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. INTRODUCTION

The Brunswick Steam Electric Plant (Units 1 and 2) is owned - and
operated by Carolina Power and Light Company. It is- located near

Wilmington, North Carolina.. Both units contain General Electric boiling

water reactor (BWR) nuclear steam supply systems housed in a containment
structure designated as the Mark I containment system.

Subsequent to the establishment of the original design criteria

for the Soiling water reactor Mark I containment system design, additional
load conditions were identified which relate to the pressure suppression.

concept. These additional loads result from the dynamic effects of drywell
air and steam being . rapidly forced into the suppression pool during a.,

'

postulated LOCA and from suppression pool response to safety /rclief valve
(SRV) operation generally associated with plant transient operating
conditions. The LOCA loads were identified in the course of performing
large-scale testing of an advanced design pressure suppression containment
(Mark III). The SRV loads were identified during in plant testing of Mark I
containments.-

; Consequently, in February and April 1975, the NRC transmitted

letters to all utilities owning BWR facilities with the Mark I containment

design, requesting that the owners quantify the hydrodynamic loads and
assess the effect of these loads on the containment structure. Recognizing;

that the additional evaluation effort would be very similar for all Mark Ij
BWR plants , the affected utilities formed an "ad hoc" Mark I Owners Group
with General Electric designated as the lead technical organization.

A short term program (STP) was begun immediately and completed in,

<

| 1977. This program verified that licensed Mark I BWR facilities could

continue to operate safely, without endangering the health and safety of the
public, while a methodical, comprehensive long term program (LTP) was being
conducted.

The objectives of the long term program were to establish
'

conservative design basis loads and to restore the originally intended

] design-safety margins for each Mark I containment system. This report

,

,

'
I-l
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presents the results of the 1ong term program, plant unique analysis for the
Brunswick Steam Electric Plant (Units I and 2).
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A summary of the plant unique analysis results is as follows:
1) Torus The Brunswick suppression chamber consists .of a-

reinforced concrete, steel lined torus. This structure

satisfies the LTP criteria without modification.
2) Vent System - The Brunewick vent system is a typica1LMark I'!

configuration and satisfies the LTP criteria with the

addition of the following modifications: vent system

deflector, vent header /downcomer intersection reinforcement,
SRV penetration reinforcement and vent system support columns
to the top of the torus.

3) Safety Relief Valve Discharge Lines - In order to satisfy LTP
criteria for SRV discharges, standard Mark I T quencher

discharge devices will be added to all SRV discharge lines.
4) Miscellaneous Piping and Structures - All miscellaneous

() piping and structures within the torus meet the LTP criteriaI

with the addition of new supports and/or the strengthening of
,

existing supports where required.
Photographs and drawings of the modifications are included in

Section 4.

,

,

1
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1.0 SUPPRESSION CHAMBER ANALYSIS

i

| 1.1 INTRODUCTION

This report includes the analysis of the suppression chamber
(torus) in Units 1 and 2 of Brunswick Steam Electric Plant. zThe-

i

structure is analyzed for the loads applied at normal operation 'and
~

!for Loss' of Coolant Accident (LOCA) related loads as defined in
Reference 1-1. The stresses which are developed in the suppression

,
,

| chamber for all the load combinations defined in Re ference 1-2 are
'
,

calculated to show the integrity of the structure.i

A finite element direct stiffness technique for the analysis

of axisymmetric solids of revolution under synssetric and arbitrary-

loadings (References 1-3 and 1-4) is used for the overall analysis of ,

the ' suppression chamber. A utility program, based on Reference 1-13
and developed in United Engineers and Constructors Inc. (UP&C), is
used for liner anchor analysis. The results from a large op'ening
analysis, performed previously using a modified version of SAMIS
computer program, is used to calculate stresses around the suppression
chamber large openings. The changes and additions to the general

program of Re ference 1-3 are performed in UE&C. Several utility

programs are developed and used as pre-or post processor to the finite
i

element computer programs. The computer programs used in the analysis
are verified.

I 1.2 PHYSICAL DESCRIPTION OF SUPPRESSION CHAMBER q

The primary containment structure of the Brunswick Nuclear,

Power Plant consists of the drywell and the pressure suppression cham-
ber. See Figure 1.2-1. The suppression chamber is a reinforced con-
crete torus which encircles the bottom of the drywell. It is

supported on the same mat foundation as drywell. It can be assumed to

be physically independent of the drywell under all axisymmetric loads

.

1-1

|

i
!
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O such as dead load, hydrostatic load, pressure, temperature, pool.

swell, condensation oscillation and post chugging loads. A paper

. joint is - provided between the bottom of the suppression chamber and
the mat foundation to allow radial expansion of the chamber. The sup-

pression chamber is keyed vertically to the drywell along the outside
j perimeters of the drywell pedestal.

The pressure suppression chamber consists of a continuous 16
sided steel liner of circular cross section which is enveloped by

reinforced concrete. The liner has an internal diameter of 29'-0" and
a major diameter of approximately 109'-0". Maximum water level in the

torus is 2'-4" below the horizontal surface passing through the center

of the circular liner. Figure 1.2-2 shows a typical vertical cross

section of the suppression chamber.
The suppression chamber is teinforced with a single layer of

continuous closed hoop reinforcing equally spaced around the perimeter

of the liner. Meridional reinforcings in the form of closed rings,

placed radially to the centerline of the containment, are also pro-
,

vided. Diagonal seismic reinforcings are provided and are located

along the vertical faces and top of the suppression chamber. Figure

1.2-3 shows the typical reinforcing used in the concrete around the'

i steel torus.
|

The suppression chamber contains eight synsnetrically. located
vent openings corresponding to the vent openings in the drywell. The

main hoop reinforcings which would normally occur in the openings is
banded above and below the openings. The meridional bars which would
normally occur at these locations are grouped on either side. The

| vents are locally reinforced by closed rings around the perimeter of

f each opening. See Section 1.10 for vent openings.

1.3 DESCRIPTION OF THE APPLIED LOADS

i The loads applied to the suppression chamber under normal

operating conditions and postulated Loss of Coolant Accident (LOCA)

'O
1-2

,
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are defined in detail in Structural Acceptance Criteria and Load
'

Definition Report (References 1-1 and 1-2). LOCA loads are given for
Design Basis Accident (DBA), Intermediate Break Accident (IRA) and
Small Break Accident (SBA). The load due to safety / relief ' valve
actuation (S/RV) caused by a normal operational transient and/or LOCA

| are also. given in detail in Reference 1-1. The Operating Basis (OBE)

and Safe Shutdown (SSE) seismic loads applied to the suppression
chamber during an earthquake were derived from the definitions given
in the Final Safety Analysis Report (FSAR). The characteristic,

'

maximum magnitude, duration and other information related to the loads
'

applied to the suppression chamber during normal operation, LOCA and
earthquake are given briefly in the following subsections., The

assumptions made to idealize the applied loads for the analysis are
also given in the following subsections.

1.3.1 Dead Load

The dead load consists of the weight of the suppression cham-
ber (liner and reinforced concrete) and the weight of the water in the
torus. It is a symmetric load with respect to the suppression chamber

| axis of revolution.

1.3.2 Normal Operating Temperature

Temperature range, during normal operation of the suppression
chamber, for the free air volume and for the suppression pool is
76-920F. Temperature is synsnetric with respect to the suppression
chamber axis of revolution. It is assumed to vary linearly through

| the thickness of the structure to outside temperature of 700F. A

conservative temperature of 1000F is used in the analysis as normal
operating temperature.

'

l.3.3 Normal Operating Internal Pressure

Suppression chamber pressure during normal operation is as
I high as 1.25 psig and as low as 0.15 psig. Since normal operating

. O-
1-3
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loads do not control design, this internal precoure is neglected in,

i

the analysis.

1.3.4 S/RV Load
2

The S/RV load caused by actuating one or more safety / relief
valves in normal operation and/or LOCA is an oscillatory, attenuated
pressure which applies to the torus shell. Figure 1.3-1 shows a

typical S/RV shell pressure loading transient. Ther are eleven safety
relief valves in Brunswick torus of which a single valve or a combina-
tion of several valves may actuate during normal operation or LOCA.

The pressure distribution of a single S/RV along the longitu-
dinal direction, as shown in Figure 1.3-2, and around meridional
direction, as shown in Figure 1.3-3, is the same for all eleven
valves; however, the maximum positive and negative pressure at torus
bottom dead center and the frequency of the load is different for each
valve and for various loading conditions. For example, the maximum
positive pressure at torus bottom dead center due to a single S/RV at<

SBA is calculated to be as low as 14.4 psi (in excess to normal water
i

and atmospheric pressure) for S/RV line number 27 and is as high as
16.5 psi for S/RV line number 34. For the other S/RV lines the4

pressure is between 14.4 and 16.5 psi. The maximum negative pressure

at torus bottom dead center at SBA varies between 13.7 to 15.1 psi.
The frequency of load for a single S/RV actuation at SBA varies
between 6.7 to 7.7 Hz. for various S/RV lines.

The maximum positive and negative pressure of torus bottom
| dead center due to multiple S/RV actuation at normal and SBA condi-

tions and due to single S/RV actuation at normal condition is gene.ral-
ly lower than the values given above. The maximum positive pressure
calculated for each single S/RV at SBA condition is used conservative-
ly in lieu of positive and negative pressure at torus bottom dead
center for single and multiple S/RV actuation in the present analysis.
Table 1.3-1 shows Line number, maximum positive and negative pressure
and frequency of each S/RV line at SBA, calculated using QBUBS program

e

1-4
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given in Reference 1-6. The pressure distribution of a single S/RV

actuation along longitudinal and meridional directions of torus shell

are calculated using equations given in Reference 1-7.
The' frequency of S/RV load, even with 40% increase as sug-

gested in Reference 1-6, is around 11 Hz. It is far enough from

frequencies of torus which start from 30 Hz., that no dynamic

amplification is expected. Therefore S/RV load is treated as static
load in the present analysis.

' 1.3.5 Quasi - Static Pressures
The LOCA-induced pressure transients of suppression chamber

for DBA, IBA and SBA conditions are given in Re ference 1-8. A

modification to the maximum pressure in each case is given in

Re ference 1-9. Based on the information given in these references the

pressure inside the torus reaches to its maximum value in 30 seconds

in DBA, where the rise time is 560 seconds in IBA and 800 seconds in

SBA. The minimum rise time of 30 seconds in DBA condition as compared
to first natural period of torus which is about 0.03 second suggests

that the internal pressure during LOCA may be treated as a static

load. The maxiaum values of internal pressure for various loading'

i conditions, -used in the present analysis as static loads, are given in

Table 1.3-2.

| 1.3.6 LOCA Temperatures
I

The LOCA-induced temperature transients of suppression chamber'

for DBA, IBA and SBA conditions are given in Re ference 1-8. The

maximum temperature in the torus during the pool swell phenomenon

which occurs in the DBA condition is 900F. The maximum torus

temperature in other phases of DBA is 1270F. Temperature in torus may.
reach as high as 1680F in IBA and up to 1400F in SBA conditions. In

the present study the torus is conservatively analyzed for three

O
1-5
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O inside temperatures of 1000F for pool swell, 1400F for SBA and other
phases of DBA and 168oF for IBA condition. The inside temperature is
assumed to change linearly to an outside temperature of 700F.

' 1.3.7 Pool Swell Pressure

Pool swell and the loads associated with pool swell, applied
to the torus shell, are given in detail in Section 4.3 of Reference

1-1. A typical average submerged torus pressure history and a typical
,

torus airspace pressure history, , given in this re ference, show that
the pressure inside the torus reaches about 32.5 psi in 1.4 seconds.
This maximum. pressure applies uniformly at the airspace and the

i submerged part of the torus 1.4 seconds after break initiation at DBA.

| The pressure at the airspace and the submerged portion of

torus is not the same at all instants of the pressure build up time
j (rise time). The effect is a maximum upward net pressure of approxi-
'

mately 7 pai at 0.5 second efter the break. The resulting upward .
force is less than the combined weight of the suppression chamber and
the pool water and does not produce any tension force at critical

I cross sections along meridional direction. The effect of this upward

( force is minimal compared with the tension produced by the uniform
' pressure of 32.5. psi at 1.4 seconds after break.

The time (1.4 seconds) required for the internal pressure to
reach its maximum during pool swell as compared with torus breathing
period (0.03 seconds) is large enough to give a dynamic load factor
very close to unity. Therefore the pool swell load used in this anal-

ysis is assumed to be a uniform static pressure of 32.5 psi applied at
the torus shell in addition to the quasi-static pressure of 11 psi

given in Table 1.3-2.

1.3.8 Froth Impingement

The froth impingement load on the torus shell during the LOCA

pool swell transient is relatively small and is neglected in torus

analysis. Re ference 1-1 gives description of froth formation

1-6

. _ _ . _ _ _ .

J



l'8
Q mechanisms and equations to calculate the corresponding load. The

maximum calculated froth impingement load is 3.6 psi at the center of
non-vent bay 12.5 ft. above torus center line; it then reduces to zero

at the highest level of the torus shell. The load can be neglected

compared to the high uniform pressure applied to the torus during pool
swell phenomenon.

1.3.9 Condensation Oscillation Leads

Following the pool swell transient of a postulated LOCA, there

is a period during which condensation oscillation occurs at the down-
comer exit at DBA. Condensation oscillation phenomenon, associated

with the pulsating movement of the steam-water interface caused by

variations in condensation rate, produces an oscillatory pressure on

the submerged portion of the torus shell. The pressure is maximum at

torus shell bottom dead center and reduces linearly to zero at the

pool water level.

The maximum pressure at torus shell bottom dead center, as

V given in Reference 1-1, is in terms of amplitude as a function of fre-

quency range of 1 Hz. to 50 Hz. incremented by 1 Hz. The total pres-

sure at torur shell bottom dead center at any time during condensation

oscillation phenomenon may be written as:

P =E A Cos Wt= E A Cos 2nnt
c.o. a=1 n n n=1 n

where

n| = 15.37 psi is the maximum possible pressure at torusE A

shell bottom dead center.

1.3.10 Chugging Loads

The chugging phenomenon, as described in Reference 1-1, occurs
during a postulated Loss of Coolant Accident (LOCA) at SBA, IBA or DBA
when the steam flow through the containment vent system falls below

1-7
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O the rate necessary to maintain steady condensation at the downcomer
exits. Therefore steam bubbles form at the downcomer exits, oscillate

or grow in size and collapse at a critical size. The resulting loads

on the submerged portion of the torus shell consist of a pre-chugging
load which is a low frequency oscillatory pressure associated with the
oscillating bubbles as they grow, and a post-chugg*ng load which is a
high frequency oscillatory pressure associated with the collapsing
bubbles.

1.3.10.1 Pre-Chugging Load

Pre-chugging produces a maximum pressure at torus bottom

dead center equivalent to 1 2 psi. This pressure decreases

linearly to zero along the wetted perimeter of torus in a

vertical cross sectio.. The circumferential distribution of

pre-chugging load shall be either an asynsnetric distribution
as shown in Figure 1.3-4 or a symmetric uniform distribution

of 1 2 psi at bottom dead center, whichever produces the maxi-
mum response. The frequencies of the pre-chugging load is in
the range of 6.9 to 9.5 Hz. which is much lower than torus

frequencies that starts from 30 Hz. Therefore, the oscilla-

tion of the pre-chugging load is neglected in the torus

; analysis.
1

1.3.10.2 Post-chugging Load

Post-chugging produces an oscillatory pressure on the

wetted perimeter of the torus which has a maximum value at the
bottom dead center and attenuates linearly to zero at the pool

water level. The load is synenetric, having the same value and
distribution at all vertical cross sections of the torus along

the circumference. The post-chugging pressure at the torus

bottom dead center, given in Reference 1-1, is written as:

50
P =E B Cos 2rrnt

g post-chug n=1 n

1-8

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



l
l
1

I

O
where,

50
E n=1! n | " 3.7 Psi is the maximum possible pressure at the

torus bottom dead center.

1.3.11 Seismic Loads

A seismic analysis of combined stick models of drywell, torus

and outer structure using response spectra method has previously been

performed and are reported in References 1-11 and 1-12. The maximum

horizontal acceleration at the top of the suppression chamber for SSE

and OBE are conservatively calculated to be 1 0.32g and 1 0.23g

respectively. The maximum vertical spectra acceleration for - the OBE

is found to be 1 0.lg and for the SSE 1 0.13g. In the present

analysis these secelerations multiplied by torus mass are applied
| O

statically to the torus to calculate the forces and moments developed4

in the torus due to seismic loads. The horizontal seismic load is

asymmetric and the vertical seismic load is symmetric with respect to

the suppression chamber axis of revolution.

1.4 LOADING COMBINATIONS

Loading combinations are de fined in Section 3 of the Load

Definition Report (Re ference 1-1) and are discussed in detail in

Structural Acceptanca Criteria (Re ference 1-2). The twenty seven

: event combinations identified in Table 3.1 of Reference 1-1 and the
|

additional load combination specified in Section 5.6.2 of the same

reference actually represents sixty five load combinations which are
.

considered in the present analysis. These sixty five load combina-

O'
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tions and the load factors used in combining the load components are
given in Tables 1.4-1 and 1.4-2 respectively.

The static equivalents of dynamic loads are used in analysis
of the torus as explained in Section 1.5. The total number of loading,

cases that is considered in combining the results of each individual

load analysis is one hundred thirty cases in two sets of sixty five as

follows:

Set 1, hereafter, is refered to as positive, is

E L.F * (static loads) + E L.F * |staticequivalentofdynamic
loads |
Set 2, hereafter, is referred to as negative, is

E L.F * (static loads) - L.F*|staticequivalentofdynamic
J

loads |
L.F is load factor which may be zero or nonzero as given in Table

1.4-2.
N

The forces and moments in the torus, calculated as given above, are
conservative.

1.5 METHOD OF ANALYSIS

The loads applied to the suppression chamber, as discussed in
Section 1.3, are categorized into two groups of static and dynamic

loads. Dead load, normal and LOCA temperature, normal and LOCA

internal pressure and pool swell are static loads. S/RV and pre-
chugging a*e dynamic loads with dynamic load factors equal to unity
(see Section 1.3). Condensation oscillation, post-chugging and seis-

mic loads are dynamic loads with dynamic load factors greater than
one.

The condensation oscillation and post-chugging are treated as

static loads in the present analysis using fluid structure interaction

factor of 1.13 and dynamic load factor of 1.5. The fluid structure

1-10
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interaction factor is defined as the ratio of torus responses due to*

condensation oscillation loads considering the effect of the fluid in,

the torus to the torus responses due to the same loads neglecting the
fluid. See Appendix A-1 for more detail. The fluid structure inter-

action and the dynamic load factors are obtained from a study

performed to estimate the effect of interaction between the fluid and

the suppression chamer on the overall response of the torus when sub-
jected to condensation oscillation loads. It is assumed that the !,

post-chugging load, which has distribution and variation similar to

condensation oscillation loading, yields the .ame fluid structure i

interaction and dynamic load factors. Finite element technique using

NASTRAN Program has been used to perform a frequency response dynamic

analysis of the torus under oscillation loading and results are pre-
sented in Appendix A-1.

The earthquake loads are also applied to the torus as static

loads using the amplified accelerations obtained from a response.

spectra dynamic analysis as discussed in Section 1.3.11.
There fore, only static analysis of the suppression chamber is

needed to calculate the stresses in the rebars and check the integrityi

| of the structure under the applied forces. The finite element tech-
! nique
,

for the analysis of axisynenetric solids of revolution under syn-
'

. ,

metric and arbitrary static loading, as given in References 1-3 and

1-4, has been used to calculate the forces and moments developed in
various cross sections of the torus. Hereafter, the finite element

program for analysis of axisynneetric solid of revolution under

synnee tric loading is referred to as " WILSON I" Program and the finite
'

element program for analysis of the same type of structure under

j synneetric and arbitrary loading is referred to as " WILSON II" Program.
WILSON I Program is used for analysis of torus under the

; following thermal loadings:
i. Inside temperature of 1000F, outside temperature of 700F with

temperature varies linearly through torus thickness.
I

ii. Inside temperature of 1400F, same as above.
1

J

I 1-11
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O
iii. Inside temperature of 1680F, same as above.

The WILSON II Program is used for analysis of torus under the
a

following synumetric and asynumetric loadings:
i. Dead load of the suppression chamber without the pool water,

hereafter referred to as dead load (symmmetric loading).
ii. Internal pressure of 1 psi, hereafter is referred to as unit

uniform pressure (synametric loading).
iii. Hydrostatic pressure distribution on the wetted perimeter of

torus witn maximum pressure of 1 psi at torus bottom dead

center, hereafter referred to as unit hydrostatic pressure

(synusetric loading).
iv. Horizontal earthquake load with a horizontal acceleration

equal to one g, hereafter is re ferred to as unit horizontal

earthquake (asynumetric loading).
v. Sa fety/ relief valve load for a single S/RV as defined in

Section 1.3.4 with a maximum pressure at the torus bottom dead

center equal to 1 psi, hereafter re ferred to as unit S/RV

(asytumetric loading).

The results of the above WILSON I and II analyses are the

stresses in the centroid of the elements in the finite element model.'

These stresses are used to calculate forces and moments in various
sections of the torus using a utility program (Force and Moment) to

simplify hand calculations.,

1
i The forces and moments developed in various sections of torus

due to the loads defined in Section 1.3 are then calculated as

follows:

a) Dead Load Forces and Moments

Dead load forces and moments, defined in Section 1.3.1,
is calculated as:

(Dead load forces and moments) + (static water pres-
sure at bottom dead center) * (forces and moments
due to unit hydrostatic pressure)

O
1-12

__ _ . _ .



.- - - - --

O -b) LOCA Pressure Forces and Moments

LOCA pressure forces and moments are calculated by multi-
plying the internal pressure in the torus as given in

Section 1.3.5 for various cases of SBA, IBA or DBA, by

forces and moments calculated due to unit uniform pres-
e, ~

sure.

c) Pool Swell Forces and Moments

Pool Swell forces and moments are calculated by multiply-

ing the pool swell internal pressure (32.5 psi) by forces
and moments calculated due to unit uniform pressure.

d) S/RV Load Forces and Moments

Forces and moments due to a single S/RV actuation is

equal to forces and moments calculated for a single unit

S/RV multiplied by the maximum S/RV pressure at torus
bottom dead center due to S/RV actuation. For multiple,

S/RV actuation the total forces and moments for all loca-
tions at any vertical cross section along the torus cir-

cumference are calculated as follows:
When more ~ than one valve actuate at the same time the

effect of any valve is exactly the same as the other valv"s

except for the fact that the same effect occurs at a different

location along the torus circumference. Therefore, by proper

sunanation of forces and moments calculated for a single S/RV

for various vertical cross sections along circumference, the

total forces and moments for multiple S/RV actuation are cal-

culated for any combination .of eleven safety / relief valves.

! The absolute valves of eleven S/RV effects are added to obtain
I

the maximum conservative effect of multiple S/RV actuation. A

utility program (S/RV Combination) is developed and used to
simplify hand calculation.

O.
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O e) Condensation Oscillation Forces and Moments

The forces and moments due to condensation oscillation
load are calculated using the following:

Fcond. osci. = 1 (Pc.o.) * (DLF) * (FSI) * (forces
and moments due to unit hydrostatic pressure)

where,

DLF and FSI are dynamic load factor and fluid structure
interaction factor respectively;. Pc,o, is the maximum

possible pressure at torus shell bottom dead center as
given in Section 1.3.9.

f) Pre-chugging Forces and Moments

The forces and moments due to pre-chugging load is calcu-

lated as follows:

F re-chug = 1 (P re-chug) * (FSI) * (F)p p

where,

P re-chug is the maximum possible pressure at torusp

bottom dead center for pre-chugging as given in Section
1.3.10.1; and F is defined as:

F = Maximum of (unit hydrostatic forces and moments and

unit S/RV forces and moments)
The unit S/RV forces and moments are assumed to be
approximately the same as unit pre-chugging forces and

I moments developed by asynssetric pre-chugging load.
g) Post-chugging Forces and Moments

The forces and moments due to post-chugging load are cal-

culated using the following:

* (FSI) * (DLF) *(P ost-chug)Fpost-chug 1" p

( forces and moments due to unit hydrostatic

pressure)

where

is the maximum possible pressure at torus bot-Ppost-chug

tom dead center for post chugging load as given in

Section 1.3.10.2.

1-14
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h) Earthquake Load Forces and Moments

The earthquake load forces and moments are calculated

using the following equation:

FEQ = + FEQV + F H
where

FEQV and FEQH are forces and moments due to vertical
and horizontal earthquake respectively calculated as
follows:

FEQV = a * (dead load forces and moments)

FEQH a* (unit horizontal earthquake forces and=

moments)

Values off , for OBE and SSE cases of horizontal and

vertical earthquake, are given in Section 1.3.11.

1.6 FINITE ELEMENT IDEALIZATION

The suppression chamber is approximated as an axisymmetric
solid of revolution. A vertical cross section of the chamber, as

shown in Figures 1.2-2, 1.6-1 and 1.6-2, is discretized into 602

triangular, quadrilateral and truncated cone shell elements. Each-

element in the vertical cross section of the structure actually repre-
sents an axisynssetric ring with triangular, quadrilateral or line

,

cross section.

The global coordinate system R-Z-T, in which the coordinates
of nodes are specified, and the local coordinates system N-S-T, in
which the material properties of the elements are defined, are shown
in Figure 1.2-2. S is in the meridional direction (local hoop) and T

is in the global hoop direction. Material coordinate systems of the

shell elements are assumed to be coincident with the meridional axis
of the shell elements.

The concrete portion of the suppression chamber is idealized

triangular and quadrilateral elements. There are a total of 410as

quadrilateral and triangular elements with 439 nodes. Figure 1.6-1
,

; O
.
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.

shows the ' computer plot o f the concrete portion of the model. 'The
visual check . of the model insures that the geometric data used in

analysis is correct.

The' liner, which is a series of sixteen interconnected

cylinders along the circumference of suppression chamber, is idealized
as a pure circular torus of isotropic steel with a constant thickness
of 3/8". Truncated conical 'shell elements are used to model the
liner.

The hoop and meridional reinforcing hars are idealized as
independent layers of truncated cone shell elements of toroidal shape.
The hoop reinforcing bars are modelled as fourty eight~ shell elements
having a thickness of 0.2 in. with stiffness property only in the hoop
direction. The meridional reinforcing bars are modelled as fourty

eight shell elements having a thickness of 0.37 in. with stiffness
property only in the meridional direction.

The seismic bars on top of the torus are also modeled as two

independent layers of shell elements, having a thickness of 0.04 in,
with stiffness properties only in their respective global hoop ano

radial directions. The seismic bars on the sides of the torus, which

consist of two reinforcing bars perpendicular to each other and

running at 450 with respect to global Z axis, are modeled as one layer
of twenty four shell elements with a thickness of 0.084 inch having

stiffness in both hoop and meridional directions.
| Total number of shell elements used in modeling the reinforc-

ing bars and liner is 192. Figure 1.6-2 shows the finite element

model of the liner and the reinforcing bars.

It should be noted that the actual reinforcement in the torus
is not uniform. The meridional reinforcing rings are closer to each

other in the inside radius of torus than the outside, resulting in a

non-uniform distribution of reinforcing bars in the meridional direc-

tion. Also, there are more hoop reinforcing bars above and below vent
openings than in the other areas of the torus vertical cross section.
To simplify the modeling, an average reinforcement area is used in

t
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calcult. ting the equivalent thickness of the shell elements in the hoop,

and meridional directions. It can be shown that a reasonable change i

in reinforcing bars does not change the forces and moments in various
section of torus drastically. The controlling load applied to the

torus is internal pressure that induces forces and moments which are
not significantly affected by reinforcing in the torus. However, the

final stresses in the reinforcing bars are calculated using forces and
moments obtained from the finite elemenc analysis and the actual area
of reinforcing bars at each section of the torus.

1.7 MATERIAL PROPERTIES

The stress strain relationships used in the analysis arn based
on the following material properties:

a) Concrete: (uneracked) b) Concrete: (cracked)

Isotropic Orthotropic

E = 3,000,000. psi EN = 3,000,000. psi
'

V = 0.15 Es = ET = 0.0 psi

V = 0.0

c) Liner G = 1,304,348.0 psi
1

Isotropic

E = 30,000,000. psi d) Hoop keinforcing
|

V = 0.3 Orthotropic

i EN = Es = 0.0 ET = 30,000,000, psi
l
l V = 0.0

G = 0.0

|

O
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;

i

e) Meridional Reinforcing f) Seismic Rebars

Orthotropic g = 0.0 E =E = 30,000,000._ psig T

EN=ET = 0.0 V = 0.0,

E = 30,000,000, psi G = 0.0g

v = 0,0

C = 0.0

E is modulus of elasticity, V poisson's-ratio, G shear modulus
and N-S-T is the local material coordinate system shown in Figure
1.2-2.

Coefficients of thermal expansion used in the analysis are as.
follows:

0 for concrete = 0.0000055 /F0
a for liner = 0.0000065 /F0

1.8' FINITE ELEMENT ANALYSIS OF SUPPRESSION CHAMBER

The finite element analysis is performed for temperature
loads, dead load, unit uniform pressure, unit hydrostatic pressure,,

unit S/RV load and unit horizontal earthquake using the method of
Section 1.5. The assumptions made, the computer runs and the results

: of these analyses are given below.

Two separate computer runs are made for each load component
given above. In the first runs the concrete elements are assumed to
be uncracked. The results are used in loading combinations 1, 2, 3,
64 and 65, where internal pressure is not included in the loadings.
In the second runs the concrete elements are assumed to be fully
cracked in the circumferential (T) and in the meridional (S) direc-
tions. The latter assumption is especially valid for all the other

| cixty loading combinations where internal pressure produces high
tensile stresses in the concrete. The assumption of cracked torus,

I ' although a good approximation for the analysis, is not exact. The
i

applied pressure does not develop crack close to the boundaries'

O
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1

(bottom of torus and especially bottom corner adjacent to the drywell)
due to frictional resistance and .the key between the torus and the
drywell. The liner is assumed to contribute to the stiffness of the
structure in all the finite element computer runs.

The stresses calculated in these analyses are given in the
global R-Z-T coordinate system. Stresses are transformed to local
N-S-T coordinate system and are integrated using a utility program to
calculate normal forces, shear forces and moments at locations 1 to 8
along meridional direction shown in Figure 1.8-1. For asymmetric
loads of S/RV and earthquake, stresses and subsequently forces and no-
ments are calculated for locations 1 to 8 along meridional direction

, for nine vertical cross sections of the suppression cher'.>e r along
circumferential direction of the torus shown in Figure 1.8-2.

The forces and moments calculated at each section are as
j follows: (Note that the notations used here for forces and moments

are different from the notations normally used in shell analysis.)
F: Normal force in meridional direction per unit length in3

T-direction; positive force produces tension in section.

f M: Moment related to F , calculated with respect to the center ofT S

area of the cross section. Positive moment produces tension
| in the liner.

l F: Normal force in circumferential direction (global hoop) perT

unit length in S-direction; positive force produces tension in
section.

Mg: Moment related to F , calculated with respect to the center ofT

area of the cross section. Positive moment produces tension
in the liner.

FNS: Shear force in the direction of N on the plane whose normal is
S (S plane) per unit length in T-direction. (Radial shear S)

FNT: Shear force in the direction of N on the plane whose normal is
T (T plane) per unit length in S-direction. (Radial shear T)

FST: Shear force in the direction of S on the plane whose normal is
T (T plane) per unit length of T or S direction. (Tangential
shear)

1-19
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O
Figure 1.8-3 shown a cross section of the torus and directions

of the forces and moments.

Boundary conditions and other assumptions made in finite ele-
ment analysis of each of the six load components of the load combina-
tions, mentioned in Section 1.5 and above, are given in the following

sections.

1.8.1 Temperature Analysis

WILSON I Program is used for analysis of suppression chamber
under three different inside temperatures of 1000F, 140oF and 168oF.
The outside temperature is kept at 700F and the temperature is assumed
to decrease linearly through the thickness of the suppression chamber.
The base of the structure is allowed to move freely in the radial

direction (global R axis) and is restrained in the Z direction.

Temperature analysis is performed for cracked and uncracked
concrete. The prcperties of the cracked concrete are given in

Section 1.7. Since temperature rise inside the torus produces high
compressive stress in the liner side and high tensile stress in the
concrete elements close to the outside face of the torus, concrete can

not be assumed to be uncracked in the absence of internal pressure.

There fore, the torus is assumed to crack partially for the loading

cases where temperature is included but internal pressure does not

exist (cases 2, 3, 64 and 65). In lieu of a cracking analysis to find
,

! the correct cracking pattern for thermal loadings, the modulus of

elasticity of the concrete is assumed to be approximately 1/3 of the
values given in Section 1.7 for uncracked concrete.

Forces and moments are calculated for fully cracked and par-

tially cracked torus due to thermal loadings. The forces and moments

are calculated once including the liner force and in another case

[ excluding the liner force in integration. Table 1.8-1 shows the

forces and moments for the eight locations of a vertical cross section

! of the torus for inside temperature of 1000F, 1400F and 1680F assuming
|
'

concrete is partially cracked. Table 1.8-2 shows the same forces and

1
;
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moments for fully cracked concrete. The forces and moments are shown
with and without the liner effect.

1.8.2 Dead Load, Unit Internal Pressure and Unit Hydrostatic

Pressure Analyses

WILSON II Program is used for dead load, unit internal pres-

sure and unit hydrostatic pressure analyses. The base of the struc-

ture is allowed to move freely in 'R direction and is restrained in Z

direction. Concrete is assumed to be fully cracked in local S 'and T

directions. Concrete is assumed to be uncracked in another set of
analyses. Material properties for these two cases are given in

Section 1.7. Table 1.8-3 shows forces and moments calculated for dead
load for two cases of cracked and uncracked concrete. Table 1.8-4

shows forces and moments for unit hydrostatic analysis and Table 1.8-5
shows forces and moments for unit internal pressure analysis.

1.8.3 Unit S/RV Analysis,
S/RV load is an asynssetric non self-balanced load which is

i applied to the torus shell. To prevent the rigid body motion of the

structure, due to this asyimsetric load, the inner corner of the struc-

ture at the base (node 439) is restrained in the R direction. WILSON

II and a utility program is used to calculate forces and moments for,

various locations along meridional direction for nine vertical cross

sections of the torus along circumferential direction. The maximum of

all the forces and moments along circumferential direction (T) is used

in loading combinations. Table 1.8-6 shows the forces and moments for

unit S/RV analysis.

1.8.4 Unit Horizontal Earthquake Analysis

WILSON II Program is used for analysis of suppression chamber

under unit horizontal earthquake load. Due to the nature of the load,

which is asymmetric and non self-balanced, the torus tends to move in

the direction of the applied loads unless it is restrained in R or T

i O
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direction. The suppression chamber is keyed to the drywell pedestal
and thus does not move freely due to horizontal earthquake. The

actual boundary condition is complicated and can not be modelled in

two dimensional finite element analysis. In lieu of a three ' dimen-

sional complex finite element analysis, the analysis is performed for

two different boundary conditions as follows:

i. The inner bottom corner of the model (node 439) is restrained
in the R direction, and the base is restrained in the Z direc-

tion. The results from this analysis are justified for shear

forces FTZ in global coordinates (Fs7 in local) at vertical
section 5 along circumferential direction -(Figure 1.8-2),
where this component of shear has the maximum value along the
torus circumference. Vertical section 5 is free to move in

the direction of applied load - under this boundary condition.

The shear force FZR in global coordinate (FNS in local)

obtained from this analysis is not accurate.. This component

! of shear is maximum at vertical section 1. This section, in -
|

1 reality, tends to move in the direction of applied load, but

is restrained from moving in this analysis.g

I
ii. The inner bottom corner of the model (node 439) is restrained

from moving in the circumferential (T) direction. The nodes

on the base restrained in the Z direction. The results from

this analysis is justified for shear force Fyg and for forces

M, and MS which are maximum at verticaland moments F,S T

section 1. This section is free to move radially but does not

tend to move in the T direction due to the syuunetry of the

applied load with respect to axis 9 = 0.0 (Figure 1.8-2).

| The forces and moments due to unit horizontal earthquake are

taken from the two preceeding analyses and are used in the loading

combinations. The shear forces FNT and FST at vertical section 5 are
taken from the first analysis and the forces and moments Fg, F , FNSeT

MT and Mg are taken from the second analysis. The approach, if not

I
i
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exactly representing the actual boundary . condition, is conservative
and eliminates a need for a three dimensional complex finite element

,!

analysis. Table 1.8-7. shows the force's and moments for unit hori- i

,

sontal earthquake for the two preceeding boundary conditions assuming
,

| concrete is fully cracked in T and S directions.

i.

1.9 LOAD COMBINATION ANALYSIS

Forces and moments for each component of loads applied to the

j torus are calculated using the procedure given in Section 1.5. Then

! they are combined according to the load factors given in Table 1.4-2.

Two sets of " positive" and " negative" forces and moments as defined in
Section 1.4 are calculated for each of the eight locations along the

meridional direction for all the sixty five loading cases given in
,

Table 1.4-1. Table 1.9-1 shows a typical force and moment calculated
'

for meridional location .1 for all the loading cases assuming concrete

! is cracked in meridional and circumferential directions. Internal

; pressure is' not included in load cases 1, 2, 3, 64 and 65, thus
,

concrete can not be assumed to be cracked. As a result forces and

moments for these cases given in Table 1.9-1 are not. valid. Table

1.9-2 shows a typical forces and moments for these cases assuming

concrete is uncracked. A utility program called Load Combination
i

Program is developed and used to simplify hand calculation and obtain
' the forces and moments for various load cases.

I

1.9.1 Shear Stress calculation;

; The average radial shear stresses on plane S and T and the

average tangential shear stress in the concrete are calculated for

various meridional sections for all the loading cases using shear

resultants FNS, FNT and FST respectively. The allowable radial and

tangential shear stresses in concrete are also calculated for all the

j sections and loading cases using equations given in ASME Section III,
1

Division 2, Subsections CC-3421.4 and CC-3421.5. Actual reinforcement

: O -
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O
areas at each cross section are used in calculating allowable shear

stresses of concrete. Factors of safety for all shearing stresses are

then calculated. Table 1.9-3 shows typical allowable shear stresses,

average shear stresses and factors of safety calculated for location 1

of the meridional sections assuming concrete is cracked in meridional

and circumferential directions.
The factors of safety for shearing stresses are generally

greater than one with the exception of the tangential shear stresses

in meridional locations 5 and 6 for cracked concrete. These results

suggest that the concrete alone is capable of resisting all the

shearing forces at all the sections except for locations 5 and 6.

However, seismic reinforcing bars are provided at location 5 which

carry the tangential shearing forces developed fue to earthquake. No

reinforcing bar is provided at meridional location 6 to resist the

tangential shearing forces. However, the high shearing fc,rce in this

section which is due to seismic loads is developed in the section

because of the very approximate conservative approach discussed in
,

Sections 1.8 and 1.8.4 with concrete fully cracked. With partially

cracked concrete, to account for the effect of boundaries, tangential

shearing forces decrease drastically, resulting in smaller shear

stresses in the concrete. Furthermore, if one assumes that the hori-;

zontal seismic loads are taken by a ring action of the suppression

chamber, as may be the case (Figure 1.9-1), earthquake does not

develop shearing forces in concrete but increases the stress in the

hoop reinforcing bars by approximately 10 ksi. Note that the maximum
possible hoop sttess in the reinforcing bars, given in section 1.9.2,

is not affected by this new approach; because seismic load is not a

component of the loading case which induces the maximum hoop stress in
l the reinforcing bars.
|

| 1.9.2 Normal Stress Calculation

Stresses in the meridional bars (S-Stress) and global hoop

bars (T-Stress) are calculated for all the loading cases and at all
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O the meridional locations shown in Figure 1.8-1. These stresses ' ace
calculated for the following conditions.

i. Thermal loadings are neglected in loading combinations; only

mechanical loads included.
ii. Thermal loading included in loading combinations; but effect

of liner is neglected in force and moment caleviation of

thermal loading.

iii. Thermal loading included in loading combinations; effect of.

