
. _ . .

1.

jREC'O NOV 2 51975 8'^ooS9
j

i .f

i s
,

i

SEISMIC AtlD STRESS AtlALYSIS OF LACBVR

RECIRCULATl0tl PIPillG SYSTEM4
,

,

.

9

i

. Prepared Under flES Project 5101 for

,DAIRYLA'1D PO'.lER COOPERATIVE

i

i

!

f!UCLEAR ENERGY SERVICES,lNC. I

i Danbury, Connecticut 06810

|
L#DR'

(

hhbhb[h9 b Prepared by: 1. Husa.in

Approved by. j3-

ve"
POR Abset ga-4p9 4 7799.tf ,Pryj(ect Mana?er(..

r

;
.

.4 I c *.
i

V.P Engine /ff
[ DATE: /// / _// 73L

| -

i - o

!
;

!
E . _ _ . . . . _ _ . - _ . _ _ _ _ _ _ _ _ , _ _ _ , , , _ _ , _ _ . . . _ _ _ _ _ _ _ _ _ _ _ . , __



. -.

.

TADLE OF CONTENTS

,
1

J

1. SUMMARY ........................................................... I

2. t il T R O D U C T I O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3. PlPING SYSTEM DESCRIPTION ......................................... 3 -

4. LOADING CRITERIA .................................................. ,5

4.I Load Case 1 .................................................. 5
4.2 Load Cases 2 and 3 ........................................... 5
4.3 Load Case 4 .................................................. 6
4.4 Load Cases 5 and 6 ........................................... 6 ,

4.5 Load Cases 7 and 8 ........................................... 6

5 STRESS ACCEPTANCE CRITERIA ........................................ 7

5.1 Normal Operating Conditions .................................. 7
5.2 Upset Conditions ............................................. 7
5.3 Faulted Conditions ........................................... 7

6. ANALYTICAL METHODS ................................................ 8

6.1 Mathematical Model ........................................... 8
6.2 Static Load Analysis ......................................... 8
6.3 Eigenvalue Analysis........................................... 9 .

6.4 Dynamic (Se i smi c) Load Ana l ys i s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
6.5 Stress Analysis .............................................. 12

7 DISCUSSION OF RESULTS ..... 14.......................................

8. CONCLUSIONS ...................................................... 23

9 REFERENCES ....................................................... 24
10. APPENDICES

A. Analytical input Data
B. Tabulated Results of Analysis

ii



.

l. SUMMARY,
f

/
'''

This report, prepared for Dalryland Po.ar Cooperative, presents the results of
scismic and stress analysis of the recirculation piping system for the LACBWR
Nuclear Power Station. The scismic and stress analyses have been performed
in accordance with the design requirements for Class 2 piping components of
the ASME Boiler and Pressure Vessel Code, Section ill, Division I, " Nuclear
Power Plant Components, 1974. By providing adequate seismic restraints
(snubbers) at critical locations of the recirculation system, the stresses
in the piping due to a seismic event can be reduced to acceptable values.
That is, the stresses due to scismic, deadweight, pressure and thernal expan-
sion loadings, combined according to the ASME Code rules for Class 2 compo-
nents, would satisfy design requirements given in the Code with the addition
of seismic restraints.
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l. SUMMARY
f'

~ This report, prepared for Dairyland Power Cooperativa, presents the results of
seismic and stress analysis of the recirculation piping system for the LACBWR
fluclear Power Station. The seismic and stress analyses have been performed
in accordance with the design requirements for Class 2 piping components of
the ASME Boiler and Pressure Vessel Code, Section ill, Division 1, "fluclear
Power Plant Components, 1974. By providing adequate seismic restraints
(snubbers) at critical loc 1tions of the recirculation system, the stresses
in the piping due to a seismic event can be reduced to acceptable values.
That is, the stresses due to seismic, deadweight, pressure and thernal expan-
sion loadings, combined according to the ASME Code rules for Class 2 compo-
nents, would satisfy design requirements given in the Code with the addition
of seismic restraints.

|
|

|
t

s

-1-



.

