.1t% -0.0SE 0.0E WA WA WA WA WA WA
21 0.07% 0.05% 0.0E 0.11% 0.0E -0.0SE 0.07% 0.02 0.0A 0.11% 0.12% -0.27%

22 0.0A 0.0c 0.0A 0.11% 0.12% -0.27% 0.0A 0.0a 0.0A 0.11% 0.0A 0.0A $:
25 0.0A 0.0a 0.0A 0.1t% 0.00K 0.0E -Om -0.05 0.00% 0.0% 4 05% Om

0.03 0.0A 0.0A -05 -0.05 0.00E WA WA WA WA WA WA
24 0.03 0.0A 0.0A -05 0.00; -0.08E 0.0a 0.0R 0.0A -0.G5% 0.0E 0.0A
25 0.0c 0.0% 0.00% -0m 0.0E 0.00E 0.0a 0.0E 0.0E -0.05% 0.00K 0.0E
26 0.00% 0.12% -0.01% 0.00% -Os 0.00% 0.00E 0.12% -0.0t% 0.0A -0.02% 0.11%

27 -0.05% 0.12% -0.0t% 0.0x -0.02% 0.it% -Om 0.ta -0.0t% Om -0.0t% 0.Qx e;
as -0.0a 0.cn 0.0A -0. n 0.0x -0.0a -0.0 a 0.cn 0.0E -Om -0.02% 0.0a
29 0.2R 0.12% -0.2SE -0.17% 0.0E 0.005 0.22 0.12% -0.25% -0.17% -0.0a 4 02%
30 0.Z5% -0.2% 0.12% -0.17% -ORK -0.04% -0.10% 40% 0.12% -Om 0.1t% 0.02%

4M% 4 21% 0.12% 0.07% 0.0E -0.03 WA WA WA WA WA WA
31 -0.14% 0.12% -0.2m -0.12% -0.%% -0.19% -0.14% 0.12% -0.2m -0.12% -0.0% -0.15% !

32 -0.0 2 -0.32% 0.%% -0.12% -0.02 -0.1S% -0.0% -0.32% 0.14% -0.12% Os -0.07% g|
'33 0.0A -0.05% -0.15% -0.12% 0.c5% 4 07% 0.0E -0. m -0.1S% -0.12% 0.0A -0.21%

34 0.0A -0.1S% -0.02 -0.12% -0.21% 0.00% -0.19% 0.2c -0.G2 -Os 4 14% -0.05
-0.1S% 0.0A -0.03% -0.0% 0.00% 0.0A WA WA WA WA WA WA i

35 -0.1S% -Os 0.0A -0.0 % 0.0% 0.(%E -0.15% -Om 0.0A -0.0% 0.0A 0.20E |

.% -0.11% 0.02 -0.07% -0.02 OM 0.20E -0.11% 0.0% -0.07% -0.0 2 -0.02 0.00% !

37 -0.11% 0.0% -0.0A -0.0% 402 0.0A 0.02 0.0A -0.07% -0.10% -Om 0.0K g'
O.0% -0.11% -0.07% 0.0% 0.32% 0.0K WA WA WA WA WA WA

l
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'O 35 0.QA -0.07% -0.11% 0.0A 0.0n 0.32% 0.mx -0.07% -0.11% 0.n -0.0fA 0.utA '

.W 0.QA -0.04% -0.07% 0. 2 -0.05% 0.0% 0.02 -0.03 -0.07% 0.00% 0.02 0.T%
40 0.0% 0.02 -0. M 0.0% 0.0A 0.01% OE% OE% -0.03% 0.0% 0.0A -0.0fA '

41 0.5% 0.05% -0. m 0.00% 0.0A -0.0G1 OR DE% -0.03% 0.QA -0.E% 0.0S%
;

42 0.0S% 0.05% -0B 0.0A -0.05% OEK OR OR -0. m 0.02 OR 0.0A ;

43 -0.14% 0.0'A -0.Z3% 0.0A 0.0K 0.0K -0.%% 0.0S% -0.23% 0.QE 0.0A 0.0A !