! liner is also included in force and moment calculation of

thermal loading.

The stresses in the rebars for case (i) are calculated for two
conditions; using liner as a strength element and neglecting the liner

as a strength element.

The stresses are calculated for case (ii) assuming that all

forces are to be taken by reinforcing bars only. The stresses are

calculated for case (iii) assuming forces and moments are to be taken
"

by the liner and reinforcing bars together.

Actual area of the reinforcing bars at each section - are used

in normal stress calculation. Coupling between the shearing forces

and normal forces are neglected. Concrete is considered to be fully

cracked and not capable of resisting any axial forces. A typical

result of stress calculations are given in Table 1.9-4. In this table

concrete is assumed to be cracked for all loading cases.

Normal stresses are calculated in the rebars and also in the

seismic bars considering the coupling between the shearing and normal

i forces for a few loading cases and sections where tangential shearing

forces are considerable (Re ference 1-14). Compressive stresses are

also calculated in the concrete where the applied moments at the

section are big enough to develop such stresses even though the

section is under normal axial tensile forces. This condition arises

when thermal loading is included in loading combinations.

Maximum mechanical stress in the meridional bars is 26.14 kai,
'

occurring at location 7 for loading case 27 with the liner having no

O
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stiffness. Maximum mechanical stress in the hoop bars is 30.13 kei,

occurring at location I for loading case 40 neglecting liner. The

mechanical stresses in meridional and hoop bars decrease to 9.04 kai
and 11.59 ksi respectively if liner is included in carrying section

loads. In this case the stress in the liner in meridional direction
is 19.45 ksi and in hoop direction is 9.27 kei; the maximum meridional
bar stress, including liner, is 10.51 kai and maximum hoop bar stress

in 15.62 ksi. The maximum meridional stress in the liner is 19.45 kai
and maximum hoop stress in the liner is 10.85 kei. Note that these

maxima do not necessarily occur at the same locations and the same
loading conditions as the case where liner is neglected. The maximum

stresses in the reinforcing bars and in the liner are below the yield

28 kei)50 ksi) and of liner (Fstresses of bars (F == yy
respectively.

Maximum stress in the meridional bars when thermal loading is

included but liner is neglected (liner is included in finite element

analysis and force and moment calculation but is neglected in stress
,

calculation) is 32.59 kai which occurs at location 7 for loading case

i 27. Maximum stress in the hoop bars for the saw condition is 44.48

kai which occurs at location I for loading case 27. If the liner is -

also used as load carrying member, the maximum stress in meridional

bars decreases to 19.34 kai and the maximum stress in hoop bars

decreases to 38.55 kai. Note that these new maxima do not necessarily
|

|
occur at the same locations as given above. When thermal loading is

included, if one assumes that concrete does not take any compressive

force, the maximum compressive stress in the liner is 10.66 ksi. The

maximum compressive stress in the concrete (assuming liner is

I neglected) is less than 1.0 ksi under both thermal and mechanical
i
' loadings. Table 1.9-5 shows a sususary of the maximum stresses in the

torus for various conditions given above.

O
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1.10 LARGE OPgNING ANALYSIS

The suppression chamber has eight symtrically located vent
openings with 7'-1" diameter, each corresponding to the vent openings

i in the drywell. The main hoop reinforcing bars which would normally
occur in the openings are banded above and below the openings. The

meridional bars which would normally occur at these locations are'

i grouped on - either side. The vents are locally reinforced by closed

rings around the perimeters of each opening. Reinforcing for areas

left void by banding the main hoop and meridional reinforcing is pro-
vided by fill steel. Radial stirrups are provided around each vent

opening to accomodate the radial shears due to the preser.ce of the
openings. Figure 1.10-1 shows the reinforcings around the suppression
chamber vent openings.

The smallest thickness of the suppression chamber concrete

1 wall in the vicinity of the vent opening is approximately 37 inches.
It is a common practice to consider openinge dcae diameters are less
than 2.5 times the wall thickness as small openings (Reference 1-15,

| Volume I). The ratio of vent opening diameter to 2.5 times the wall
,

thickness is approximately 0.92. This ratio is less than one and the

openings could be regarded as small; however, to be conservative, the
vent openings are considered to be large enough to merit a more
detailed analysis to calculate the stresses in the liner and the

reinforcing bars.

A finite element method was previously used for three dimen-
sional analysis of drywell and suppression chamber including the vent

| openings (Reference 1-15, Volume I). Due to the geometric syssetry of

the structure, a representative 450 sector was chosen for the-

( analysis. A composite mesh of interconnected laminated triangular
|

|
plate elements was used to discretize the 450 section of the

f suppression chamber. Each triangular element was a composite of
independent layers of concrete and reinforcing bars. The closed hoop

rings provided around each large opening were idealized as general
line elements. Syuusetric boundary conditions were applied along the
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i

.

i 22.50 and -22.50 vertical edge of the sector. The loading
combinations used in that analysis included internal pressure,,

thermal, dead and seismic loadings. No hydrodynamic loads were used.
' The results of the above analysis are given in Volume II of

Re ference 1-15 in a series of stress plots around the vent openings.
1

Another two dimensional analysis, neglecting vent openings, had also
'

been performed; the result of which are reported in Re ference 1-16.

Table 1.10-1 shows the stresses available for two load cases obtained
from the analyses of Re ferences 1-15 and 1-16. The percentage

increases in stresses for reinforcing bars and the liner including the

| vent openings are also shown in Table 1.10-1. From this table it can

conservatively be concluded that the meridional bar stress close to;

i
i the opening increases by 20%, the hoop bar stress by 75%, the
' meridional liner stress by 40% and the hoop liner stress by 55% due to

vent openings.
As mentioned above the hydrodynamic loads had not been

included in the preceding analysis. However, the effect of the hydro-

dynamic loads on the stresses in the vicinity of the vent opening is

minimal compared to the e f fect of other loads, particularly the
4

internal pressure, in the various load combinations. Table 1.10-2

shows the hydrodynamic stresses for sixty five load cases for

locations 4 and 5 as obtained from the present analysis neglecting the .

| opening. Note that the thermal, dead load, seismic and internal

pressure are omitted from the load combinations. As seen the stresses

(maximum 3.23 kai) induced from hydrodynamic loadings in the locations
; close to the opening (locatiens 4 and 5) are negligible compared to

the maximum stresses in the liner and reinforcings. There fore, it can

be concluded that the percentage increases in the liner and rebar

stresses due to the vent openings obtained from the previously

performed analysis, neglecting the hydrodynamic loads is not going to

be affected by the hydrodynamic- loads.

.

O
1-28|

,_- . . . ...-...-.-- --____._-_.- -_ - . . . _ _ _ - . _ _ . - - ___ , - -.



t
'>

. ,

> >

i. -.,

._s~

1e

1-

s

Therefore, to calculate the stres es in the liner and rebars

in the vicinity of the openings, the stresses calculated in the ' pre-
sent analysis neglecting the vent openings, can be multiplied by the
percentage increase given in Table 1.10-3.

Table 1.10-4 shows the maximum possible liner and reinforcing
stresses calculated in the present analysis,- neglecting vent openings,
for locations 4 and 5. It also shows the same stresses increased by

the factors given in Table IUO-3 to obtain a measure for rebar and
t, < - +liner stresses including the effect of the vent openings. As seen all s

the resulting stresses ars below the allowable stresses of 0.9 F fory
-\

liner and reinforcings. The stresses far from the openings are net - ,

'affected due to the vent openings in the suppression chamber. '

,

i
1.11 LINER GCHs,2 ANALYSIS

''
?i. , ,

i iThe liner in the euppression chamber is a continuous 'sixtteen
12 .

sided steel plate of cir:ular cross section with a uniform thickness '
,

of 3/8". It is attached to the concrete by 1/2" diameter, 81 " long-s

Nelson studs spaced at 15" in the meridional and hoop directions. The h

( distance between rows or columns of studs - in these directions is7.5'|
'

| and the spacing of the studs on the 450 line from meridional or hcop-
direction is approximately 10.6". Figure 1.11-1 shows the' stud b

i

arrangements on the' liner plates.'
The liner plete can experience compressive stresses due to

temperature rise and/or dynamic 'and static loads t applied to the

suppressioa chamber. The main sburce of compressive stresses in the
i

liner is temperature rise. Non-uniformity of the compressive stresses '

throughout the circumference of the liner sh*1b and possible initial
deflection of liner between two studs can produce unbalar.ced forces on , ,"
studs, buckling of the liner plate between the studs and displacement ''

of the studs in the vicinity of the buckled panel. The liner stud

analysis performed for ; the suppression chamber to calculate the stud
deformation and the strain'i'n the liner are given in the follbwing.

s
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The maximum compressive stress in the liner for fully cracked
concrete, as obtained from the analysis described in Section 1.8 fori

sixty five different load combinations, in 10.66 kai. The maximum
compressive stress in the liner for uncracked concrete (see Section
1.8-1 for assumption made in thermal analysis) is 19.5 ksi. Although,

the torus is not uncracked it is conservatively assumed that the
maximum possible compressive stress in the liner is equal to 19.5 kai.
This maximum compressive stress in the liner is referred to as
" initial stress in the liner" before buckling of any panel in liner
anchor analysis.

To perform the liner anchor analysis, four mathematical models
are constructed to a one inch strip of the liner. The studs are

modelled as springs with a predefined load displacement curve as given
in Re ference 1-17 and shown in Figure 1.11-2. The ultimate

displacements of the studs is approximately 0.167 inches. The curve
-

is obtained from a shear test performed on studs embedded in concrete.
Figure 1.11-3 shows a typical mathematical model of the liner stud

'
system. The panel located at the center of the model buckles due to
an initial assumed maximum deflectiona equal to 1/8". The initialo

and final buckled shape of the panel together with the geometry of the
straight and buckled panels for various models used in the analysis
are shcun in Figure 1.11-3. The length of the buckled panel in two of
the models are increased by 100" to account for a missing anchor
condition as required by Article CC-3123 of ASME Section III, Division
2.

The stiffness of the buckled panel in the model is small com-
pared to the stiffness of the straight panels. The buckled panel

resists load in bending as compared to the straight panels which
resist load by axial deformation. Figure 1.11-4 shows the load dis-

I placement curve, defining the stiffness of the buckled panel obtained
using the procedure given in Reference 1-13.

The detailed procedure for calculation of the stud deformation
using the liner-stud model is given in Reference 1-13. The method is an

0
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O iterative technique to solve a system of nonlinear equations obtained
from equilibrium of each node in the model. A program called LApr

(L_iner Anchorage Displacement due to Temperature) is developed and
used to simplify the hand calculations. The total inital compressive

stress in the liner is assumed to be the result from a thermal load

and to be constant in all panels of the model prior . to buckiing.

After buckling occurs, the stress in the panels decreases due to

deformation of the studs toward the buckled panel. The deflections of

! the studs far from the buckled panel are assumed to be . zero and are

input as boundary condition to the mathematical model.

The output from the LADT Program is the maximum displacement
of studs and the final compressive stresses in the panels. Having the

f displacements at both ends of the buckled panel, together with the

assumed final buckled shape, the maximum outward displacement of the,

buckled panel and the aversge strain at the straight and buckled panel

are calculated and shown in Tables 1.11-1 and 1.11'-2. The allowable
s'tud displaceisent and the allowable strains in the liner as given in
Articles CC-3730 and CC-3720 of ASME III, Division 2 are also given in

i

the same tables. The maximum stud displacements obtained fron the

analysis and the calculated average strain in the buckled panel are

smaller that the allowables.

;

1.12 CONCENTRATED LOAD ON THE TORUS

)
At approximately 0.6 second after pool swell initiation an

upward pressure on the downconers and vent headers in the torus tends

to move the headers upward. To prevent the upward displacement, the

vent headers are connected to the suppression chamber inner surface at

the top ,' the vent hesiers by columns. The load applied to the torus

through these columns at each of the eight locations of the vent

headers is approximately 342 kips considering the dynamic load factor
due to the nature of the load. To prevent excessive shear and normal

stresses in the torus, each of these loads are distributed along the

1
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torus circumference (Global hoop direction) using four columns at each
vent header as shown in Figure 1.12-1. A 12" by 12" plate is used to

transfer the load from each column to the torus. At each vent header

two of the four columns carry 102 kips per column and the other two
columns carry 69 kips per column.

In addition to the concentrated load applied to the torus dur-

ing pool swell, dead load, hydrostatic load, earthquake loads, S/RV,
Quasi-static pressure and pool swell pressure are also applied to the
torus at the same time. The Quasi-static pressure at 0.6 second after
DBA break is 4 psi and the torus air pressure due to pool swell is
about 12 psi. The loading combination during pool swell (cases 40,
44, 48, 49, 56 and 57) are given in Table 1.4-1.

To calculate the stresses in the torus at t = 0.6 second after
DBA break, forces and moments at various sections of the torus are
calculated for load cases mentioned above and are added to the forces
and moments induced in the torus due to the concentrated loads. The

forces and moments due to the loads other than concentrated loads are
calculated using the procedure described in Section 1.5. The forces

and moments due to concentrated loads are calculated as given below.

The load due to each vent header is applied at four points,

two along the meridional and two along the circumference of the torus.
The spacing between the points is approximately 5.5 ft. in meridional
and 7'-8" in circaferenetial directions. The headers are equally

spaced and are located at eight dif ferent locations of torus

circumference. The applied loads to the torus are mainly taken by the
rigidity of the torus in the radial direction. Therefore it can be

concluded that an axisyunetric analysis of the torus due to a

concentrated axisymmetric load of 37 kip /ft (maximum load of each pair
of column divided by minimum spacing of columns) applied at node 1 of
the finite element model in Figure 1.6-1 gives stresses and displace-
ments which are close enough to the results of an asynunetric analysis
of the torus.

i
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O Two axisymmetric analyses of the torus for cracked and

uncracked concrete were performed for a load of 1000 lb/in applied at
node 1. Forces and moments 'were calculated and scaled up to obtain
the response for 37 kip /ft. Then the results of these analyses were

added to the forces and moments for six pool swell cases. Then the

stresses (normal and shear) were obtained and compared to the allow-

ables. All the stresses including those close to the vent opening and

; close to the applied load are smaller than the allowables.
(
i

1.13 SUMMARY OF SUPPRESSION CHAMBER ANALYSIS

The objective of the suppression chamber analysis was to

calculate the maximum possible stresses in concrete, reinforcing bars
! and the liner. To achieve the objective, a series of analyses as out-
'

lined in Sections 1.9.1, 1.9.2, 1.10, 1.11 and 1.12 were performed to

consider all ranges of loading possibilites.

The calculated shaar stresses are normally less than the

allowable specified shear stresses of the concrete. The high tangen-

tial shear force in location 5 along meridional is resisted by seismic

bars in the section.

The mechanical stresses in the hoop and meridional reinforcing

bars are much smaller than the allowable stress of 0.9 Fy = 45 kai.
The maximum stress in the meridional bars including the thermal load-

ing is also much smaller than 45 kai. The maximum hoop stress in the

bars including the thermal loading is close to the allowable if liner

is not included in the stress calculation. If the liner is included

in the stress calculation the comparable maximum hoop bar stress

reduces to 30 ksi.
With the liner having no load carrying capacity, the total

mechanical and thermal stresses in reinforcing bars, which are at some
1

cases close to allowable stresses (about 35 ksi), are not realistic.'

In these cases the high thermal loadings are accompanied by high

internal pressure during IBA. If liner is included in calculating
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stresses, the reinforcing bar stresses decrease to far below the

allowable; the resulting stresses in the liner are either in low com-

.pression (-8 kai) or in low tension (7 kai). The stresses in liner

for some other loading cases, where moments are high in the sections,
are - higher than these values but do not correspond to the maximum

stresses in the reinforcing bars. The liner is capable of resisting

low stresses given above. Note that according to ASME Section III,

Division 2 the stresses in the reinforcing bara may exceed the yield

when the effects of thermal gradients through the concrete section are

included.

It was found that the controlling loading cases which induces

i the highest stresses in the reinforcing bars are those with high

internal pressure. Therefore the effect of other loads such as S/RV,

chugging, condensation oscillation and so on is not much on the design

i stresses.

To study the effect of dynamic loadings on the final stresses,

the dynamic load factor and the fluid structure interaction factor was

increased by 100%, the S/RV loads were also increased by 100%. As the
result, the stresses in the reinforcing bars generally were increased

between 0.0 to 40%. Obviously, the stress for the loading cases that

do not include hydrodynamic loads did not change. Also the maximum

mechanical hoop reinforcing bar stress did not change. The maximum

hoop reinforcing bar stress, with thermal loading included in the

stress calculations changed 9.2% to 48.58 kai; the corresponding

meridional stress changed 38% to 45.06 ksi. The maximum tensile
stresses in the liner, when used as a strength element, changed up to

38% to a maximum of 26.44 kai. The maximum compressive strength in

the liner increased 38% to a maximum of -14.66 ksi. The change in
stresses of the liner and reinforcing bars for most of the loading

cases were between 0.0 to 10%.

The stresses in the vicinity of the large openings were also

calculated. The stresses due to concentrated loads applied to the top

of the torus were calculated and added to the stresses due to the

O
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other loads. The resulting stresses were checked against the allow-

ables. The liner anchor analysis were also performed. The maxismaa

|
anchore displacement and the liner strains were obtained and compared
with the allowables. The stresses, strain and deformations in the

1

suppression chamber were all below the allowables.

i
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APPENDIX A.1

SUPPRESSION CHAMBER ANALYSIS-FLUID STRUCTURE INTERACTION

A.1.1- INTRODUCTION

The primary containment structure of the Brunswick Steam

Electric Plant consists of the drywell and the pressure _ sup-
pression chamber. See Figure 1.2-1. The suppression chamber is

a reinforced concrete torus encircling the lower part of the dry-
well containment structure. The concrete envelopes a continuous

sixteen sided steel liner of circular cross section. The major
centerline diameter of the torus is 109'-0". The cross section
diameter of the circular liner is 29'-0". Maximum water level in
the torus is 2'-4" below the horizontal diameter of the torus. A
paper joint is provided between the bottom of the torus and the

'

mat foundation to allow the radial growth of the torus. Figure
A.1-1 shows the typical cross section of the torus.i

Recent studies (References 1-18, 1-19, 1-20 and 1-21);

have demonstrated that the interaction between the fluid and the -

structure can have a significant influence on the response of the
overall system when subject to certain dynamic loadings. This
observation is true when mass of the fluid comprises the major
part of the total system mass. In the concrete torus, concrete

mass is approximately four times that of fluid mass. The

concrete torus has a continuous support at the bottom mat whereas

the steel torus in other Mark I plants is supported with pairs of
columns or saddles.

The present study has been performed to investigate the
effect of fluid structure interaction (FSI) on the dynamic
response of the Brunswick concrete torus. A normal mode and a
frequency response analysis of the torus for Condensation Oscil-
lation (CO) loadings was performed.

O
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Also in this study the dynamic load factor (DLF), the

ratio of stresses calculated for condensation oscillation loads
applied to the torus shell without FSI to stresses calculated for

the same loads applied to the torus shell statically, are
'

obtained. Two types of support conditions have been considered

in the analysis to bound the solution:

Type I Support Condition: Both radial, U , and vertical, Uz,r

translations restrained.
Type II Support Condition: Only vertical translation, Use

restrained.
The concrete in the torus has been assumed to be

| uncracked. The analysis has been done with the computer program
.

NASTRAN. Results of this analysis is presented in this report.

Frequency response analysis gives displacements and

stresses which are complex having real and imaginary parts or

amplitudes and phase angles. Phase angles do not remain constant;

but vary from node to node. The sum of all the absolute ampli-

tudes (1 to 50 Hz.) of stress / displacement has conservatively
been used as an index to measure the effect of FSI.

f

i

A.1.2 CONCLUSIONS

1

!
Based on the present study, - the following can be con-

I cluded about the effect of FSI on the Brunswick concrete torus on
the normal modes and dynamic response under CO loading.

A.1.2.1 Normal Modes

With FSI, frequencies of normal modos decrease. The

reduction in frequencies of normal modes in the range of 1 to 50

! Hz. for type I support, where no radial growth at base is permit-

ted, is only 0.2%. The reduction for type II support, where
'

radial growth is permitted at base, is 3.5% with FSI. Modes

shapes are not a f fected with inclusion of FSI. See Figures

A.1-12 to A.1-18.
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A.1.2.2 Hydrodynamic Pressure

The Load Definition Report (LDR) for Mark I program gives
the baseline rigid wall pressure amplitude on torus bottom dead

center (Table A.1-2). These amplitudes of pressures get modified
due to FSI depending on the stiffness of the structure and

fluid / structure mass ratio.
The sum of all the amplitudes of rigid wall pressure;

p (1 to 50 Hz.) is 15.25 poi without FSI. With FSI, the value

increases to a maximum of 15.347 pai and 15.443 psi for Type I
and Type II support, respectively. Due to FSI, the change in the

: rigid wall pressure is 1.3%.

A.1.2.3 Displacement

In general, displacements increase due to FSI.
Radial Displacements: From Tables A.1-5 and A.1-6, it

can be seen that the maximum change in
the radial displacement is 4.2% and

11.4% for Type I and Type II support

respectively.
'

Tangential Displacements: From Tables A.1-5 and
A.1-6, it can be seen that the maximum

change in the tangential displacement

is 4.9% and 9% for Type I and Type II'

support respectively.
; It can be concluded that in the concrete torus, displace-

I ments will change in the order of 10% due to FSI. It is then
i

i reconsended that the concrete torus be analyzed for CO loading

without FSI and fluid mass and the displacements so obtained be

increased 10% to account for the FSI.
1

A.1.2.4 Str.te of Stress

In general, stress levels increase due to FSI. Tables

A.1-7 to A.1-9 show that the maximum change in the stress level

I

1-38

I

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



.-- - . .. . . .. .

O due to FSI is on the order of 13%. It can be conservatively

concluded that the concrete torus can be analyzed for CO loading

without FSI and fluid mass with the stress levels so obtained
) increased by 13% to account for the FSI.
t

A.1.2.5 _ Dynamic Load Factor

The stresses for CO loading without FSI and fluid mass,

and the stresses for CO loading (neglecting its variation with

time) are calculated. Table A.1-10 shows the ratio between these
i stresses (dynamic load factors) for the Type II support condition
i for various nodes of the torus model. This table shows ther the

dynamic load factors change from node to node and for various

stresses. A careful inspection of the stresses and dynamic load
factors reveals that the dynamic load factor (DLF) does not

exceed 1.45 for stress components which have a considerable'

value. The dynamic load factors which have a value greater than;

1.45 correspond to stresses with small values and are not reli-
i able or typical. A dynamic load factor equal to 1.5 is
|

recommsended to be used conservatively for all components of

stresses throughout the torus.

I
A.1.3 METHOD OF SOLUTION

|

| Consider an elastic structure submerged in a finite

acoustic fluid,where pressure P satisfies the wave equation
V 2p = f/C2 (1)

where C is the speed of sound in the fluid. If both structure

and fluid are modeled with finite elements, the resulting matrix

equations take the general forms (18,19, 20)
M O , 11

- A_- - r. ,lr ,

i fK A
uI

where M~and it are the " usual ~

{p), = /(o},
(2). +

-p ATq p o ji

structural mass and stiffness

matrices, Q, and ji are the inertia and stiffness matrices for the

1-39

. - _ - . - . - - . - . - _ . - _ - _ . - . - , _ - . - . _ - . - - . _ _ _ . _ _ _ _ _ _ _ _ _ ___ _ _



.- - - . . - . _ ~ -

! fluid,kis the area matrix converting pressure to force at the
fluid-structure interface nodes and P is 'the fluid's mass

density. 'f' is the external force on the structure, u is the-
vector of the structure's nodal displacements and P is pressure
at all nodes of the fluid as well as at . the fluid-structure. ,

interface.
In the analysis, the rigid wall pressure on . the torus

shell is considered as an external force on the structure; in
this case P in Equation (2) represents change in rigid wall pres-
sure at the fluid structure interface and change in fluid pres-
sure within the fluid due to fluid-structure interaction.

In Equation (2), I can be assembled from standard 3-D
I elasticity finite elements (References 1-19 and 1-20) if the Z

! component of displacement at each point is retained and Hooke's
;

j law is specified as:
.

~4'x3( C xx'
-

1 -1 -1 Cs

0 yyf -1 1 -1 C yy

O zz -1 -1 1 C zz ,

k= f (3)
0 xy 1 ,Y xy,

!

O yz 1 Y yz

(O xz) 1 Y xz

In terms of the usual engineering constants, Equation (3) is

equivalent (numerically) to choosing shear modulus G and Young's
modulus, E as

G = 1.0 E = 1020c

In Equation (2) Q can be assembled from standard elasticity
finite elements (References 1-19 and 1-20) if the mass density
assigned to the material is numerically equal to 1/C ,2

O
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For an incomprensible fluid C^ + " and the wave Equation
(1) reduces to Laplace's equation

2VP=0 (4)
Also Q = 0 so that P can be eliminated from Equation (2) to yield

(M + p A i -11T) U + Ku = f (5)
^

Thus defining the added mass matrix
5, = p15 -11T (6)

Note that matrix 1 is a rectangular matrix with zero elements

related to nodes within the fluid (area is specified only for
interface of fluid and structure); A could be partitioned as:

A 0
1= (7)

0 0
:

where A is a diagonal matrix;
.

then

Ea = PA H-1 AT (8)
where H is a reduced stiffness matrix for the fluid related to
the nodes of the fluid located on the interface of fluid and
structure.* Using Equation (2), the hydrodynamic pressure P at
the fluid nodes is given by:,

P=p g-11TU (9)
I

then the hydrodynamic pressure at the fluid structure interfaces

(P ) is given by:1

P1 = p H~I ATU (10)1

where lit is now the acceleration of the acdes at the interface of
the fluid and structure which is a sub vector of the structural
acceleration vector. From Equation (5) and (10) the following
observations can be made about fluid-structure interaction for a
system containing incompressible fluid:

* H=H -H H H{2,whereHg,.Hg , etc. are submatrices of Rgg 12 22

matri.: related to nodes on interface and nodes in fluid.

O
'
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i. Fluid-structure interaction does not affect the stiffness

matrix of the structure.

ii. Fluid-structure interaction does not affect the equation

of motion of the structure. The classical equation of

motion of structure remains valid.
iii. Fluid-structure interaction does not introduce any addi-

tional degrees of freedom.

iv. Effect of fluid-structure interaction is to alter the

mass matrix of the structure in the form of an "added

mass" matrix related to the degrees of freedom at the

fluid-structure interface.

v. Hydrodynamic pressure at the fluid-structure interaction

is related to the acceleration at the fluid-structure

interface.

A.1.3.1 Finite Element Discretization of Structure and Fluid

Figure A.1-1 shows the typical cross section of the

Brunswick concrete torus. The torus has been assumed to be

axisynssetric. Both fluid and concrete structure has been

discretized with NASTRAN'S axisymmetric, triangular cross-

section, ring element (TRIAX6) with mid-size grid points.

A.I.3.1.1 Finite Element for Fluid

Figures A.1-2 to A.1-4 shows the finite element mesh for

the fluid. There are 128 TRIAX6 elements and 289 fluid nodes.
At the flu!d nodes translation in the Z-direction (degree of

freedom 3) has been retained. The following material properties

have been used in MATI Cards for the fluid elements.
C = 1 = 1.07 x 104 psi /(1b-sec2)/in4

P

E = 1020G = 1.07 x 1024 a

1-42-
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O
A.1.3.1.2 Finite Element for Concrete

Figure A.1-5 shows the finite element mesh for the con-

crete structure. There are 136 "TRIAX6" elements and 340 nodes.

At structural nodes, there are two degrees of freedom (U , Uz).r

The following material properties have been used in MATI cards,

for concrete elements.

G = 1.35 x 106 poi
E = 3.1 x 106 psi
v = 0.15

P = 2.246 x 10-4 (1b - sec2)/in4

A.1.3.2 DMAP ALTER in NASTRAN for "Added Mass" Matrix

Because of the value of material properties assumed in

the analysis for the fluid elements, the added mass matrix Ea of
the fluid is given as:

5,=AH~ A (11)

O The added mas matrix E, of the fluid has been calculated
using DMAP ALTER in NASTRAN. The DMAP ALTERS for normal mode

calculation and frequency response analysis are given in Appen-
dices B.1 and C.I.

A.1.4 NORMAL MODE ANALYSIS

Normal modes of vibration have been calculated for the

torus with and without FSI. Since the loading spectrum under

LOCA (C0 and CHUGGING) has frequencies 1 to 50 Hz., normal modes

have been extracted only for the frequencies which are belcw 100,

l
j Hz. A generalized dynamic reduction (Reference 1-21) has been
I

used instead of Guyon reduction procedures. Natural frequencies

have been calculated for two types of boundary conditions.

| Type I: Both radial (Ur) and vertical translations (Uz) are
I

restrained at base. (radial movement restrained)

'

O.
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:

i

.

~

Type II: Only vertical translations (U ) are restrained atg

base. (radial movement allowed)

Normal modes have been calculated for the torus with and without
FSI for both types of boundary conditions.

| The result of these analyses are given in Table A.1-1.

The first six frequencies remain practically unaffected with FSI.
Figures A.1-6 to A.1-10 give the mode shapes for Type II

B.C. for the torus with and without FSI. FSI has no significant

influence on the mode shapes.

For Type I support, there are two normal modes having

frequencies in the range of 1 to 50 Hz. When FSI is included in
analysis, reduction in these two natural frequencies is below

0.2% (Table A.1-1).
For Type II support, there are three frequencies in the

range of 1 to 50 Hz. When FSI is included in the analysis

reduction in these three natural frequencies are 2.1%, 3.5% and

0.56% respectively (Table A.1-1).
;

j A.1.5 FREQUENCY RESPONSE ANALYSIS FOR C.O. LOAD

The torus has been analyzed for a spectrum of loading to

study the effect of FSI on:

i. Hydrodynamic pressure at fluid-structure interface

ii. Displacement of structure

iii. State of stress

The frequency response analysis (NASTRAN Rigid Format 26) has
been performed for CO loading under DBA as defined in Table

4.4.1-2 of Reference 1-1. Table A.1-2 shows the amplitudes of

the CO loading for frequencies ranging from 1 to 50 Hz. as used

in this analysis. Figure A.1-19 shows the rigid wall pressure

distribution of the CO loading.

|
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s

A.1.5.1 gffect of FSI on Hydrodynmaic Pressure
s

Because of the assumed material property for the fluid
elements, the hydrodynamic pressure at the fluid structure inter-
face is given as:

~

P1=H A *di (12) -

) For the nth frequency of loading displacement ul is written as:
d'

ul =C n Cos but+e:n) (13)
then

S = "n*Cn Cos (W t+*fn) (14):
i n

2= -ton ut
i hence,

~

P1 bn)*"n2 H A ul (15)
where

P1 is a subvector of

P=W[H Au (16)

I

! Equation (16) has been included in NASTRAN by DMAP ALTER to
calculate hydrodynamic pressure due to PSI at each fluid struc-
ture node. This hydrodynamic pressure represents the change in
the rigid w'all pressure due to FSI.

Table A.1-3 shows the change in the rigid wall pressure
due to FSI at bottom dead center (Node 30016) for Type I support

'

' condition. The dashed line curve in Figure A.1-11 also shows the '

same rigid wall pressure change. The rigid wall pressure ampli-
tude is maximum at 6 Hz. and is equal to 2.68 psi, the change in
this maximum pressure due to FSI is .001 psi (.04%). The maximum

change in the rigid wall pressure is .0082 psi at 50 Hz. For

Type I support, the maximum change in the rigid vall pressure due
to FSI is less than 2.5%. Table A.1-4 and the- solid line curve
in Figure A.1-11 give the change in the rigid wall pressure due
to FSI for Type II support. The change in the maximum pressure
amplitude which occurs at 6 Hz. is .0019 psi (.07%). The maximum

change in the hydrodynamic pressure is 0.0162 psi at 50 Hz. For
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O Type 11 support, the maximum - change in the rigid wall pressureO
due to FSI is less than 5%.

A The sum of the amplitudes (1 to 50 Hz.) of the' rigid wall
pressure is 15.25 psi without FSI which changes to 15.347 and
15.443 psi for Type.I and Type II support respectively.

A.1.5.2 Effect of FSI on Displacement

The frequency response analysis (NASTRAN Rigid Format 26) ',,

b has been used to investigate the .effect of FSI on the displace-
ment at some selected grid points at the concrete torus. Radial
displacements at nodes 36, 81, 126, 166, 211, 251, 291 which lie

on the Luide surface of the concrete torus have been considered.
Due to the nth component of the frequency spectrum, the

radial displacement u i Id n,t) is given by the following:r
'

i (Wn,t) = Ani Cos Fnt+%n) (17)ur

where W n = Frequency of the nth component

i = Amplitude of radial displacement at ith node andAn
thn component of frequency spectrum

'

& in = Phase angle at ith node and nth component of
frequency spectrum

For the CO load, the frequency spectrum consists of 50 components
ranging from 1 to 50 Hz.

Figures A.1-12 to A.1-18 show values of.A i for n = 1 to;

n
50 Hz. and i = 36, 81, 126, 166, 211, 251, 291. In fact, these

figures show the amplitudes of the radial displacement with and
without FSI for Type II support. Total displacement for the CO

loading is given as
50Uir (t) = ,ir (Wn,t)
E
n=1

4

50 iA n Cos Pnt4(in) (18)
=

7
n=1

t

Y

'

1-46

- ,_ m , m.+y ny7_,.--.. , . - ,-p.m%w ,e-,.g _.-----y-..,._.9 , ,,.*,,.,.,eg,--.v- ,w - , . , - - _ , - . - - . - = - -_e -m._ .--



_ _ . _

Ov
To simplify the analysis, we define a quantity

4

Ui = g0 |A n| (19)i

n=1

This quantity Ui has been used as an index to measure the effect
of FSI. In fact, Ui is the sum of absolute radial or tangential
displacement amplitude at node i in local cylindrical coordinate

r

system.

Table A.1-5 shows that the maximum change in radial and
tangential displacement for ~ Type I support, is 4.2% and 4.9%

'

respectively. Table A.1-6 shows that the maximum change in the
radial and tangential displacement for Type II support, is 11.4%
and 9% respectively.

|

A.1.5.3 Effect of FSI on Stress at Concrete Torus
Frequency Response Analysis has been used to study the

e f fect of FSI on the state of stress at concrete torus.
'

Displacement vectors cbtained from Direct Frequency Analysis have
real and imaginary parts. Stresses corresponding to these dis-

placement vectors are also complex quantities. NASTRAN Rigid

Format 26 can not handle complex stress computation' for TRIAX6
,

element. Postprocessing of the complex displacement, obtained
from Direct Frequency Response, was performed to calculate com-

i plex stress for TRIAX6 elements. Real and imaginary parts of

displacement vectors were saved separately for each of the 50
frequencies. There were 100 sets of displacement vectors

| (50 real + 50 imaginary). These 100 sets of displacement vectors

! were input into the DSR2 (Stress Data Rc' overy - Phase 2) module
1

in a subsequent normal mode analysis (Rigid Format 25). A
,

FORTRAN program was written to separate the imaginary and real
| part of each stress tensor. The program also combines the real

and imaginary parts to calculate amplitudes at each frequency.
I State of stress has been calculated for CO load.
!
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ni, for the nth compo-At ith node the radial stress,Orr

nent of the frequency spectrum can be written as:

rr"I ( n,t) =0 rR CoEnt + GrI"I Sin U tuia n

rA"i Cos @ nt +6in) (20)=a

where
niUrR" U rI are the real and imaginary part of the

thradial stress at node i for the n

frequency spectrum

oA Amplitude of the radial stress at nthi ni =
r

component of frequency spectrum

+U ni (21)rR"I= a
rI

i6n The phase angle of radial stress at=

ith node for the n h component of fre-t

quency spectrum

ni (22)tan-1 UrI"i U/ rR=

Hence, the total radial stress O Ti(t) at the ith node is givenrr

as:
I U Ti(t) = {0 rr"Ibn,t)a

rr

n=1
i

j0 ni Cos (d t +6 in) (23)0 rA= n

n=1

Similar expression can be obtained for azimuth, axial and shear

stress. The following steps have been performed to obtain an

index to measure the effect of FSI in the concrete stresses.
Step I: Calculate real and imaginary part of stress

for each frequency.

Step II: Calculate amplitude for each frequency.
Step III: Calculate,EU A, sum of absolute value of all

the amplitudes (50 of them).
Step I to Step III have been performed for radial, azimuth, axial

;

and shear stresses.

|O
4
1
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Values of EU A. have been tabulated in Tables A.1-7 and
A.1-8 for Type 'I and Type II support respectively. Table A.1-9

gives the percentage change in the state of stress due to FSI for

the two types of support. Table A.1-7 shows that, in general,

for Type I support (Radial and Vertical translations restrained)

the stress level is lower. Table A.1-9 shows that percentage

change due to FSI is highest at node 31 for radial stress (13.2%)

azimuth (11.2%), axial (12.1%) and at node 291 for shear stress

! (7.1%) ' for Type II support. However, change in all other nodes
*are below 10%.

Hence, it can be conservatively concluded that due to

FSI, the stress level in the concrete torus increases by 13%.

O
,

!

1

!
t

|

|
|

'

O
1
|
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APPENDIX B.1 ~ 4

DNAP ALTER FOR NORMAL MODE CALCULATIONS

The DMAP ALTER for normal mode calculations (Solution Rigid

Format 25) is given below. MBAR is the added mass matrix of the fluid.

ID NORMAL MODES OF TNE COMBINED SYSTEM BASE RESTRAINED
SOL 25,0

i DIAG 8,13,14
TIME 5.
ALTER 92
MIRXIN ,,MATPOOL,EQEXIN,SIL,/STIF,,/V,N,LUSET/S,N,NOSTIF $
COND FINIS,NOSTIF $
ADD KGG,STIF/KXX $
EQUIV KXX,KGG/ALWAYS $
ALTER 108,108
UPARTN USET,KNN/KFF,KSF,KFS,KSS/N/F/C,N,3 $
VEC USET/CP/C,N,S/SG/SB $,

PARTN KSS,CP,/Kil,,,///6 $
PARTN KSF,,CP/K12,,,/1 $
DECOMP Kil/KL, $
FBS KL,,K12/X $
MPYAD K12,X,/MBAR/1////6 $
DIAGONAL MBAR/MXXD/ SQUARE $
MATCPR GPL,USET,SIL,MXXD//F/F $
ALTER 125

i ADD MFF,MBAR/MTT $
i EQUIV MIT,MFF/ALWAYS $

ECH00FF
ALTER 154
MTRXIN ,,MATPOOL,EQEXIN,SIL,/ FORCE 1,,/V,N,LUSET/ $
DIAGONAL FORCE 1/P1/ COLUMN $
MPYAD PHIC,P1,/PF/1 $
MATPRN PF// $, ,

' CEND

!

! G
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APPENDIX C.1

'

DMAP ALTER FOR FREQUENCY RESPONSE ANALYSIS
,

The DMAP ALTER for Frequency Response Analysis (Solution Rigid
Format 26) is given below. MBAR is the added mass matrix for the fluid.