(

_.-

2. INTRODUCTION

in response to AEC/DL's request to review the effects of an earthquake' event
on the Lacrosse Boiling Water Reactor, Dairyland Power Cooperative requested
Gulf United Huclear Fuels Corporation to evaluate the adequacy of the major
structu'res and equipment to withstand seismic loadings. The seismic
study performed by Gulf. United (GU) Nuclear Fuels Corporation (Ref.1) in-
cluded an analysis of the main steam line which indicated that high stresses
would be generated in the main steam line during a seismic event. It was
also evident from these analyses that the LACBWR piping systems in general
were not designed to accomodate horizontal accelerations, the primary earth-
quake induced loading condition. Anticipating the possibility of a seismically
induced loss of coolant accident, it was therefore concluded that analyses
of the major Class 1 piping systems should be performed to evaluate their
structural integrity in a seismic event.

In order to verify that the seismic stresses are acceptable, it is necessary
to show that the combined stresses in the piping system are within ASME Boiler
and Pressure Vessel Code allowable values. This requires that the seismic
stresses be combined with the stresses due to deadweight, pressure and thermal
loadings in accordance with the ASME Code Section ill rules (Ref.2).

The rules for a Class 1 (Section lil) analysis require that thermal
i stress and fatigue due to thermal cycling be considered. A review of the

available recirculation piping system flexibility and stress analyses indicated
that only thermal expansion was considered together with the pressure and
deadweight loads in the original design. Consequently, it is not possible
to perform a Class I analysis with the existing analytical data.

The existing analytical data, however, is sufficient to perform a Class 2
(Section lil) analysis. Therefore, in the subject analysis, the adequacy of
the recirculation piping system to withstand an earthquake event is evaluated
by combining the stresses due to deadweight, pressure, thermal and seismic
loadings in accordance with ASME Code requirements for the design of Class 2

| components. It should be noted that the requirements of the ASME Code,
Section ill, for the design of Class 2 components are much more rigorous than
the design requirements given in the Power Piping Code, USAS B31.1.0 (thej

applicable code for the LACBWR Project).

Section 3.0 of this report describes the scope of the recirculation piping
system considered in the analysis. The loading criteria, design criteria
and analytical methods used in the analyses are given in Sections 4.0, 5.0

| and 6.0 respectively. The results of the analysis are discussed in
| Section 7.0. The conclusions are summarized in Section 8.0.
I

i -2-
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3 DISCRIPTION OF PIPING SYSTEM

j

The recirculation piping system provides forced-circulation of water through
the reactor core. Referring to Figure 3.1, the water frcm the_ reactor vessel
flows to the 16-inch diameter forced-circulation suction manifold (upper ring)
through four 16-inch diameter nozzles. From the manifold, the water flows
through two 20-inch suction lines to the tuo variable speed forced circulation
pumps A and 8. The 20-inch diameter pump discharge lines return the water to
the 16-inch diameter forced-circulation discharge manifold (lower ring).
From the discharge manifold, the water flows to the reactor vessel through
four equally-spaced 16-inch reactor inlet nozzles.

The governing design specification used in the analysis of the recirculation
piping system is given in Reference 3 The piping arrangement analyzed and
piping suspension (hangers, etc.) characteristics have been taken from the
drawings listed in Reference 4. Piping properties have been taken from the
information given in Reference 5 and from the piping specification (Ref. 3).
This information is summarized in Table A-I of Appendix A.

-3-
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4. LCADitlG CRITERIA

,

:

)
The load cases whish must be considered in performing a Class 2 stress
analysis include: dead loads and sustained mechanical loads, internal'

pressure, thermal expansion loading, seismic inertia loads and seismic
: anchor movement loading.
:
| 4.1 Load Case 1

! Load Case 1 is the combinatten of the daad' weight of the piping system
and the sustained nechanical loads (e.g. valve weights, hanger loads etc.