'Q 44 -0.GI% 0.0A 0.24% 0.0A 0.OR 0.00E -0B 0.00% 0.24% 0.00% -0.04% 0.08%
45 -0.03% 0.24% 0.00% 0.00K 0.05E -0.04% 0 21% -0.06% 0.0A 0.33% -0.17% -0.07%

0.24% -0.03% 0.0K -0.1M -0.2S% OR WA WA WA WA WA WA I

46 0.24% 0.0A -OR -0.17% 0.03% 0.25% 0.24% 0.00E -0.03% -0.17% 0.Gi% -0.07%
47 -0.11% 0.22% 0.07% -0.17% OR -0.07% -0.11% 0.22K -0.07% -0.17% 0.0A 0.00K
48 0.03% 0.03% 0.12% -0.17% 0.00E 0.0K 0.03% OR 0.12% -0.17% -0.04% 0.07%

.Q 49 0.03% 0.12% CR -0.17% 0.07% -0.04% -OR 0.00E 0.03% 0.05% OR 0.00%

0.12% 0.03E OR -0.04K 0.0X 0.0E WA WA WA WA WA WA
50 0.12% 0.G3% 0.03% -0.04% 0.0E 0.00E 0.12% OR 0.G3% -0.04% 0.01% 0.02%

$1 0.0% 0.051 0.0X -0.04% 0.0t% 0.02K 0.00E OR 0.00K -0.04% 0.00% 0.001
52 0.00K 0.Ei% 0.00E -0.04% 0.0E 0.0X 0.17% -0.05K 0.005 0.0A 0.QR -CR

CE% 0.0X 0.00K 0.00E 0.15% 0.0K WA WA WA WA WA WA

g 53 0.05% 0.00E 0.00E 0. ora 0.00t 0.15% OR 0.0x 0.0E 0.00% 0.0x 0.00%

54 0.0S% 0.00% 0.07% 0.0E 0.0E 0.0E OR 0.00E 0.07% 0.00% -0.G3% -0.02% t

1 -0.03% WA WA WA WA WA . WA WA WA WA WA WA
2 -0.02% WA WA WA WA WA WA WA WA WA WA WA
3 0.0X WA WA WA WA WA WA WA WA WA WA WA

;

4 -0.01% WA WA WA WA WA WA WA WA WA WA WA

O 5 ** ''* ** *^ ** ** ** *^ ** *^ *^ *^ **
!6 -0.02% WA WA WA WA WA WA WA WA WA WA WA

7 0.01% WA WA WA WA WA WA WA WA WA WA WA
8 -0.00E WA WA WA WA WA WA WA WA WA WA WA
9 0.03% WA WA WA WA WA WA WA WA WA WA WA

10 4.02% WA QA WA WA WA WA WA WA WA WA WA
" '* ''* *^ ** *^ *^ *^ ** *^ ** ** ** **O
12 -0.01% WA WA WA WA WA WA WA WA WA WA WA
13 -0.02% WA WA WA WA WA WA WA WA WA WA WA'
14 0.0A WA WA WA WA WA WA WA WA WA WA WA
15 0.00E WA WA WA WA WA WA WA WA WA WA WA
16 -0.G!% WA WA WA WA WA WA WA WA WA WA WA |

'' '* ''* *^ ** *^ *^ *^ ** *^ *^ *^ *^ **0-
18 0.01% WA WA WA WA WA WA WA WA WA WA WA ,

19 WA WA WA WA WA WA WA WA WA WA WA WA
20 WA WA WA WA WA WA WA WA WA WA WA WA

]21 WA WA WA WA WA WA WA WA WA WA WA WA i

22 UA WA WA WA WA WA WA WA WA WA WA WA
2' *^ *^ *^ *^ ** ** *^ *^ *^ *^ *^ **.O
24 WA WA WA WA WA WA WA -WA WA WA WA WA
25 WA WA WA WA WA WA WA WA WA WA WA WA
26 WA' WA WA WA WA WA WA WA WA WA WA WA
27 WA WA WA WA WA WA WA WA WA WA WA WA
28 WA WA WA WA WA WA WA WA WA WA WA WA

2' *^ *^ *^ *^ *^ *^ *^ ** ** *^ *^ *^.O
30 WA WA WA WA WA WA WA WA WA WA WA WA '

O
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