ID FREQUENCY RESPONSE OF TNE COMBINED SYSTEM
SOL 26,1
DIAG 8,13
TIME 500.
ALTER 135

I MTRXIN ,,MATPOOL,EQEXIN,SIL,/STIF,,/V,N,LUSET/S,N,NOSTIF $
COND FINIS,NOSTIF $
ADD KGC,STIF/KXX $
EQUIV KXX,KCG/ALWAYS $
ALTER 149,149
UPARTN USET,KNN/KFF,KSF,KFS,KSS/N/F/C,N,S $

O VEC USET/CP/C,N,S/SG/SB $
PARTN KSS,CP,/Kil,,,///6 $>

PARTN KSF,,CP/K12,,,/1 $
DECOMP K11/KL, $
FBS KL,,K12/X $
MPYAD K12,X,/MBAR/1////6 $
ATER 175
ADD MFF,MBAR/MrT $
EQUIV KrT,MFF/ALWAYS $

0
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i]'- Table 1.3-1
Torus BNtton Dead Center Pressure and Frequency of

a Single S/RV Line at SBA

S/RV Positive Pres- Negative Pres-
Sq. No. Line No. sure psi * sure psi Frequency HZ

I
1 11 15.52 -14.51 10.0

2 12 15.59 -14.77 9.67- |
t |-'

3 18 15.3 -14.4 9.9 '

4 19 15.0 -14.2 10.1

5 20 14.8 -14.0 10.2

6 26 14.5 -13.7 10.4

7 27 14.4 -13.7 10.4

! 8 33 15.7 -14.7 9.9

9 34 16.5 -15.1 9.6

10 58 15.2 -14.3 10.0

11 59 15.8 -14.7 9.7
* The pressures in this column are also conservatively used in lieu of

negative pressures, given in next column, for S/RV load at normal and
LOCA conditions.

Table 1.3-2
Maximum Internal Pressure in the Suppression Chamber

| Condition Pressure in Ps
4

. . . _ . . -
; DBA 28.6,

DBA, Pool Swell ** 11.0

IBA 32.8

SBA 24.4

** During pool swell an additional pressure is developed in torus which
is added to Quasi - Static pressure (see pool swell pressure).
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TABLE 1.4-1

L0A D C0MB INA T I O N $ **

LOAD CASE 1 DEAD LOAD +HYUR LOAD +S/RV
ACAD CASE 2 DEAD LOAD + HYDR LOAD +S/RV +EQ. OBE
LOAD CASE 3 DEAD LOAD + HYDR LOAD +S/RV +EQ. SSE
LOAD CASE 4 DEAD LOAD + HYDR LOAD +SBA
LOAD CASE 5 DEAD LOAD + HYDR LOAD +SBA PRE CHUG-
LOAD CASE 6 DEAD LOAD + HYDR LOAD +SBA POST CHUG,

LOAD CASE 7 DEAD LOAD + HYDR LOAD +SBA +S/RV
LOAD CASE 8 DEAD LOAD + HYDR LOAD +SBA +S/RV PRE CHUG
LOAD CASE 9 DEAD LOAD + HYDR LOAD +SBA +S/RV POST CHUG
LOAD CASE 10 DEAD LOAD + HYDR LOAD +SBA +EO. OBE
LOAD CASE 11 VEAD LOAD +HYOR LOAD +SBA +EQ. SSE
LOAD CASE 12 DEAD LOAD + HYDR LOAD +SBA +EO. OBE PRE CHUG
LOAD CASE 13 DEAD LOAD + HYDR LOAD +SBA +EO. SSE PRE CHUG
LOAD CASE 14 DEAD LOAD + HYDR LOAD +SBA +EO. OBE POST CHUG
LOAD CASE 15 DEAD LOAD + HYDR LOAD +SBA +EQ. SSE POST CHUG
LOAD CASE 16 DEAD LOAD + HYDR LOAD +SBA +S/RV +EQ. DBE
LOAD CASE 17 DEAD LOAD + HYDR LOAD +SBA +S/RV +EO. SSE
LOAD CASE 18 DEAD LOAD + HYDR LOAD +SBA +S/RV +EQ. DBE PRE CHUG
LOAD CASE 19 DEAD LOAD + HYDR LOAD +SBA +S/RV +EQ. SSE PRE CHUG
LOAD CASE 20 DEAD LCAD + HYDR LOAD +SBA +S/RV +EQ. DBE POST CHUG
LOAD CASE 21 DEAD LOAD + HYDR LOAD +SBA +S/RV +EO. SSE POST CHUG
LOAD CASE 22 DEAD LOAD + HYDR LOAD +IBA
LOAD CASE 23 DEAD LOAD + HYDR LOAD +IBA PRE CHUG
LOAD CASE 24 DEAD LOAD + HYDR LOAD +IBA POST CHUG
LOAD CASE 25 DEAD LOAD + HYDR LOAD +IBA +S/RV.
LOAD CASE 26 DEAD LOAD + HYDR LOAD +IBA +S/RV PRE CHUG
LOAD CASE 27 DEAD LOAD + HYDR LOAD +IBA +S/RV P3ST CHUG
LOAD CASE 28 DEAD LOAD + HYDR LOAD +IBA +EQ. OBE
LOAD CASE 29 DEAD LOAD + HYDR LOAD +IBA +EQ. SSE
LDAD CASE 30 DEAD LOAD +HYOR LOAD +184 +EO. OBE PRE CHUG
LOAD CASE 31 DEAD LOAD + HYDR LOAD +1BA +EO. SSE PRE CHUG
LOAD CASE 32 DEAD LOAD + HYDR LOAD +IBA +EO. OBE POST CHUG

!

l
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TABLE 1.4-1 Continued

L0AD C0MBINA T I O N $ **

LOAD CASE 33 DEAD LOAD + HYDR LOAD +IBA +EO. SSE POST CHUG
LOAD CASE 34 DEAD LOAD + HYDR LOAD +IBA +S/RV +EQ. DBE
LDAD CASE 35 DEAD LOAD +HYOR LOAD +IBA +S/RV +EO. SSE
LOAD CASE 36 DEAD LOAD + HYDR LOAD +IBA +S/RV +EQ. DBE PRE CHUG
LOAD CASE 37 DEAD LOAD + HYDR LOAD +IBA +S/RV +EO. SSE PRE CHUG
LOAD CASE 38 DEAD LOAD + HYDR LOAD +IBA +S/RV +EO. DBE POST CHUG
LOAD CASE 39 DEAD LOAD + HYDR LOAD +IBA +S/RV +EO. SSE POST CHUG
LOAD CASE 40 DEAD LOAD + HYDR LOAD +DBA PDOL SWELL
LOAD CASE 41 DEAD LOAD + HYDR LOAD +DBA CDNO. OSC.
LOAD CASE 42 DEAD LOAD + HYDR LOAD +DBA PRE CHUG
LOAD CASE 43 DEAD LOAD + HYDR LOAD +DBA POST CHUG
LOAD CASE 44 DEAD LOAD + HYDR LOAD +DBA +S/RV POOL SWELL
LOAD CASE 45 DEAD LOAD + HYDR LOAD +DBA +S/RV COND. OSC.
LOAD CASE 46 DEAD LOAD + HYDR LCAD +DBA +S/RV PRE CHUG
LOAD CASE 47 DEAD LOAD + HYDR LOAD +DBA +S/RV POST CHUG
LOAD CASE 48 DEAD LOAD +H)DR LOAD +DBA +EO. OBE PDOL SWELL

'

LOAD CASE 49 DEAD LOAD + HYDR LOAD +DBA +EO. SSE PDOL SWELL
LOAD CASE 50 DEAD LOAD + HYDR LOAD +DBA +EQ. OBE COND. OSC.
LOAD CASE 51 DEAD LOAD + HYDR LOAD +DBA +EO. SSE CDND. OSC.
LOAD CASE 52 DEAD LOAD + HYDR LOAD +DBA +EQ. OBE PRE CHUG
LOAD CASE 53 DEAD LOAD + HYDR LOAD +DBA +EQ. SSE PRE CHUG
LOAD CASE 54 DEAD LOAD + HYDR LOAD +DBA +EO. DBE POST CHUG
LOAD CASE 55 DEAD LOAD + HYDR LOAD +DBA +EO. SSE POST CHUG
LOAD CASE 56 DEAD LOAD + HYDR LOAD +DBA +S/RV +EQ. DBE PDOL SWELL
LOAD CASE 57 DEAD LOAD + HYDR LOAD +DBA +S/RV +EQ. SSE PDOL SWELL
LOAD CASE 58 DEAD LOAD + HYDR LOAD +0BA +S/RV +EO. DBE COND. OSC.
LOAD CASE 59 DEAD LOAD + HYDR LOAD +DBA +S/RV +EQ. SSE COND. OSC.
LOAD CASE 60 DEAD LOAD + HYDR LOAD +DBA +S/RV +EQ. DBE PRE CHUG
LDAD CASE 61 DEAD LDAD + HYDR LOAD +DBA +S/RV +EQ. SSE PRE CHUG
LOAD CASE 62 DEAD LDAD + HYDR LOAD +DBA +S/RV +EO. DBE POST CHUG
LOAD CASE 63 DEAD LOAD + HYDR LOAD +DBA +S/RV +EQ. SSE POST CHUG
LOAD CASE 64 DEAD LOAD + HYDR LOAD
LOAD CASE 65 DEAD LOAD + HYDR LOAD +S/RV

** NOTE TOTAL NUMBER OF LOADING CASES CONSIDERING SIGN OF' DYNAMIC LOADS IS 130 IN TWO SETS OF 65
SET 1 POSITIVE SUM (D.L.H.L. TEMP. .LOCA P.PDOL SWELL)+ SUM ( ABS (EQ. ) . ABS (S/MV) . ABS (CHUG. ) . ABS (COND. OSC.))
SET 2 NEGATIVE SUM (D.L.H.L. TEMP..LDCA P.PDOL SWELL)-SUM (ABS (EQ.). ABS (S/RV).A8S(CHUG.). ABS (CDND. OSC.))
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TABLE 1.8-1 TEMPERATURE FORCES AND MOMENTS. ,

FOR PARTIALLY CRACKED CONCRETE - LINER EXCLUDED. +

. .

nb@M, inOMn)* FORCES AND MOMENTS FOR INSIOE TEMPERATURE tOO.0F .

Sl5YffW NO. SECTION ANGLE FS M7- FT- NS FNS .FNT FST' '
s

*
.

- *

' 40494.700 '1523.600 -28384.900.. -t134900
.t.f. f a s

.

.

, t
'

. ,

. 3.750 .2094.700t *- 0. O.
* 2 48.750 817.600 -36505.500 2338.200 -152088.199 63.700 0. O. *

* " "3 93.750 1899.800 -36293.600 696.700 -24072.400 106.800 O. O.
" 4 138.750 734.100 -47791.900 1437.200 -120045.200 -79.300 O. O. *
'' 5 143.150 ..tS73.500 '-45324.300 -25 0 00 -37133.200 - 313.400 O. O. "

* '

6: :228.750 886.600' *110823.300 '2195.200 -t84470.900:' 14.200 | 0.
" "

" 7 '273.750 1193.800 '-24850.800- 525.500 -22335.100 143.600 O.
'

O.
^

2 *O.
; 8 318.750 915.900 -62872.200 2508.100 -148475.801 -256.900 0. O.* "

" "FORCES AND MOMENTS FOR INSIDE TEMPERATURE 140.0F
* SECTION NO. SECTION ANGLE FS MT FT NS FNS FNT FST "

"
.

"
"

. '. .. , . . , .

!.-66109.700~ W248.2OO f . , , Of'
. . ..

"t .3.750' 4885.400 -94437.600 3558.400
" '2 "48.750' '1907.400 -85983.400 5464.700 ' -357241.500 2442.000 ^ 0.'

',t 'O.
"O.

" "3 93.750 4546.900 -84878.000 1619.400 -56284.300 258.900 O. O.
" "4 138.750 1674.600 -109889.700 3385.500 -281113.199 -204.300 O. O.
" "5 183.750 4361.300 -109429.700 -674.400 -86555.600 743.200 O. O.

6 528.750 .2089.860 e257 hee 301c. .$109.900 -42949 EI98 . . -4.600 .O. O.." "

'h5798t!OOO' "1229.900 -$2444.800'i. 350.900 0.
' '

'7 .273.750- 2810.100'" "O.
8- 318.750 2196.400' --147123.500' 5902.100 1 -240348.'809 d' /6589.300I 70. O." "

" "FORCES AND MOMENTS FOR INSIDE TEMPERATURE 168.0F
" "SECTION NO. SECTION ANGLE FS NT FT MS FNS FNT FST

" "
1 . ? 3. 7$0 :. 6841.400 . 132268.600 :4968.100. ;-92571.400 o r-384.600a -O.

" "

'3 ~
T48.750- 2688.300< 'a120722.200' -* 7662.800c ' -500716.699; '216.900? ?O.''

~O.
' "" :2 0. -

L93.7501 6366.800 -118733.600' 2256.200' "-7884.400' N 354.000 - 0; & O. - "
" "4 138.750 2370.800 -155120.000 4725.300 -393342.301 -251.200 O. O.
" "5 183.750 6097.300 -153329.801 -940.600 -121246.000 1042.800 0. O.
" =6 228.750 2875.tOO -360155.500 7159.000 -60t681.297 -22.900 O. O.

,7 ,2737 50t 3939] 60.~ . 8118E400 t733.600-:,.-75325 % , .
'-838.6004 ~ o 03 'J- 2 0.' *" "

456 000:" ''

..O... . O.>
.,.

" 84 '3t8.750, .3072.000. '-20540t'.69,9: , 74243.6001 m 444413:eO2-N ~ - ~ ,i, , .
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TABLE 1.8-1 TEMPERATURE FORCES AND MOMENTS ''
. .

FOR PARTIALLY CRACKED CONCRETE - LINER INCLUDED. .

. .

n n, n n)* FORCES ANO MOMENTS FOR INSIDE TEMPERATURE 100.0F .

SECTIDN NO. . SECfD 7NNGLE FS M1 FT MS.. FN$ . .> FNT -FST
' '

-

* t 3.750 125.500 -73786.400 -113.300 -56061.200' ' -t13.900 O. O.
* *

* 2 48.750 -76.300 -81959.900 832.200 -228666.801 63.700 O. O. *
" 3 93.750 -25.700 -68849.900 -t108.400 -54475.100 106.800 O. O. "
* 4 138.750 -434.600 -97680.100 -120.200 -186528.400 -79.300 O. O. "

15 183.750 -137.900 J 90981.600
-2f 8E2OO - '-272100.898 . 14.200 10. O.

-

-809 E 666 313.400. 0 O." "
" 6 228.750 -654.000 -191f.20.199 515.900- "
* 7 278.750 -389.300 -53204.900' -t159.400 -52511.200 143.600 O. ~O. *
* 8 318.750 -251.500 -122243.400 984.100 -225960.301 -256.900 0. O. "
" FORCES AND MOMENTS FOR INSIDE TEMPERATURE 140.0F "
* SECTION NO. SECTION ANGLE FS MT FT MS FNS FNT FST *
* *

., ."
, .

.

' -268.2001- .3.750; 290.200 -172133.500 -261.000 :-130687.700 "
" '2 '48.750' -178.800 -192062.199 1950.600 -525932.203' 142.000

~ O.
~

0.'
2 "0. O.

" 3 93.750 53.700 -160649.000 -2576.500 -127228.200 258.900 O. O. "
" 4 138.750 -1036.400 -226306.900 -248.300 -436230.699 -204.300 O. O. "
** 5 183.750 -332.300 -282308.699 -5339.000 -188799.500 743.200 O. O. "
" .' 6 228,750 -1505.200 -445464.898 1191.600 -833913.398- -U600 O. O.

' "

"
'"'" :7 '278.750: 2-883.500 "'-1241331800' - -2701.600 ~-122882.000. 350.900 O. -O.

" 8 '318.750- -527.300- -285638.199 '2345.600'- -421218.'199 ')-589.300 0. 'O.' "
" FORCES ANO MOMENTS FOR INSIDE TEMPERATURE 168.0F "
" SECTION NO. SECTION ANGLE FS MT FT "
= -MS FNS FNT FST

=
"

.t ' 3. 750.- 408.000. -241037.100 . 379.000 -182980.000: -384.600 O. 0.
"

" 2- '48.750 -232.200''-269224.898 '2743.200 -750874.703- 216.900. e O.- .O. "
,

s

3- 93.750 76.700 -225076t699' +3618.200 -178191 301 ''354.000- O. - 0;
" "
" ''4 138.750 -1447.200 -318104.102 -362.000 -610506.797 -251.200 O. O.
" 5 183.750 -473.700 -297358.699 -7470.900 -264382.500 1042.800 0. O. "
" 6 228.750 -2159.500 -622878.703 1672.800 -88797's.797 -22.900 O. O. "

7 273.750.' .-1231.800 -173792.801 . -3780.700 -111907.000. _' 489.000. O.- 0.
" "

s ,

" 8' 318.750' '-741.000' '-399518.602~ i3264.700- J-739619.297'
-

. O. "
n -

-838.600'- U O.
. =
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,' TABLE 1.8-2 TEMPERATURE FORCES AND MOMENTS
.

FOR CRACKED CONCRETE - LINER EXCLUDED.
.

*
FORCES AND M084ENTS FOR INSIDE TEMPERATURE SOO.0F Units (lb/in, in-lb/in)
~~TTION NO. St. dfl64'iE6LE . FS. MT . FTc . MS- . IMS - FNT., s F$7 *

' SE
, , -

~ s.-,. ,
'

1 3.750 1931.000 T-9395e[500 994.400' -12474.900 -44.900 O. O.
'

*
* 2 48.750 635.600 5932.400 371.600 -3823.400 55.100 O. O. "
" 3 93.750 974.300 -t1060.100 864.100 -10248.100 25.600 O. O. ''
" 4 138.750 601.100 -3022.800 508.100 -9489.900 128.200 O. O. "
" 5 143.750 .t020.000 '-t1064.900 788.400 90068.SOO :37.600: O. O. "- -
" 6 228.750L 334.900' 4284.400 182.4001

--8040.700' '-41.400: -Os O.
4513.100 F-229.100- > 0. .O. "

* 7 2 73.76E. - 842.900' -8033.300 '833.800- *
* 8 318. 7' J 680.200 -1896.700 524.100 -10356.900 -85.100 O. O. "
"

FORCES AND MOMENTS FOR INSIDE TEMPERATURE 140.0F "
*
= -SECTION NO. SECTION ANGLE FS NT FT MS FNS FNT FST *

"
1 3.750L 2638.500 - [32559.400

, <~

.OOd0 '-8914.700' -50.600 O. O. "

"
2320. -29104.800s '-99.500 ;O. O .'

* "*~
" 2 48.750 '1413.200 87388.600 867 500" 3 93.750 2274.000 -25811.400 20s4.600 -23916.400 52.900 O. O. "" 4 138.750 1402.700 -7047.400 1185.700 -22134.000 274.400 O. O. "" 5 183.750 2380.400 -25817.800 1839.500 -23493.200 103.800 O. O. "" 6 ;228.750

.

?t966.200 1-18739.700, 01478.800" -14094.400 0. ' l.107.400 Q t f0.

J75I.500 Ji9344.400.- :424.000 10540.500; 520.800 4 =0. ' .O. "" 7 '273.750i s ' Oi - - ,' "
''

~8 '318.750J 1587.0001 -4428.600' '1222.500' k24174.OOO'' -194.800* # 'O.
; .. s

.'' ' ' O .' ' ' ""
FORCES AND MOMENTS FOR IN*JIDE TEMPERATURE 168.0F as" SECTION NO. SECTION ANGl.E FS NT FT MS FNS FNT FST "

" t- 3,750 3694.100 j 45$85. 900 J." . 48.750: -1978.300 '24340.700 ~
,3248.300 , -40750.000c :-129.000 O., ; O .' "

-2- 1213.800- ;-i2490.2OO- - --37.' 100 - . O. G .' '- "+" 3 93.750 3983.500 -36134.900 2822.800! " 33477.900 < 7f 000 "O. 'O. ' "-
~

" 4 138.750 1963.600 -9868.000 1659.300 -30996.600 393.900 O. O. "" 5 183.750 3334.600 -36164.100 2575.900 -32902.500 139.900 O. O. "" 6 228.750 1099.000 27197.000 597.000 14771.600' -726.500 0. O. "" -7
", 8 .' .

,273.7S0 2752.800 :. 1-26236.900c .2070.800- H 19734.900i a144.800 ; O. + 0.~ "-

f318.750- e2221.900-- -6204.400- 17.12.000 .i
- ..

. c g.
. - ; - .y ,.33842.80,0.> . .276.600.,. , . O. , . O .' ", :,
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TABLE 1.8-2 TEMPERATURE FORCES Aim MOMENTS
FOR CRACKED CONCRETE - LINER INCLUDED

n, inOMFORCES AND MOMENTS FOR INSIDE TEMPERATURE tOO.0F
SECTION NO. SECTION ANGLE FS MT FT MS FNS FNT FST

1 3.750 3.800 -33014.900 145.800 -26823.500 -44.500 O. O.
2 48.750 69.100 -22873.700 -337.500 -39881.700 55.100 O. O.
3 93.750 27.900 -27061.700 59.300 -23854.800 25.600 O. O.
4 138.750 -35.300 -30189.700 -206.700 -40001.100 128.200 O. O.
5 183.750 -16.300 -33780.500 -96.600 -29466.800 37.600 O. O.
6 228.750 -270.200 -23290.600 -506.500 -31435.200 -229.100 O. O.
7 273.750 -75.300 -24477.700 -149.200 -20064.200 -41.400 0. O.
8 318.750 -36.500 -38346.000 -188.400 -46591.800 -85.100 0. O.

FORCES AND MOMENTS FOR INSIDE TEMPERATURE 140.CF
SECTION NO. SECTION ANGLE FS NT FT MS FNS FNT FST

. 1 3.750 8.800 -77022.800 339.600 -62589.000 -99.400 0. O.'
2 48.750 91.000 -49843.800 -787.000 -93044.400 -50.600 O. O.
3 93.750 66.100 -63142.100 139.000 -55663.300 52.900 O. O.
4 138.750 -82.000 -70425.400 -482.300 -93337.600 274.400 0. O.
5 183.750 -37.600 -78820.800 -225.300 -68750.500 103.800 0. O.
6 228.750 -629.700 -54314.400 -1181. GOO -7s351.800 -520.800 O. O.

I 7 273.750 -176.400 -57114.500 -348.600 -46822.700 -107.400 O. O.
8 318.750 -85.200 -89471.000 -439.500 -108696.700 -194.800 O. O.

FORCES AND MOMENTS FOR INSIDE TEMPERATURE 168.0F
SECTION NO. SECTION ANGLE FS MT FT MS FNS FNT FST

1 3.750 12.300 -107838.500 475.900 -87625.300 -129.000 O. O.
2 48.750 127.300 -69781.000 -1102.600 -130275.600 -37.100 O. O.
3 93.750 92.500 -88399.200 -193.700 -77931.200 78.000 O. O.

i 4 138.750 -114.800 -98590.400 -676.200 -130694.400 393.900 O. O.
5 183.750 -52.700 -190409.600 -314.600 -96259.400 139.900 O. O.
6 228.750 -882.700 -76218.200 -1653.800 -102681.500 -726.500 0. O.
7 273.750 -247.200 -79964.300 -486.900 -65539.700 -148.800 0. O.
8 318.750 -119.100 -125256.400 -614.500 -152159,301 -276.600 O. O.

,

6
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', TABLE 1.8-3 DEAD LOAD FORCES AND MOMENTS FOR CRACKED CONCRETE
*

FORCES AND MOMENTS.(L8/IN.IN-L8/IN) *
.

.
*

.
* ~ ~ ~~ -

D.L CONC. CRK. SECTION NUMBER t
"'~ ~'

.'.

*
ANGLE FS NT FT MS FNS . .F.N. T FST

* *
,

,

,", O. -1514.2818 -22031.3516 149.8132 -4555.6917 -28.1153 0. O. "

j - - _ -- . . _ _ _ _ - - _ . . _ .
,,

,,

**
FORCES AND MOMENTS.(L8/IN.IN-LB/IN) **

,,
_

.

-
_

"
O.L CONC. CRK. SECTION NUMBER 2 *

*
,,

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

"
s.

i
'' O. -543.7111 -17643.0764 173.0475 7261.7942 -389.2667 O. O **
n

,,

"
,.

", --_ FORCES AND MOMENTS.(L8/IN.IN-L8/IN)_ . __., . - _ . . . - . ,

"
,

M
"

D.L CONC. CRK. SECTTON NUMBER 3 **
N

"
ANGLE FS NT FT MS FNS FNT FST

** O. -26873796 10356.7773 230.7150 2023.8264 67.0508 O. O. ''

" w

'
-~"

O.L CONC. CRK. SECTION NUMBER 4 *

-
.

*

-.....%. _. _A NG.. L...E. F S,.,. .. NT F T. - MS FNS FNT FST
..

*

" O. -1052.1921 -32033.2085 -230.8619 -13325.6577 492.8980 O. O. "

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

"
FORCES AND MOMENTS.(L8/IN.IN-L8/IN)

' "

,, . . - . . . _ . .

"
D.L CONC. CRK. SECTION NUMBER a "

"

''
~ ~ ^

TNGLE FS Mi FT MS FNS (NT FST
~~ *

O. -1923.8658 -32961.1206 ' -818.2662 -12732.0387 -273.2509 O. O. *
,

..
,,

"
. _ _ _ FORCES AND MOMENTS.(L8/IN IN-LB/INl _

"a _

D . L- CONC . CRK. SECTION NUMBER 6
-- .

{ ANGLE FS NT FT MS FNS FNT. FST "

"
.O. -956.1255-~ -24212.3860 , 124.0891- 4485.6633 -898,6187, 10. - O. **

"
=

"
COT 1tinued -
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! TABLE 1.8-3 Continued *
.

.
*

FORCES AND MOMENT S. (L B/IN. IN-LB/IN) *, *
i .
! *

! ,
4 *

O.L CONC. CRK. SECTION NUMBER 7 *
.

'

1 - - _ . ANGLE FS__ MT FT MS FNS FNT FST,,

; .
i *

O. 85.0246 988.1900 165.8738 1579.4380 2.5704 O. O. "
.s

i . - . . - - ,
,,

i
_ . _ .._ _. . ,,

f FORCES AND MOMENTS.(LB/IN.IN-L8/IN)
'*

''
''

.. -.
,

, .. .~._
,

) D.L CONC. CRK. SECTION NUMBER 8 **
**

** ~

'' ANGLE FS NT FT MS FNS FNf FST **
M

''

so
_ _ _ O. -2003.4904 -23223.2734 31_.9980 153.7503 1586.3318 O. O.

1 39

M
M-~~~-**w~=, ~ .. _ _ . , , ,,... ?

M
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TABLE 1.8-4 UNIT HYDROSTATIC FORCES AND MOMENTS,

.
'

FOR CRACKED CONCRETE '
*

FORCES ANO MOMENTS.(LB/IN.IN-LB/IN) *

* ~ ' ' ~

IIi65. CONC. ChW.-~ SECTION NUMBER I
~' - -

_ , , , _ , _
ANGLE FS MT FT MS FNS FNT FST

" O. 2.0359 -t8.7177 17.4099 80.7817 -4.4158 O. O.

[ FORCES AND MOMENTS.(LB/IN.IN-LB/IN)

HVOR. CONC. CRK. SECTION NUMBER 2

* ^ - ' ~ '~~ ' INGLE FS NT FT MS FNS FNT 'rST *

N
''

n ~
O. 2.1406 212.4204 7.9699 338.0582 -0.6746 O. O. ''

,,

FORCES AND MOMENTS (LB/IN.IN-L8[IN)t

~

{
-

__ NYOR. CONC. CRK. SECTION NUM ER 3
"

ANGLE FS NT FT MS FNS FNT FST "

" '

O. 0.9076 116.2919 6.9167 50.2561 2.1429 O. O. ''

'
~

HYDR. CONC. CRM. SECTION NiMBEit 4 '

I ANGLE FS NT- FT- MS~ FNS FNT FST

O. -1.6577 -iO7.7558 3.8797 40.2728 2.73sv O. O.
,

''

FORCES ANO MOMENTS (LB/IN.IN-L8/IN)
~

] HYOR. CONC. CRK. SECTION NUMBER 5 "
'

*
ANGLF. FS MT FT MS FNS FNT FST *

_

" O. -2.2531 -149.0354 3.0865 -0.1969 -0.9120' O. O. "

..

.". FORCES AND MOMENTS.(LB/IN,IN-L8/IN)

HYOR. CONC. CRK. SECTION NUMBER 6
"

ANGLE FS NT FT MS FNS FNT FST ''

| 0. :2E5704 1216.2444- 17.1145 774.3642 '-31.3939- O. 0. "
- ~ ~ ~''

(
"

..

~

'
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; TABLE 1.8-5 UNIT PRESSURE FORCES AND MOMENTS
FOR CRACKED CONCRETE *

*

FORCES AND MOMENTS.(LB/IN.IN-LB/IN) *
.

*
.

*,
. . - - . - - . . _ _ _ _ _ . _ _ . .

. _ _ . . _ _ _ _ _ _ _ , . . _ ._._,. _.

.*
ANGLE FS _MT FT MS FNS FNT FST.~...- .

*
,

"
O. 153.1689 685.5799 99.4032 778.5754 -3.1350 O. O. ''

,,
---

_
.,

} FORCES AND MOMENTS,(LB/IN.IN-LB/IN)
.e

"
.,

UNIT PRESSURE SECTION NUMBER 2 ''

''

ANGLE FS MT FT MS FNS FNT FS1 **

"

"
. . _ . , _ O. 153.3745 5937.1799 94.5466 3798.0466 0.4682 0. O. ''

, * .
as

' 94
''

" . . _ _ _ FORCES AND MOMENTS.(LB/IN,,IN-LB]IN)
. __ _ . _ . . ,

**

A

n,,

e ._ UNIT PRESSURE SECTION NUMBER 3 "

"
ANGLE FS NT FT MS FNS FNT FST

.
,'| .O. 172.8462 813.1804 87.6809 816.3145 1.7397 O. O.

~ ~ -
''

,

.,,

, . _ . . _ _ _ _ . . . _ _ _ _ _ _ _ . g ,7 . . . . , ____3__ _ ___ :'
* I
, . . . . _ . ANGl_E FS_ MT FT MS FNS FNT FST

i O. 201.0454 5903.0883 73.4852 2275.8600 1.2735 O. O.
"

,,
._ **

_

''

FORCES AND MOMENTS,(LB/IN.IN-LB/IN),

-i

, . . . . _ _ . . _ _ . . _ . e.
.

,,

UNIT PRESSURE SECTION NUMBER S "

''
~ ~ ~ ~ ~

ANGLE FS NT FT NS FNS FNT FST **

O. 211.1465 1672.9324 55.7592 883.1847 3.9152 O. O.
_ _ , , , _ .

"
'

__ u_ FORCES ANo om NTS,its/iu.iN.Le/INI
_ .. j

"
UNIT PRESSURE SECTION NUMBER 6

''

ANGLE FS NT FT MS FNS FNT FST*

,'; O. 184.5615 752 Caso7 64.1777 aoOs.8639 -s.222s O. o.
..

M
- . . . . . _ . _ J-.-.
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TABLE 1.8-5 Continued-
.

' FORCE S AND MOMENT S,( LB/IN IN-LB/IN) *
* .;
* .

UNIT PRESSURE SECTION NUMBER 7 *
.

; .
*

APN3t E FS NT FT MS FNS FNT FST '
=

., se
" O. 161.3472 1208.3343 93.2975 986.1703 1.0784 O. O. "2

> *s .a
,,

- _ ~ . _ _ . _ .. __ __ _ __ ___
,,

** FORCES AtaD MOMENTS,(LB/IN.IN-LB/IN) ;**
,

,,
. . _ . _ _ .

,
"

! UNIT PRESSURE SECTION NUMBER 8 '
','i =
,

''
AtJGLE FS MT FT MS FNS FNT FST _'

*

i -

"
,

. . . . . . . . O. 148.5886 5168.5341 .97.0492 3501_.8__2_00 -5.989.2 0.- O. ,",,, . -
-

i "
.. ,

"
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TABLE 1.8-6 SINGLE UNIT S/RV FORCES AND MOMENTS |.

FOR' CRACKED CONCRETE
'

'
'

FORCES AND MOMENTS.(LB/IN.IN-L8/IN) *

~

57RTUONC. CRK. SECTION NUMBER t
* ANGLE FS NT FT MS FN3 FNT FST '

O. 2.4090 2.3714 8.9095 30.0692 -3.4713 O. O. *
"

" -
22.5000 -0.1987 -26.5990 2.6858 14.3481 -0.7114 -0.1915 -1.3085 *
45.0000 0.4347 -22.1306 1.9738 8.5106 -0.555o -0.0257 0.4022 a

* 67.5000 0.2337 -18.5670 2.2847 8.4341 -0.7281 -0.0040 0.6025 ''
" 90.0000 O.1021 -15.1504 2.3705 9.7234 -0.6952 -0.0233 0.3207 "
* 112.5000 0.1869 -10.9672 2.4489 10.3656 -0.6555 -O:0257 0.1420 "
'' 135.0000 0.3054 -7.6330 2.5076 10.3183 -0.6598 -0.0191 0.0904 ''

*

* ~~ ~
157.5000 0.2127 -6.3673 2.3830 10.1464 -0.5697 -0.0150 0.0493 *
180.0000 0.0835 -6.4207 2.2374 10.0353 -0.4739 0.0000 0.0000 ''

..

"
FORCES ANO MOMENTS (LB/IN.IN-LB/IN) **

M

,'' S/RV CONC. CRK. SECTION NUMBER- -2
" ANGLE FS MT FT MS FNS FNT FST ''

" O. 2.6591 144.9840 2.2895 105.9638 -0.2357 O. O. "
" 22.5000 0.0547 32.9738 1.5880 67.8408 -0.2884 2.0448 0.3234 "
" 45.0000 0.1380 21.7343 0.6350 33.5195 -0.2964 O'.7342' O.3442 **
Y 67.5000 0.34t6 28.7085 0.9490 44.1331 -0.2827 .O.2009 0.3547 "
"

.; 90.0000 0.3259 29.5784 1.2954 55.0176 -0.2134 0.2167 O.1981- "
" 112.5000 0.2838 28.1544 1.3839 56.7173 -0.1534 0.2378 0.1453 "
" 135.0000 O.2869 27.5680 t.3629 T4.9849 -0.1208 O.1880 0.0988 "

' " 157.5000 0.2193 24.2160 1.3556 54.0917 -0.1027 0.1215 0.0393 "
-

'' ~ 6 9004 1.3625 54.0155 +0.0959 -0.0000 .-0.0000 "180.0000 0.1415 2

*
FORCES AND MOMENTS (LB/IN.IN-LB/IN) "

''
u

"
$/RV CONC. CRK. SECTION NUM8Eli 3 "

"
ANGLE FS NT FT MS ~ FNS' FNT FST

'' O. 1.2203 45.7064 -0.1031 8.1563 0.8866 0. O. "
" 22.5000 0.3993 39.5774 1.2452 10.6403 0.3631 0.1953 1.5370 "
"

45.0000 0.0216 30.7T97 1.0408 8.6063 O.1624 0.0760 0.9997 "
"

67.5000 0.3681 28.4481 1.1875 10.0875 0.2092 0.0534 0.6209 "
''

90.0000 O.2819 24.t933 1.3512 10.t347 O.2589 O.0602 O.4507 ''"
112.5000 0.1255 19.7376 f.2734 8.9444 0.2611 0.0481 0.3651 **"' 135.0000 0.0670 16.7900 1.1697 8.0380 0.2501 0.0334 0.2807 "' "
157.5000 0.0344 15.0343 1.1542 7.7410 0.2335 0.0207 0.1697 ""
180.0000 0.0i08 II!3'I68 1.1804 7.7528 0.2216 -0.0000 -0.0600 "

u

I H '~~ u

99
t "~
I Continued "...

.... .



_ _ _ ___ - _ _ _ _ _ _ _ . _ - _ _ _ _ _ _

C.
~ s g

a

s]

= ,

*
.

TABLE 1.8-6 Continued' *
*

F ORCE S AND MOMEN1S. ( LB/IN. IN-LB/IN) *
*

.
'

.
" S/RV CONC. CRK. SECTION NUMBER 4 '

*
.

* ANGLE FS MT FT MS FNS FNT FST '
. .
" O. -0.7715 -14.3927 -2.4681 -74.0065 0.7835 O. O. "
" 22.5000 -0.5238 -11.2306 -1.0919 -37.7739 0.2966 -0.9210 1.2101 "
" 45.0000 0.2964 11.0030 0.5852- -2.4130 0.2562 0.7950 1.4046 "
'' 67.5000 0.1541 4.5920 1.0635 9.4728 0.4205 -0.5779 0.9285 *
* 90.0000 -0.0975 -6.3826 0.8236 6.9548 0.3915 -0.5528 0.8707 *
* 112.5000 -0.1572 -10.5066 0.5822 4.6918 0.3406 -0.4i64 0.7179 *
" 135.0000 -0.1479 -11.2633 0.5043 4.8001 0.3271 -0.3383 0.4993 "
* 157.5000 -0.1385 -11.5145 0.5392 6.7415 0.3097 -0.1790 0.2625 *

180.0000 -0.1412 -11.8373 0.5745 8.0950- O.2930 0.0000 -0.0000 "
"

" n
" FORCES AND MOMENTS.(LB/IN.IN-LB/IN) "-

" n
"

a ~ ~ ~ ~ ~ ~

S7Wv CONC. CRx. SECi ON NUMBER 5
".
"

" =
'' ANGLE FS NT FT MS FNS FNT FST "
" =
" O. -1.7916 -97.5048 -8.6969 -98.5769 2.3158 O. O. "
" 22.5000 -1.4025 -75.0066 -6.1132 -47.3051 0.7532 -0.2332 -0.9845 "

i

,45.0000 0.1164~~~ -46.0324 -1.fi75 -18.5307 0.8955 -0.0338 -0.1004 ""
" S7.5000 -0.1410 -40.3855 -0.6564 -12.2663 O.3995 -0.0109: 1.2278 "
" 90.0000 -0.0856 -33.4820 -0.6955 -0.8145' O.1786 -0.0299' '1.2223 "
" 112.5000 0.0579 '-26.8825 -0.4601 -5.6576 0.1031 -0.0390 0.8123 "
" 135.0000 0.1094 -22.5628 -0.1353 -3.5718 0.0802 -0.0286 0.4701 "
" 157.5000 0.0892 -19.5175 0.1558 -0.4029 -0.0102 -0.0218 0.2212 "
'' 180.0000 0.0648 -18.1337 0.2804 1.8065- O.0895 0.0000 -0.0000 ". - '

. .
"

FORCES AND MOMENTS.(LB/IN.IN-LB/IN) "
.

..

* u
" S/RV CONC. CRK. SECTION NUMBER 6 "
* =
" ANGLE FS MT FT MS FNS- FNT FST *
. .
" O. 10.7526 410.5197 -8.1846 -343.8544 -18.5766 O. O. ''

" 22.5000 10.6173 417.1676 -1.0322 -24.4359 -29.8557 0.6392 -6.7557 "
" 45.0000 5.9679 245.8432 2.1759 800.5337 '-87.3398 -0.3180 :-0.9894 "
" 67.5000 5.3855 225.3908 .1.7966 83.9646 -8.3198 -0.1361 'O.8323 "
" 90.0000 5.1490 286.4222 1.7102 ' 81.6408 -5.2843' O.0659' O.6414 **
" 112.5000 4.4635 189.5914 1.8876 88.1276 -3.6415 0.0633 0.5323 "
" 135.0000 3.8023 163.8358 2.0717 94.2458 -2.2440 0.0615 0.1987 "
" 157.5000 3.4137 148.6688 2.2322 100.9841 -1.5236 0.0908 -0.1724 "

i80.0000 3.2942 113.9755 2.3329 105.8197 -1.4576 -0.0000_ -0.0000
" "
* =

M
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TABLE 1.8-6 Continued f,

*

FORCES AND MOMENTS (LB/IN. IN-LB/IN) |, .
'

. .