' The dead weight of the piping system _Is calculated considaring the piping
i system to be insulated and filled with water. The weight of valves,

valve operators, pumps, pump motors and branch piping as well as the
effects of constant weight hangers etc. are included in the analysis.The
valve weights and pump / motor weights were taken from vendor Instruction -

| manuals (Ref. 6 and 7) and are summarized in Table A-ll. The uniform
: vertical loads applied by the constant weight hangers were taken from
'

LACBWR drawing no. 41-503376 (Ref. 4) and are applied at the appropriate
; node points.

4.2 Load Cases 2 and 3

i- Load Cases 2 and 3 are the seismic inertia loadings on the piping system
j which are imposed in the forr.: of seismic response spectra. Load Case
j- 2 is the simultaneous. application of the horizontal spectra in global X -

direction and the vertical spectra in the global Y direction. Load Casei

3 is the simultaneous application of the horizontal spectra in the global Z
,

direction and the vertical spectra in the global Y direction. The appil-,

! cable horizontal and vertical response spectra were taken from the report
on seismic evaluation of the LACBWR (Ref. 1) and are summarized in Table A-Illi

of Appendix A. The response spectrum values for the safe shutdown

| earthquake (SSE, Figure G.34 of Ref. 1) are only 20% greater than the re-
: sponse spectrum for the operating basis earthquake (OBE Figure G.36 of Ref.1).
; However, the allowable stress values for the SSE are 50% greater than the allow-

able stress values for the 03E. Therefore, only OBE inertia loadings were
considered in the subject analysis. ;

.

l

I

l
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4.3 Load Case 4

Load Case 4 is defined as the thermal loading for normal operation which is
produced by the overall thermal expansion of the piping systen and the
thermal movement of the piping /rcactor vessel anchors. The overall ther-
mal expansion of the piping system is that shich results from the plant

0heating up f rom ambient temperature of 73 F to the normal plant operating ten-
perature of 57/of (Reference 8). The thernal movement of the piping / reactor
vessel anchors are taken from Reference 5 and are summarized in Table A-IV of
Appendix A,

4.4 Load Cases 5 and 6

Load Cases 5 and 6 are the loads imposed on the piping systen resulting
from the relative displacements between the piping / reactor vessel anchor
points and the recirculation pumps support points which are produced by
the seisnic event. The seismic anchor novenent (or displacement) are
estimated using data given in Reference 1. Locd Case 5 is a 0.5 inch
displacement in the X direction of the recirculation pumps support points
relative to the piping / reactor vessel anchor points. Load Case 6 is a
0.5 inch displacement in the Z directio, of the recirculation pumps
support points relative to the piping / reactor vessel anchor points.

4.5 Load Cases 7 and 8

Load Cases 7 and 8 are the internal pressure loads imposed on the piping
system by the normal operating pressure of 1300 psi and the peak plant
pressure respectively. The peak plant pressure is conservatively taken
as the recirculation piping design pressure of 1450 psi f ron Reference 3

I
;
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5 STRESS ACCEPTAtlCE CRITERIA
-

The stress acceptance criteria used in this analysis are the ASME Section !!!,
Class 2 component stress design rules which define the stress linits for various
load combinations under normal operating, upwet and faulted conditions as inter-
preted by the AEC in Regulatory Guide 1.43, Reference 9

i

5.1 normal operating Condition

A. Combined stresses for Load Cases I and 7 should be less than Sh as
calculated by equation 8 of Section li t , ASME Code (see Section 6.5
of this report).

B. cot.bined stresses for Load Cases 4 and 5 (or 4 and 6) should be less
than SA as calculated by equation 10 of Subsection flC-3650 of the
ASME Code or the combined stresses for Load Cases 1, 4, 7, and 5 or 6
should be less than the sum of SA ani Sh as calculated by equation ||
of Subsection flC-3650 of the AShE Code (see ?ection 6.5 of this report).