[ ~ S/EV CONC. CRK. SECTION NUMBER 7 ~~~ *

*
ANGLE FS NT FT MS FNS FNT FST,

" ** iO. 56.9856 369.8042 4.2572 129.8142 1.5517 0. O.
'

'' "22.5000 26.5068 189.8317 9.8322 129.6385 0.6821 0.2652 -4.7546 "" ~~

45.0000 15.8339 112.7542 5.4826 73.6870 0.3467 0.1365 -0.0740 "**
i67.5000 11.9285 84.7902 4.0019 54.2895 0.1561 0.1027 .O.9835* 90.0000 8.9347__ 65.5255 3.8815 48.4426 0.0728 0.0674 0.5485

.
"

l" * '

112.5000 7.2479 54.1247 3.5650 42.8589 0.0611 0.0355 0,1078 *"
135.0000 6.3204 47.3018 3.1337 37.4455 0.0685 0.0244 0.0528 "* 157.5000 5.1452 39.8949 3.1454 35.6607 0.0494 0.0191 0.0847 *** 180.0000 4.3554 35.3179 3.3359 36.1014 0.0337 0.0000. O.0000

,

'"

u "
"

FORCES AND MOMENTS.(L8/IN.IN-LB/IN)
a n
" M

$7ifV CONC. CRK. SECTION NUMBER S "=

|
" =ANGLE FS MT FT MS FNS FNT FST "

'
*

r =

* .' O. -2.5819 77.9239 10.0138 213.2235 19,7226 O. O. ""
22.5000 2.5260 163.0289 4.3391 200.5473 6.6699 -0.3604 -2,3791 *"
4570000 0.8131 II6.3779 3.4249 126.1679 6.2749 -0.2478 0.2427- *** 67.5000 0.0947 91.2473 3.3402 119.4361 6.1105. -0.0604 0.9799 *"
90.0000 0.3004 81.8337 3.1394 111.6619 4.6981 0.0176 0.5940 ""

112.5000 0.55 67.7528 3.1441 107.4352 3.8338 0.0165 0.0866 "" 135.0000 0.1243 54.3991 3.2218 101.1199 3.5146 0.0112 0.0823 ""
157.5000 O.1396 46.2725 3.0456 97.8225 2.8706 0.0245 0.2019" *180.0000 0.2344 43.5828 2.8552 97.3878 2.3231 0.0000 0.0000

.. "
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TABLE 1.8-7 UNIT HORIZONTAL EARTHQUAKE FORCES AND MOMENTS
>

'

FOR CRACKED CONCRETE
FORCES AND MOMENTS (Lu/IN.IN-LB/IN) |

'

u,- o.o -.

.'

HEO. CRet. REV. 3 SECTION NUseER t- '
,

i *
ANGLE F5 MT

~

FT ~ 08 5 FNS FNT FST '

" O. -277.1154 -6161.6882 1072.6819 3248.1588 282.7402 O. O. " '
''

22.5000 -256.0213 -5692.6576 991.0288 3000.9073 269.2179 -38.9951 -271.7629 *a 45.0000 -tB E96o2 -435057 4 7se 9666 mi44 Y690 15E527s. -723 55 -sO2.t569
~--

,

a
| 67.5000

"
' 106.0475 E-23S7.9758 410.4976. '1243.0144 .108.2000- ''94.1425 -656.0918 "-*i 90.0000 0.0000 0.0003 -O 0000- -0.0001 -0.0000 '-tot.8991 -710.1487 **

! 112.5000 106.0475 2357.9764 -410.4977 -1243.0168 -108.2000 -94.1425 -656.0918 " '"
| 135.0000 195.9502 4356.9719 -758.5007 -2296.7952 -199.9275 -72.0535 -502.1509 "*

157.5000 256.0213 5692.6578 -999.0289 -3000.9075 -269.2979 -38.9959 -271.7629 ** 16076 00 277.1163 4T61.6382 -1072.6 ate -333 G Bit -2a23402 - 0.0660 0.000t
-

"

n . "

] FORCES AND pe0MENTS.(LB/IN.IN-LS[IN) I

"

M

M 99

" N'

.HEO. C8K., REV.33 SECT. ION NUMBER '2 ",, y .

+
,"

ANGLE 'FS J etT I^ FT se$ ' FN5" "

FNT- -FST "
"

=

" =
O. 718.6658 7354.5905 1407.6108 50330.5654 -672.5719 0. O. ""
22.5000 663.9606 6794.7557 1300.4628 46499.3799 -621.3754 -329.7966 306.2270

-- -~

""
1 :46 6560 . s6EM54 .5200.4sOe ;995 5311 36639.0646 .-47C5302

..-66 C5534_ ' ;739.2973. s4Et35F "" 67.8000 275.0215: .2814.479s -1538.6693,' ''19260.8721 -257.3829 N796.1994
*

"" 90.0000 -0.0000 -0.0003 4'

' 0.0000 -0.0022' O . '- ' -841.M ' 400,2006
- "" 112.5000 -275.0215 -2814.4805 -538.6694 -19260.6768 257.3822 -796.1993 739.2973 "

! " tJ5.0000 -508.1735 -5200.4814 -995.3382 -35589.0869 475.5802 -609.3846 565.8336 "" 157.5000 -663.9606 -6794.7560 -1300.4628 -46499.3813 621.3754 -329.7965 306.2269 *" tao.co00 ,7tE44Bi -7 54.5365- -1407.etos -sos 3o.s6s4 ofEs7 9. 'O. coot
'i' ^ -0. coo t .s ",

4 %
, 3

**

FORCES APS) MOMENTS (LB/IN.IN-LB/IN) *

= ..

'' u
! HEO. CAs(.- REV. 3 SECTION Nute8ER . 3- **,

,

*
i ' ANGLE .F5' ' etT IFT tes FN5 FNT FST'

'
"

! "

** ,

O. 503.3124 14338.8594 1479.3943 12292.3345 -237.4906 O. O. *** 22.5000 465.0000 13247.3785 1366.7821 11356.6361 -219.4127 28.2940 667.2590 " ii " 45.0000 36Eb956 '90139,1044 r1046.0497 e691.9929: -3187.93t2- 52.2806 1555 5559 " '" ' '67.5000- 192.6093 '.5447e2425 1968.1396 ?4704.0724? < -90.8837' 6s;3078-
' $743.6sSS i

1610.9054. **"
90_.9o00 -0.0000 -0.0006: -0.o005 -o m 0.0000' 73.9359

4-

"* 112.5000 -192.6094 -5487.2449 -566.1398 -4704.0735 90.8837 68.3078 1610.9057 ""
135.0000 -355.8956 -10139.1053 -1046.0898 -8698.9937 167.9312 52.2806 1232.9338 "

.
" 157.5000 -465.0000 -13247.3790 -1366.7821 -19356.6366 219.4127 28.2940 667.2589 ""

.350.0000-
,, . 503.3124 1-t433EIS.94 '.1.479.3943 -12f9E5535 23ET906 - -0.0000 40.0662u "

+
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TABLE 1.8-7 Continued |
*

*FORCES ANO MOMENTS.(L8/IN.IN-LP/IN)*

'*
U ,= 0.0

HEO. CRM. REV. 3 Sffi10N NUNBER 4 *'

e e

** ANGLE FS NT FT MS FN5 FNT FS7
. .

"" O. -124.4391 21432.7629 1745.3733 4t318.2769 -405.6130 O. O.
*" 22.5000 -114.9668 19809.2905 1612.5146 38173.1104 -374.7375 -441.9549 1489.8668

45.OdUO -47.95I7 15155.2517 1234.1652 29286.4336 -286.8147 -816.6262 2152.9149 ""

*" .67.5000 -47.6208- ^8201.9626 667.9254 15811.8190 -155.221g -1066.9736 3596.8566
** 90.0000 0.0000 -0,0009 -0.0001 -0.0018 0.0000 -1954.8838 3893.2095
** 112.5000 47.6208 -8201.9647 -667.9255 -15819.8228 155.22t4 -1066.9735 3596.8564
"" 135.0000 87.9918 -15155.2529 -1234.1653 -29216.4358 286.8117 -816.6261 2752.9146
*' * 157.5000 114.9668 -19808.2915 -1612.5147 -38173.1113 374.7376 -441.9548 1489.8665

190.0000 124.3591 7214Ji!id29 -t74s.3733 -4 318?iY69 -40s.st30 0.0001 -0.0o03 "*
= =

H H

"" FORCES ANO MOMENTS (L8/IN.!N-L8/IN)
n a

M N

" "HEQ. CRK. REV. 3 -SECTION NUMBER 6.
= - . s =

s , ,

' "" ' ANGLE FS 'MT- FT' MS FNS- -FNT :FST
M N

" "O. -1757.6439 -30545.9631 459.5048 -1938.9399 412.4096 O. O.
*" 22.5000 -1623.8512 -28220.7a96 424.5278 -1846.7796 381.0168 29.6724 2387.7277

4B.0000'. -1242.84i9 '-21599.2673 324.9190. -1493.4639 299.8176 40.0453 4441.9456 *"

67.5000 -672.6211. '-11683.4330t 175.8449 -764.9611- 157.8223' '50.3217~ 5764.4846 ""

"" 90.0000' 0 0001 0.0013 -0.0000 0.0001 -0.0000 562 326 -4239.43321 "" 112.5000 672.6213 11689.4359 -175.8449 764.9613 -157.8223 52.321# 5764.4844
"" 135.0000 1242.8420 21599.2593 -324.9190 1413.4641 -291.6176 40.0453 4411.9451
"" 157.5000 1623.8513 28220.7910 -424.5271 1846.7797 -381.0168 21.6723 2387.7272

130.0000 1757.6439 20545.9631- -459.5048 1998.9399 -442.4096 -0.0000 ""
-

-

-0.0005
.

N N

"* FORCES AND MOMENTS.(L8/IN.!N-L8/IN)
.,

. .

" "HEO. CRK.1REV. 3 -SECTION NUMBER-' -6-
. n

ANOLE FS MT" ' FT 1 MS' FNS FNT FST ""

. .

" "O. -2628.2217 -101561.8682 395.0423 13164.1235 -1580.7644 O. O.
"" 22.5000 -2428.1602 -93830.9297 364.9715 12162.0642 -1460.4359 6203.8356 -3751.7040

45.0000 -1858.4333_ -7141576850 279.3371 9308i4408- tit 17,7692 19463.1934- *6932.2451 ""

"" -67.5000 -1005.7768 -38866.0415 154.1741 5037.6987- -604.9323- 14977.3838 -9057.4146
90.0000- 0.0001 0.0044 '-0.0000

'

-0.0006 0.0001 16251.4033'
- "" ' 9803.6747

112.5000 1005.7371 38866.0508 -151.1762 -5037.6929 604.9324 14977.3832 -9057.4142 ""

"" 135.0000 1858.4335 71815.0908 -279.3371 -9308.4407 1117.7693 19463.1924 -6932.2444
"" 157.5000 2428.1603 93830.9336 -364.9715 -12162.0647 1460.4359 6203.8344 -3751.7032

180.0000- 2628.2217 1D1661.8682 -295.0423 -13164.1235 1580.7644 -0.0014 ~0.0009 ""

. .

W 1, %8

4 4
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' TABLE 1.8-7 Continued
,

.
*

FORCES ANO MOMENTS.(LB/IN IN-LB/IN) *

= 0.0 *
.

.
'

-~~

HEO. Cast. REV. 3 SECTION NueWER 7 '

'
" IANGLE FS MT FT MS FNS FNT' FS7

" O. 1946.7560 8773.8633 629.1985 7279.9621 -62.2871 O. O. * 'i.' * 22.5000 1059.4644 8105.9928 573.9126 6725.8079 -57.5458 -52.9248 -1446.0793 *
'' 45.0006 810.8789 4204.66I2 439.2537 S1377F04 -44.0437 -97.7922 -2672.0069 "
* 67.5000 438.8445 3357.6120' 237.7224 2785.9206 -23.8363 -127.7717 -3499.1441 *
* 90.0000 -O.0001 -0.0004 -0.0000 -0.0003 0.0000 -138.2990 -3778.7871 *
*

112.5000 -43c.8446 -3357.6128 -237.7224 -2785.92 3 23.8363 -i27.77 6 -349i.i440 -
"

; 135.0000 -810.8790 -6204.0588 -439.2537 -5147.7109 44.0437 -97.7922 -2672.0059 **
*

i 157.5000 -1059.4644 -8105.9930 -573.9126 -6725.8088 57.5458 -52.9247 -1446.0790 *' * .156 M -t146.7560 -87f308633 -82t.1985 -7279.9624 62.2871- 0.0000 0.0003 *
= - -

. .
..

" '

FORCES AND MOMENTS.(L8/IN,IN-LB/IN)

.HEO. CRK. REV. 3- SECTION NUMBER & -

, -
"

ANGLE FS NT FT MS: FNs 'FNT- FST. ''
N

" 5O. 300.4830 43232.1670 718.8830 27244.7393 1289.3660 O. O." 22.5000 277.6101 39941.3140 664.1613 25170.8567 1991.2189 -162.8762 -845.9820 '*" 35.0000- 212.4736 .30669.750t; 508.3279 19264.9397 919.7194 -366 3 560 . -1663.1709 "
'' .-47.9000 ~ ' 314.9899 - '16544.2327- 275.1046, 10424.1095 .493.4190

' -393.21795 .-2042.3819 ''"
90.0000 -0.0000 -0.0019 -0.0000 '-0.0012 ' -0.0001- -428.8160 -2210.6574 "

" 112.5000 -114.9899 -16544.2368 -275.1047 -10426.1922 -493.4199 -393.2979 -2042.3880 "
" 135.0000 -212.4736 -30569.7600 -508.3271 -19264.9412 -919.7195 -300.9559 -1563.1707 "* 157.5000 -277.6101 -39941.3159 -664.1614 -25870.8577 -1891.2189 -162.8762 -845.9898 "
" - 180.0000 -366.4830 -43232.1670 -7ta.8830 a27244.7393 -1289.3660 0.0000 0.0002 "

-
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*
TABLE 1.8-7 UNIT HORIZONTAL EARTHQUAKE FORCES AND MOMENTS

*

FOR CRACKED CONCRETE '
*

FORCFS AND MOMENTS,(LB/IN.IN-LB/IN) *
,

U,- 0.o :.

* ~ ~ ~ ~ -~

HEO. CONC. CRK. SECTIOR NUMBER 1
~ ~ ~ *

. . _ . . _ _ ANGLE FS NT FT MS FNS FNT FST
" O. 5.3439 -26081.4451 -3461.0668 -18482.0327 779.4719 O. O. "
" 22.5000 4.9371 -24096.1933 -3197.6088 -17075.1721 720.1381 -5.5171 710.7914 ''
" 45.0000 3.7187 -18442.3665 -2447.3438 -13068.7705 551.1698 -10.1942 1315.3712 "
" 67.5000 2.0450 -9980.9363 -1324.4928 -7072.7675 298.2910 -13.3194 1716.0021 '*
** 90.0000 -0.0000 0.0011 0.0002 0.0008 -0.0000 -14.4168 1857.3873 "
* 112.5000 -2.0450 9980.9380 1324.4932 7072.7691 -298.2910 -13.3194 1716.0021 "
'' 135.0000 -3.7787 18442.3679 2447.3440 13068.7716 -559.1699 -10.1942 1313.3711 "
**

157.5000 -4.9372 24096.1140 3197.6089 17075.1726 -720.1381 -5.5171 710.7912 *
* ~ ~ ~ ~ ~

180.0000 -5.3439 2608t.4451 3468.0668 18482.0327 -779.47t9 0.0000 -0.0002 **
n '

,

FORCES AND MOMENTS.(L8/IN.IN-LB71N) ~~

HEQ. CONC. CRK. .SECTION NUMBER 2
"

ANGLE FS MT FT MS FNS FNT FST "

'' O. 741.0028 -16129.6531' -2089.4269 -76837.2627 -815.0858 O. O.'
22.5000 684.5973 -14901.8560 -1930.3787 -70988.3750 -753.0411 -591.3628 1983.4547 *

" 45.0000 523.9681 -t1405.3870 7477.4479 -54332.f489 -576.3527 -1092.6960 -"
67.5000 283.5695 -6172.5504 -799.5890- -29404.3452 -311.9198 -1427.6761

~ 31E5 1591''

2857.I122 "" 90.0000 -0.0000 0.0007 0.0001 0.0034 0.0000 -1545.3055 3092.5160 "" "~ ~

112.5000 -283.5695 6872.5519 799.5892 29404.3525 311.9999 -167.6760 2857.1921 "
! * 135.0000 -523.9681 11405.3878 1477.4480 54332.1538 576.3527 -1092.6959 2186.7388 "' 157.5000 -684.5973 14901.8571 1930.3788 70988.3779 753.04's t -599.3627 1983.4544 "" ~~ ~

180.0000 -741.0028 16129.6531- 2089 3269, 75557.2627 815.6E58 0.0001 -0.0003 "
~

"

[
~~

FORCES ANO 880MENTS. (LB/IN. IN-LB/IN) "
,

*.,

-

HEQ. COkICitK. SECTION NOMBER 3 ''

"

. . . _ _ . ANGLE FS -MT FT MS FNS' FNT- ._F ST _ _ _ _ _ _
,,

*

''

O. 711.2783 18633.3586 -1791.2436 -5856.'6533 -551.9483 O. O. ""
22.5000 657.1355 10747.8220 -1654.8932 -5410.8420 -509.9337 57.1863 1829.5548 **

*'

45.0000 502.9497 8T26.0267 -T266.6005 -4149.2794 -390.2864 105.6665~ -3356.5755
~

**
*

67.5000 272.1944 4451.8932 -685.4792 -2241.2440 -211.2214' ~ 138.0599 4416.9360 **
* 90.0000 -0.0000 -0.0005 0.0001 0.0003 0.0000 149.4349- 4780.8571 ''" 112.5000 -272.1945 -4451.8944 685.4793 2241.2446 299.2215 138.0599 4416.9359 "
" 135.0000 -502.9497 -8226.0275- 1266.6006 4141.2796 390.2864 105.6664 3380.5762 ""

157.5000 -657.1355 -10747.8224 1654.8933 5410.8423 509.9337 57.1863 1829.5545 "
180.0000 -711.2783 -11633.3586 1791.2436 5856.6533 551,9483, -0 70000 -0.0004 *

- -
'*a i
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TABLE 1.8-7 Continued: .

,*
rORCES ANO MOMENTS.(L8/IN.IN-L8/IN) * *

*
U = 0.0 '

R.
=

, - -- ---- - --- - - - - - -

HEu. CONC. CRK. SECTION NUMBER 4
-

*

i .
.

*

] ANGLE FS NT FT MS FNS _FNT FST '

. .
" O. -102.3423 42756.6250s -t670.2393 -41205.0796 -817.4975 .O. O. "
**i

4 " ~ ~ ~ ~
22.5000 -94.5519 39501.97 2 -1543.0999 -38068.5293 -755.2692 -678.7903 2983.3715 "
45.0000 -7E 5569 30233.4988 -1989.0375 *29136.3906 -578.0580 -1254.2408 5512.5518 ''

" 67.5000 -39,1647 16362.2509 -639.1729 -15768.5000 -312.8427 -1638.7446 .7202.4959 ''
'' 90.0000 0.0000 -0.0019 0.0001 0.0018 0.0000 -1773.7844 '7795.9253 "
" ~

112.5000 39.1627 -16362.2548 639.1730 15768.5040 312.8428 -1638.7445 7202.4956 ''
' 135.0000 72.3669 -30233.5015 1981.0376 29136.3931 578.0581 -1254.2407 5512.5513 "

.
*

",
~

157.5000 94.5519 -39501.9727 1543.0999 38068.5313 755.2692 -678.7908 2983.3709 *
'

180.0000 102.5323 -42756.5~250 1870.2393 4t}O5.0796= -

817 3975 0.0002 -0.0007 ~ ~ ''

=

FORCES AND MOMENTS.(L8/IN.IN-L8/IN) ~

n
,

" - ~ ' ~ ~ ~ ~

HEQ.. CONC. CRM. SECTION NL98BER S "
.e . n.
''

] , , , _ _ _ _ ANGLE FS NT FT MS FNS FNT FST "

i O. -3077.1163 -63707.4121 -6556.6980 -63351.7158 1783.0645 O. O.
**

"
22.5000 -2842.8848 -58857.9736 -6057.5991 -58529.3535 1582.6652 127.5716 3592.4583 "

' "
45.0000 -2D 578558 -45047.~5524 +4636.2855 a44796.4f77 T298.3195 236.72t6 6637.9846 ''

"
67.5000 -1177.5614 -24379.7693 -2509.1395 -24243.6501 655.5613' 307.9851- 8672.9446 "

" 90.0000 ' 0.0001 0.0028 'O.OOO3 :0.0028- ' -0.0001 J 333.3607; '9387.5275' "
" ~~

t12.5000 1177.5616 24379.7754 2509.140s 24243.6563 -655.5615 307.9851 8672.9442 "
'' 135.0000 2175.8499 45047.9458 4636.2859 44796.4312 -1211.3196 235.7216 6637.9839 "-
*

f57.5000 2842.8849 58857.9756 6057.5993 58529.3560 -1582.6653 127.5716 3592.4506 "
"

180.0000 3077.1163 63707.4121 6556.6980- 63351.7158 -1713.0645 k0.0000 -0.0008
- "

''
..

|
*" ~~

FORCES ANO MOMENTS.(L8/IN.IN-L8/IN)

,,

I "
HEQ.~ CONC.JCRK. : SECTION NUM8 Eft ,6 "

s**
,

"
ANGLE FS MT' FT- MS FNS' 'FNT- FST

_

*

' ** O. -3105.0021 -160341.8164 -7927.1468 -Q45870.4883 ' -21797.2759 O. O. ''
''i 22.5000 -2868.6478 -148136.5195 -7323.7286 -:)19542.6680 -20138.0569 -936.8832 2523.0874 "-

! 45.DOFO . 2195.5680 -113378.7803 -6605.3292 -244567.3652 -the13.0015 ~ ~173I.1354 4662.0577
**

**
' '' 67.5000 -1188.2328 -61360.1514 -3033.5875 132358.8984. -8341.4558- *2261.8361 6091.2718 *-

* ,

*90.0000 0.0001 0.0070 0.0003 0.0151 0.0010 2448.1937- 6593 t45t ." t12.5000 t188.2330 60360.1670 3033.5883 132358.9297 8341 4578 -2261.8360 6091.2716 ''
"

135.0000 2195.5681 113378.7939 5605.3397 244567.3867 15413.0027 -1731.1342 4662.0572 "
" 157.5000 2868.6479 148136.5273 7323.7289 319542.6797 20138.0579 -936.8830 2523.0869 "

' " t80.0000 5165Id62I I6034f.8164.
-

i % -

7927.1488 345870.4883 21797.2759- 0.D002: -0.0006 *

''
, .

-

m_
,

i

.-.--..i-~.~..+
:--

''
I

..
-
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TABLE 1.8-7 Continued *,

'

FORCES AND MOMENTS.(L8/IN.IN-LB/IN) *,

U = 0.0 tR.

{
~'~ ~

HEO. CONC. CRK. Sli: TION NUMBER 7
-

.*

*
. , . , _ . ANGLE F$ MT FT. MS FNS FNT FST '

."
O. 5409.1672 22707.9023 -4750.6995 -31927.4980 47.4547 O. O. "

'

22.5000 4997.4188 20979.3665 -4389.0740 -29497.1621 43.8424 34,1427 889.9140 "" ' ' ~ ~

45.0000 3824.8587 16056.9111 -3359.2518 -22576.1504 33.5555 63.0874 1644.3467 ""
67.5000 2069.9985 8689.9375 -1818.0139 -12218.1235 18.1601 82.4277 2148.4425 ""
90.0000 -0.0002 -0.0010 0.0002 0.0014 -0.0000 89.2191 2325.4573 **
112.5000 -2069.9990 -8689.9396 1818.0143 12218.1268 -18.1601 82.4277 2148.4424 *"
135.0000 -3824.8590 -16056.9126 3359.2521 22576.1521 -33.5555 63.0874 1644.3465 ''* 157.5000 -4997.4191 -20979.3667 4389.0742 29497.1628 -43.8424 34.1427 889.9138 *

,"
' " '

180.0000 -5409.1672 -22707.9023 4750.8995 3192'T.4980 -47.4547 -0.0000 -0.0002 *

.. =

"
FORCES AND MOMENTS.(L8/IN.IN-L8/IN)

,. n

[
~~ ~

HEO. CONC. CRK. SECTION NUMBER 8.
3

'

ANGLE FS NT FT MS FN5 'FNT FST
" M

O. 1895.9551 198487.6719 -4757.4427 -126194.7666 1767.1093 O. O. "''

22.5000 1677.7238 109468.3330 -4395.3039 -116588.7617 1632.5961 -315.2886 585.4835
- "

"i.
- - - - - - - -

]37g g y jg- 55753.4518 ~
-1820.5944 -48292.6431 676.2434 -761.174f 1413.4822 ''

-55e4.0199 -89233.1758 1249 3 349 -582.5774 . 'T5di.~i554"
67.5000 694.9359 45343.2651

- "
i 90.0000 -0.000s -0.0052 o.OoO2 o.OOs5 --0.0901 -8 9 8889- 1529 9421 "i "

112.5000 -694.9361 -45343.2764 1820.5948 48292.6548 -676.2436 -761.1740 1413.4821 "
2

)
''

135.0000 -1284.0743 -83783.4414 3364.02O2 89233.1816 -1249.5350 -582.5774 1081.8323 ''" 157.5000 -1677.7239 -109468.3379 4395.3049 f16588.7656 -1632.5962 -315.2886 585.4834 "" ~

18D. dNI' ~'f81s.555GTti4i776719 4757.4427 sast84.7666 -17e V 565 0.0000 -0 066t.
| -~-

"i.
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TABLE 1.9-1 TYPICAL FORCES AND HOMENTS FOR ALL LOADING COMBINATIONS
CRACKED CONCRETE

TOTAL FORCES AND MOMENTS . POSITIVE.
BRUNSWICK TORUS 1. DAD COMBINATIONS CR*C TEMPERATURE EXCLUOED
SECTION NUMBER 1 ANGLE OF SECTION 3.750 MOMENTS UNIT IN-M/FT FORCES UNIT K/FT

LOAD CASE FS MT FT MS FNS FNT FST
1 -23.837 -323.515 13.256 -31.406 1.915 0.146 1.2612 -14.394 -186.035 14.264 -4.817 2.143 0.172 7.4593 -14.503 -191.657 13.159 -9.874 f.788 0.153 7.9734 38.022 -14.680 39.320 235.583 -2.967 0. O.5 38.103 -13.779 39.910 238.322 -2.817 0.006 0.0446 38.213 -12.920 40.958 243.182 -2.552 0. O.7 39.202 25.594 46.938 267.016 -0.640 0.122 1.0518 39.283 26.495 47.529 269.754 -0.490 0.128 f.0959 39.393 27.355 48.576 274.615 -0.224 O.122 1.0514

10 33.463 -10.213 38.217 212.938 -1.970 0.044 5.63911 29.401 -23.139 36.169 192.947 -1.651 0.055 7.13212 33.535 -9.419 38.736 215.348 -1.838 0.049 5.67813 29.466 -22.418 36.642 195.138 -1.531 0.061 7.16814 33.632 -8.663 39.658 219.626 -1.604 0.044 5.63915 29'.554 -21.730 37.480 199.026 -1.318 0.055 7.13216 34.335 23.037 44.920 240.324 0.078 0.151 6.564i 17 30.345 9.080 42.264 218.093 0.211 0.153 7.973*

18 34.574 26.022 45.440 243.009 0.210 0.157 6.60319 30.410 9.802 42.736 220.284 0.331 0.158 8.00820 34.670 26.778 46.362 247.287 0.443 0.151 6.56421 30.498 10.489 43.574 224.173 0.543 0.153 7.97322 57.321 71.703 51.845 333.684 -3.717 O. O.23 57.403 72.604 52.435 336.422 -3.567 0.006 0.04424 57.513 73.464 53.483 341.283 -3.302 0. O.25 58.501 111.977 59.463 365.116 -1.390 0.122 1.05126 58.583 112.878 60.053 367.855 -1.240 0.128 1.09527 58.693 113.738 61.101 372.716 -0.975 0.122 1.05128 50.447 65.805 49.239 299.267 -2.673 0.044 5.639
>

29 44.840 45.968 46.189 271.427 -2.322 0.055 7.13230 50.519 66.598 49.758 301.677 -2.541 0.049 5.67831 44.906 46.689 46.661 273.618 -2.202 0.061 7.16832 50.615 67.354 50.680 305.954 -2,307 0.044 5.639
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TABLE 1.9-1 Continued

TOTAL FORCES AND MOMFNTS . POSITIVE.
BRUNSWICK TORUS LOAO COMBINATIONS CRK TEMPERATURE EXCLUDEO

SECTION NUMBER 1 ANGLE OF SECTION 3.750 MOMENTS UNIT IN-K/FT FORCES UNIT K/FT

LOAD CASE FS NT FT MS FNS FNT FST
33 44.993 47.376 47.499 277.507 -1.990 0.055 7.132

34 51.485 101.246 55.943 326.928 -0.625 0.151 6.564
*

35 45.784 78.187 52.284 296.573 -0.460 O.153 7.973

36 51.557 102.039 56.462 329.337 -0.493 0.157 6.603

| 37 45.850 78.908 52.756 298.764 -0.341 0.158 8.006

38 51.654 102.795 57.384 333.615 -0.259 0.151 6.564
'

39 45.937 79.596 53.594 302.653 -0.128 0.153 7.973

40 81.90,5 181.738 67.799 458.645 -3.206 O. O.
41 48.467 35.826 52.386 316.201 -1.439 O. O.
42 47.753 29.413 46.173 287.372 -3.015 0.006 0.044

43 47.863 30.272 47.220 292.233 -2.749 O. O.
44 62.093 97.535 56.591 362.995 -2.110 0.038 0.259
45 35.643 -19.195 44.260 249.040 -0.828 0.038 0.259
46 35.072 -24.325 39.290 225.976 -2.088 0.043 0.295

47 35.160 -23.638 40.128 229.865 -1.876 0.038 0.259
48 72.080 182.636 63.278 409.233 -2.102 0.044 5.639

49 64.507 133.996 58.953 371.396 -1.711 0.055 7.132

50 42.655 34.233 49.715 283.882 -0.625 0.044 5.639

. 51 37.757 17.266 46.622 257.442 -0.428 0.055 7.132

52 36.770 5.060 40.836 231.792 -1.904 0.049 5.678

53 37.186 12.136 41.651 234.378 -1.689 0.061 7.168

54 42.124 29.346 45.169 262.790 -1.778 0.044 5.639

55 37.274 12.823 42.490 238.267 -1.476 0.055 7.132

56 E4.365 128.970 59.557 373.495 -1.329 0.078 5.385

57 64.984 139.261 60.717 377.350 -1.023 0.093 7.391

58 37.615 12.240 47.227 259.540 -0.047 0.078 5.385

59 38.234 22.531 48.386 263.395 0.259 0.093 7.391

60 37.043 7.110 42.256 236.476 -1.307 0.083 5.411

61 37.663 17.401 43.416 240 332 -1.002 0.098 7.427

62 37.131 7.797 43.094 240.365 -1.095 0.078 5.385

63 37.751 18.088 44.254 244.220 -0.789 0.093 7.391

64 -25.253 -371.844 4.114 -69.126 -1.411 O. O.
65 -16.811 -223.718 10.862 -16.686 1.260 0.127 1.093

|
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' TABLE 1.9-2 TYPICAL FORCES AND MOMENTS *
. .

UNCRACKED CONCRETE. .

* TOTAL FORCES AND M008ENTS . POSITIVE. *

1RUNSWICK TORUS LOAD CON 81NAT10NS.WCRK. . . .. .. . . . . . . _ . TEMP.'

* SECTION NUMBER 't ' ANQt.E ' OF SECTION - |3.750 . MDMENTS UN!f :1N k/FT ' EXCLUDED - UNCRACKED
*

- FORCES UNIT .K/FT: - '

. .

* LOAD CASE FS NT FT MS FNS FNT FST *
"

1 -23.732 -185.309 18.6f4 -24.521 2.239 0.054 0.815 "
" 2 -13.696 -66.096 19.557 -0.562 2.914 0.394 2.983 *
" 3 , .- 13. 881. . r 62.894 . 18.831. .-0.492+ . 2.934 0.424 . . 3.108 a "

. s. .

"10.709: ~-34.298 : E-0.699: ' 0; ' Oh i A *" 4
'

'-26.068' -207.030- <

5 ~-16.595' -129.054' Itd. sot - ^t6.02$ :0.472: ' O.047- 10.706'* ' - *s

. =
* .
= .
,

---
,

* 9

* e

8 e
e s
* TOTAL FORCES Ape MOMENTS . NEGATIVE. *
' BRUNSit!CK TORusc LOAOswi.INATIONS.UNCRK. '~~q.,. 3 . .. .: . y .. .., .,...v...,..eTEMPA. EXCLUDED <t UNCRACKED. 'v . . . . m . ; 1 .

$ECT!DN ' NUMBElt $ t t !+ M. ANGLO Of*c 5ECt!ON Ik,3.790. '" ' PHONtNTS UNtf<afM*K/FT!; C1FotCr$ UNtf:;K/Fis ,;h. 4i '.. ' **
l'f W .~ ,++ ,

s -

r1. .p. + O s, ,,c ' -

3. c. -e e, , , m n;, >a:
* LOAD CASE FS NT FT MS FMS FNT FST *
"

1 -28.404 -228.750 2.795 -44.075 -0.904 -0.054 -0.845 "

l " 2 -23.544 -229.660 -4.265 -48.435 -4.693 -0.394 -2.983 4

3 . f. 2 ,-236368. . -25EH3 , -3. 539... .-48.545 -4.7t3- --0.424'. o 3.108
^ a "

" "
s

is :< g :-20'.645 * Ste4.702* ' :4 0.799- ^ ' 7324972" ~ i '?O.699 ? ' $ s
| 0 * ,.. 3. 74: A- ';*26;068.; s '*207.030~. 510.7051 .i.-34.298 ' ;?g:f

"
-. : LO...'~ -

' * . * .#'M -0;id6'N:+ >
- , s, -

.
b 2.2624 ~ ;-0.047

< "
.

| w n
.

1, " **, , ,4 . . . . . +.y. s. .,; . <,; :
'y.'

.

'
. ' . _H # *,' _.A* 'l^' : N ^ w

99< . , . , ._a
, ,$' j c.5' # 'y. , E. *g, 4 s
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| TABLE 1.9-3 TYPICAL SHEARING STRESSES AND FACIORS OF SAFETY =

.,

e*
FACTOR OF SAFETv FOR SHEARING FORCES. POSITIVE. ** *

---. ,
'

BRUNSWICK TORUS. SHEAR STRESS CHECK NO TEMP. DNLY SHEAR DUE TO TEMP ADOEO '*
SECTION NUMBER 1 ANGLE OF SECTION 3.750 SHEAR FORCES IN MIPS/FT SHEAR STRESSES IN PSI *

."
RADIAL SHEAR S / RADIAL SHEAR T / TANGENTIAL SHEAR "

''

/ / "
'' LOAD CASE FNS, VUNS VCNS F.S.NS./ FNT VUNT

~102.39 284.12 / 1.26 3.11 80.72 25.99 "
VCNT F.S,NT / FST. VUT VCT F.S.T "

''
1 1.92 4.72 188.39 39.92 /. O.f5 .O.36''' 2 2.14 5.28 198.39 37.57 / O.17 0.42 101.84 240.84 / 7.46 18.38 80.72 4.39 "* 3 1.79 4.40 198.44 45.05 / O.15 0.38 102.44 271.97 / 7.97 19.65 80.72 4.11 _ _ _ _ _ *"
4 -2.97 7.31 89.02 12.18 / O. O. 88.32 9999.00 / O. O. 80.72 9999.00 "* 5 -2.82 6.94 88.97 12.82 / O.Of 0.02 88.00 5500.18 / O.04 0.11 80.72 738.53

~ ~ " " ~~~~ "
*' 6 -2.55 6.29 88.92 .14.14 / O. O. 87.43 9999.00 / O. O. 80.72 9999.00" 7 -0.64 f.58 88.38 56.07 / O.12 .O.30 84.21 280.40 / 1.05 2.59 80.72 '31.18 *'' 8 -0.49 1.21 88.34 73.16 / O.13 'O.32 83.89 265.21 / ~ 1.09 2.70' -80.72- 29.92 *" 9 -0.22 0.55 88.28 159.69 / O.12 0.30 83.32 277.45 / 1.05 2.59 80.72 31.18 "** 10 -1.97 4.85 91.48 18.85 / O.04 0.11 88.91 824.43 / 5.64 13.89 80.72 5.81 "" 11 -1.65 4.07 93.67 23.03 / O.06 0.14 90.02 659.92 / 7.13 17.57 80.72 4.59

~ " '
"

"" 12 - -1.84 *.53 .98.44 20.19 /, 0.05' O.12 . 88.63 726.SJ / 5.68 13.99 80.72 5.77" 13 -1.53 "3.77, 93.64 24.82 / O.06 .O.15 89.76 601.60 /- 7.17 17.66 80.72 4.57 **14 -1.60 3,95 91.39 23.12 / 10.04 0.11 88.14 867.21 / 5.64 13.89 - 30.72 5.89 "
15 -1.32 3.25 93.59 28.81 / O.06 0.14 89.31 654.73 / 7.13 17.57 80.72 4.59 "' 16 0.08 0.19 91.01 475.16 / O.15 0.37 85.29 229.21 / 6.56 16.17 80.72 4.99 "" 17 0.21 0.52 93.16 179.28 / O.15 0.38 86.73 230.26 / 7.97 19.65 80.72 4.11

_.