5.2 upset Conditions

A. Combined stresses due to Loa! c 2,es 1, 7 and 3 (or 1, 3 and 8) should
be less than 1.2 Sh as calculated by equation 9 of Subsection HC-3650
of the AStiE Code (see Section 6.5 of this report)

flote: For the normal and upset conditions the seismic loadings (Load Cases 2,
3, 5 and 6) correspond to the operating basis earthquake (OBE).

5.3 Faulted Conditions

Combined stresses due to the safe shutdown carthquake (SSE), peak pressure,
dead weight and other sustained mechanical loads as calculated by equation 9
of subsection NC-3650 of the ASME Code should be less than 1.8 S . Thish
requirement will be met if the requirements of 5.2 above are met since the
SSE magnitude is only 20% greater than the OBE while the allowable faulted
stress is 50% greater than the allowable upset stress.

-7-
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6. ANALYTICAL ltETHODS

.

6.1 Mathematical Model

in order to perform static, dynamic and stress analyses, the continuous
piping system is mathematically nodeled as an assembly of clastic structural
elements interconnected at discrete nodal points (Figure 3.1). |lodal points
are located at all points of interest in the piping.systen such as elbows,
valves, anchorages, hangers,tce intersections, load points, all structural and
material discont inui t ies , etc. This three dimensional nultidegree of
f reedom nodel of the piping system is attached to the " ground" (st ructure)
by means of rigid hangers, support springs, hydraulic snubbers and anchors.
Stiffness characteristics of structural clements are related to the nonent
of inertla and the axial and effective shear area of the pipe cross section.

The stiffness characteristics of the elboas and tec cnnnections are modified
to account for local deformation by using the flexibility factors given in the
ASME Code (P,ef. 2).

For the seismic analysis the distributed mass of the piping systen is lumped
at the systen nodal points. Mar.scs are lenped so that the lumped mass, multi-
degree of freedom model represents the dynamic characteristics of the piping
system. In order to reduce the number of dynamic degrecs-of-freedom, only
translational degrecs-of-freedom are considered at each nass point (the masses
associated with the rotational degrees of freedom are set to zero). This
assumption has been shown to be completely satisfactory for accurate analysis
of scismic response. Special itens such as valves and actuators are modeled
by Iceping their masses at an appropriate offset from the center-line of the
piping systen.

6.2 Static Load Analysis

The static load analysis involves the application of the following loading
conditions and their combinations:

! Design Pressure.

| Gravity Loading (dead weight) and Sustained Mechanical Loads.

'

Support Displacemont.

Thermal Expansion.

For the pressure loadirgs, the hoop and Ic,n]i tudinal stresses in the affected
piping are calculated usir.g the fornulac given in the Code (c.ec Section 6.5).

-8-
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For the deadweight, support displacement, or thermal expansion loading
conditions the following equations of equilibrium written in matrix form'

are solved:

P (1)KU =

i -

where:

System st.if fness raatrixK =

Nudal ' point displacement vector
.U =

External forces, dead weight or equivalent thermalP =

load vector. -

~

- The system stiffncss matrix is obtained frem element stiffness matrices
using direct stiffness methods. The unknown nodal displacements U are
obtained as follows:

!

K-IP (2)U =

! The inversion of the stiffness matrix is performed using the Gauss-Siedel
.

technique.
1

'From the nodal displacements U, the member internal forces are determined
I using the member stiffness matrix. Finally the nenber internal forces are

used in calculating the stresses,

i

63 Eigenvalue Analysis!

The eigenvalues (natural frequencies) and the eigenvectors (mode shapes)fer
each of die natural mudes .of vibration are calculated by solving the following
frequency equation:

(hn-U M 0 (3)=
n

where:

thGJ llatural angular frequency for the n mode=
n

System mass matrixM =

th
Chn ttode shape vector for the n mode=

Null vector0 =

The eigenvalue/cigenvector extraction is performed using the Householder-
QR technique.

9
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6.4 Dynamic (Seismic) 1.oad Analysis

Considering only translational degrees of freedon and assuming viscous
,

(velocity proportional) form of danping, the equation of motion in matrix
form can be expressed as follows:

M(U + U ) + CO + KU 0 (4)=

t gt t t

where:

U Relative acceleration time history vector=
t

Ugt = Ground acceleration tire history vector

Damping matrixC =

U
t

Velocity tir,e history vector=

Relative displacement time history vectorU =
t

Rearranging equation (4)

MU + CO
gt eff (5)t t t

- =P+ U "

To uncouple equation (5). assume

hYU =

where:

$ = Characteristic free vibration node shapes matrix.

Yt= Generali zed coordinate di splaccr. er.t time history vector.

Pre-and post-mul tiplying equation (5) by the transpose of $ and by h respectively
and using orthogonality conditions, the following uncoupled equations of motion

,
are obtained:

1
! .. . t+U 2 ynt " N R ,U (6)

...
Y +
nt 2O An -

n nt n n n 9t
i
|

| where:

G neralized displac nent coordinate time history forY =
nt nth mode

An Damping ratio for the nth node expressed as percentn

| of crit ical da., ping
I

li * Generalized uass for the nth noJe=
n

h Ilhn M ih n" "

-10-
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Themodeshapehn is n rmalized such that fi I=

n

Participation f actor for the nth rnodeR' a
n

M hinkn NI *"
i

Column vector whose elements are generally unity
. I =

The solution for the differential equaticn (6) is given by the Duha nel integral
-t YnUn (t-T) Sin 6) n(t-T) d TY .R "d cn

nt gt,

M", 6) n " O

Using the response spectrum method of analysis, the maximum values of the
generalized response for each mode is given by:

,

R" S ""
#

n max " (7)Y

M*n

where:

*I max = Maximum generalized coordinate acceleration response forn
the nth noJc.

S = Spectral acceleration value for the nth mode (from thean applicable response spectrun curve)

F, rom the maxinun generalized cc. ordinate response, the maximum acceleration
(U max) nd maxinum inertla forces (F max) t cach mass point are given by:n n

"Y hinn max n max
..

F "M Un max n n max

The inertia forces (Fn nax) for each of the systen natural modes are
applied as external static forces, and the piping system response (d i s -
placements, member internal forces anci stresses) are calculated using
the procedure described in Section 4.2. Total system response is then
obtained by cocnbining the individual modal response values by the squ/re-root
of the sum of the squares uetnoo; louer nodes having large contribution to
the response (all mdes having natural f requency under 30 cycles per second)
are considered ord higher codes with negligible participation are neglected.

-11-



6.5 stress Analysis

The design requirements of the ASME Code for Class 2 piping systems are
satisfied when the calculated stresses in the piping systen due to thermal
expansion, weight, and other sustained and occasional loads are co.bined

'

in accordance with and mact the limitations of, equations 8,9,10,and 11 of-
'

Subsection 11C-3652 of Reference 8. These requirements are described below:
,

A. Sustained Loads

The ef fects of pressure weight and other sustained mechanical loads
must meet the requirements of equation (8).

S PDo 0.75itta 1.0S
. g h (8)SL =

4t Zn

where:

Internal design pressure, psiP =

Outside diameter of pipe, in,D =
o

N minal wall thickness, in,t =
n

Resultant moment loading on cross section due to i.eight andli =
A other sustained loads, in.(See NC-3652.t, Ref.8)i

,

Section modulus of pipe, in.3 (See t!C-3652.4, Ref.8)Z =

Stress intensification factor (NC-3673.2 (b), Ref.8)i =

The product of 0.75i shall never be taken as less than 1.0

h Basic caterial allowable stress at design temperature
,

S =

3. Occasional Loads

The effects of pressure, weight, other sustained loads and occasional
loads including carthquake must meet the requirements of Equation (9).

ti ) 4 1.2S,P,, f 0.75i (M n h (9)+S g
0L Iii Zn

.