"
"" 18 0.21 0.52 90.88 175.97 /. O.16 0.39 -85.01 220.13 /- 6.60 16.27 80.72 4.96" 19 0.33 0.81 93.13 114.30 f. O.16 0.39 86.47' -222.04 / 8.01 19,73| '80.72 4.09 "" 20 0.44 1.09 90.83 '83.13 / O.15 0.37 84.52- 227.12 / 6.56 16.17' 80.72 4.99 "" 28 0.54 1.34 937 8 69.54 / O.15 0.38 86.02 228.38 / 7.97 19.65 80.72 4.11

~
"" 22 -3.72 9.16 78.60 8.58 / O. O. 81.56 9999.00 / O. O. 80.72 9999.00 "" 23 -3.57 8.79 78.56 8.94 / O.01 0.02 81.24 5077.58 / O.04 0.11 80.72 738.53 "" 24 -3.}O 8.14 78.50 9.65'/ O. O. 80.67- 9999.00 / O. O. 80.72 9999.00 "" 25 -1.39 3.42 77.96 - 22.76 L; 0.12 'O.30 '77.44 257.88 / 1.05 2.59 80.72 31.18 "" 26 -1;24 '3.06 77.92 25.50 / O.13 0.32 77.13 243.83 / 1.09 2.70 80.72 29.92 "" 27 -0.97 2.40 77.86 32.42 / O.12 0.30 76.56 254.94 / 1.05 2.59 80.72 ~ 31.18 "** 28 -2.67 6.59 82.31 12.50 / O.04 0.11 82.96 769.26 / 5.64 13.89 80.72 5.89 **" 29 -2.32 5.72 85.34 14.92 / O.06 0.14 84.61 620.26 / 7.13 17.57 80.72 4.59 *** 30 -2.54 6.26 82.27 13.84 / O.05 0.12 82.68 878.13 / 5.68 13.99 80.72 5.77 "" 31 -2.20 5.43 85.30 - 15.72 / - 0.06 0.15 84.35 565.35 / 7.17 17.66 80.72 4.57 "" 32 -2.31 5.69 82.22 14.46 / 0.04 0.11' 82.19 762.04 / 5.64- 13.89 -80.72 5.81 *

u
_

"
I += FNS=SHLAR FORCE IN RADIAL $ VUNS= STRESS IN RADIAL S VCNS* ALLOWABLE STRESS IN RADIAL 5 F.S.NS* FACTOR OF SAFETY

~~
"

" *
FNT= SHEAR FORCE IN RADIAL T VUNT= STRESS IN RADIAL.T. VCNT= ALLOWABLE STRE.SS IN RAOIAL T F.S.NT= FACTOR OF SAFETi~~"
FST= SHEAR FORCE IN TANGENT. VUT = STRESS IN TANGENT. VCT = ALLOWABLE STRESS IN TANGENT. f.S.T = FACTOR OF SAFETY

,

, "
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TABLE 1.9-3 TYPICAL SHEARING STRESSES AND FACTORS OF SAFETY
.

'

..
*s
*

FACTOR OF SAFETV FOR SHEARING FORCES. POSITIVE.* **
**
*e
'

SECTION NUMSER 1 ANGLE OF SECTION 3.750 ' SHEAR FORCES IN MIPS/FT SHEAR STRESSES IN PSI _ _;;'
.
"

RADIAL SHEAR S / RADIAL SHEAR T / TANGENTIAL SHEAR"
"" / / ~~~'' "

LOAD CASE FNS' VUNS VCNS F.S.NS /- FNT .VUNT- VCNT .F.S.NT / FST vuT VCT F.S.T''

"" 33 -1.99 4.90' 85.26 17.39 / O.06 0.14 63.90 615.08 / 7.13 17.57 60472 4.59
*

34 -0.62 1.54 81.75 53.09 / O.15 0.37 79.34- 213.22 / 6.56 16.17 80.72 4.99"
*

35 -0.46 1.13 '84.83 74.79 / O.15 0.38 81.32 215.90 / 7.97 19.65 80.72 4 .1 '.*
"

36 -0,49 1.22 81.71 67.24 / O.16 0.39 79.06 204.72 / 6.60 16.27 80.72 4.96*
** 37 -0.34 0.84 84.79 101.05 / O.16 0.39 81.06 208.15 / 8.01' 19.73 80.72 4.09

_ *
38 -0.26 0.64 -81.66 127.77 / O.15 0.37 78.87 211.13 / 6.56 16.17 80.72 4.99*

"39 -0.13 0.32 84.75 268,73'/. O.15 0.38- 50.6ti 214.02-/. 7.97 19.65 80.72 4.11"
"

40 -3.21 ^7.90 65.33 :8.27 / O. 20. H72.94 9999.00 / O .' O. 80.72 9999.00"
"

41 -1.44 3.55 83.38 23.52 / O. O. 81.26 9999.00 / O. O. 80.72 9999.00"
"

42 -3.01 7.43 83.77 11.28 / O.08 0.02 84.62 5288.88 / O.04 0.11 80.72 738.53"
"

43 -2.75 6.77 83.71 12.36 / O O. 84.05 9999.00 / O. O. 80.72 9999.00
~~~~ "

"

44 ,- 2 . 1 1 -5.20 75.86 14.59 /- J.04 0,09 78.99 845.33_/. O.26 0.64 _ 80.72 .126.45*
"

46 ' -2.09
'

2.04- 90.30^ 44.28-/ - 0.04 0.09 '85.65 916.57 / O.26 0.64 80.72 126.45* 45 -0.83
"

5.15 90.61 ^ t7.S t ' / : 0.04 -O.tt 88.33- 831.40 /- 'O.29 0.73 -80.72 111.21'

"
47 -1.88 4.62 90.56 19.59 / O.04 0.09 87.88 940.44 / O.26 0.64 80.72 126.45*

"
48 -2.10 5.18 70.63 13.64 / O.04 0.11 75.38 698.98 / 5.64 13.89 80.72 5.88"

"49 -1.71 4.21 74.72 17.73 / O.06 0.14 77.72 569.75 / 7.13 17.57 80.72 4.59"
*

50 -0.63 1.54. 86.52- 56.15 / .O.04 0.11 82.71. 766.87./ 5.64 13.89 80.72 5.81"
"251 .-0.43 :1.06 89.16' :84.48 /'. 10.06 'O.14 84.38 618.55 / 7.13 't'.57- 80.72 4.597"

52 -1.90 4.69 89.69 '19.11'/ O.05 0.12 87.50 '717.63 / 5.68 13.99' 80.72 5.77 .""
"" 53 -1.69 4.16 89.47 21.50 / O.06 0.15 87.06 583.47 / 7.17 17.66 80.72 4.57
*54 -1.78 4.38 86.80 19.81 / O.04 0.11 85.16 789.63 / 5.64 13.89 80.72 5.81"
"55 -1.48 3.'64 89.42 24.58 / O.06 0.14 86.61 634.90 / 7.13 17.57 80.72 4.59*
"

5'G -1.33 3.27 74.80 - 22.85 / O.08 0.19 77.39 404.16 / 5.39 13.27 80.72 6.08"
"57 1.02 ' .2. 52 74.46 29.53 / O.09 0.23 76.77 333.98 /' 7.39 18.21 80.72 4.43"
"58 -0.05 0.11 89.24 778.31 / O.08 0.19 84.05 438.92 / 5.39 13.27 80.72 6.08

~' "
"

" 59 0.26 0.64 88.90 139.32 / O.09 0.23 83.42 362.94 / 7.39 18.21 80.72 4.43
**60 -1.31 3.22 89.55 27.80 / O.08 0.20 86.73 424.56 / 5.42 13.36 80.72 6.04''

"* 61 -1.00 2.47 89.21 36.14 / O.10 0.24 86.11 354.85 / 7.43 18.30 80.72 4.41
62 -1.09 ' 2 . '710 89.50 33.18-/ O.08 0.19 86.28 450.57 /. 5.39 13.27 80.72 6.08

,_

""

63 -0.79 ..1.94 89.17 45.85 / O.09 0.23 .85.65< 1 372.64 /. ,.7 . 3 9 18.21 80.72 4.43 ""
*64 - 1. 41 - 3.48 129.61 37.27 / O. O. 107.32 9999.00 / O. O. 80.72 9999.00*
"* 65 1.26 3.10 199.49 64.28 / O.13 0.31 103.68 338.97 / 1.09 2.69 80.72 29.98

e e

= .

** FNS= SHEAR FORCE IN RADIAL S- VUNS= STRESS IN RADIAL S VCNS= ALLOWABLE STRESS IN RADIAL S- F.S.NS= FACTOR OF SAFETV
~~ ""

"" FNT= SHEAR FORCE IN RADIAL T VUNT= STRESS IN RADIAL T VCNT=ALLOWASLE STRESS IN RADIAL T F.S.NT= FACTOR OF SAFETY
''FST= SHEAR FORCE IN TANGENT. VUT = STRESS IN TANGENT. VCT = ALLOWABLE STRESS IN TANGENT. F.S.T = FACTOR OF SAFETY
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TABLE 1.9-4 TYPICAL STRESSES IN THE REINFORCING BARS AND THE LINER.
.

'
.

*
STRESS IN LIHER AND RE8ARS. POSITIVE *

* CRUNSWICK TORUS ANALYSIS
,$ TRESS UNIT K51 *

*
* SECTIDN NUMBER 1 . ANOLE OF SECTION 3.750 *

'' TEMPERATURE IS NOT INCLUOED \ T E MPE R ATURE IS INCLUOED
''

"
.

.
. -\ . . .

' NO LINER *

''

.

.

'
. ~. WITH LINER . NO LINER \ . _

w!TH LINER' LINER-
'

BAR *

.' ~

* ? LOAD CASE 8AR LINER '84R \ 8AR' *
S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS \ S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS "

"
\ "

*
1 -0.69 4.3t -4.68 0.79 -5.96 5.89 \ -0.69 4.39 -4.68 0.79 -5.96 5.89 *

2 ' -40 . 5 0 4.15. -2.75 .t.10 -3.50 6.343 \ 2.97 s tO.07 -5. 8'2 -l.47- , -0.21 11.44
*

*
3- -0.47 |3.92 .-2.81 0.97 ' -3.63. 5.85' \ 3.00 9. 84 ;; -5.88 / -1.61 30.23' 11.15

"
"

** 4' 5.74 -7.23' - 3. 34 ' 5.12- -9.51i 17.48 \' 13.83 '21.05? N3.82 "-0.84' -17.42% ;29.85 ' '''

" 5 5.75 7.36 3.36 5.19 9.53 17.74 \ 13.83 21.17 -3.89 -0.81 17.44 30.11 "'

" 6 5.76 7.57 3.38 5.32 9.55 18.20 \ 13.84 21.39 -3.79 -0.69 17.47 30.58 ".

" 7 5.57 8.87 3.76 5.99 9.80 20.86 \ 13.65 22.69 -3.40 -0.09 17.72 33.23 ",

4 I5757- -9.00. ,3. l8 ; ~6.06 . 9.82 c, s21.t21 <\vx1.1.86- c22.$1. m +3.39 - _O.06 t7.74 y . 33.50
"

"
* 9 ', 5.58 2 ; 9.21 - - 3.80, ^6it9) C ' 9;85[ (21.59 A Dis.66:- M 23.09 J 4 2 3i37; O.19 ( " J16.28-{.33.96,117474 "
" 10 5.03' 7.30' 2.96 ,8.8 - 4.37 16.99' 1\ 13412 '' 121;12: -4.20 -1.14

.

"29.34" 11 4.54 7.05 2.49 4.51 7.35 16.08 \ 12.63 20.87 -4.67 -1.49 15.27 28.45 "
" 12 5.03 7.41 2.98 4.90 8.38 17.22 \ 13.12 29.22 -4.19 -1.10 16.30 29.59 "
* 13 4.55 7.15 2.51 4.57 7.37 16.29 \ 12.63 20.97 -4.66 -1.43 15.28 28.66 "
" 14, :$.04 7.60, .2.99 .5.01 8.41 17463 .\, 13.13 - 21.41i .-4,17- 0.99- ! ae.32 - 30.00 "-|4 ," 151 4.55. -7.32 J2. 52 ' ' J4.67. ? 7.39 : 16.66' .\i 12.84 . 21. t4 ! .G4.64 -1.34?s ' 15. 30 |- '29.03

^ "
'' 16 4.87 8.75^ 3.30' 5.61 * '8.58' J19.96- C\J'12.96 "22'54 '-3. 86 ' -0.39' 116.50 32.34 "7

." 17 4.40 8.37 2.83 5.21 7.59 18.78 \ 12.49 22.18 -4.33 -0.79 15.50 31.16 "
" 18 4.88 8.85 3.35 5.67 8.64 20.20 \ 12.96 22.67 -3.82 -0.33 16.56 32.57 *
" 19 4.40 8.46 2.84 5.26 7.60 18.99 \ 12.49 22.28 -4.32 -0.74 15.52 38.37 "
" 20 4.89 9.04 3.36 '5.78 . 8.6L 20.61 t .12.97' ,22.86' :-3.90 -0.22;- 16.S$ . .32 48

-

''
" 21 4.41' ,8.64' 2.86 5.36 'J7.62 19.37.. \ ;; 12.50 : <22445 r-4.31 -0.44 _15.54 31.74 "
" 22 7.84 9.15 5.77 - '6.95 '14.33 23.04 \' 19.16~ '28,491 -4.26 ~ ~ 1. 46 ' 25.41' 40.37 "
" 23 7.84 9.27 5.79 7.02 14.35 23.30 \ 19.16 28.69 -4.25 -1.39 25.43 40.63 *
" 24 7.85/ 9.49 5.80 7.14 14.38 23.77 \ 19.17 / 28.83 -4.23 -1.26 25.46 41.09 *
* 25 7.66 10.79 6.19 7.82 14.63 26.43 \ 18.98 30.13 -3.84 -0.58 25.71 V 43.75 ";

' " 26 ,7.66- 10.91 6 21 7789 -14.65- 26.69- .\-|18.99 -30.25 -3.83' ~ + 0. 51 , 25.73. 44.01 "

14.67/. 27.t6/' \ ' 19.00 '30.47/0#'27 7.67 11.13^ 6.22 '8.01 #- 2
"

~-3 : 8 9 - -0. 39 ~-. 25.76 44.48 ^- "

'28' 6.87- 28.99 5.40 6.45 42.6t' 21.88 - \' 18.20 28.33 2-4.933 -~ - t ' 95 1 I23.49'- - 39.21
"

*
.* 29 6.22 8.59 4.44 5.97 11.21 20.53 \ 17.54 27.93 -5.60 -2.43- 22.29 37.85 *

* 30 6.88 9.09 5.11 6.51 12.63 22.14 \ 18.20 28.44 -4.92 -1.89 23.71 39.44 "
' * 31 6.22 8.68 4.45 6.03 11.23 20.74 \ 17.54 28.03 -5.58 -2.37 22.31 38.04 *

32. 6.69 9.28 , 5.93 -4.62- :12.65 22.52- Tr.ta.21: 25!I3: .*4.90 .-t.78: 23.74 u 29.45
"

s "

M
" iJe ..
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; TABLE 1.9-4 Continued.
.

*
STRESS IN LINER AND RESARS. POSITIVE *

.

~mRUNSWICK"70RUS ANALYSI$ .

' ' ' " ~
* * ' '

-SECTION NUMSER 1 ANGLE OF SECTION 3.750
.

*
*

STRESS UNIT KSt ''***
>

..
..

94**
TEMPERATURE IS NOT INCLUDED \ TEMPERATURE IS INCt.UDED *

' *
. -\. . . ~ "" ^

. ,

j LOAD CASE - ~SAR
''WITI! LINER' .NO LIngES i ,.'\

. W17H LINER IWI. LINER , .s
"*

.. .

..
~

LINER- ' SAR %\ SAR LINER' ' SAR *
,,

- "

S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS \ S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS *"
i \ "
; * 33 6.23 4.86 4.46 6.13 11.25 21.11 \ 17.55 28.20 -5.57 -2.28 22.33 38.44 *I " 34 6.72 10.43 ;5.47 7.22 . 12.87. 24.86 -i %88.04~ _29.77- .-4.96 -1.19 23.95 . 42.19 e . 3,'

"

"* , 4.04 9.90 4.77' 6.67 ?.1 1. 45' ' '
435' 23.2422\s '17.40 .'29.24 2 Y-5.26 - -+ t .73 : 22.53 :.

s s

; 40.96[~ '" ~36 ' 6;72' ~~ 10. 54 - ~5.48 '7.28- 12.89 - ~ 25.09: \''18 04 7 '29.84 ''-4.55 ~ '-1.12 "''23.97 7
'

42.42 "" 37 6.04 10.00 4.78 6.73 11.46 23.45 \ 17.40 29.34- -5.25 -1.68 22.54 40.77 *" 38 6.73 10.73 5.50 7.39 12.94 25.50 \ 18.05 30.07" -4.53 -1.04 24.00 42.83 "
# " 39 6.09 10.17 4.80 6.82 11.48 23.82 \ 17.41 29.59 -5.23 -1.58 22.57 48.14 "

45 10 6s / . 1T 59< : S iG < ; 9. 2 7 <., 20.48 4 <30.13 < t .13.97 , .17.51 - . 5. 79 , .S.70 23.87 - 36.44
~ ~"

"" 41 .6.84 i .9.60 ~'4.69 '6.84- L 12.12 ' 23.28~ )\ P14.93i- 23.41 i 92.48: 'O.84 N: 20.03 . ' 95. 66 . + - "" 42 ' 6.79 8.31 4.57 6.10 ~1f.94 '20.52 \ "14.88' 22.13 ?-2.59 O.to 19.88 32.89 *" 43 6.80 8.53 4.59 6.23 11.97 20.99 \ 14.89 22.34 -2.54 0.23 19.88 33.36 ""
. 44 S.36 10.01 6.43 7.57 15.60 25.15 \ 11.83 15.93 3.34 5.00 18.99 30.46 "
1 * 45 5.43 S.41 3.09 5.63 S.91 19.67 \ 13.52 22.23 -4.07 -0.37 16.83 32.04 "

46 5739 >7.39 5.00. 5.04 8 T7 17.46 . \ ,15~46** ~

" .

; 8.79 /s .17'83 '\ 013 48 .
,21.20 g -4.16; -0.96 s 16.68 .29.84 **7' " 47- | 5.40 . 7.56' .3.011 5.14- . .

3 ,7

21.37e -4.15 , -O.84 '.16.71. < 30. 21.- -
"

j ~48 9.22 it.13 7.82- LS.50 18.02 '28.12 ^\''12.69''~ * t 7 . 05 ' ' 4.75' 5.92 # 21.41 '33.43 ^ "
,.

" 49 8.36 10.54 6.91 7.83 16.13 26.20 \ 11.82 16.46 3.04 5.26 19.52 31.50 "

|
" 50 6.00 9.38 4.15 6.36 10.66 22.10 \ 14.09 23.20 -3.02 0.34 18.58 34.47 "

,

" 51 5.42 8.95 3.57 5.89 9.44 20.72 \ 13.51 22.76 -3.60 -0.19 17.35 33.09 "
|

" 52 5.39 7.73 - 3.38- 5.29 9.19 - -18.15 F J13;47 - 21. 54 a '-3.74 . -0.79 , 17.I1- .30.52 "
:

' " .53' 5. 38 < 7.92 '3.48' '5.30 f 9.30? /14.51' -\ E13.47 :w 21.734 93.69' 30.70 W17.245 i 30.89 4
1 "

i " 54 5,96 -S.44 ~ 4. 06 ? 15.82- 10.53 ' 20.08' \' 14.05 ' ' 22. 26 ' ' i + 3.' 10 - -0.14 - * 14,45 32.45' ' "
*'' '

| 55 5.39 8.09 3.49 5.40 9.32 18.88 \ 13.48 21.9% -3.47 -0.41 87.23 31.26
"

"** 56 S.38 10.67 6.86 7.90 14.09 26.47 \ 11.84 16.60 3.79 5.33 19.48 31.77 **
,

"
; 57 S.38 10.94 6.99 8.02 16.25 26.99 \ 19.85 16.86 3.92 5.45 19.64 32.29 "

'59, ' .635. '' t . 35 - 3 ; ?.E5 ~ P ~ 6.08 ' 2.S$> 21.50 T 13.54 23;t61 M -3.58 1 0.06 T f [17.47/~ '33.48- ' '
"

" 58- 9.04 3.52- 5.95- 9.40- 20.99 L.13.53 ~22.90 m 1-3.45 : -0.06 s 17,92- 33'36 "<

| " 5.46~ ?
'

! 60 5.41 S.05- 3.42 '

5.36 : 9.26 ; '18.78 > \'?t3.49' -21.87 - -3.742' ' -0.64 % 17.19 * 31.'19 ' *
* 2

* 61 5.41 S.32 3.56 5.49 9.42 19.30 \ 13.50 22.13 -3.60 -0.51 17.33 31.67 *" 62 5.41 8.23 3.44 5.46 9.28 19.15 \ 13.50 22.04 -3.73 -0.54 17.20 31.53
,

*
| 63 5.42 S.49 3.57 5.59 9.44 19.67 \ 13.50 22.31 -3.59 -0.41 17.35 32.04 *

"

"

f65" 7-0.531
~

~ -578 ' <-0.25 ~6. 31. . 1.83 ;\ J2.98 . S . 26 - - 0. 29< -2.83 7 .-2.93x .7.93
64 -0.48 (2.34 ""

93.27'' 'O.73 k-4.20 i J4.83 s; ' \ ~. 2 2,94i 19.30e
-

s -

. m
; .. -

3.38 -s
4

93
,

- T -6.34 : ^:-1.SS n 9 0.89; stOitS I . "
(- -

, .
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TABLE 1.9-5-
SUMMARY OF THE MAXLMUM NORMAL

STRESSES IN THE REINFORCING BARS AND THE LINER
''

Unit Ksi

Bar Stresses Liner Stresses

Loca-
Temp. Case tion Meridional Hoop Meridional Hoop

'

40 1 10.51 11.59 8.86 9.27
40 1 20.48 30.13 * 0.0 0.0

40 6 6.26 4.03 16.04 1 7.87
40 6 17.28 19.77 0.0 0.0
27 7 9.04 5.34 19.45 * 10.85 *
27 7 26.14 * 27.03 0.0 0.0 1

0 40 8 4.74 15.62 11.74- , 6.71

40 8 17.17 29.04 0.0 0.0
e

$

27 1 19.0 30.47 -3.81 -0.39

| 27 1 25.76 44.48 * 0.0 0.0
' 25 1 19.34 * 26.85 -4.68 -2.33

25 1 25.12 36.98 0.0 0.0

35 4 11.17 15.37 -2.92 -10.66 *

2 5 1.65 2.92 -9.74 * -5.65,

y 27 7 14.84 15.97 12.19 4.23

{ 27 7 32.59 * 38.07 0.0 0.0

{ 27 8 11.99 38.55 * -0.17 -7.06
"

27 8 18.42 36.84 0.C 0.0
f
5

!

;
,

* Maximum Stresses

t

'

_ _ _ _ . _ _ _ _ _ . - - _ ._ _ __. __ _ . . _ - __
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O TABLE 1.10-1
b LINER AND REINFORCING BARS STRESSES IN THE VICINITY

OF THE VENT OPENINGS FOR TWO DIFFERENT MODELS
(WITH AND WITHOUT OPENINGS)**

,

1

Stress in Ksi
***

(No Opening)
Load Stress Kai

Loca- Average With
Case Element Type tion Stress Stress Opening)C chance

Meridiona] 4 _11.88 11.90 12.0 1.0-

Reinforcing 5 11.92

I"'****
4 5.72 5.26 8.0 52.0Hoop

Pressure
5 4.80

of
4 13.53 13.59 18.5 36.0Meridiona]

62 psi
Liner 5 13.64

__

.

4 9.10 8.4 12.5 48.8Hoop5

5 7.70

4 21.7 23.0 27.0 17.4
Meridional

5 24.2o Reinforcini.
M

$.
4 12.2 12 . 2- _ -- _18.0. 47_. L8 Hoop

a H
5 15.9 15.9 28.0 76.0+

Meridional 4 17.5 14.75 15.0 1.7
s o

*

Linerca '

}[ Hoop - 4 9.0 7.1 11.0 54.9

5 5.2
,

** Stresses obtained from References 15 and 16 (dated 1970 and
1971) where hydrodynamic loads were not included in the analyses.

.
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TABLE 1.10-2'

.' STRESS IN LINER AND REINFORCING BARS
DUE TO HYDRODYNANIC LOADS.

,
_ _ _ _ _ .

_ Unit Kai
BRUNSWICK Tf* .US HYDROOVNAMIC LOAOS'

.

', .. .S._E C_T I O.N_NL_T '. f R 4 ANGLE OF SECTinN 138.750
. _

-

..

" , , ..
-!S NOT INCLUDEDTEMFFRATURE

'* WITH LINER NO LINER
* LOAD CASE BAR LINER B APJ l

S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS ~ T-STRESS*

.,

*
1 0.02 0.69 0.17 0.05-~ 0.14 0.)-

2 0.02 0.58 0.W OTO4 0.i1 0.63''

" 3 0.02 0.46 0.11 0.04 0.09 0.50
" 4 O. O. O. O. O. O.
" 5 -0.01 0.03 0.02 0.00 0.01 0.03
" 6 -0.02 0,12 0.06 -0.02 0.02 O.10
" 7 0.02 0.58 0.14 0.04 0.11 0.63
" 8 0. O'i O.61 0.16 076$ O.12 0.66
" 9 0.00 0.70' O.20 0.02 0.14 0.72
" 10 O. O. O. O. O. O.
" 11 O. O. O. O. O. O.

O
i 12 -0.01 0.03 0.02 0.00 0.01 0.03"

k / 13 -0.01 0.03 0.02 0.00 0.01 0.03"

" 14 -0.02 0.11 0.05 0.02 0.02 0.08
" 15 *0.01 0.10 0.05 -0.02 0.02 0.08
" 16 0.02 O'.51 0.12 0.04 0.10 0.55
"

-

17 0.02 0.46 0.11 0.04 0.09 0.50
18 0.01 0.54 0.14 0.04 0.11 0.58"

* 19 0.01 0.49 0.13 0.04 0.10 0.53

'20 0.00 0.62 0.18 0.02 O.12 0.64''

" 21 0.00 0.56 0.16 0.02 0.11 0.58
22 0. O. O. O. O. O."

23 -0.01 0.03 0.02 0.00 0.01 0.03*

24 -0.02 0.12 0.06 -0.02 0.02 0.10''

" 25 0.02 0.58 0.14 0.04 0.11 0.33
" 26 0.01 0.61- O.16 0.0$ O.12 0.66

27 0.00 0.70 0.20 0.02 0.14 0.72"

" 2R O. O. O. O. O. O.
29 O. O. O. O. O. O."

** 30 -0.01 0.03 0.02 0.00 0.01 0.03
31 -0.01 0.03 0.02 0.00 0.01 0.03"

32 -0.02 0.11- 0.05 -0.02 0.02 0.08
"..

e.

*
q

"
_ _ . . _ _

_ . . . _ . .

.
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*
TABLE 1.10-2

STRESS IN LINER AND REINFORCING BARS.

' DUE TO HYDRODYNAMIC LOADS Unit Ksi
,

. . _ . -

* BRUNSWICK TORUS HYDRODYNAMIC LOADS.

_S.ECTION NUMBER 4 ANGLE OF SECTION
,

-
138.750*

9

" TEMPERATURE IS NOT INCLUDED
-

,9
-

* WITH LINER NO LINER'
* LOAD CASE BAR LINER BAR

S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS"

* 33 -0.01 0.10 0.05 -0.02 0.02 0.08
* 34 0.02 0.51 0.12 0.04 0.10 0.55
* 35 0.02 0.46 -0.11 0.04 0.09 0.50 '
" 36 0.01 0.54 0.14 0.04 0.11 0.58
" 37 0.01 0.49 0.13 0.04 0.10 0.53
" 38 0.00 0.62 0.18 0.02 0.12 0.64

39 0.00 0.56 0.16 0.02 0.11 0.58"

" 40 O. O .- O. O. O. O.
41 -0.0S 0.51 0.26 -0.10 'O.09 0.40"

"m 42 -0.01 0.03- 0.02 0.00 0.01- 0.03
l i " 43 -0.02 0.12 0.06 -0.02 0.02 0.10
h " 44 0.02 0.07 0.00 0.05 0.02 0.13

" 45 -0.04 0.48 0.21 -0.02 0.10 0.45
40 0.C1 0.09 0.02 0.05 0.03 0.16"

" 47 0.01 0.17- :0.05 0.03 0.04 0.21
"

" ~ 48 O. O. O. O. O. O.
49 O. O. O. O. O. O.

* 50 -0.07 0.45 0.23 -0.09 0.08 0.35
" 51 -0.06 0.41 0.21 -0.08 0.07 0.32

"
'' 52 -0.01 0.03 ,0.02 0.00 0.01 0.03-
* 53 -0.01 0.03 0.02 0.00 'O.01 0.03
" 54 0.02 0.11' O.05 ' -0.02 0.02 0.08
" 55 -0.01 0.10 0.05 -0.02 0.02 0.08
" 56 0.02 0.07 0.00 0.05 0.02 0.13
" 57 0.02 0.07 0.00 0.05 0.02 0.13
** 58 -0.04 0.48 0.21 -0.02 0.10 0.45

59 -0.04 0.48 O.21 -0.02 0.10 0.45"

" 60 0.01 0.09 0.02 0.05 0.03 0.16
" 61 0.01 0.09 0.02 0.05 0.03 0.16
'' 62 0.01 0.17 0.05 0.03 0.04 0.21
* 63 0.01 0.17 0.05 0.03 0.04 0.21
"

l G4 O. O. O. O. O. O.
| " 65 0.02 0.60 0.15 0.05 0.12 0.65
t

u

$1

'
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TABLE 1.10-2,

STRESS Ili LINER AND REINFORCING BARS*

'

DUE TO HYDRODYNAMIC LOADS*
, __ Unit Ksi
'

BRUNSWICK TORUS - HYDRODYNAMIC LOADS.
*

_.SECTION NUMBER 5 ANGLE OF SECTION 183.750
.,

,

''

TEMPERATURE IS NOT INCLUCED.

"
WITH LINER NO LINER* LDAD CASE BAR LINER BAR*

S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS
'

''
1 -0.48 f.48 1.14 0.88 0.20 3.23* 2 -0.40 1.23. 0.95 0.73 0.17 2.69" 3 +0.32 0.99 'O.76 0.58 0.13 2.15* 4 0. O. O. O. O. O." 5 -0.02 0.05 0.04 0.04 0.01 0.13" 6 -0.04 0.11 0.12 0.01 0.03 0.13" 7 -0.40 1.23 0.95 0.73 0.17 2.69" 8 -0.42 1.29 0.99 0.77 0.10 2.82" 9 -0.44 1.34 1.07 0.74 0.20 2.82"s 10 0. O. ' O. O. O. O." 11 O. O. O. O. O. O.

__

"L ,< 12 -0.01 0.05 0.04 0.03 0.01 O.11" 13 -0.01 0.04 0.03 0.03 0.01 0.10" 14 -0.04 0.09 0.iO O.01 0.02 'O.11" 15 -0.03 0.08 0.05 0.01 0.02 0.10* " 16 -0.35 1.09 0.84~ 0.64 0.15 2.37" 17 -0.32 0.99 O.76 0.58 O.13 2.15" 18 -0.37 1.13 0.88 0.68 0.1G 2.48" 19 -0.33 1.03 0.80 0.62 0.14 2.26" 20 -0.39 1.18 0.94 0.65 0.17 '. 48" 21 -0.35 1.07- 0.86 0.59 0.1G 2.26" 22 O. O. O. O. O. O.* 23 -0.02 0.05 0.04 0.04 0.01 0.13
| 24 -0.04 0.11 0.12 0.01 0.03 0.13

''

**; 25 -0.40 1.23 0.95 0.73 0.17 2.69 'i '' 26 -0.42 1.29 0.99 0.77 0.18 2.82" 27 -0.44 1.34 1.07 0.74 0.20 2.82* 28 0. O. O. O. O. O." 29 O. O. O. O. O. O.'' 30 -0.01 0.05 0.04 0.03 0.01 0.11* 31 -0.01 0.04 0.03 0.03 0.01 0.10" 32 -0.04 0.09 TiO O.01 0.02 0.11
..

48

80

4

49
*

4.

47

"
f

| *
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TABLE 1.10-2

STRESS IN LINER AND REINFORCING BARS.

' DUE TO HYDRODYNAMIC LOADS Unit Kai
. ,

, . - - - ,. _

* BRUNSWICK TORUS HYDRODYNAMIC LOAD 5 -

.
'

. _,,,.S. EC T I ON NUMBE R 5 ANGLE OF SECTION 183.750

..

''

,,
. . _ . TEMPERATU_RE _IS_NO _T I _NCLUDED

** WITH LINER NO LINER
*

''
'~'~ ~ LOAD CASE BAR LINER BAR~

S-STRESS T-STRESS S-STRESS T-STRESS S-STRESS T-STRESS
'' 3? -0.03 0.08 0.09 0.01 0.02 0.10
" 34 -0.35 1.09 0.84 -O.64 0.15 2.37
" 35 -0.32 0.99 0.76 0.58 0.13 2.15
** 36 -0.37 1.13 0.88 0.68 0.16 2.48

~" 37 -0.33 1.03 0.80 0.62 0.14 2.26
" 38 -0.39 1.18 0.94 0.65 0.17 2.48
" 39 -0.3% 1.07 0.86 0.59 0.16 2.26
* 40 O. O. O. O. O. O.
" 41 -0.18 0.44 -0.49 0.05 0.11 0.53
" 42 -0.02 0.05' O.04 0.04 ~0.01 0.13 ~O 43 -0.04 O.11 O.12 0.01 O.03 O.13
"

( " 44 -0.05 0.31 O.17 0.23 0.05 0.77
'- " 45 -0.20 0.66 0.56 0.27 0.14 1.19

" 46 -0.07 0.35 0.20 0.26 0.06 0.87
" 47 -0.09 0.39 0.26 0.24 0.07 0.87
"
" ~

48 0. O. -O. O. O. O.
49 O. O. O. O. O. O.

" 50 -0.16 0.38 0.43 0.04 0.10 0.46
" 51 -0.14 0.35 0.39 0.04 0.09 0.42
" 52 -0.01 0.05 0.04 0.03 0.01 0.11
" 53 -0.01 0.04 0.03 0.03 0.01 0.10
" 54 -0.04 0.09 0.10 0.01 0.02 0.11
* 55 -0.03 0.08 0.09 0.01 0.02 0.10
'' 56 -0.05 0.31 0.17 0.23 0.05 0.77
** 57 -0.05 0.31 0.17 0.23 0.05 0.77
" 58 -0.20 0.66 0.5G O.27 0.14 1.19
" 59 -0.20 0.66 0.56 0.27 0.14 1.19
* 60 -0.07 0.35 0.20 0.26 0.06 0.87 ," 61 -0.07 0.35 0.20 0.26 0.06 0.87
'' 62 -0.09 0.39 0.26 0.24 0.07 0.87
*
" ~63 -0.09 0.39 0.26 0.24 0.07 0.87

64 O. O. O. 07 O. O.
" 65 -0.42 1.28 0.99 0.76 0.17 2.80

43

M
.~

%

%9

.. . . . , . . . . . . . .
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TABLE 1.10-3

RECOMMENDED % CHANGE IN THE LINER AND REINFORCING BARS STRESSES
-

DUE TO THE OPENINGS FOR USE IN THE PRESENT ANALYSIS

-

Meridional 20%

Reinforcing Bars Hoop 75%

Meridional 40%

Liner Hoop 55%

TABLE 1.10-4

TENSILE STRESSES IN THE LOCATIONS CLOSE TO THi: OPENINGS
OBTAINED FROM THE PRESENT ANALYSIS

O n

! c Kai Ksi Allowable
h Type'

Max Stressj Reconunendec, Max Stress Stress

d Location (No opening) Increase (with open) y
*g egg

Y
g j. 4 16.4 0 20% 19.68 45
a 3

t=
S I 5 16.84 20% 20.21 45
8
3
$ @ 4 19.14 75% 33.50 45
a &

5 24.48 75% 42.84 45

$
j. 4 13.18 40% 18.45 25.2
3
0
x 5 11.17 40% 15.64 25.2,

E
3 o.

o 4 4.66 55% 7.22 25.2*O
5 4.57 55% 7.08 25.2

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



O
TABLE 1.11-1

MAXIMUM STUDS DISPLACEMENT AS COMPARED TO
THE ALLOWABLES

Case or
Model Deflection In Inches

Number
Left Right Allowable *

1 0.022 0.019

2 0.019 0.017

3 0.027 0.025 0.084

4 0.025 0.022

* Allowable Deflection = 1/2 of Ultimate Deflection

TABLE 1.11-2 -

STRAIN IN THE BUCKLED PANEL AS COMPARED.
TO THE ALLOWABLES

.

Case or Strain (Bending & Membrane)
Model

Number Compressive Tensile

1 0.0061 0.0056

2 0.0095 0.0089

3 0.0025 0.0022

4 0.0039 0.0035

Allowable

Strain 0.014 0.01

__ _ ._ ._ _.._.. _ _ _ _ . _ _ _ . _ _ ._ . _ _ _ . _ . _ _ _ _
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TABLE.A.1-14

,

O EFFECT OF FSI ON NATURAL FREQUENCIES OF
BRUNSWICK CONCRETE TORUS

}

|
Base Fully Restrained (I). Radial Movement Allowed at Base (II)

Case IA Case IB % Change Case IIA Case IIB % Change
.

1 28.30 28.35 -0.18 26.41 26.97 -2.08

2' 33.41 33.45 - 4 .11 2 31.84 32.98 -3.46;

i

3 51.66 52.0 -0.~65 33.45 33.64 -0.56

4 66.21 66.33 -0.18 52.50 52.62 -0.23
i
'

5 78.38 78.44 -0.08 66.11 66.15 -0.06

6 88.13 91.44 -3.62 77.35 79.63 -2.86
:
I

|

;

!

.

!

!

.

;
I

Cases IA and IIA with FSI

Cases IB and IIB without FSI
i

All frequencies are in cycles /sec.

|

|
|

'

,

!

!

_ _ _ _.. _ . - .. _ , _ _ . _ _ _ _ _ . _ . _ _ _ _ _ _ . . . _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _. . . _ _ . _
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TABLE A.1-2 .

CONDENSATION OSCILLATION BASELINE RIGID WALL
v TYPICAL PRESSURE AMPLITUDE ON TORUS BOTTOM DEAD CENTER *

|

FREQUENCY AMPLITUDE FREQUENCY AMPLITUDE
Hz. Hz.

1 .29 26 .25
2 .25 27 .57

3 .32 28 .13
4 .47 29 .19

5 1.18 30 .14
6 2.68 31 .08
7 .41 32 .03
8 .38 33 .03
9 .38 34 .03

10 .38 35 .05
11 .78 36 .08
12 .44 37 .10

(N 13 .12 38 .07V
14 .08 39 .06'

15 .07 40 .09
16 .10 41 .33
17 .04 42 .33
18 .04 43 .33
19 .04 44 .33
20 .27 45 .33
21 .20 46 .337

22 .30 47 .33
23 .34 48 .33
24 .33 49 .33
25 .16 1 50 .33 j

' *
Refer to Figure A.1-19 for variation of pressure in
the torus cross section

O

- _ , , _ - _ - - - , - -. . , - , - - - - - - - , *,-- - - - - - - -



TABLE A.1-3

EFFECT OF FSI ON HYDRODYNAMIC PRESSURE (NODE 30016) *
/~~3 .

y1 TYPE I SUPPORT: (VERTICAL & RADIAL DISPLACEMENT RESTRAINED AT BASE)

CHANGE IN TOTAL
FREQUENCY RIGID WALL PRESSURE HYDRODYNAMIC % CHANGE

Hz PRESSURE DUE TO FSI PRESSURE

1 .29 .0000 .29 .00

2 .25 .0000 .25 .00

3 .32 .0000 .32 .00

4 .47 .0001 .4701 .02

5 1.18 .0003 1.1803 .03

6 2.68 .0010 2.6810 .04

7 .41 .0002 .4102 .05

8 .P ,0002 .3802 .05

i 9 .38 .0003 .3803 .08
'

10 ' 38 .0004 ' .3804 .11.

11 .78 .0009 .7809 .12

12 .44 .0006 . 4406 .14

13 .12 .0002 .1202 .17

14 .08 .0002 .0802 .25

15 .07 .0002 .0702 .29

16 .10 .0002 .1002 .20

17 . .04 .0001 .0401 .25

18 .04 .0001 .0401 .25
|

19 .04 .0001 .0401 .25
,

| 20 .27 .0011 .2711 .41

|

'
Sheet -1 3

* Bottom dead center of torus
~ of ~

,

%
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TABLE A.1-3 ----

EFFECT OF FSI ON HYDRODYNAMIC PRESSURE (NODE 30016)

TYPE I SUPPORT: (VERTICAL &' RADIAL DISPLACEME W RESTRAINED AT BASE)

CHANGE IN TOTAL
FREQUENCY RIGID WALL PRESSURE HYDRODYNAMIC % CHANGE

Hz PRESSURE DUE TO FSI PRESSURE

21 .20 .0009 .2009 .45

22 .30 .0015 .3015 .50

23 .34 .0019 .3419 .56

24 .33 .0020 .3320 .61

25 .16 .0011 .1611 0.69

26.4 .25 .0020 .2520 .80

27 .57 .0049 .5749 .86

28 .13 .0012 .1312 .92

29 .19 .0014 .1914 .74

30 I * 14 .001 .1411 .79
*

.

31.84 .08 .0008 .0808 1.00

32 .03 .0003 . 0303 1.00
_ _ _ _

' 33.45 .03 .0003 .0303 1.00

34 .03 .0003 .0303 1.00

35 .05 .0005 .0505 1.00-

36 .08 .0009 .0809 1.13

37 .10 .0012 .1012 1.20

38 .07 .0013 .0713 1.86

39 .06 .0008 .0608 1.33

40 .09 .0013 .0913 1.44

() Sheet 2 of 3

|

- - - . . . . . -
. -e

- - - - - --
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TABLE A.1-3

EFFECT OF FSI ON HYDRODYNAMIC PRESSURE (NODE 30016)

TYPE I SUPPORT: (VERTICAL & RADIAL DISPLACEMENT RESTRAINED AT BASE),

CHANGE IN TOTAL

FREQUENCY RIGID WALL PRESSURE HYDRODYNAMIC % CHANGE

Hz PRESSURE DUE TO FSI PRESSURE

41 .33 .0050 .3350 1.52

42 .33 .0054 .3354 1.64

43 .33 .0057 .3357 1.73

i 44 .33 .0060 .3360 1.82

45 .33 .0063 .3363 1.91

46 .33 .0067 .3367 2.03

47 .33 .0070 .3370 2.12
.

48 .33 .0074 .3374 2.24

49 .33 .007,8 .3378 2.36
,

50 * 33 .0082 .3382 2.48() .

.

4

eet 3 of 3

;

;

WW

- - - - , - - . n, .. ,. , ,..,.n., - , , - . , , , . , - . - , . , - , , - - . . , . _ - _ - - . . - - , , . . - . . - - - - - - - . . . - . . _ .



TABLE A.1-4

EFFECT OF FSI ON HYDRODYNAMIC PRESSURE (NODE = 30016) *
TYPE II SUPPORT: (RADIAL DISPLACDIENT NOT RESTRAINED AT BASE)

/''T
U

CHANGE IN TOTAL

FREQUENCY RIGID WALL PRESSURE HYDRODYNAMIC % CHANGE
HZ PRESSURE DUE TO FSI PRESSURE

1 0.29 0.0000 0.2900 0.00

2 0.25 0.0000 0.2500 0.00

3 0.32 0.0001 0.3201 0.03

4 0.47 O!0001 0.4701 0.02

5 1.18 0.0006 1.1806 0.05

6 2.68 0.0019 2.6819 0.07

7 0.41 0.0004 0.4104 0.10

8 0.38 0.0005 0.3805 0.13

9 0.38 0.0006 0.3806 0.16

10 0.38 0.0008 0.3808 0.21

11 0.78 0.0019 0.7819 0.24

12 0.44 0.0013 0.4413 0.30

( }- 13 0.12 0.0004 0.1204 0.33

14 0.08 0.0003 0.0803 0.38

15 0.07 0.0003 0.0703 0.43

16 0.10 0.0006 0.1006 0.60

17 0.04 0.0003 0.0403 0.75'

18 0.04 0.0003 0.0403 0.75

19 0.04 0.0003 0.0403 0.75

20 0.27 0.0026 0.2726 0.96
| 21 0.20 0.0023 0.2023 1.15

22 0.30 0.0039 0.3039 1.30-

| 23 0.34 0.0053 0.3453 1.56

| 24 0.33 0.0063 0.3363 1.91
!

25 0.16 0.0039 0.1639 2.44

26.4 0.25 0.0073 0.2573 2.92
i
,

'

SHEET 1_of j!_

* Bottom dead center of torusg-'s
(

i

, . . _ ,_. - - - - , . , . . . . - - , , - -- ,, , - - -
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TABLE A.1-4

EFFECT OF FSI ON HYDRODYNAMIC PRESSURE (NODE = 30016)

TYPE II SUPPORT: (RADIAL DISPLACEMENT NOT RESTRAINED AT BASE)

CHANGE IN TOTAL

FREQUENCY RIGID WALL PRESSURE HYDRODYNAMIC % CHANGE
j

dZ PRESSURE DUE TO FSI PRESSURE :;

I
l

27 0.57 0.0120 0.5820 2.11

28 0.13 0.0015 0.1315 1.15

29 0.19 0.0022 0.1922 1.16

30 0.14 0.0022 0.1422 1.57

31.84 0.08 0.0017 0.0817 2.13

32 0.03 0.0006 0.0306 2.00

33.45 0.03 0.0003 0.0303 1.00

34 0.03 0.0003 0.0303 1.00

35 0.05 0.0006 0.0506 1.20

36 0.08 0.0011 0.0811 1.38

32 0.10 0.0017 0.1017 1.70

38 0.07 0.0019 0.0719 2.71

0 39 0.06 0.0013 0.0613 2.17

40 0.09 0.0021 0.0921 2.33

41 0.33 0.0084 0.3384 2.55

!.
42 0.33 0.0092 0.3392 2.79

43 0.33 0.0099 0.3399 3.00

44 0.33 0.0107 0.3407 3.24

45 0.33 0.0115 0.3415 3.48

46 0.33 0.0124 0.3424 3.76

47 0.33 0.0133 0.3433 4.03

48 0.33 0.0142 0.3442 4.30

49 0.33 0.0152 0.3452 4.61

j 50 0.33 0.0162 0.3462 4.91

|

([) -

Sheet 2 of 2

,
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TABLE A.1-5

EFFECT OF FSI ON DISPLACEMENTS

(DBA C.O. LOAD GIVEN IN TABLE A.1-2)

Boundary Condition: Radial Growth Restrained at Base (Type I Support)

Tabulated displacements are. sum of absolute displacement amplitudes.

for different frequencies (1 to 50 Hz.)

i

,' j j
3 8

[
Radial Displacement x10 * inch 5 Tangential Displacement x 10 * inch

Node CASE IA CASE IB % CHANGE CASE IA CASE IB % CHANGE

36 0.39 0.39 0.0 0.19 0.19 0.0
|

81 0.15 0.15 0.0 0.0 0.0 0.0

126 0.45 0.44 2.3 0.32 0.31 3.2

166 1.14 1.10 3.6 0.34 0.34 0.0
.

211 0.34 0.33 3.0 1.16 1.12 3.6
'

251 'l.65 1.60 3.1 0.43 0.41 4.9

291 0.50 0.48 4.2 0.75 0.72 4.2

!

Chse IA with FSI'

,

Case IB without FSI

* Local cylindrical co-ordinate system with origin at the center of the torus..
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TABLE A.1-6
EFFECT OF FSI ON DISPLACEMENTS

(DBA C.O. LOAD GIVEN IN TABLE A.1-2)
Boundary Condition: Radial Growth at Base Fermitted (Type II Support)
Tabulated displacements are sum of absolute displacement amplitudes

for different frequencies (1 to 50 Hz.)

Radial Displacement x108 * inch Tangential Displacement x10 ** inch

N0DE CASE IIA CASE IIB % CHANGE CASE IIA CASE IIB % CHANGE

36 1.27 1.14 11.4 1.33 1.22 9.0

81 0.20 0.20 0.0 2.38 2.27 4.8

126 2.18 2.09 4.3 1.94 1.88 3.2

166 3.25 3.10 4.8 0.31 0.31 0.0

211 0.62 0.59 5.1 2.52 2.38 5.9

251 2.87 2.72 5.5 1.24 1.18 5.1

'
~

291 1.25 1.18 5.9 0.78 0.76 ~ 2.6

CASE IIA WITH FSI

CASE IIB WITFOUT FSI

* Local cylindrical co-ordinate system with origin at the center of the torus.

|

,
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I TABLE A.1-7

,

EFFECT OF FSI ON STATE OF STRESS AT CONCRETE TORUS
(DBA C.O. LOAD GIVEN IN TABLE A.1-2)
CASE IA: WITH FSI, CASE IB: WITHOUT FSI

Boundary Condition: Radial Growth at Base Restrained (Type 1)

i Tabulated stresses (Psi) are sum dif 16siiluie 5Eri5s"smiiliEUddd .f6r"different' .f.rqquencies (1 to 50 Hz)

RADIAL- AZIMUTH AXIAL SHEAR

NODE CASE IA CASE IB CASE IA CASE IB CASE IA CASE IB CASE IA CASE IB
,

|
*

31 3.2 3.2 3.6 3.5 2.9 2.8 6.0 6.0

81 4.6 4.5 1.6 1.6 15.2 15.1 0.1 0.1
'

85 2.0 2.0 2.1 2.1 12.0 12.0 0.2 0.2 *

125 2.4 2.3 3.8 3.7 23.0 22.5 4.3 4.3
,

165 0.56 0.53 4.8 4.6 7.6 7.4 0.6 0.6

211 1.6 1.5 2.8 2.7 2.1 2.0 1.6 1.5.

241 6.9 6.6 2.9 2.8 0.2 0.2 0.9 0.9

245 7.3 7.0 1.8 1.7 0.4 0.4 0.36 0.34

251 8.8 8.5 3.0 2.8 0.3 0.3 0.46 0.44

291 1.7 1.6 2.8 2.6 2. 2' 2.1 1.8 1.7
3

.

$

i

! 4

|

l
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TABLE A.1-8 .

EFFECT OF FSI ON STATE OF STRESS AT CONCRETE TORUS
'

(DBA C.O. LOAD GIVEN IN TABLE A.1-2)
| WITH FSI, CASE IIB: WITHOUT FSI
|

Boundary Condition: Radial Growth at Base Permitted (TYPE II)
Tabulated .St'rdssds (PsiT alfe "siim"' f' absolutd"stfesh" aisp1Tttide.Thr"dif fefenE .f requencies .(1 to 50 Hz.)o

RADIAL AZIMUTH AXIAL SHEAR

| NODE CASE IIA CASE IIB CASE IIA CASE IIB CASE IIA CASE IIB CASE IIA , CASE IIB
,

31 4.3 3.8 11.9 10.7 6.5 5.8 8.9 8.7

81 37.0 36.4 J2.9 12.5 15.2 15.0 .3 .3

85 29.0 28.5 12.6 12.2 11.1 11.0 .5 .5
8

125 .4 .4 8.2 8.1 14.8 l'4 . 8 0.46 .44

165 .8 .8 12.3 11.8 9.8 9.4 0.95 0.92

211 2.3 2.3 7.6 7.2 2.9 2.8 2.2 2.2

241 16.2 15.3 '7. 6 7.2 .5 .5 2.5 2.4

245 15.7 14.9 4.2 4.0 0.96 .93 0.76 0.75

251 16.3 15.3 7.6 7.3 .6 .6 0.86 0.83
'

291 4.3 4.2 4.0 3.7 5.3 4.9 4.5 4.2

;

.

_ _ _ _ _ _ _-__ ___ _____
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I TABLE A.1-9

EFFECT OF FSI ON STATI: OF . STRESS FOR C.O. LOADINGS

TYPE I = Radial Growth Restrained at Pase
TYPE II = Radial Growth Not Restrained at Base

% CHANGE IN STRESS DUE TO FSI'
,

RADIAL AZIMUTH AXIAL SHEAR

NODE TYPE I TYPE II TYPE I TYPE II TYPE I' TYPE II TYPE I TYPE II'

,
,

31 0.0 13.2 2.9 11.2 3.6 12.1 0,0 2.3

81 2.2 1.6 0.0 3.2 0.7 1.3 0.0 0.0
*

85 0.0 1.8 0.0 3.3 0.0 0.9 0.0 0.0

125 4.3 0.0 2.7 1.2 2.2 0.0 0'. 0 4.5
,

165 5.7 0.0 4.3 4.2 2.7 4.3 0.0 3.3

5.6 1 5.0 3.6 6.7 0.0211 6.7 0.0 3.7
.

1
0.0 0.0 4.24.5 5.9 3.6 5.6 0.0'

241 -

g

245 4.3 5.4 5.9 5.0 0.0 3.2 5.9 1.3

251 3.5 6.5 '7.1 1 4.1 0.0 0.0 4.5 3.6

291 6.3 7.1 7.7 8 '.1 4.s 8.2 5.9 7.1

i

I

i
#

$

i

' '
, t

i :

| |

;
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TABLE A.1-10

DYNAMIC LOAD FACTOR FOR STRESS,

CONDENSATION OSCILLATION LOAD |

RADIAL GROWTH ALLOWED AT BASE

RADIAL
NODE STRESS AZIMUTH AXIAL SHEAR

1 1.52 4.21 2.71 2.16

; 3 3.69 5.10 7.74 44.98

5 4.S9 7.28 3.21 3.73

11 1.13 7.27 3.26 4.43

13 1.60 16.59 3.91 1.52

15 1.72 65.38 18.34 2.67

21 1.31 41.21 12.02 1.24

23 2.07 22.77 1.38 1.12

25 1.62 14.27 2.13 1.38

31 2.39 10.78 6.54 1.09

33 1.64 7.61 1.12 1.10

1.5035 1.48 10.18 1.240
<

41 1.63 5.05 3.31 1.06

43 1.20 4.98 1.05 1.08

45 1.00 9.22 1.17 1.24

51 1.15 3.16 1.06 1.05

53 1.12 3.47 1.06 1.04

55 1.16 4.50 1.05 1.30

61 1.09 2.11 1.00 1.05

63 1.09 2.42 1.03 1.05

65 1.10 2.88 1.05 1.15

| 71 1.07 1.56 1.00 1.04-

73 1.08 1.73 1.00 1.05

75 1.08 1.89 1.00 1.21

81 1.07 1.33 1.00 1.04
;

83 1.07 1.39 1.00 1.07

85 1.08 1.41 1.00 1.09

,

Sheet 1 of 2
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TABLE A.1-10

DYNAMIC LOAD' FACTOR FOR STRESS,

CONDENSATION OSCILLATION LOAD
s_/ .. .

RADIAL GROWTH ALLOWED AT BASE

RADIAL
. NODE STRESS AZIMUTH AXIAL SHEAR

91 1.07. 1.27 1.00 1.04

93 1.08 1.30 1. 0.0 1.05

95 1.08 1.30 1.00 1.23

101 1.10 1.26 1.00 1.05

103 1.09 1.30 1.00 1.08

105 1.09 1.30 1.04 1.13

111 1.25 1.29 1.03 1.08

113 1.11 1.30 1.05 1.07

115 1.15 1.31 1.03 1.62

121 4.93 1.31 1.46 1.17

123 1.19 1.29 1.06 1.06

125 1.13 1.36 1.46 1.10

131 1.31 1.37 1.88 1.46

133 1.51 1.26 1.16 1.07

135 1.30 1.28 1.66 1.28

141 1.11 1.47 1.47 4.53

143 1.48 1.24 1.51 1.06

145 1.24 1.15 13.19 1.19

151 1.07 1.57 1.17 1.36

153 1.28 1.27 9.78
'

1.87

155 1.2 1.14 1.63 1.61
|

| 161 1.28 1.54 1.26 1.12

163 1.50 1,42 5.21 1.88
'

165 2.1 1.36 1.20 1.70

171 2.85 1.54 7.68 2.79
|

| 173 2.10 1.81 5.64 1.62

f

Sheet 2 of 2
!.
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i

2.0 LOAD DEFINITIONS AND STRUCTURAL EVALUATION OF MISCELLANEOUS INTERNAL

STRUCTURES

2.1 INTRODUCTION

The Mark I I.ong Term Program requires that all structures

within the suppression chamber be evaluated for hydrodynamic loads<

I resulting from the postulated Lose-of-Coolant Accident (LOCA) and
- Safety Relief Valve (SRV) actuation events.
,

The objective of this section is to describe the calculation
;

of these hydrodynamic loads and to present the analyses and evaluation4

of the miscellaneous structures inside the suppression chamber based
on the calculated loads. A list of acronyms used in this section is

; given in Table 2.1-1,
1

)
2.1.1 Miscellaneous Structures Inside the Suppression Chamber

,

4

j The following structures were evaluated based on the loads

developed under the Mark I Long Term Program:

A. SRV Discharge Lines and Supports'

B. Submerged Structures

1. HPCI turbine exhaust line'

2. Vent header support columns'

i 3. Platform support columns

: 4. Pump suction strainer piping (RCIC, RHR, HPCI, Core
i Spray)

5. Core spray test line '

6. RCIC barometric condenser line
3

7. HPCI turbine drain pot line
8. RCIC turbine exhaust line

' 9. Liquid level indicators

{
C. Structures Abo.ve the Suppression Pool

1. RHR containment cooling line

| 2. Monorail

k

2-1
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4

3. 'RHR test lines
,

4. Access hatch

5. Drywell/wetwell vacuum breaker flange

6. RCIC vacuum breaker line<

7. HPCI vacuum breaker line

8. Electric penetrati'on box
9. Vent purge inlet and outlet

10. Spare penetrations

2.2 LOAD DEVELOPMENT

! Based on the Load Definition Report (LDR) (Reference 2-1)

miscellaneous structures within the suppression chamber nust be

analyzed for the following hydrodynamic loads in combination with

; seismic loads and dead weight.
i

' A. LOCA Related Loads

1. Containment system temperature and pressure load

2. Pool swell impact and drag loads, froth impingement
loads and pool fallback loads.

3. LOCA water jet loads
4. LOCA air bubble induced drag loads

5. LOCA steam induced condensation oscillation drag

loads

, 6. LOCA steam induced chugging drag loads
L

B. SRV Discharge Loads

| 1. SRV discharge line clearing transient loads
2. Torus shell loads (applied to shell only)

| 3. SRV reflood transient
4. T-Quencher water jet loads

| 5. T-Quencher air bubble induced drag loads
,

'

6. Thrust loads on T-Quencher arms
7. Maximum SRVDL and T-Quencher wall temperature

x
,

.

;

i

$ 2-2
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The calculctions of these loads are documented in the calculation
books listed in Appendix A.2 (A through C).

2.2.1 LOCA Related Loads

For a postulated pipe break inside the drywell, three LOCA

cases selected on the basis of postulated break size, are referred to

as Design Basis Accident (DBA), Intermediate Break Accident (IBA) and
Small Break Accident (SBA). The application of loads from each case

is illustrated in Figures 3.0-2 through 3.0-5 of Reference 2-1.

2.2.1.1 Containment System Temperature

Contsinment temperature and pressure loads for Brunswick are
provided by CE and are documented in the Plant Unique Load Definition
(Reference 2-2)

2.2.1.2 Pool Swell Impact and Drag Loads

During the pool swell transient, the rising pool will impact-

structures that are located above the initial pool surface and below

the maximum pool swell height. Two sets of procedures are given in

Application Guide 10 (Reference 2-3). The first set is consistent

with the original LDR methodology. Alternately, a second set of pro-

cedures is evolved from the NRC's acceptance criteria (Reference 2-4).
The alternate procedure has been used to calculate the pool swell

impact and drag loads. There are two sets of pool swell profiles

(peol swell displacement distribution and pool swell velocity

distribution curves) for Brunswick. The first set is a result of
|

Brunswick quarter scale test with wingless deflector. The second sett

is the load definition for Brunswick developed by the General Electric
Company based on the Monticello test. When calculating pool swell

loads, the first set of curves were used for structures located in the

region without the deflector while the second set of curves were used

for structures located in the region with the wingeit deflector.

The pool swell impact and drag loads are time history forces.

Time history dynamic analysis using STARDYNE program (Reference 2-5)

2-3
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~ was performed for all. piping systems in the suppression chamber. 14:en

: analyzing the penetration sleeves and other structural components such
~

as the access hatch and the. electric penetration box,. these loads were
'

treated statically and the dynamic e f fec ts were- considered by

calculating dynamic load factors. An -in-house' program "DLFPSWL"
I' (Reference 2-6) was developed to facilitate the calculation.

.

2.2.1.3 Froth Impingement Loads
*

Two sets of procedures are given in Application Guide 10

(Reference 2-3) for calculating froth impingement loads. The first-
,

set provides procedures to define the generic froth load. To allow

for plant-specific variations in - the froth source velocity, departure

angle, and froth density, the second set of procedures allow the. QSTF'

plant-specific movies to be used to define these parameters. The

first set of procedures . was employed in the -entire calculation. Later

it was discovered that the calculated loads on RHR test lines, RHRj

'
: containment cooling line and monorail were too conservative to permit

feasible modifications. Calculations were then conducted using the

test film in order to get more realistic loads. The modifications on
! RHR test lines, RHR containment cooling line and the monorail were

[ pursued using the maximum average velocity calculated from the. films

and the froth density defined by the NRC.

He froth impingement loads are defined as rectangular pulses.

The dynamic e f fects were considered using Bigg's methods

(Reference 2-7).

2.2.1.4 Pool Fallback Loads

Pool fallback loads occur on structures inside the torus which

are between the maximum bulk pool swell height and the downcomer exit

level. Application Guide 10 (Reference 2-3) outlines the procedures
for calculating the loads. De loads are defined in the form of time

histories by combining the acceleration drag (proportional to

acceleration) with the standard drag (proportional to velocity

2-4
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squared). In structural evaluation, this load was treated statically

and the dynamic effects were considered by calculating the dynamic
load factors. To facilitate the calculation, an in-house program

"DLFPFBK" (Reference 2-8) was developed.

2.2.1.5 LOCA Jet Loads

All structures below the downcomer exit level receive the
water jet loads and the bulk pool motion loads. The Application

Guide 10 (Reference 2-3) outlines a step-by-step procedure to

calculate these loads. The calculation procedure is complex and

repetitive. A computer program written by Bechtel (Reference 2-9) was
used to replace tedious hand calculations.

The code (Reference 2-9) computes component velocities in a
rectangular coordinate system and then computes component forces from
these velocities in the same coordinate system.- Let F e,and F e bex y

e and Ve be the component velocities, thethe component forces, Vx y
standard drag loads are computed as:

2Fe =KVje and F e =KV, (1)x y

where

K = CpA p /2gep

In the above expression, CD is the standard drag coefficient,
A is the projected area,p is the water density and gc is thep

gravitational acceleration. The computer code then computes the

resultant load as:

Fresultant " k'+F, .g yp+y, (2)2 y

Another method which is different from Equation (2) is to com-

bine velocities in different directions and to yield resultant

2-5
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velocities. Resultant forces are then computed from these resultant

velocities. These can be represented in the expression below:

Vresultant = Vje +Ve (3)

Fresultant=K(V!'+Vi) (4)2

j Comparing Equations (2) with (4), it -is seen the 'second method

l gives resultant forces as much as [2 larger. This factor was applied
1

to the loads computed from the LOCAJET code as shown in Equation (2)
f

to obtain more conservative results.
The resultant loads are time history forces. All submerged,

I structures which experience these loads were analyzed by the STARDYNE
program (Reference 2-5).

I 2.2.1.6 LOCA Bubble Induced Drag Loads

) All submerged structures below the pool surface will be,

exposed to transient hydrodynamic loads due to LOCA air bubbles.

Application Guide 1 (Reference 2-10) provides procedures 'to evaluate
using the GE computer code LOCAFOR. The resultant loads are time

i history forces. For structural evaluation, this load was simplified

as a rectangular pulse with an amplitude equal to the peak load from,

the entire time history. Dynamic load factors were calculated by

Bigg's method (Reference 2-7) and were incorporated in the static
analysis using the STARDYNE program (Reference 2-5).

2.2.1.7 condensation oscillation Loads

Condensation oscillation in the suppression pool produces

three dimensional flow fields that result in drag forces on structures
"

submerged in the suppression pool. The GE computer code CONDFOR

(Reference 2-11) was used to calculate the loads. The loads were

computed on the basis of both the average and maximum source

strengths. The average source strength was applied at all downcomers
,

4
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to calculate the average loads on the submerged structures. The

maximum source strength, which is defined as twice the average source
strength, was applied at the downcomer nearest to the structure to

calculate the maximum drag, loads on the structure.

According to the ' NRC criteria (Reference 2-4) the total. drag,
which is the sum of standard and acceleration drags, shall be computed

by using a conservative coefficient of Cd = 3.6 for Um T/D> 2.74,
where U is the maximum velocity, T is the period of bubblem

oscillation and D is the cylinder diameter. For, U, T/D12.74, the
drag forces shall be computed on the basis of acceleration drag alone.
In developing the loads for Brunswick, both standard and acceleration-
drags were considered disregarding the value of U T/D.m

The NRC criteria states that the loads may be applied quasi-

statically to structures, only if the highest significant Fourier

components occur at frequencies less than half the lowest structural
frequency. When the structures are rigid enough to allow application

of the load on a quasi-static basis, dynamic load factors were -

calculated using the in-house program code DLFC0 (Reference 2-12).
Because fluid-structure ' interaction (FSI) may alter the flow

field, the condensation oscillation loads have to also include the

effects of the FSI-induced acceleration flow field if the local fluid
acceleration is less than twice the torus boundary acceleration. For

simplicity, the FSI-induced acceleration was included in the

structural evaluation using the in-house program DLFFSI

(Reference 2-13) regardless of the magnitude of the local fluid

acceleration with respect to torus boundary acceleration. Loads

( calculated by DLFFSI were then combined absolutely with condensation
oscillation induced drag loads.

'

2.2.1.8 Chugging Loads

Chugging drag loads were calculated by the GE computer code

CONDFOR (Reference 2-11). Prechug analysis was performed in a manner

identical to the condensation oscillation method because of the almost1

harmonic character of the prechug pressure traces. Due to the less'

t-

| 2-7

i

L



, . . . . =_ -. . . _ - . -

,

' synchronized nature of the . postchug signal, the loads were computed
' based on maximum source applied at the two downcomers nearest to the
structure with phasing: which would result in' maximum - forces. .The

effects of fluid-structure interaction and - U, T/D were . dealt with inr

|.
the same manner as for condensation oscillation loads.-

For. prechug, loads- can be applied' quasi-statically to E

I ' structures if- the highest significant Fourier | components ' occur at
,

frequencies less than half the lowest structural frequency. The'

dynamic effects were considered by calculating' the' dynamic loadi >

factors using Bigg's method. (Reference 2-7). For postchug, the loads

| were applied dynamically when the lowest structural natural frequency

! times the duration of the spike in the source strength is less than 3.
i Dynamic analysis was performed by the STARDYNE program

f . Reference 2-5). When the product of the fundamental structural fre-(

; quency with the duration of the spike in the source strength is

greater. than 3, the postchug loads were analyzed quasi-statically,

f using the dynamic load factors calculated by the- in-house program

; DLFPCH (Reference 2-14).
.

2.2.2 SRV Discharge Loads

Following an actuation of a Safety Relief Valve (SRV),

pressure and thrust loads are exerted on the SRV piping and discharge .

device (T-Quencher). In addition, the expulsion of water and then air

into the suppression pool through the T-Quencher results in pressure

loads on the submerged portion of the torus shell and drag loads on

; submerged structures. In general, there are three load cases on

submerged structures due to SRV actuations. These loads cases are:
Case-1. Any one Valve

Case 2. ADS Valves

Case 3. Multiple Valves

Various load cases which are applicable to Brunswick are

listed in Table 2.2.2-1. Among these load cases, C3.2 and C3.3 are
3

i

i not evaluated. These loads will be eliminated by lowering the MSIV

' s

b
t

i 2-8
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i
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isolation water level trip and modifying the SRV logic. Computer

analyses were performed for load cases A1.1, A1.2 (SBA) and C3.1. It

was found that A1.2 (SBA) bounds A1.2 (IBA), thus ony A1.2 (SBA) was

analyzed. It was also found that A1.3 is bounded by A1.1 and A2.2 is
bounded by A3.2 (SBA). Furthermore, load cases A3.1 and A3.2 are

deduced from A1.1 and A1.2, respectively.

2.2.2.1 SRV Discharge Line Clearing Transient Loads

Using the GE computec code RVFOR04 (Reference 2-15), the SRV

discharge line clearing transient loads were obtained. The program

provides the following transients:
a) SRVDL pressure

b) SRVDL thrust

c) T-Quencher pressure

d) Water clearing velocity and acceleration

e) Discharge pressure

f) Water clearing time

The peak dynamic valt e of the SRVDL pressure was used to

evaluate the design adequacy of the SRVDL and the steady state value
(er.it pressure) to verify that the SRV back pressure requirements are
met. The SRVDL thrust force was used in evaluation of the design

adequacy of the SRVDL and discharge devices, their restraints, and the
connection of the SRV to the main steam line. For ease of the

manipulations of the thrust farces in the evaluation of SRVDL, two

post processor programs, SAC 092 and SAG 093 (References 2-16 and 2-17),

were developed to reformat and plot the data. It should also be noted

that the RVFOR04 code cannot correctly calculate the water thrust in

the elbow upstream of the discharge device for the case hen the elbow

| is directly connected to the discharge device such as the one at

Brunswick. Corrections to the RVFOR04 results were made in terms of
Reference 2-18.

Internal T-Quencher pressure was used in the evaluation of the
design adequacy of the T-Quencher. Water clearing velocity and

2-9
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seceleration were used to calculate the thrust loads exerted on the

T-Quencher arms plus the drag loads on submerged structures in the
suppression pool due to T-Quencher water jets. The discharge pressure

and water clearing time were used as input for the evaluation of SRV

air bubble pressures and torus shall pressures.
.

2.2.2.2 Torus Shell Loads

The pressure loading on the wetted portion of the torus shell

that results from the air discharge through a T-Quencher device when a

safety relief valve actuates was calculated using the GE computer code

QBUBS02 (Reference 2-19) . Loads and frequencies on all eleven SRV

discharge lines at Brunswick were calculated. The loads were used in
the evaluation of the torus shell. For load case C3.1 the pressure

amplitude was taken from that predicted on load case A1.1 while the
bubble frequency is still based on the load case C3.1. The predicted

frequency of the torus shell pressure has to be adjusted by 1 25

I percent for first actuations and 1 40 percent for subsequent

actuations to account for data scatter per the requirements of _ the

load definition.

2.2.2.3 SRV Reflood Transient

The CE computer code RVRIZO2 (Reference 2-20) was employed to