where:

P = Peak pressure, psi

*

tt = Resultant rownt loading on cross section due to occasionalg
loads such as carthquale loads

-12-
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C. Thermal Expansion

The requiremants of either Equation (10) or Equation (11) must be met.
/

1. The ef fects of thermal expansion must meet the requirements
of Equation (10)

UC ,; SA (10)STE "

Z
where:

Range of resultant noments dua to thernal expansion. Alsoli =c
include moment effects of anchor displacements due to earth-
quake if cnchor displacement effects were omitted from,

; Equation (9)

Allowable stress range for expansion stresses (MC-3611.2,P.cf.8)S =
f

2. The effects of pressure, ucight, other sustained loads and thermal
expansion shall meet the requirements of Equation (11)

S PD 0.75i fi iMc <c (Sh + S) (11)TE o __n_+
A. +

4t Z Zn

The above trentioned static, dynamic and stress analyses are carried out using
the PIPESD computer code. PIPESD was developed by URS/ John A. Blume
and Associates, Engineers, San Francisec, California and has been extensively
used in the seismic and stress cnalysis of piping system for a nunber of
nuclear poaer plants. PIPESD is available to Muclear Energy Services
through the Control Data Corporation CYBERNET Service.

|

t
1

%

,
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7 DISCUSSION OF RESULTS

A review of the existing support system for the recirculation pump / motor indicated
that any small lateral inertia forces acting on the pump / motor due to an earth '
quake clould make the system unstable and cause high stresses in_the recirclation
piping system. Therefore, eleven seismic restraints (hydraulle snubbers) as shown

.on Figure 3.1 were required to reduce the stresses in the recirculation piping
system.within the ASME Code allowable stress values. The.results presented
in this report are.for the piping system with the required seismic restraints.

The frequencies for the first forty-six modes of vibration of the piping system
are summarized in Table .7.1, from which it can be seen that the piping system
is a fairly flexible'(low frequency) system. The deflections at each node points
due to the various load cases are summarized in Table B-1 of Appendix B. The
maximum deflection due to seismic inertia load (Load Case 3) is 0.80 inches at
node point 47 For a flexible piping systen this deflection is acceptable. ' _The
maximum deflection due to thermal expansion load (Load Case 4) is 1.0 inches at
Node Point 52.

Table B-Il of Appendix B summarizes the clastic support reaction forces. The
seismic restraints, anchors and other support system should be designed (sized)
using these restraint forces. The maxinun reaction force in the scismic re-
straints is due to Y + Z earthquake (Load Case 3) and is of the order of 34

3

: Kips.

. The results of the detail stress analysis in accordance with the requirements
| of subart'.cle MC3652 of ASME Code for the Class 2 piping system are given in

Table B-Ill. Figure 7.1 through 7.7 indicate node points with maximum stresses
or stresses exceeding 10.0 ksi for specified Class 2 load conditions. From
these stress results summaries it may be seen that code allowable stress values
are not exceeded for operating, upset and faulted (see Section 5.3) conditions
when recommended seismic restraints are included in the analysis.

.

I

!
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TABLE 7.1

-

NATURAL FREQUE'lCIES OF Vl3 RAT 10tl

Mode Frequency tiode Frequency
flo . (CP3.) i:o . (CPS.)

1 1.6550 24 11.9651

2 2.5409 25 13.3819

3 2.5852 26 14.1885

4 3.3346 27 15.1285

5 3.5541 28 15.8105

6 3.6409 29 16.6418 '

7 3.6739 30 18.4211

8 3.8407 31 19.0631

9 4.1661 32 19 3876

10 4.5406 33 20.8685

11 5.0472 34 20.9838

12 5.2017 35 21.98S9

13 5.3582 36 22.4076

14 5 7287 37 23.3592

15 6.6820 38 23.7424

1
! 16 7.3111 39 25.6333

17 7.8942 40 26.0691

| 18 8.0915 41 26.5885

19 9.0668 42 27.9324

20 9 4426 43 28.7675

21 10.5506 44 28.9584

22 10.9844 45 30.0403

23 11.3485 46 30.1992

-15-
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FIGURE 7.1
C0".? LIM:CE WITH AStiE CODE EP.'JArl0's 3-f:orrul Operating Conditions
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FIGURE 7.2
C0ttPLIAllCE WITH AS 12 CODE EQUATicti ~9

- Upset Conditions
!