determine the transient water rise in the SRVDL following SRV closure.

The reflood transient was input to the RVFOR04 code for the analysis

of the SRVDL clearing transient for subsequent actuations. The design
!

reflood transient war evaluated for eleven SRV discharge lines under'

load case C3.1. The reficod water column length is the maximum value

which occurs at or after the minimum predicted interval between SRV

closure and a subsequent actuation. Since the minimum interval

between actuations has not been determined, the water column length

was conservatively evaluated at its maximum value (i.e., the first

peak).

O
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( -The calculated reflood height is not . only ' used. for the sub-
,

sequent analysis, it is also used to check if the water leg. reaches or

exceeds the elevation of the vs.= 4 ta breaker at ' any time during the
design reflood . transient. '' W - 1-inch check -valves at : Brunswick,
the water leg was found below che elevation of the vacuum' breaker

under normal operating condition (Case C3.1).
< -

: 2.2.2.4 T-Quencher Water Jet Loads

Drag loads on submerged structures due to T-Quencher water jet
,.

discharges were calculated per Reference 2-21. Since the water - jets

from the arm of one quencher will not interact with the water jet from-

i any adjacent ~ quencher, only single valve actuations need to be

considered. Calculations were made for load cases A1.1, ' A1. 2 (SBA)
1

and C3.1. Load case A1.3 was replaced by the more conservative loads

from case A1.1. He load is defined as a rectangular pitise . .The

dynamic effects were considered by Bigg's method (Reference 2-7) in

the structural evaluation.
\,

i

; 2.2.2.5 T-Quencher Bubble-Induced Drag Loads

T-Quencher bubble induced drag loads on submerged structures,

as well as on the T-Quencher, the submerged SRV piping and the

T-Quencher support pipe 'were calculated using the GE computer code,

TQFORBF (Reference 2-22). Loads for cases A1.1, A1.2 (SBA), A3.1 and1

i

A3.2 (SBA) were calculated. Load - cases A1.3 and A2.2 are bounded by
' load cases A1.1 and A3.2, respectively. Based on the load definition,

the pressures for subsequent actuation's are bounded by pressures of

first actuations. Thus , _ for load case C3.1, the pressure amplitudes
; were taken from load case A3.1. He load definition also requires a

range of + 40% be applied to the predicted frequencies for subsequent
' actuations and + 25% for first actuations.

_

Loads obtained from the GE code TQFORBF are sinusoidal time
; history loads witn nearly constant periods but with variant

I amplitudes. For simplicity, the peak amplitude in the entire time

history was used. The assumed simple harmonic forcing function was
used in the structural analysis by the STARD'iNE program (Reference 2-5).

2-11
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2.2.2.6 Thrust Loads on T-Quencher Arms
Uneven water clearing between the two arms of a T-Quencher

results in a thrust load along the axis of the T-Quencher arms.

Uneven water clearing between the two sides of an arm results in .a

thrust load perpendicular to the T-Quencher arms. Both of these loads

were calculated per Application Guide 10 (Reference 2-3). It is

apparent from the application guide that the maximum thrust loads
occur at the maximum mass flowrate. Thus loads were calculated for
the SRV discharge line which has the maximum mass flowrate. Load

cases A1.1, A1.2 (SBA) and C3.1 were calculated and used in the
evaluation of the T-Quencher and support systems. These loads are

defined as static concentrated loads. They were applied on the

T-Quencher arms in all possible combinations to result ~ in the maximum
twisting moment on the entire discharge device and the maximum bending
moment at the center of the discharge device.

2.2.2.7 Maximum SRVDL and T-Quencher Wall Temperature

The maximum SRV discharge pipe temperature (upstream of the
;

discharge device) at a given location along the line is assumed to be
the saturation temperature corresponding to the steady state -pressure

4

| predicted by the SRV clearing model at the location. The SRVDL wall

temperature is thus determined by finding the saturation temperature
,

corresponding to the steady state pressure predicted from code RVFOR04

using the steam tables. The T-Quencher temperature is defined
generically as 3700F per Reference 2-7. .A local pool temperature

limit of 2000F has also been established by the NRC (Reference 2-4).
This temperature was used in the evaluation of submerged structures.

2.3 STRUCTURAL EVALUATION

Structural analyses were carried out for SRV line supports in
the wetwall, miscellaneous submerged structures and structures above
the pool (excluding vent system). Structural evaluations were then'

| conducted according to load combinations and service limits defined in

4
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the Plant Unique Analysis Application Guide (Reference 2-23). The

computer analysis models and results are documented in the calculation
books listed in Appendix A.2 (D through F).

2.3.1 Method of Analysis
I Hand calculation or finite element program STARDYNE

(Reference 2-5) was used for the structural analysis. Depending on

the nature of loading, either a static or dynamic analysis was

performed. In general, dead weight, thermal and seismic loads were

treated as static loads. LOCA and SRV induced loads were analyzed by

either a dynamic or a static analysis complying with the requirement

i of the LDR (Reference 2-1) and the NRC criteria (Reference 2-4). When

performing the static analysis, dynamic load factors were calculated
,

and the loads were_ adjusted accordingly. When performing the dynamic

analysis, the structural natural frequencies and their corresponding

mode shapes were first calculated. All the calculated modes were then
'

used in the dynamic analysis. The damping coefficients were

determined from the NRC's Regulatory Guide. 1.61 (Reference 2-24).
When calculating the natural frequencies for the submerged structures,
it is necessary to include the hydrodynamic mass in addition to the
mass of the structure itself. For a circular cylinder, the added

| hydrodynamic mass was taken as the water mass equivalent to the cross
section of the structure (References 2-11 and 2-25). For a plate, the

added mass varies with the aspect ratio and was calculated per

Reference 2-11. In performing the dynamic analysis for structures

subject to pool swell impact loads, the hydrodynamic mass of impact
(Reference 2-4) was added to account for the effect of fluid-

structure-interaction during impact. Application Guide 10
(Reference 23) provides the calculation procedures.;

2.3.1.1 SRV Discharge Line and Supports in Wetwell

There are eleven SRV discharge lines in Unit 1 as well as in

Unit 2 at Brunswick. Each line has different geometry and supports

2-13 ;
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; above - the ' vent header. However, below the . vent header the T-Quencher
discharge device and its supports are identical for all lines. The

; analysis was thus broken into two parts. Above the vent header, each
line- was analyzed separately.. Below the vent -header, the same

analysis applied 'to all lines. This 'section covers : the analysis .of
the SRV line below the vent header; The sketches of T-Quencher and
supports are shown in ' Figure 2.3.1-1. The- T-Quencher is a 12"
schedule 80 pipe made of SA312 TP316L stainless steel. It is

supported on the 14" diameter schedule 120 pipe by six U-bolts and
saddles. The 14" pipe is supported laterally by three pairs of 8"

'

diameter pipe and is supported at each end by a vertical (8" diameter)
i pipe and two diagonal (3" diameter) pipes. . In the center the 14" pipe
j is supported vertically by a - 12" ~ diameter pipe which is bolted to a

. W12x120 section. He materials of these components are shown in Table
. 2.3.2-1.

j For structural analysis, the T-Quencher and supports were

; modelled as shown in Figure 2.3.1-2. Node 1 is where the SRV line
[- penetrates the header and Node 40 is the intersection of .the header

), and the 24 inch pipe . support which connects the SRV line. by two 6 x 1

| inch plates. .Stiffnesses at Node 1 and 40 were calculated using a
finite element model. He stiffnesses are listed in Table 2,3.1-1.

,

! The U-bolts provide restraint in the -x2 and x3 directions. The

stiffnesses of. the U-bolts are also given in Table ~2.3.1-1.- The

support pipe is restrained in the x1 and x2 directions at Node 22 and
' restrained in the x2 direction at Node 37. ' At Node 30, the center

! support provides restraints in the vertical and rotational directions.
i

; At Nodes 24, 29 and 35, the 8" diameter pipes restrain the support
;

pipes from movement in the lateral (x3) and rotational directions.

The T-Quencher and supports have to sustain LOCA and SRV

i induced loads in addition to dead weight and seismic loads. LOCA .

!

| induced loads on eleven T-Quenchers are identical. Loads calculated
! from Section 2.2.1 can be used directly. SRV induced loads vary with

the initial conditions and geometry of each line. For structural
-

evaluation, the most conservative SRV loads from eleven lines were

'
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selec'ted and 1 used ' in - the ~ analysis . in combination with other loads..

; - Table 2.3.1-2 shows the method of analysis for each load.
~

.

:

| 2.3.1.2 Submerged Structures

Submerged structures in the torus can be classified as:*

a) Component. supports e.g., platform support . columns,;-

header support columns.

b) Attached piping and supports - e.g., HPCI turbine exhaust
I line, RCIC turbine exhaust line.

! c) Strainers and their flanges- - e.g., HPCI, RCIC,

! strainers.
,

| Header columns are 6" diameter schedule 80 pipes made of SA333
'

Grade 1 carbon steel. As seen in Figure 2.3.1-3, the header columns

are connected to the header and to the bottom anchor plate by 2 3/4"

i diameter pins. In the analysis, pin pin end conditions were assumed.-

The columns were analyzed for the submerged structure loads. It was;

i assmsed that the uplif t loads on the header resulting from pool --swell
| are resisted by the coluams above the header (see Figure 2.3.1-3).- - ,

Platform support columns are made up of two back-to-back 1

angles. They are pin - . connected at the bottom while the top is

supported by a wide flange in the radial direction and by a diagonal

rod and the grating in the circumferential direction of the torus.

f Stiffnesses contributed by these members were considered- (Table

| 2.3.1-3) in the analysis.
Ileader columns and platform support columns are linear type

,

i eupports and are designed according to ASME Code Subsection NF.
!

! Complete structural evaluations are reported in Sections 2.3.2.2 'and

2.3.2.3.;

; Attached piping systems are partially submerged in the

) suppression chamber. A typical example is shown in Figure 2.3.1-4

where Node 9 represents the high water elevation. The pipe is

{ connected to a penetration sleeve which runs from Node 3 to Node 1.

{ The pipe continues outside the torus. For analysis purpose, the
1
3 piping model is cut off at Node I where fully rigidity is provided by
i
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the sleeve which is embedded in the concrete. The submerged portion

of attached piping is normally supported at a plate and a clamp above
.the last elbow. Sometimes supports are added near the end of the

line. Portions below the high water elevation must be analyzed for

submerged structure loads resulting from SRV and LOCA, while those
above the water including sleeve must consider pool swell loads. Some

attached piping must also be . evaluated for the loads- from- the

discharge of fluid / steam inside the line itself.
Strainers are connectd to a flange which penetrates the torus

wall as shown in Figure 2.3.1-5. He analysis of the strainer will be

done by the strainer supplier while the flange and penetration sleeve
were analyzed in the same way as other submerged structures.

These structures were analyzed by the STARDYNE finite element

program (Reference 2-5). Loads and methods of analysis are listed in

Table 2.3.1-4. Condensation oscillation and chugging induced loads

were analyzed either statically or dynamically following the NRC
O criteria as described in Sections 2.2.1.7 and 2.2.1.8.
V

2.3.1.3 Structures Above the Pool
Structures above the pool can be classified as:

a) Attached piping and penetration sleeves - e.g., torus

spray header, RHR test lines.
i

b) Structures for maintenance - e.g., monorail.

c) Structures housing instruments - e.g., penetration box.
As described in the preceeding section, most attached piping

is partially submerged and penetrates the torus wall above the water
level. The torus spray header and DW/WW vacuum breaker flange are
attached piping completely above the pool. The computer models for

I
' these structures have no dif ferences from the submerged the structures

explained in Sectionexcept the treatment of hydrodynamic mass as
2.3.1.

He monorail is made of 12 I @ 31.8 LB and ie supported every

7 ft. 10-1/3 in, along the circumference of the containment. The main

/ loads on the monorail are the froth impingement forces which are
(
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'

O repeated every sector from the' center - of the non-vent ' bay to the
j center of the vent bay. For simplicity, the monorail was analyzed as

a continuous beam taken from the sector that defines a full range of-

froth impingement loads.

Structures housing instruments such as the penetration box are
b composed of plates welded along the joint edges. Each plate which

receives loads during the - pool swell event was analyzed as a simply

[ supported plate.

Loads and methods for - analyzing structures above the pool are
listed in Table 2.3.1-5. For pool swell impact and drag loads,

) dynamic- analysis was performed for -the attached piping. .0ther

{ structures including penetration sleeves, structures for maintenance
t
-

and instruments, 'however, were analyzed statically. The dynamic
j e f fects were considered using the code DLFPSWL (Reference 2-6).

} Dynamic load factors for froth impingement forces were calculated by
Bigg's method (Reference 2-7) and those for pool fallback loads were

,

calculated by the code DLFPFBK (Reference 2-8).

2.3.2 Results of Analysis

Structures listed in Section 2.1 were analyzed according to

j methods described in Section 2.3.1. The results were then evaluated
i

i based on the load combinations given in Reference 2-23. Presented

herein are the results of T-Quencher supports, component supports,

covered by the ASME Code Subsection NF and required piping

! modifications. The load combination number and service level referred
| in this section conform with- Reference 2-23.

2.3.2.1 T-Quencher Supports

The SRV piping is Class 3 essential piping. Therefore,

service level B is required to be maintained for support components.

Table 2.3.2-1 contains the results for evaluation of the T-Quencher
supports and connectivas. The computed stresses are within

f allow 4bles. ,

,

,
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2.3.2.2 Vent Header Support Columns

The vent ~ header support columns are classified as internal

supports. The stresses must satis fy service level A, B or C limits

depending on load combinations. Table 2.3.2-2 shows the columns and
connections are acceptable.-

2.3.2.3 Platform Support Columns

Platform support colusans are classified as internal
structures. Structural evaluations reveal that the existing columns

.

t

are vulnerable to submerged structure loads as shown in Table 2.3.2-3.

The evaluation did not include the uplift load acting on the platform
during the pool swell events. It has been decided to remove all

plat forms and walkways from the plant except for platforms at three

bays (450, 2250 and 3150 Azimuth) for plant maintenance and for

instrument piping support. All platform grating will be removed

during plant operation.

All the existing beams and columns, except the crossing rod

assemblies, will be replaced by 6" diameter pipes. New 6" diameter

j pipe columns will be added above the platforms to resist pool swell

loads.

2.3.2.4 RHR Containment Cooling Line

1he analysis model for RHR containment cooling line (also4

' known as torus spray header) is shown in Figure 2.3.2-1. The line is

continuous along the circumference of containment beyond Node 23. The-

analysis model is cut off at Node 23 because there are no pool swell

loads acting on the line beyond Node 23. Analysis of the existing

line showed that it was not acceptable. Additional supports will be
e

provided at Nodes 10, 14, 18 and 22. Also a new froth impingement

load definition based on the test film has been developed and was

utilized in the analysis. The line is found acceptable with four

additional supports. Design of the additional supports is presented

in Section 4.
i

#
1
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2.3.2.5 Monorail

The monorail is classified as an internal structure. The j

6ervice level E limit is allowed yet - it must be shown that element

failure does not result in significant damage to safety-related items.

Based on the generic froth impingement forces, the monorail is not

acceptable. Modifiation has been made based on the froth impingement
loads developed from the test film and is presented in Section 4.

2.3.2.6 RHR Test Line

The RHR test line as shown in Figure 2.3.2-2 was analyzed.

Full anchorage is assumed at Node 1 and guide; are provided at Node 2.
Nodes 9, 13, 18, 22 and 30 are frame-type supports. The line is sub-

merged below Node 27. Analysis based on these existing supports

showed that the piping and supports were highly overstressed due to

froth impingement forces alone. Af ter adding additional supports at

Nodes 11, 16, 40 and 21, the line is found adequate for the froth

impingement forces calculated per the test film in combination with

other loads.

2.3.2.7 Access Hatch-

The access hatch is a 48-in. pipe which penetrates the torus

shell and is sealed with a 2 3/4-in. plate. The structure was

analyzed for pool swell impact and drag loads as well as froth
1

*

impingement force using hand calculations. The resultant stresses

were found less than 10 percent of allowables.
i

2.3.2.8 Drywell/Wetwell Vacuum Breaker Flange

i The vacuum breaker is bolted to the flange pipe which has a

diameter of either 18-in. or 21-in. The flange is welded to the vent
4

header. The evaluation of the vacuum breaker will be done by others.
'

Only the flange and the junction at the flange and vent header were

analyzed. The governing load case is the froth impingement force com-

bined with safe shutdown earthquake and dead load. The maximum stress

in the flange is 5.6 ksi as compared with the allowable of 42 ksi,'

(
i
I
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|

The junction at- the flange and vent header is classified as class MC

vessel. ~ Local stresses .were evaluated using a computer program

(Reference 2-26) based on Bijlaard 's- method. The evaluation results
for 18-in. flange as shown in Table 2.3.2-4 showed the calculated
stresses are within the allowable limits. Since the loads on the

21-in. flange are about the same as those on the 18-in, flange, ' the
local stress at the junction of ~ 21-in. flange and vent header c,an be
concluded the same way as the 18-in. flange.+

2.3.2.9 Electric Penetration Box

ne e.lectric penetration box is a 24x24x24-in. stainless steel

box. The bottom of the box is subjected to the pool swell impact and
drag load while the door receives froth impingement forces. Hand cal-

culations 'showed maximum stresses of 353 kai at the bottom plate and
357 kai at the door. Rese stresses are unacceptable as compared with
allowable of 31.95 kai. These loads are too large to accomodate

i feasible structural modifications. It has been decided to relocate

the electric penetration box to eliminate loads resulting from pool
! swell.

;

||

|

|

!

|
|

|

DO
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Appendix A.2 List of Calculation Books

Listed below are calculation books related with the load development
,

and analysis of the miscellaneous structures in the suppression chamber:

A. SRV Discharge Induced Loads

1. Calculation of the Safety Relief Valve Discharge Line

Clearing Transient,-Calculation Set No. 9527-E-SC-DL-1-F..
2. Calculation of the Safety Relief Valve Discharge Line Reflood

Transient, Calculation Set No. 9527-E-SC-DL-2-F.
3. Calculation of the T-Quencher S/RV Discharge Torus Shell

Loads, Calculation Set No. 9527-E-SC-DL-3-F.

B. Submerged Structural Loads

1. Calculation of LOCA Bubble Induced Loads on Submerged

Structures, Calculation Set No. 9527-E-SC-SL-1-F.
2. Calculation of LOCA Water Jet Induced Loads on Submerged

Structures, Calculation Set No. 9527-E-SC-SL-2-F.
3. Calculation of Condensation Oscillation and Chugging Induced

Loads on Submerged Structures, Calculation Set No.

9527-E-SC-SL-3-F.

4. Calculation of the T-Quencher S/RV Bubble Induced Loads on
Submerged Structures, Calculation Set No. 9527-E-SC-SL-4-F.

5. Calculation of the T-Quencher Water Jet Induced Loads en Sub-
merged Structures, Calculation Set No. 9527-E-SC-SL-5-F.

C. Pool Swell Induced Loads

1. Calculation of Impact and Drag Loads, Froth Impingement Loads
and Pool Fallback Loads, Calculation Set No. 9527-E-SC-AP-IF.

D. Analysis of T-Quencher Supports

1. Analysis of SRV Discharge Line and T-Quencher Supports,
Calculation Set No. 9527-E-SC-SR-3-F.

2-21



E. Analysis of Submerged Structures

1. Analysis of HFCIS Turbine Exhaust Line, Calculation Set Nc.

9527-E-SC-SS-1-F.

2. Analysis of Header Column, Calculation Set No.

9527-E-SC-SS-2-F.

3.- Analysis of Platform Co'umn, Calculation Set No.

9527-E-SC-SS-3-F.

4. Analysis of RCICS, ' RHR, HPCIS, Core Spray Pump Suetions and
Strainers , Calculation Set No. 9527-E-SC-SS-4-F.

5. Analysis of Core Spray Test. Line, Calculation Set No.

9527-E-SC-SS-5-F.

6. Analysis of RCICS Barometric Condenser and HPCI Turbine Drain
Pot Lines, Calculation Set No. 9527-E-SC-SS-6-F.

7. Analysis of RCIC Turbine Exhaust Line, Calculation Set No.

9527-E-SC-SS-7-F.

8. Analysis of Liquid Level Indicators, Calculation Set No.

9527-E-SC-SS-8-F.

F. Analysis of Structures Above the Pool

1. Analysis of RHR Containment Cooling Line, Calculation Set No.
9527-E-SC-AP-2-F.

2. Analysis of Monorail, Calculation Set No. 9527-E-SC-AP-3-F.
3. Analysis of RHR Test Line, Calculation Set No.

9527-E-SC-AP-4-F.

4. Analysis of Access Hatch, Calculation Set No.;

9527-E-SC-AP-5-F.

5. Analysis of DW/WW Vacuum Breaker Flange, Calculation Set No.
9527-E-SC-AP-6-F.

6. Analysis of RCIC Vacuum Breaker and HPCIS Vacuum Breaker

Lines, Calculation Set No. 9527-E-SC-AP-7-F.

7. Analysis of Electric Penetration Box, Calculation Set No.

9527-E-SC-AP-8-F.'

3. Analysis of Vent Purge Inlet, Vent Purge Outlet and Spare
Penetrations, Calculation Set No. 9527-E-SC-AP-9-F.

|
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TABLE 2.1-1

List of Acronyms

ADS Automatic Depressurization System
t

,

DBA Design Basis Accident

DLF Dynamic Load Factor

FSI Fluid Structure Interaction

GE General Electric

HPCI High Pressure Coolant Injection

IBA Intermediate Break Accident

LDR Load Definition Report

LOCA Loss of Coolant Accident

MSIV Main Steam Isolation Valve

NOC Normal Operating Conditions

NRC Nuclear Regulatory Commission

PULD Plant Unique Load Definition

QSTF Quarter Scale Test Facility

RCIC Reactor Core Isolation Cooling

RHR Residual Heat Removal

SBA Small Break Accident

SRSS Square Root Sum of the Squares

SRV Safety Relief Valve

SRVDL Safety Relief Valve Discharge Line

O
:
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*TABLE 2.2.2-1 s

SRV LOAD CASES,

I ,

Load Any One ADS Multiple
Design Initial Condition Case Valve Valves Valves'

1 NOC, First Act. A1.1 A3.1a

s
'

2 SBA/IBA, First Act. A1.2 A2.2 A3.2

3 DBA, First Act. A1.3 i

i
.

I NOC, Subsequent Act. C3.1
t

! 2 SBA/IBA, Sub. Act. C3.2
air in S/RVDL

; 3 SBA/IBA, Sub. Act. C3.3
steam in S/RVDL'

i

| .

'

;-<

!

;

i

I'

.

|

!
1

-

I

i e

:
i.,

;

!

$

#
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! TABLE 2.3.1-1
;

,

Spring Constants for Restraints in T-Quencher Model

Spring Constant (k/ft or ft-k/ rad)
Support Location Mode x1 x2 x3 x4 - x5 x6

{ SRV - Header Penet- 1 Rigid 15,600 Rigid 4,866.7 Rigid '9,250
'

ration
L

24" 6 Support - 40 Rigid 46,200 Rigid 143,333.3 Rigid 57,500
Header Intersection

I i

li" 6 U-bolt 21-23 0 118,800 2,640 0 0 0s

i 18-26

16-28
.:

: 10-31
!

i 12-33
:
1 15-36

4

a

l

;

I

i
'l

!

I

!

: O
,

r

a
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TABLE 2.3.1-2

Methods for Analyzina T-Quencher and Supports

Load Case Method of Analysis

Dead Weight Static

Thermal Static

Seismic Static (DLF) |
!

SRV Water Clearing Thrust Loads Dynamic

T-Quencher Water Jet Loads Static (DLF = 2)

T-Quencher Air Bubble Induced Drag Loads Dynamic

Thrust Loads on T-Quencher Arms Static

Pool Fallback Loads Static (DLF)

LOCA Water jet Loads Dynamic

LOCA Air Bubble Induced Drag Loads Static (DLF = 2)

Condensation Oscillation Static (DLF)

Prechug Dynamic

Postchug Dynamic

I

i

'

_ -
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TABLE 2.3.1-3

Spring Constants for Restraints in Platform Columns

Column Srina Constant (k/in)
Assembly x1 (Radial) x3 (circumferential) Remarks

C 1951 128 CBI Dwg. No.
215-217-

D 1568 141

TABLE 2.3.1-4
i

Method for Analyzing Submerged Structures

| Load Case Method of Analysis

Dead Weight Static

Thermal Static

Seismic Static (DLF)

Fluid / Steam Dischage Thrust Leads Dynamic

T-Quencher Water Jet Loads Static (DLF = 2)<

I T-Quencher Air Bubble Induced Drage Loads Dynamic

: Pool Fallback Loads Static (DLF)

LOCA Water Jet Loads Dynamic

LOCAL Air Bubble Induced Drag Static (DLF = 2)
'

Condensation Oscillation Static (DLF)
i

Prechug Static (DLF)>

Postchug Static / Dynamic !

,

O'

4

, . . ~ - _ _ . , _ _ , . .__r__ __ ,_,,,,.m,-. , , , . , , , . . . _ , , , , . _ ,__,_.m,__,.._._-_._ , . . - . , __.,m_ _ _ _ _ . . , _ , . . _ , . ,,



-. -_ . - - ~ . . . . - . . . - . . - . . . . . - - - . . ~-- - - -. . .---. .. . -

4

4

.I

a

1

4
i

-TABLE 2.3.1-5

| Methods for Analysina Structures Above the Pool
.

i

,

, Load Case Method of Analysis
! '

Dead Weight Static

Thermal Starie

Seismic Static (DLF)~

i Pool Swell Impact and Drag Loads Static (DLF)/ Dynamic

Froth Impingement Loads Static (DLF)

| Pool Fallback Loads Static (DLF)

:
i
i

i

$.

d'

i
!
!

.

.

! |
| i
! ,

f

' '

t

!

! !

l.

e

|

0

i. -

1
,
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TABLE 2.3.2-1
(Sheet 1 of 3),

i

_E_ valuation of T-Quencher Supports

Service Lead Stress (KSI) Unless Note
Structure & Level Comb. Stress 1 2 1/2

Component (Load Case) No. Type Computed Allowable Ratio Remarks

; 14" d SCH. 120 B 27 Flexure 7.5 21.0 0.36
3 SA106 GR. B (DBA) Shear 3.2 12.7 0.25

Support Pipe

Splice Bolts B 27 Tension 30.8 44.3 0.70
8'-1" d SA193 B7 (DBA) Shear 3.2 18.7 0.17

4

Splice Plate B 27 Flexure 12.6 26.0 0.48 ;
13/16" SA516 CR 70 (DBA)

8" d SCH. 100 B 27 Axial 3.42 19.1 0.18
H3riz. Brace (DBA) Flexure 2.73 21.0 0.13
SA106 CR B 0.31

Stude Normal 3 Shear 29.1k 41.4k 0.70
14-1/2" d Extreme [

Environ.

1 " d Pin B 27 Bearing 51.2k 70,ok o,73

SA197 B7 (DBA)

k 59.8k 0.67Welds to B 27 Shear 39.9
Liner (DBA)

1 " d U-Bolts B 3 Tension 10.1 86.1 0.12
SA19i B7 (NOC) Shear 23.0 27.1 0.85

0.97

24" d SCH. 80 B 27 Axial 2.3 21.0 0.11 Assuming
SA106 GR. B (DBA) Flexure 15.9 23.1 0.69 2-SRV/Line'

'

Support Pipe 0.80

Strap Plates B 15 Tension 4.71 20.76 0.23
SA516 GR. 70 (SBA/IBA) Flexure 13.0 20.76 0.63

0.86
*

- _ _ _
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TABLE 2.3.2-1
(Sheet 2 of 3)

Evaluation of T-Quencher Supports

Service Load Stress (KSI) Unleas Note

Structure & Level Comb. Stress 1 2 1/2
Component (Load Case) No. Type Computed Allowable Ratio Remarks

Welds at B 27 Shear 2.6k/in. 4.64k/in. 0.56
Node 3 (DBA)

3.3 /in. 7,42k/in. 0.44kWelds at B 27 Tension
Node 41 (DBA) Shear

,

Welds B 27 Tension 1.94k/in. 4.64k/in. 0.42
1"x9" Plates (DBA) Shear
to 1" Cap Plate

3.22 /in. 4.64k/in. 0.69kWelds B 27 Tension
Cap Plate (DBA) Shear
to 24" d;

Support Pipei

|
Center Support B 27 Comp. 6.90 19.10 0.36
12" 4 SCH. 166 (DBA)
SA106 CR B

4 -1 " d Bolt B 27 Tension 13.60 58.30 0.23
L'A193 B7 (DBA)

1-1/4" Cap B 27 Flexure 17.30 26.00 0.67
Plate (DBA),

] SA516 CR 70
i

! Header B 3 Tension 75.10k 100.60k o,75

Columns (NOC)
Anchor

,

End Support Normal 3
Vert. Anchor Extreme Tension 19.9k 21.20k o,94 SRSS

6-1/2" 4 Stud Environ.



- -

-(
. -. . - . . - _ - . - . . -. _..

; O O O .

TABLE 2.3.2-1
(Sheet 3 of 3)

1

Evaluation of T-Quencher Supports

Service Load Stress (KSI) Unless Note
Structure & Level Comb. Stress 1 2 1/2

Component (Load Case) No. Type Computed Allowable Ratio Remarks
.

j H3riz. Capa. B 15 Bearing 19.31 31.14 0.62
3/4" Plate (SBA/IBA),

: SA516 GR 70

3" d SCH. 80 B 15 Comp. 5.99 19.10 0.31
i 450 Brace (SBA/IBA)
i SA106 GR B

1-1/4" d Pin B 15 Shear 7.37 24.10 0.31
SA193 B7 (SBA/IBA) '*

! TS 5x5x0.5 B 27 Tension 3.53 19.70 0.18
SA36 (DBA) Flexure 13.57 21.60 0.63

0.81,

! 2-1"x5"x1'-4 B 27 Flexure 17.67 21.60 0.82
Plates (DBA),

i SA36
,

Walds B 27 Shear 13.33 21.0 0.63
(DBA)

8" d SCH. 100 (Load Negligible)

1 0

-, -
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O O O
TABLE 2.3.2-2'

Evaluation of Vent Header Support Columns *

6" Diameter Schedule 80

Structure- Load Stress (KSI)
and Service Comb. Stress 1 2 Combined

Component Level No. (Max) Type _ Calculated Allowable 1/2 Ratio Remarks

Support B 18 Axial & 1.78 12.92 0.14
Column (DBA) Bending 15.15 19.34. 0.78

(SA333) 0.92

i Support C 25 Axial & 4.51 16.05 0.28
| Column (DBA) Bending 13.21 20.31 0.65

(SA333)

Connection B 18 Bearing 9.20 31.14 0.30 Plate
Plates (SA516) (DBA) Shear 3.20 9.84 0.33 Pin
& Pin (SA36) Axial & 3.20 Plate

Bending 11.70
14.90 25.95 0.57

Walds Stress Negligible

_ _ _ _ _ _ _ _ _ _ __



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

O O O
TABLE 2.3.2-3

Evaluation of Existing and Modified Platform Support Colunins

Load Stress (KSI)
Service Comb. Stress 1 2 1/2

Structure Level No. (Max) Type Calculated Allowable Ratio Remarks

eC'
2 6x4x3/8 C 11 Bending 32.18 17.57 1.83 N.G.

(A36) (SBA/IBA)

D'
2 6x4x3/8 C 11 Bending 184.39 16.65 11.07 N.G.

(A36) (SBA/IBA)
D 14 Bending 184.39 16.65 11.07 N.G.

(SBA/IBA)

Modified

22
'D' B 24 Bending 20.44 22.50 0.91 OK

6" d, t=1" 25
SA106 B (DBA) Axial 0.88 14.86 0.06

0.97

Note: Pool Swell Load on Grating to be Resisted by Additional Columns Above Grating

_ .
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t

i

TABLE 2.3.2-4

Evaluation of Loca'l Stress at Junction of
''

Breaker Flange and Vent Header

Service Load Combin- Stress (KSI)
! Member Level ation No. Computed Allowable
4

i
! Junction of A 16 9.61 31.95
}

| 18" flange and B 18 9.71 31.95
i

vent header C 19 9.78 50.554

4

4

4

j

,

o

:
J

e

}

?f

i

4

e

4

'
i

$

i
!
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3.0 VENT SYSTEM ANALYSIS

3.1 INTRODUCTION

The vent system structures, as required by the Mark I Long
Term Program (Re ference 3-1), have to be evaluated for hydrodynamic
loads resulting from postulated loss of coolant accident (LOCA) and
safety relief valve (SRV) discharge loads together with dead loads and
seismic loads.

This section describes the procedures for calculation and
application of the loads and presents the methods of analysis and
evaluation of the structures for various load combinations.

3.2 PHYSICAL DESCRIPTION OF VENT SYSTEM STRUCTURES

The primary containment system consists of two basic
components: the drywell and the toroidal suppression chamber (see
Figure 3.2-1). The drywell houses the reactor pressure vessel. he

suppression chamber for the Brunswick Steam Electric Plant is a
reinforced concrete torus which encircles the drywell. .The torus is
partially filled with water. Inside the torus is another torus-like
steel header, 4'-6" in diameter, called the vent header (see Figures
3.2-2 and 3.2-3). The vent header is located above the water level;

and is supported by columns. There are thirty two sets of columns

which support the vent header and are anchored to the torus concrete.
Attached to the vent header are forty eight pairs of downconers. The

lower ends of the downconers are submerged in water as shown in Figure
3.2-2. The drywell and vent header are connected by eight

symmetrically located vent pipes. The vent pipes are connected to the
torus by means of bellows which allow radial, lateral and axial growth
of the vent (see Figure 3.2-4). The vent system has sixteen identical
22ho segments. The vent header consists of sixteen cylindrical
segments, eight vent bays and eight non-vent bays. In the event of a

3-1
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loss of coolant accident, steam _is discharged to the suppression pool
j through the eight vents, the vent header and ninety six downconers. A

deflecter pipe has been provided to mitigate the effect of pool swell
'

| loads on the vent header pipe.
1 Safety relief valves (eleven per unit) are designed to prevent'

primary system overpressurisation and are activated during - both -normal
operating and accident conditions. SRV's are attached to the main

!- steam lines in the drywell. Safety relief valve discharge lines '

(SRVDL) are routed from the main steam lines in the drywell to the-,

; suppression pool in the torus. These discharge lines ~ penetrate - the
] vent system at the vent / vent header intersections. The locations of ' |
1

the eleven penetrations in each unit are shown in Figure 3.2-5.
The deflector was installed directly beneath the ring header

,

j to divert pool swell flow away from the ring header and reduce the
! impact pressure on the ring header. The typical deflector is a 20-

inch pipe with two angles welded at sides. It 'is supported at the
1

ring header and runs continuously from one vent bay to the adjacent4

vent bay, and ends with cantilevers at two ends before it meets the,

"

:SRV discharge lines (Figure 3.2-6). At the vent bay the angles were
not directly attached to the pipe as the typical deflector, instead, a '

; clamp bar (Detail C) was used. This was due to the fact that the1

i field installation required angles not to be welded to the pipe
beforehand. Also for ease of installation in each assembly - the

i

deflector was composed of three pipes with one straight pipe in - the
middle and two bent pipes at ends. Slip-on flanges were used toi

connect these three pipes.
i
!

The deflector sits on a 1 inch support plate (Plate "A") which
is accompanied by four 3/4-inch cheek plates (Plate "B") and four
3/4-inch stif fener plates (Plate "C"). The support plate was welded

' '

to the ring plate which is an extension of ring header collar. Cheek

plates were bolted and welded to the support plate. In addition,

there are two trunnion lugs (Figure 3.0-6, Section 1-1) and two pairs
.

'. .

O'
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o f - thermal lugs (Figure 3.2-6, Detail A). Trunnion lugs were devised
for transmi.tting horizontal and vertical loads as well as bending
moments from the deflector to the support' system. Thermal lugs were
provided to transfer axial loads due to seismic and thermal loads.

3.3 DESCRIPTION OF APPLIED LOADS

The loads applied to the structures of the vent system can be
classified into two categories:

a) Normal, seismic and SRV loads-

b) LOCA loads

3.3.1 Normal, Seismic and SRV Loads

These are . loads applied to the structure under normal l

operating and seismic conditions and include the followings
i) Dead load

() ii) Norma 1' operating temperature loads
iii) Normal operating internal pressure loads
iv) Seismic loads
v) SRV discharge loads

3.3.1.1 Dead Loads '

!

These are the structural gravitational loads. These loads are
always present and will be applied to structure under both normal and
accident conditions.

3.3.1.2 Normal Operating Temperature Loads

Under normal operating conditions- the temperature range in the
suppression chamber for the free air volume and the suppression pool
is 76-920F.

,

O
3-3
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3.3.1.3 Normal Operatina Internal Pressure Loads

During normal operating condicions the suppression chamber
pressure varies between 0.15 peig and 1.25 psig. The suppression
chamber pressure and drywell pressure are essentially equal due to
drywell/wetwell vacuum breakers.

3.3.1.4 Seismic Loads

Seismic response for the entire primary containment system
complete with the suppression chamber and the ven*, system was

generated using the design response spectra curves documented in the
Final Safety Analysis Report (Reference 3-2). Design Response Spectra
are attached in this report (Figure 3.3.1.4-1 and Table 3.3.1.4-1) for
reference.

3.3.1.5 SRV Loads

SRV loads are described in Reference 3-4. The SRV air bubble
drag loads were generated using General Electric's TEEQFOR03 program.
The computation for SRV loads is contained in Reference 3-5

(Calculation Set 9527-E-SC-SL-4-F) which indicates the loads for
various location of the bubbles and their phasing. The mo'st critical
load case was applied to the subwerged portion of the downcomers.

3.3.2 LOCA Loads

Postulated loss of coolant accident can occur due to steam
pipe break in the drywell. Depending upon the size of the pipe break,
the LOCA conditions can be classified as Design Basis Accident (DBA),

'

Intermediate Break Accident (IBA), and Small Break Accident (SBA).
i Various SRV actuations and seismic conditions must be considered to

occur simultaneously with a LOCA. Structural Acceptance Criteria

Plant Unique Analysis Application Guide (Reference 3-6) Table 3-1,
Page 3-3/3-4 gives all possible load combinations associated with each

I
accident condition (see Table 3.4.1-1)

3-4
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Poci swell takes place during the first few seconds following '
<

the onset of a Design Basis Accident. It is the result of the initial

vent system air being rapidly ' forced into the torus suppression pool !

and causing the - pool to swell into the torus air space. In the

process of the pool rising, it impacts tho structures :in the torus air'

space up to a certain height and flows past these structure thus
resulting in hydrodynamic loads. '

g

Condensation oscillation- occurs following the initial air
i ,

clearing when the flow into the thrue. is an air /staam ' aixture. The

discharge of steam into the pool and its subsequent condensation
,

causes pool pressure mi11ations which are transmitted to submerged b

structures and to the torus shell.
As the steam vents fro.n the drywell iSto the wetwell, the

reactor vessel depressurites and the steam flow rate to the vent
/system decreases. The reduced steam flow rate leads to a reduction 1in

the drywell/wetwell p'ressure differential. Steam condensstion during
) this period of reduced steam flow is characterized by movement of the

water / steam interface up and down within the downconer. This
phenomenon _is referred to as chugging.

A schematic of loading condition combinations for various
(accident conditions is given in Figures 3.0-1 to 3.0-5 of {,

Reference 3-1. Various structuras affected by the loads are given in #

Table 3.0-3, Page 3-5 of the above reference and reproduced as Table I

3.3.2-1-and Table 3.3.2-2. '

A brief description of the LOCA loads affecting the vent
v

system structures is given belodi
/

'

3.3.2.1 Containment Pressure and Temperature
j The internal pressure and temperature during LOCA in the vent

system structures are defined in Section. 4.1 of Reference 3-1. The
internal pressure loads cause hoop stresses in the header and
downcomers. The hoop stresses in the vent and vent header are

insignificant. The temperature loads on the vent system do not

1
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cause any stresses because the bellows and support colucas have bees

designed to allow thermal growth.

3.3.2.2 Vent System Thrust Loads

Vent system thrust loads are caused due to the rapid
pressurization of the system. Most rapid pressurization occurs in the

initial 30 second period following the onset of DBA. After a

30 second period the thrust loads remain practically constant. The

critical location for the header loads are vent / vent header

intersection, vent header miters and downcomer miters. These loads

are described in Reference 3-1, Section 4.2.

.

3.3.2.3 Pool Swell Load

In the event of a postulated design basis LOCA due to a break

in ~ large pressurized line, the drywell and vent system area

pressurized and the water initially in the downcomers is accelerated

downward into the suppression pool. Af ter the downconers are cleared
of water, air ir discharged into the wetwell below the pool surface,

which forces the water above the air bubbles to rise.
As the pool surface rises, it impacts structures in its path.

The phenomenon consists of two events, the impact of the pool on

structure, and the drag on the structure as the pool flows past it

following impact. The portion of the vent system of this plant which
is subjected to this impact transient loading includes the lower

portion of the main vent, vent header, vent header deflector, and

downcomers.

The pool swell deflector loada were defined by General

Electric and presented in the Plant Unique Load Definition (PULD)

(Reference 3 -7). According to NRC criteria (Reference 3-15), the

deflector loads should be adjusted to include the initial impact

pressure spike. The criteria also requires that the plant-unique

loads be adjusted to account for the effects of (a) impact time

A delays and (b) pool swell velocity and acceleration dif ferences which

V
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results from uneven ' spacing of downconer pairs. Pursuant to NRC
criteria, the initial impact pressure was caluclated as

2g 70 V d'y
2 (1)

and the duration of the spike was calculated as

E " 0.136d
V (2)

where

F = Vertical upward force on deflector per unit length
d = Diameter of deflector
V = Impact velocity

~

p = Water density

t = Time from beginning of impact
d To account for longitudinal variations in impact and

velocities, pool surface displacements and velocities were adjusted
using the normalized displacement and normalized velocity factors
found in Figures 4.3.4-2 and 4.3.4-3 of Reference 3-8.

For the purpose of load definition, PULD presents the
deflector load histories calculated for three Z/L locations, 0, 0.5
and 1.0. A value of Z/L equal to zero corresponds to the cente of a

vent bay; a value of one corresponds to the center of a non-ta.it bay.
The station Z/L = 0.5 was designated as having the multiplier, K =

1.0. The value of K was defined in Reference 3-16 for the convenience
of calculating loads at other Z/L as shown below:

For 01 Z/L1 0.5

F(Z/L) = [F(0.5)-F(0)3 [k(Z/L)-0.8303 + F(0) (3)
0.170

0
3-7
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For 0.5 _< Z/L_<. 1.0

*
-

* ~*F(Z/L) = + F(0.5) (4)
0.350

where c' = loads correspond to Z/L
4

A typical curve for pool swell impact and drag loads is shown

in Figure 3.3.2.3-1

Froth fallback load resulting from the froth located between

the header and deflector was found to be very small as ' compared with

the impact and drag loads. The pool swell impact and drag loads were
applied at directions of + 100 from the upward vertical.

3.3.2.4 Condensation Oscillation Loads

Condensation oscillation loads and chugging loads refer to the
oscillatory pressure loads imparted to the structures as a result of

the unsteady, transient behavior of the condensation of the steam

(released during a LOCA) occuring near the end of the downcomers. It

is convenient to divide the phenomena into two types:
1) " Condensation Oscillations", which occur at relatively

high vent-flow rates; and

2) " Chugging", which occurs at. lower vent.-flow rates. These

loads are described in the next section.
Condensation oscillation is characterized by continuous

i harmonic pressure oscillations, with the adjacent downcorer pairs

oscillating in phase. Oscillating loads on the vent system are caused
by the harmonic pressure oscillations superimposed on the prevailing
local static pressures in the vent system. For a detailed description

j of these loads refer to Section 4.4 of Reference 3-1.
! The amplitude, frequency and duration of the CO loads depends

upon the break size of the accident and as such CO loads are given for
! the following accident conditions:

I

3-8
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'"'' 1) DBA C0 condition

'

2) IBA C0 condition

CO loads do not occur for the SBA condition. Duration of the

CO loads is as given in Table 3.3.2.4-1.-

Condensation oscillation loads are specified for all three

components of the vent system: main vents, vent header and

downcomers. The Load De finition Report (LDR) defines the following
loads for the DBA and IBA CO condition.

1. Main vent and vent header internal pressurizaiton load

2. Downcomer internal pressurization load
3. Downcomer dynamic load

For the downcomer dynamic load two component of loadings

exist:

1) An internal pressure load of equal magnitude in each

downcomer in a pair; and

2) A differential pressure load between downcomers in a

h pair
v

The CO loads on the vent system structures are tabulated in

Table 3.3.2.4-2.

The CO loadings for various conditions are shown graphically

in Figures 3.3.2.4-1 to 3.3.2.4-5.

Application of CO Load:
A. Main vent and vent header internal pressurization load

1. Internal pressurization load + 2.5 psig at 4-8 Hz

frequency

2. Main vent and vent header natural frequency in hoop

modes is greater than 60 Hz

3. Responds statically to load in the 4-8 Hz range

4. Stress levels are low for this load

B. Downcomers - Internal Pressurization Load
1. CO loads on downcomer are

a) Internal pressurization load

() b) Dynamic. load: DBA = + 5.5 psig
IBA = + 2.1 psig

3-9
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O 2. Internal pressurization load for ' both DBA and IBA

conditions are within frequency range 4-8 Hz
3. Downcomer natural frequency in hoop mode is' > 60 Hz

4. Responds statically to loads in 4-8 Hz range
5. Stress levels are low for this load

C. Downcomer - Dynamic Loads

1. Unequal pressure in downcomer pair causes swing

motion.
2. Simultaneous swing motion of downcomer pairs produce

dynamic loading on downcomer/ vent header system

3. Downcomer pairs swing in-and-out-of phase.-
4. Eight dynamic load cases to be analyzed as shown in

,

Figure 3.3.2.4-6.

| 5. Sum response from internal and differential pressure

as shown in Figure 3.3.2.4.-1

6. For all dynamic loading use 3 harmonics; the lowest

downcomer frequency being the first dominant CO

frequency, F1 and the other two harmonics at 2F1 and
3F1 frequencies.

7. Use one times the water weight at the submerged

portion of the downcomer as added hydrodynamic
weight.

8. 2% damping was used for CO evaluation, which is

considered conyservative.

3.3.2.5 chugging Loads

As discussed earlier in Section 3.3.2.1 chugging occurs as the

flow rate of the steam is reduced. During this phase vapor bubbles

are formed at the downcomer end which collapse suddenly and

intermittently to produce lateral loads on downcomers. These loads