I Appiied Loads
.

Peak Pressure

Dead Weight & Other Sustained ticchanical Loads ,

x + f Earthquake (} SSE)
.

A11cwable Stress, 1.2 Sh =. 21.7 KSI

itaximum Stress at flode f4 2. 12.5 KSl=

(Stresses Greater Than 10.0 KS! Indicated)'
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FICURE 7.3
C0:1?t.l A )CE '.llTil AS!!E CODE EQ'JATl0:1 ~9

Upset Conditions'

Applied LoaJ.
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Dead Veight & Other Sustain.td Mechanical Loads

'z + y Earthquake ( SSE)
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F I GU'1E 7.4
C0!iPLI AllCE UlTH ASliE CODE EQ'JATION 10
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FIGUP. 7 5
COMPLI ANCE 'llTil ASME CODE EQUATl0tl 10
flornal Operating and Upset CondtionT

Applied Loads

Design Temperature

Therrnal Anchor Movements

Selsrnic Anchor flovements (z-direction)

Alloua'sle Stress SA = 25.1 K31

tiaxin:im Stress at flode 28 = 13.3 KSI

(Stresses Greater Than 10.0 KS! Indicated),
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FIGUP.E 7.6
,

C0rtPLit.tiCE UlTH ASME CODE EQ'JATl0.1 11
flor.,al Operat ing and Upset .Condi t 'oE

Applied Loads

'~ Design Pressure & Tc.-perature
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Thermal Anchor itovements

Seismic Anchor flovements (x-direction)
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FIGURE 7.7
C0ttPLIArJCE UlTH ASME CODE EQUATION 11
!!orm t Operating' and Upset ConditioE

:
'' Applied Loads'

,

Design Pressure & Temperature

~ Dead Vaight & Other'Systained tiechanical_ Loads

Thermal Anchor Movenents
2
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8. CONCLUSIONS

,

i

By providing adequate seismic restraints (hydraulic snubbers) at the locations
shown in Figure 3.1 the deflections and stresses in the piping due to a seis-

| mic event can be reduced to acceptable values.
|

The results of the' recirculation piping system stress analysis indicate that
deflections of the recirculations piping system due to dead weight, thermal4-

expansion and seismic loadings are nominal. The stresses in the piping system
due to dead weight, pressure, thermal-expansion and seismic loads as calculated
and combined in accordance with the rules given in Subarticle NC 3652 of Sec-
tion lli of the ASME Code, satisfy the design requirements for Class 2 piping

*

j witen the ef fects of seismic restraints are included in the analysis.
;

.The seismic restraints and their attachments should be designed using the sup-
port reaction forces summarized in Appendix B of the subject report.

,
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APPEll0lX A

LACBUR RECIRCULATIOt1 PIPl!1G AtlALYSIS

AtlALYTICAL If4PUT DATA
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TABLE A-1 PIPE DATA -

Wt. of

Line From To 0.0. Thick ASTM Fluid Insul. Temp. Press. (PSI) .
EnWall Matl. Pipe & Wt of Design Design Ec
(PSI)

No. Point Point (in) (in) (In) Fluid (Lb/in) (Ib/ in ( F) (PSIG) x106 x10-6

'

I I 29 16.0 0.867 A-106 Water 16.11 1.60 547 1300 27.9 25 9

4 7 36 20.0 0.891 A-212 Water 24.58 1.92 547 1300 27.9 25.9

4 36 54 20.0 1.031 A-335 Water 26.08 1.92 547 1300 29.9 27.7

5 23 48 20.0 0.891 A-212 Water 24.58 1.92 547 1300 27.9. 26.0

>
2. 5 48 74 20.0 1.031 A-335 Water 26.08 1.92 547 1300 29 9 27.7

6 114 138 16.0 .867 A-106 Water 16.11 1.60 547 1300 27 9 25.9

9 103 97 20.0' .891 A-212 Water 24.58 I.92 547 1300 27.9 26.0

9 97 55 20.0 -1.03 A-335 Water 26.08 I.92 547 1300 29 9 27 7

10 113- 106 20.0 .891 A-212 Water 24.58 1.92 547 1300- 27.9 26.0

10 106 75 20.0 1.03 A-275 uater 26.08 1.92 547 1300 29.9 27.7

.

=. < we ,
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TABLE A-Il

CONCENTRATED WEIGHTS4

i

I COMPONENT TOTAL WElGHT CONCENTRATED N0DE WEIGHTS

(LBS) NODE NO. WElGHT (LBS),

!

Pump and Hotor A 28,000 54 19,000
62 9,000

Pump and Motor B 28,000 74 19,000'

83 9,000
,

'

valve 8,935 34 8,000
59 935

valve 8,935 48 8,000-
61 935'

i valve 8,935 97 8,000
60- 935,

!

l valve 8,935 106 8,000
67 935,

| -Feedwater Piping 3 225
Effective Weight 11 480

17 480
i 27 225

i

f
,

I

i

A-2

I

i

|
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TABLE A-1II

SEISMIC RESPONSE SPECTRA

Spectrum Frequency Period Acceleration
1.0. CPS Sec. G's.

1 40.000 .025 .16000
15.000 .067 .16000

OBE Hori- 10.000 .100 .18000
zontal 7.000 .143 .27000
Spectra 5.000 .200 .24000
for Mass 4.000 .250 57000
Point 25 3.500 .286 .45000
1% Damping 3.000 333 .24000

2.400 .417 35000
2.000 500 70000
I.800 556 1.70000
1.600 .625 1.70000
1.400 714 .63000
1.200 .833 55000
1.000 1.000 30000

500 2.000 .09000

2 40.000 .025 .04100
33.000 .030 .04100

OBE Verti- 20.000 .050 .07500
cal Spectra 15.000 .067 .10600
for 12 Damp- 10.000 .100 .30300
ing 2.000 .111 .20000

2.250 .444 .24000
1.650 .606 .17100
1.000 1.000 .10300
.800 1.250 .09100
.400 2.500 .04400
.200 5.000 .01870

Reference 1

A-3
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TABLE A-IV

THERMAL AtiCHOR MOVEMENTS

Joint Load Displacement Displacement
I.D. Type Direction Magnitude

1 TRANS. X .2590

1 TRANS. Y .2290

1 TRANS. Z .1070

13 TRANS. X .1070

13 TRANS.' Y .2290

13 TRANS. Z .2590

19 TRANS. X .2590

19 TRANS. Y .2290

19 TRANS. Z .1070

29 TRANS. X .1070

29 TRANS. Y .2290

29 TRANS. Z .2590

114 TRANS. X .0900

114 TRANS. Y .0410

114 TRANS. Z .2180

124 TRANS. X .2180

124 TRANS. Y .0410

124 TRANS. Z .0910

129 TRANS. X .0900

129 TRANS. Y .0410

129 TRAN5. 2 .2180

133 TRANS. X .2160

138 TRANS. Y .0410

138 TRANS. Z .0900

A4
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APPEllDIX B'

LACBWR RECIRCULATION PIPlHG ANALYSIS

TABULATED RESULTS

TABLE PAGE

B-1 JOINT DISPLACEMENTS B-1 through B-6,

B-11 ELASTIC SUPPORT REACTIONS B-7 through B-12

B-lli CLASS 2 PIPING STRESS SUMMARY B-13 through B-40
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