are defined for DBA, IBA and SBA conditions. The duration of this

load is as given in Table 3.3.2.4-5.

O.
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Chugging loads are defined in LDR Section 4.5. Chugging load

definition is based on the data obtained from the instrumented

downcomers of the Mark I FSTF.

FSTF downcomer lateral loads are defined as Resultant Static

Equiralent Loads (RSEL) which, when applied statically to the end of

the downcomer, will reproduce at any given time the - measured response

at the downcomer/ vent header junction.

The maximum design loads for the individual plants are

obtained by scaling the maximum measured RSEL from the FSTF. The

staling factors are derived on the basis of a comparison of dynamic
characteristics of the plant unique downcomers with that of FSTF.

Procedure for determining chugging lateral loads on downcomers
is based on the following assumption:

kJ a) Downcomers can be considered rigid when compared to the

flexible downcomer/ vent header intersection. There fore

the downcomer responds dynamically in any given direction
as a single-degree-of-freedom system.

b) Chugging loads are approx .nated as triangular loads for
the purpose of dynamic scaling. A typical chugging pulse

( is shown in Figure 3.3.2.4-7.

c) For fatigue evaluation, the FSTF RSEL reversal histograms
must be scaled by the ratios of the chugging duration in
the plant to the duration used in the FSTF.

d) Maximum chugging load on an individual downcomer can
occur in any arbitrary direction with equal probability.

e) All downcomers experience chugging in phase.

O
3-11
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3.3.2.5.1 Evaluation of Maximum Chugging Design Load

Maximum design load Pmax is given by

DLF

Paax = P1 DLF1 E uation 4.5.3.1
Rhference 3-8

where

Pmax = Maximum design load for plant unique
downcomer

P1 = Maximum RSEL design load obtained from FSTF

DLF = Plant unique dynamic load factor

DLF1 = Dynamic load factor of FSTF down' comer

The dynamic load factors are given by,

DLF =w 2COSf" - COS @ td) - I
,

Equation 4.5.3.2
Reference 3-8

where
,

W = lowest natural frequency of downcomer

td = duration of the triangular chug pulse load =
.003 secs.

Sincewtd is small, above equation is simplified to

Equation 4.5.3.2
"'"#*"#* ~DLF = n ftd

Since the chugging load is random in direction, plant
unique maximum design chugging lateral load as a function
of direction is given by

DLFEWPEW = P1 Sin 9
DLFEW, 1

3-12
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DLFNSPNS = P1 COS 0
DLFNS, I

where

9 = angle from N-S direction where Pmax is applied

DLF j plant unique dynamic locd fac tor of
=

i

downconer/ vent header based on naturalfrequency in i-j direction

DLF j ,1 = DLF j from FSTFi i

From equation 4.5.3-3 Reference 3-8

DLFij = fjtdW i

where fj lowest natural frequency of downconer/ venti
=

header in the i-j direction

The E-W natural frequency of FSTF downcomer is given in Reference 3-8
(Mark 1 Containment Program, Application Guide 10) as 2.9 Hz.

.

The N-S natural frequency is found by the square root of the ratio of
the rotational stiffnesses

KNS
fNS " fEW\ IEW

KNS
For FSTF KEW

~
*

i) Reference
3-8, Mark I

Containment
Program
Development of
Downcomer
Lateral Load
from FSTF.

ENS = 6.96 Hz ii) GE letter
MI-G-27, dated
5-11-82.

The procedure for obtaining the plant unique maximum design load for
chugging can be enumerated as follows:

Step 1 Determine the lowest natural frequency of the plant
unique downcomer using 2 times the water mass as
added water mass in the submerged segment of
downcomer in both E-W and N-S directionsO

3-13
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O Step 2 Determine plant unique dynamic load factors

DLFEW " W fEW td

.DLFNS " W fMS td

whe.- ta = .003 sec. (Reference 8)

Step 3 Determine FSTF DLF1

DLFEW,1 " W fEWel ta

DLFNS,1 " W fNS,1 td

wher:

fEW,1 = 2.9 Hz

fNS,1 = 6.96 Hz

td = .003 sec.

Step 4 Determine maximum design lateral load

DLFEW
PEW = P1 Sin 9

DLFEW,1

and

DLFNS
PNS = P1 Cos'A

DLFNS,1
,

where P1 = 3046 lbs., max. RSEL observed in FSTF
tests

PEW and PNS are then applied as static loads at downconer tips to
,

obtain maximum response at the vent header /downcomer intersection.'

3.3.5.2 Procedure for Fatigue Evaluation Due to

Chugging
;

For fatigue evaluation, the number of RSEL reversals

during the entire chugging phase in the FSTF were counted and
;

presented in the form of RSEL reversal histograms. Since the chugging

load may be oriented in any lateral direction, these histograms were
obtained for eight angular sections around the downcomer as shown in

,

3-14'
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Figure 3.5.3-1. 'Ihe histograms are based on 95% probability of non-
exceedence. FSTF chugging ~ RSEL reversal date is given Table 4.5.3-1
of A.C.10 (Reference 3-8) and the histograms for ' each of eight

'

sections are shown in Figures 4.5.3-2 - through 4.5. 3.-9 ' o f A.G.10.
Procedure for fatigue evaluation _ for ,a typical point near the,

downconer/ vent header junction is described in Section 4.5.3.2. of
A.C.10.

3.4 DESIGN LOAD COMBINATIONS AND CODE ALLOWABLES

3.4.1 Load Combinations for Vent System

Load combinations for vent system structures are shown in
Table 3.4-1. Following load combinations have been determined to be
more critical than the others.

1. Load Combination ill: CO (IBA) + SRV
Chugging (IBA) + SRV

2. Load Combination #23: CO (DBA) + SRV
.

Chugging (DBA) + SRV,

SRV discharge -loads for single and multiple valve actuations
were generated and it was -determined that multiple valve actuation . for

SBA/IBA condition (A3.2S) was found to be th'e most severe. SRV

(A3.2S) was used conservatively for all load cases in the above load
combinations.

!

3.4.2 Code Allowables

This section describes the structural acceptance' criteria
which have been used in the evaluation of the vent system structures.

I
1 The structural acceptance criteria are based on the Plant Unique

Analysis Application Guide (Reference 3-6) and Application Guide 10.
(Re ference 3-8) and ASME Section III Code including Addenda through
Summer 1977.

.

; The vent, vcat header and the downcorners are classified as
class MC components and criteria of Subsection NE-3000 of the code are

:

d

t
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'~' to be applied for qualification of these components. Accordingly
stress intensity limits for various load combinations and service

level assignments (as per Table 3.4-1) have to be satisfied.

Table 3.4-2 shows the allowable stress intensity limits.
The following design stress intensity valves were used.
S c = 19.3 KSI at = 2000F Smc = Sm as listed in Table I-10.0,m

Appendix 1.

Reference: ASME Section III, Division 1, Subsection NE
paragraph NE-3134, Summer 1977 Addenda.

Sm1 23.1 KSI at 2000F Reference: ASME Section III,= =

Division 1, Subsection NE, paragraph NE-3134, Summer 1977

Addenda. Sm1 " Sm as li.sted in Table I-1.0, Appendix 1.

3.5 METHOD OF ANALYSIS

3.5.1 Seismic Analysis

The postulated earthquake creates horizontal and vertical

inertia loads on the vent system. These loads are non-symmetric
loads. A 1800 lumped mass beam model of the vent system structures
with symmetric boundary conditions was formed and coupled with the
Brunswick Containment Stick Model to form a three-dimensional beam
model. The vent / vent header intersection was represented in the beam
model by an 18 x 18 spring stiffness matrix. The spring stiffness

matrix was generated from a finite element model of the vent / vent
header intersection. The intersection finite element model was used
to formulate a stiffness matrix. Using static condensation, the
stiffness matrix was reduced to boundary degrees of freedoms
conforming to three boundary nodes. This 18 x 18 super-element
stiffness matrix, shown in Table 3.6.2.1-1 was used in the 1800 beam
model.

The downcomer/ vent header intersection was represented by a 12
x 12 diagonal stiffness matrix. The downcomer/ vent header spring
stiffness was developed by applying unit loads at the intersection

, ~\,

\ lq)
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using a shell model of the downcomer/ vent header intersection. This

shell model is described in Section 3.6.1. The 12 x 12 stiffness

matrix is shown in Table 3.6-1.
The Householder-QR method was used to extract eigenvalues of

the 1800 beam model. Design response spectra ~ curves for Brunswick

(Fig. 3.3.1.4-1) were used as seismic input. Peak responses were

evaluated at salient points using Stardyne Dynre-4 program. A

description of the 1800 beam model is included in Section 3.6.2.1.

3.5.2 Analysis for Pool Swell Loads

The vent header is made up of sixteen straight sections or
bays with eight vent pipes connecting into alternate bays. Thus a

typical repeatable segment including one half of a "non-vent" bay and
one half of a " vent" bay can be identified. The configuration of a

typical 22 1/20 segment of the vent system is shown in Figure 3.5.2-1.
The segment includes a portion of the ring header, one half of a vent

O pipe and six downcomers. Sixteen such segments make up the complete

vent system. A typical 22 1/20 degree segment is chosen for analysis.
The 22 1/20 beam model has been used for all dynamic analysis for LOCA

loads and is described in Section 3.6.4. The response results have

then been applied to an appropriate finite element shell model as
equivalent static loads to obtain stresses for code evaluation.

For pool swell transient, a 22 1/2r beam acdel with one times
the water weight as added water weight for the submerged segment of
the downcomers was used. Eigenvalues were obtained using the HQR'

method and the time history response was obtained using Stardyne
Dynre-1 program. This analysis is described in Section 3.8.1.

3.5.2.1 Methods of Analysis for Pool Swell Loads for Vent

System Structures

The magnitudes and time-dependent characteristics of the

loading at each component (vent, vent header and downcomer) are
developed based on Section 4.3.3 of LDR for load definition and

v
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assumptions, Section 4.3.3 of Application Guide 10 for procedure of
"

%
calculations, pages 37-48 of the PULD for plant unique characteristics 4

!and General Electric EDT #171.1 dated May 8, 1980. Due to the

relative location in the impact path of the three components of

concern, their loadings are generated individually.
The 22 1/20 degree beam model has been used for the analysis

of the vent system structure subjected to these impact loadings due to-
the symmetrical nature of the loading and the structural geometry.

The dynamic response of the structure due to impact on the
downcomer portion between the intersection of vent header and first

miter bend of the downcomer is accounted for by applying a dynamic
; load factor cf 2 as suggested in the LDR. Dynamic analysis is

performed to find the dynamic responses due to impact on main vent and
vent header. A one-time water mass for the submerged portion of

: downcomer in addition to. the structural mass has been used for this
analysis with a 2% structural damping.

The generated force vector at each nodal point from the

dynamic analysis due to main vent and vent header impact is then
combined statically with the effect of impact on downconer sloped
portion (dynamic load factor of 2 is included) to obtain the total

'

structural responses of the vent system due to pool swell impact on
those three components.

,

3.5.2.2 Methods of Analysis for Pool Swell Loads for
i

Vent / Vent Header Intersection,

Pool swell time history loads were applied to the 22 1/20 beam
model and the time history response was obtained at the support
columns. From this response dynamic load fac tors were computed for
various locations in the model. The dynamic load factor obtained at

support column locations was applied to the pool swell pressure load
acting upon the vent / vent header intersection. The resulting

equivalent static pressure loads were then applied to the vent / vent,

, header intersection shell model (Half Shell Model #3). Stresses at

3-18
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the critical element locations were used for code evaluation. Columnc

reactions were obtained for design of support columns and attachments.

3.5.3 Analysis for Chugging Loads

Chugging produces lateral loads on downconers. The maximum

design resultant static equivalent loads have been calculated based on
the dynamic characteristics of the plant unique downconers. 22 1/20
beam model with 2 x water weight as added water weight in the ,

submerged portion of downconers was used. HQR method of analysis was
used to extract eigenvalues. The lowest natural frequencies in plane
and out-of plane of a typical downcomer pair were noted. FSTF

definition of scaling factor is based on the assumption that

downcomers are rigid as compared to the downconer/ vent header
intersection flexibility. This was verified by applying unit loads at
downcomer tips of the downcomer/ vent header intersection shell model.

The same unit loads were also applied at downcomer tips in the 22 1/20
, . beam model and the correspondence of the beam model and shell model

was established by comparing tip displacements. A computer plot of

the displaced shape is shown in Figure 3.6-11. This establishes the
validity of the rigid downcomer assumption, Plant unique dynamic load
factors in E-W and N-S directions were computed using the formula DLF

fed where td (= .003) is the triangular pulse duration as shown in=W

Figure 3.3.8 of Reference 1. Plant unique RSEL's were computed for
E-W and N-S directions and for each of the eight sectorial

'

orientations (Figure 3.5.3-1) using the procedure outlined in

Section 3.3.5.1. Unit loads were applied at tips of downcomers using
the downcomer/ vent header shell model. Static analysis was done using,

Stardyne Static program. Plant unique RSEL's were then factored into

the unit loads and Stardyne Post program was used to compute element,

stresses and stress intensities. The method of analysis described

! above is presented schematically in Figure 3.5.3-2. The maximum

stress intensities for membrane and bending for chugging were thus
obtained.
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3.5.4 Analysis for Condensation Oscillation Loads

90 loads are oscillatory internal pressure loads. The vent
system structures, wherever axisymmetric (frequency 60 Hz) are not

; excited - by axisymmetric internal pressure harmonics (frequency 4-8
Rz). These pressures at such locations have been applied statically
and hoop stresses have been evaluated. At locations where there is a
change of direction in- the flow path, the internal pressure causes
thrust loads due to imbalance. Such locations are vent / vent header

; intersection, vent header siter and downconer miter. Evaluation of
these imbalances forces, due to CO internal pressure at vent / vent

.

header intersection and at vent header miter, are inherent in the vent
,

system thrust load analysis and have been discussed in-
Section 3.3.2.2.

The CO internal pressure loads on downconer miters were
!' integrated over the geometrically unsysmaetrical segment of the miter.

For each downcomer pair two situations were considered: firstly, the4

unbalanced miter force resultant harmonics for. internal pressure.
,

j loading of both downcomers; secondly, the differential pressure-
j harmonics were applied to one downconer. The response from -the two
I

situations was then superimposed. Both IBA and DBA conditions of
; accident were evaluated. A schematic of the method is shown in

Figure 3.5.4-1.

.

3.5.5 Analysis for Safety Relief Valve Loads

SRV actuations cause velocity and acceleration drag loads on
! submerged structures. From the velocity and acceleration fields, thei

j drag forces are calculated using TEEQFOR03 computer program
I (Reference 3-9). T quencher discharge loads are not only plant unique

,

but also SRV line unique. Individual lines have different geometry
,

and different set pressures. SRV time history loads were generated,

| for single and multiple valve actuations. It was determined thac
A3.2(SBA) SRV time history loads were governing loads for peakd

response. These loads are lateral loads having in plane and
,
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out-of plane components on the submerged segments of the downcomers.
22 1/2o beam model with 2 x' water. weight on submerged portion of
downcomers as added . weight was used for analysis. Structural'

frequencies were obtained using Stardyne Householder-QR method. The

i frequency content of the SRV load transients was determined ' using a
response spectra technique. He SRV time history was then adjusted to

i conform to the structural frequencies so as to obtain maximum
! responses. A typical plot of the adjusted SRV A3.2 (SBA) time history

is shown in Figure 3.8.1-1. These time histories were then applied at
two nodal locations in each downconer to correspond with the two

. locations for which the SRV time history was generated using TEEQFOR93
program. 4% damping was used and peak downconer tip displacement
responses was generated using Starydyne Dynre-1 program. These peak
tip displacements were then applied to vent header /downcomer

intersection shell model which was then post processed to obtain peak
stress intensities 'in all elements. The above method is presented

schematically in Figure 3.5.5-1,4

3.5.6 Analysis for Thrust Loads

Due to the symmetry of the thrust loading and structural,

geometry of vent system, the 22 1/2 degree beam model has been

utilized to investigate the structural response of the vent system
subjected to thrust loads. The new column supports located at both

sides of the intersection of main vent and vent header have been
deleted for the analysis due to their proximity to the main vent,

which tends to attract downward force from the thrust on main vent and
the fact that their downward restraint capacity is negligible due to

'

their design.

With the transient nature of the thrust loading, dynamic
analysis has been performed to find the responses of the vent system
structure. A one-time water mass at the submerged portion of

downcomer has been incorporated in the modal extraction of the

..

%
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LJ structure and a 2% modal damping has . been used to calculate- the

dynamic responses.

3.},7 Fatigue Evaluation
The vent system structures are subjected to a number of cyclic

loading conditions. ASME Code and Mark I LTP acceptance criteria

require fatigue evaluation for cyclic loads.

3.5.7.1 Evaluation Procedure

a) Determine total number of loading events for Loads which

cause cyclic stresses.

b) Identify critical location for fatigue damage.
c) Calculate stress range for each cyclic load and critical

location.
d) Determine equivalent maximum stress cycles.

e) Select suitable stress concentration factors.
f) Perform a f atigue evaluation in accordance with the ASME

s .

Code.

The assumptions and procedures for carrying out steps (a) thru

(e) are described below. Actual fatigue evaluations at the selected

; locations are sununarized in Section 3.8.-

3.5.7.2 Loadings Considered for Fatigue

Vent system structures are subjected to the following cyclic
loadings:

1. Seismic loads.

| 2. SRV air bubble drag loads on downcomers.

3. LOCA loads: including condensation oscillation and
chugging loads.

Seismic loads, applied to shell model as equivalent static*

loads, do not produce high stresses. These stresses yield a very low

;
usage factor. Fatigue evaluation for these loads is not discussed
further.

s
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3.5.7.2.1 SRV Air Bubble Drag Loads

SRV air bubble loads . have been app 1ied as lateral ' loads
;

on submerged portion of downconers. Based on the ~ actual SRV

actuations counted, it is estimated that a total of 400 actuations
,

would occur over the ,40 year estimate plant life. Each SRV event

(actuation) produces cyclic response transients with amplitude (strees

) range) varying among successive cycles. Amplitude decays to zero

after each event (see downconer tip displacement response curve.

Figure 3.8.1-3). For the purpose of a conservative fatigue

evaluation, an estimated 2000 equivalent maximum stress cycles have
been used.

,

3.5.7.2.2 Condensation Oscillation Loads
Condensation oscillation loads have three harmonics which

'

have been applied at frequencies f, 2f and 3f (see Section 3.3.2.4).
These loads are internal pressure oscillations and do not excite the

i shell modes of the structure. The differential pressure harmonics

i applied at downcomer miters contribute significantly ' because one of
the harmonics is applied at the lowest downconer frequancy. Number of

cycles for the CO load harmonics is obtained by multiplying the
duration of the event by the frequency of the harmonics.

Conservatively, the total stress intensity has been used for each

harmonic. Maximum stress range and number of cycles for each harmonic
! is thus obtained.

! 3.5.7.2.3 Chugging Loads

Chugging loads are applied as maximum RSEL (resultant
,

static equivalent loads). Plant unique RSEL's are scaled from the

FSTF resultant static equivalent load. The step by step procedures

for computing number of stress reversals for chugging loads for

fatigue evaluation is as given below.

.

3-23

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



Compute plant unique RSEL'so

DLF
Paax = F1x

(DLF)1

where

F1 = RSEL from FSTF data

F1 = 3936

DLF = W ta f

DLF1= Wtd fl
o Compute RSEL components in N-S and E-W directions for

each of the eight sectors using equations.
Apply RSEL components at downcomer tips of vent

header /downcomer shell model for each sector.
Compute maximum stress intensity for each element for allo

the eight sectors.

o
For each element scale stress intensities for each sector
to the maximum stress intensity obtained in the previcus'

step. Scale Factor = * *

(S.I.) max. OF ELEMENT
C Use FSTF stress reversal histograms Figures 4.5.3.2

through 4.5.3-9 of LDR (Reference 3-J) for each sector
for computing number of stress reversals. Rescale the
RSEL (%) scale by multiplying each histogram by the scale-
factor obtained in previous step.

o Sum all eight histograms to obtain total number of stress
;

reversals for every 10% of the maximum stress intensityI

range.

Multiply total number of stress reversals by the ratioc
|

IBA/DBA CHUGGING DURATION
FSTF CHUGGING DURATION

This ratio is 1.76 for IBA and .0586 for DBA.

|
t
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In this manner we obtain the stress range and number
reversals for each element for chugging loads.

3.5.7.3 Critical Fatigue Locations

The downcomer/ vent header intersection is the area where
maximum stresses occur due to CO, chugging and SRV loads. This

intersection is identified as the most critical location in the vent
system for fatigue evaluation.

3.5.7.4 Stress Concentration Factors
In the areas of stress concentration, a refined finite element

mesh was used to obtain accurate stresses. For fatigue evaluation of

welds in the area of high stress concentrations a fatigue
concentration factor of 2.0 for welds was used.

3.5.7.5 Code Procedure for Determination of Fatigue Usage
Factor

Using the stress ranges, stress concentration factors and

number of stress reversals (cycles) determined in the previous
sections, a code fatigue evaluation was carried out. The step by step
procedure is outline below.

o Determine peak stress intensity range for selected
elements by multiplying maximum stress intensity by

stress concentration factor.

C Peak S.I. range = |Si-Sj| max x SCF
!

O Determine alternating stress intensity range by using the
formula

,

i

Sa = 1/2 x Peak S.I. range x

O
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X
wh'erea

S, = alternating stress intensity range
E = Elastic modulus for SA 516 Grade 70 for

temperature 2000c = 27.7 x 106 Kai

Ec = Elastic modulus used for code fatigue curves as
given in ASME Code = 30 x 106 kai

(Ref. Fig I-9.1
Appx. I of ASME

Code Section III
Appendices)

0- For the alternating stress -intensity range, read

allowable stress cycles for fatigue design curves using
'

Figure I-9.1 Appendix I of ASME Code Section III

i Appendices

o Repeat calculations for each cyclic load
4

r

o compute cummulative usage factor using the formula

! o Cummulative usage factor = Z
.

:

! where sununation is for all cyclic loads.

'

ni = Equivalent maximum stress cycles for the ith
; cyclic load

j'

Ni = Number of maximum allowable stress cycles for
the alternating stress intensity range, Sai

. obtained from the code fatigue design curve.
!

Cummulative usage for fatigue should be < 1.0
.
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3.5.7.6 Use of Program " Fatigue"

For fatigue evaluation of chugging loads, a Fortran coding of
the procedure using the FSTF histograms and the code fatigue design
curves was done. This in-house program " Fatigue" (Reference 3-14) was
verified. The program was used in conjunction with output of stress
intensities using Stardyne " Post" program.

For other cyclic loads, such as CO and SRV, the maximum stress -

intensities were obtained from Post program. The usage factor was

calculated by direct use of code fatigue curves.

3.5.8 Evaluation of SRV Discharge Line Penetration of Vent / Vent
Header Intersection

Actuations of an SRV are assumed to occur at any time during
the life of the plant. One or more of the eleven SRVDL can be
actuated during normal plant operations or possibly during a LOCA.
The variations in loading which are associated with the random
occurence of these actuations requires that the nature and origin of
the loads acting on the SRVDL be considered in the analysis of the

i

penetration.

Specifically, differences in magnitude, direction, and timing
j between a normal operational and LOCA related SRVDL discharge are
! important considerations. An important distinction occurs between the

upstream and downstream sections of the discharge line. The

downstream portion of the line lies within the wetwell airspace and
the supression pool. This location of the line causes it to - be
subjected to higher loads during a LOCA than the upstream portion of
the line which lies in the drywell airspace. In the drywel) airspace,
the upstream portion of the line is protected from the direct e f fec ts
of quenching and other suppression pool phenomena. For this reason,

statically applied equivalents of the peak loads from time history
analyses were differentiated as being upstream loads or downstream
loads (Reference 3-4). Also, some of the loads related to an SRV

O
!V
t
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'(). discharge do not occur simultaneously on the upstream and downstream
legs of a line. This effect was included through the separation of
these load components into separate static cases.

3.6 MATHEMATICAL MODELS

Mathematical models used for vent system evaluation are

described in this section. As necessitated by the type of loads and
methods of analysis used, two types of models were used:

1) Shell models
2) Beam models

Finite element shell models were used to obtain stresses in
the local regions of intersections in the vent system. These models
were also used to obtain local stiffness coefficients for
incorporation in the beam models. Regions where local e f fects were
desired to be evaluated are:

a) Downcomer/ vent header intersection (Shell Model #1)\d'

b) Vent / vent header intersection (Half Shell Model #3)

Shell models used for computing locci stiffness coefficients
are:

,

a) Vent / vent header intersection superelement (Shell Model
#3)

b) Downcomer/ vent header intersection (Shell Model #1)
Shell models were used for static analysis. Salient features

of these shell models are described in Section 3.6.1. Beam models
were used for dynamic analysis. There were two t pes of beam models
used:

a) 1800 Beam model for asymmetric loads
b) 22ho Beam model for symmetric loads.

Justification for using 1800 heam model or 22 o beam model has;

already been discussed under methods of analysis. To recapitulate,'

the 1800 beam model has been used for seismic analysis of the vent

D< a
|-
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;

O. . system. 22ho Beam model was used for pool' swell, thrust,_CO, SRV and
~

chugging loads. Salient features of the beam models are discussed in
Section 3.6.2.

3.6.1 Shell Models

Finite element discretization of the intersection regions was
done using STARDYNE QUAD-PLATE and TRI-PLATE elements. QUAD-PLATE is
a quadrilateral thin plate 4-node planar . element. The element has
five degrees of freedom per node three translations and two-

rotations. The in plane displacement function' is an iso parametric
formulation with incompatible modes. The curvature and slope terms
have a quasi-linear strain formulation. TRI-PLATE is a linear

curvature comaptible triangular plate element which simulates thin
plate behavior. A variation of'this element is " Martin element" which
can be used when transverse sheer effects and/or transverse shear
stresses are desired. The displacement of a TRI-PLATE element is
defined by three translations and two rotations at each corner of the
element. " Martin" triangular plate element can be used for both thin
and thick plate behavior. " Martin" element with constant strain
formulation (linear variation of displacement) was used in the present

~

analysis. A complete description of these elements is contained in
References 3-10 and 3-11.

The basic form of finite element mesh was dictated by _ the
geometry of the intersection, the location of the stiffeners and other
geometric discontinuities. The mesh was graduated in accordance with
anticipated stress gradients. The mesh refinement was arrived at by
using various test problems and the solution verified by classical
methods. In most areas of the shell models the QUAD-PLATE element was
used. Triangular plate elements were used in transition areas. The

shell models- extend over the region of the discontinuity plus
sufficient distance into the uniform region of the shell to allow
local stress effects to die out. The model synsnetry and geometry
input were checked by using Stardyne's " Static", " PLOT 3D" and CONSTAR

g

) ,
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(plot) programs. A brief description tof the - individual shell models

and the finite element mesh of each model is given below:

3.6.1.1 Downcomer/ Vent Header Intersection (Shell.
Model #1)

i

This is a finite element shell model consisting of a ' typical

tied downcomer pair attached to a segment of the ~ vent header. .The

header segment extends to 87.5" in length on either . side of the

i downconer pair. The geometry and finite element model of shell model
i
' No. I are shown in Figures 3.6.1.1-1 through 3.6.1.1-10. . The

CONSTAR/ PLOT 3D . plots of the mesh are shown in Figures 3.6.1.1-11
through- 3.6.1.1-13. The tie between the downconers is represented by
STARDYNE BEAMG elements. The nodes at the end of each downcomer arei

connected to a central node (Node 1277 and Node 1346) by means of.

rigid links. This allows these central nodes to be used as points of-

load application. Fixed boundary conditions are imposed at ~ the twoj

extremities of the vent header segment.
This shell model is used for two purposes; firstly to compute

downconer/ vent header intersection stiffness matrix and secondly . to

apply equivalent static loads for CO, SRV and chugging loads to

i compute element stresses and stress intensities. Procedure for

computing downcomer/ vent header intersection stiffness matrix is given
in Calculation Set 9527-E-SC-VS-1-F (Reference 3-13). This stiffness

matrix is used in beam models as matrix addition elements at header
and downcomer junction nodes and is shown in Table 3.6.1.1-1. The

method for application of CO loads, SRV loads and chugging loads'to
this model has been discussed under method of analysis Sections

3.5.7.2.1 through 3.5.7.2.3.

3.6.1.2 Vent / Vent Header Intersection (Shell Model #3)
,

| A typical vent / vent header intersection is shown in Figure

; 3.6.1.2-1. Of the eight vent / vent header intersections in the ring

! header, six intersections have penetrations for SRV discharge lines.
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bo Locations of the eleven SRV discharge pipes are indicated in Figure
3.2. 3. - The vent header is 54.25" in diameter everywhere except at the
areas of the vent / vent header intersections where the diameter is
enlarged to 76.25" through a conical transition. It was required to

determine the local stiffness properties of this intersection in order
to form analytical beam models for dynamic analysis of vent system
structures.

A re pre sentative vent / vent header intersection model was
chosen which consists of a 12" long segment of the vent pipe, two 10"
long segments of the header pipe, one on either side of the conical

transitions, the enlarged portion of the header and the three 1 1/4"
thick collar stif feners. A finite element model of this intersection
is shown in Figures 3.6.1.2-2 through 3.6.1.2-3.

The nodes at the extremities of each cylindrical segment are
connected to a central node through rigid links. These three nodes

; (Nodes 2820, 2821 and 2822) correspond to the three nodes in the 1800
%

) beam model at the junction of the vent and vent header beam elements.

Stardyne QUAD-PLATE and triangular plate elements were used. A

graduated refined mesh was used in the areas of discontinuity.
Stardyne static analysis was used to compute the reduced

stiffness matrix. Analytical procedure used to obtain the reduced

stiffness matrix is given in Calculation Set 9527-E-SC-VS-1-F

(Reference 3-13). The stiffness matrix was reduced to the boundary
degrees of freedom corresponding to the three boundary nodes (Nodes
2820, 2821 and 2822) using static condensation. This reduced matrix
k is shown in Table 3.6.1.2-1. The entire intersection was thus useds

an a superelement.:

I

! Two variations of the above matrix were used in the beam
models. One for the 1800 beam model and the other for the 22ho beam
model. The 1800 beam model was used for seismic analysis wherein
seismic response was also required at SRV discharge line penetrations.
To accomplish this a 4-node beam model interconnecting the three
boundary nodes of the superelement was made. The superelement ks and

|
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;

[- the 4-node beam model reduced ' stif fness matrix kB were then super-
imposed together to yield the same reduced stiffness matrir as-

* - obtained originally- for the superelement. The effective difference
matrix (k,-k ) was used in conjuction with the 4-node replacementB

model in the 1800 beam model.

The other variation of the superelement was made with L the 22101
beam model where the symmetric half of the vent / vent header,

w.

intersection was to be - used. - The reduced ' stiffness matrix of the
superelement was modified retaining only the . appropriate stiffness
coefficients using symmetric boundary conditions at Node 2822 on the,

vent. This stiffness matrix is shown in Table 3.6.2.2-1.

3.6.1.3. ' Vent / Vent Header (Half Shell Model #3)

This shell model was used for evaluation of the intersection
for pool swell loads. Pool swell loads were applied as equivalentf

static pressure loads on the Half Shell Model #3. It was called Half
; Shell Model #3 because only symmetric half of the intersection shell

model was used; the load and the structure both being symmetric about
'the center line of the vent. The model contains the vent / vent header

>

intersection and the vent segment extending up to . the drywell. A

sufficient length of the header (45.7765") past the conical section,

'has been included so that local effects die out. The ' header segment,

i

beyond this length is modelled as beam elements which are connected to
the shell by means of rigid links. He supporting columns near the

header miter have been represented in the model as ground springs at.

Node 2220 and the columns at the transition cone have been represented

as beam elements connected to the enlarged diameter of the header by
means of a 1" x 6" ring welded to the header. He finite element

i discretization of the model is shown in Figures 3.6.1.3-1 through
3.6.1.3-6. The bellows are attached to the vent by means of springs

r representing the axial and lateral stiffness of the bellows. The vent
drywell junction nodes have been fully restrained. Symmetric boundary
conditions have been applied to all nodes at the vent center line.

:

i
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0 '

t i

Node 2222 represents the far. end of the model on- the her. der.
..

Symmetricboundaryconditionshavebeena[pliedatthisnode.
. ..

,'

j 3.6.1.4 SRVDL Penetration'of Vent / Vent Header Intersection
.This shell model was undo to evaluat'e .thI penetration. of the Y

F vent / vent header intersection by the SRV , discharge line (SRVDL)4

(Figures 3.6.1.4-1 and 3.6.1.4-2) under loads acting on the . SRVDL
i

system.~ The geometry of the penetration and the ; application of
appropriate bo'undary conditions ' permitted the isolat' ion ' of one SRVDL. i

y

in a finite element idealisation of one half of the vent / vent header.

intersection. The use of only one half of the intersection allowed, .

; for,significant mesh refinement in the region of the penetration.
The model - (Figurer 3.6.1.4-3 and 3.6.1.4-4) consists of one ~

half of the vent / vent headtr intersection model with short segments of
i the vent and vent header included (similar to Shell Model No. 3).;

Upstream SRV loads were applied to ,the. end of a portion of the
. upstream SRVDL, while downstream SRV loads were applied to the point

1

at which the SRV support is connected to the downstream portion of the ' '

/ ;l;.

} SRVDL (Figure 3.6.1.4-5). Also included in the .model are L
n ';idealizations of the SRVDL penetraticn reinforcement' (Figure - '

3.6.1.4-6) and the intersection ring stiffener.
j. The , majority of the idealization consists of STARDYNE QUAD'- -

PLATE and TR,1-PLATE elements to model the primary components. Rigid #

- link elements (Figure 3.6.1.4-5) were used to distribute applied loads
and support reactions along the outermost edges of the cylindical

'

members of the model. Beam elements.were us'ed to model portion's. of
the SRVDL support and matrix elements were used to provide
concentrated values of stiffness where necessary.

,

. s

3.6.1.5 Deficctor Support Shell Model >3
.i

The deflector support shell model as shown in Figure 3.6.1.5-1
/includes the deflector support , plate, header ring plate, header

columns, the header and cheek plates. The header columns were

,
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O
represented by springs with a stiffness of 2100 k/in. The model

includes the header extending three feet on both sides to ensure that'

,

critical local stresses in the header were examined. At the boundary

of the header it was assumed that there were no movements in the axial .

and horizontal directions. The cheek plates were connected to ring
plate and the support plate by rigid beams. The model consists of 726

'

nodes, 60 rigid beams, 232 triangular plate elecants and 516
d

quadrilateral plate elements.

3.6.2 Beam Models

Lumped mass beam models have been used for dynamic analysis of

the vent system structures. Asyuusetric loads were applied using a
1800 beam model. Taking advantage of the repeatibility of the

geometry, a typical 22ho segment was considered representative of the
vent system for all symmetric loading. STARDYNE BEAMG & PIPEG

.

elements - were used for the vest header, vent, downconers and the
deflector. The support columns for the vent header were represented
as axial members. These columns were translationally restrained at

support points located at the torus but allow horizontal translation4

of the header. These support columns are designed to take only

compression loads. The downcomers are connected to the header by

means of rigid links of lengths equal to the radius of the header.

The downcomer/ header intersection stiffness is represented by matrix
addition elements "MADDEL's". Each matrix addition element has

symmetricdowncomer/ vent header stiffness coefficient input as a

stiffness matrix. A 12 x 12 stiffness coefficient matrix is included'

for each "Maddel". Each downconer/ vent header intersection has one
Maddel. The 12 x 12 spring stiffness matrix is shown in Table

3-6.1.1-1. The mass nodes have been chosen judiciously to represent

their physical location. An adequate number of mass nodes has been

provided so that all nodes of interest are preserved. The miter at'

the header and the downcomers was represented by beam elements with

beam properties representing the miter flexibilities. Salient
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features of the 1800 Beam model and the 22 0 beam model are discussed
below.

3.6.2.1 1800 Beam Model

The 1800 beam model of the vent system structures is connected

to the Brunswick containment lumped mass stick model by means of rigid
links. Together these structures form a three dimensional beam model.

The containment model and 1800 beam model are described below.

1. Containment Model

Brunswick containment model consists of the
following components

o Pressurized Reactor Vessel
o Concrete Pedestal
o Shield Wall
o Drye 11

O-
o Reactor Building
o Foundation Mat

Seismic Springso

Soil Springso

A lumped mass finite element idealization is shown in Figures
3.6.2.1-1 and 3.6.2.1-3. Nodes 1 to 45 and beam elements 801 to 902
have been allocated to the containment model. Soil spring stiffnesses

represented by STARDYNE matrix addition elements (MADDELS 223 andare

224). The soil springs have been attached to the containment at the
bottom of the foundation mat (Node 999) at El. (-)28 ft. The reactor

vessel to shield wall and shield wall to drywell lateral springs are
represented by MADDELS 225 and 226.

2. 1800 Beam Model Description

This beam model consists of four vents, 1800 of
header /downcomer system, the deflector and the supporting
columns as shown in Figure 3.6.2.2-1.
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O A lumped mass finite element idealisation of the 1800 beam-
model is shown in Figures 3.6.2.1-4 through 3.6.2.1-7. Nodes 100 to

900 and nodes 35 and 1000 and beam elements 1 to 800 and 910 to 951-
have been allocated to this model.

The 1800 beam model is connected to node 999 of the

containment model by means of rigid links. These rigid links-

interconnect all ground support locations which are identified as vent
to drywell connections (Modes 299, 499, 699 and 899) and column nodes
at anchorage points with the torus shell (Nodes 128 to 131, 171 to'
174, 328 to 331, 371 to 374, 528 to 531, 571 to 574, 728 to 731 and
771 to 774) as shown in Figures 3.6.2.1-8 to 3.6.2.1-11.

As has been mentioned earlier in Section 3.5.1, the 1800 beam '

model was used for seismic analysis of the vent system. The

infinitely rigid system formed by the rigid links, makes it convenient
to input the Design Response Spectra Curves. Notable features of the

model are given below:

O
o Bellows are represented by equivalent beam elements 948 to

951.

o Superelement stif fnesa matrix obtained from Shell Model No. 3
was modified to include a 4-node beam model and the resulting

stiffness matrix (see Table 3.6.2.1-1) was used in the 1800
beam model as MADDEL No. I to 4.

MADDEL No. NODES FORMING
THE ELEMENT

1 150, 151 & 152

2 350, 351 & 352

3 550, 551 & 552

4 750, 751 & 752

G,
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O'

o The downconer/ vent header intersection stiffness matrix was
represented in the model by MADDELS 5 to 15, 25 to 36, 45 to

; 56 and 65 to 76.

Damping values used are as follows:o.

e
1

; .
5%Structural Steel

Concrete 7%
.

Soil 7%

Vent System Structures 4%

Composite Damping determined by STARDYNE, was used for seismic

evaluation of the above three-dimensional 1800 beam model.

Symnetric boundary conditions were applied at nodes 100, 200,o

900 & 1000 of the header and the deflector. Node 999 was

restrained for vertical and all out-of plane rotations and

translations.i

j 3.6.2.2 22\0 Beam Model

j This beam model contains a 22ho segment of the vent system.
It has three downcomer pairs, the deflector and the header segments,

two sets of suppott coluans and a sysssetric half of a vent as shown in
Figure 3.5-1. A finite element discretization of this model is shown
in Figures 3.6.2.2-1 through 3.6.2.2-11. This model was used for

dynamic analysis of CO loads, SRV loads, pool swell and thrust loads.
The frequency characteristics of the structural model were used for

| the determination of Resultant Static Equivalent loads for chugging.

Static analysis was done to verify correspondence of the beam model
with the shell model. The model contains 146 nodes, 122 beam elements

and 10 rigid links.

|
The rigid links were used to connect the downcomers to the

! header center line and to connect support columns to the header center

|O
;

i
'
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O
line. Downcomer/ header intersection stiffnesses have been

incorporated in the model as matrix addition elements Maddels 2 to 7.
A synenetric half of the vent / vent header intersection stiffness matrix
was used in the model as shown in Table 3.6.2.2-1. This matrix was
derived from the reduced stiffness matrix of Shell Model No. 3
(superelement) described in Section 3.6.1.2 and shown in
Table 3.6.1.2-1 using the asymmetric and symmetric contribution of
coefficients in the stiffness matrix. Additional pertinent fea tures
of the model are given below.

Adequate distribution of mass nodes has been used in the modelo

to preserve all beam modes. Nodes have been assigned at all
locations where dynamic loads have to be applied.

Appropriate hydrodynamic weights have been added to submergedo

portion of downcomers as required by the type of loading (see
methods of analysis Sections 3.5.3 through 3.5.5).

O
Type of Loading Hydrodynamic Weight

Added

Pool Swell 1 x Water Weight

CO 1 x Water Weight

! Chugging 2 x Water Weight

SRV 2 x Water Weight
,

o For pool swell and CO loads 2% damping was used which was
considered conservative. For SRV, a damping of 4% was used.

o Bellows have been represented in the model as equivalent beam
e lement s . (Elements 23, 24 and 25)

|

~O
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o Symmetric and anymusetric boundary conditions were used for
1 modal extractions. It was considered reasonable to use only

symmetric boundary conditions for evaluation of dynamic
response. Symmetric boundary conditions were applied at nodes
100, 117-120, 124, 152, 153 and 300. Vent node 121 was. fully
restrained. Column support nodes anchored to the torus shell

; were translationally restrained.
4

3.6.2.3 Deflector Beam Model
A deflector. beam model was created (Figure 3.6.2.3-1)

representing a half length of the deflector. Mode 300 is the center
line of the non-vent bay. When analyzing symmetric loads such as pool
swell loads or dead weight, synssetric boundary conditions were
assigned at Node 300. While evaluating non-symmetric loads such as
seismic loads in the axial direction, anti-synsetric boundary
conditions were assumed. Node 313 represents the cantilever end of.

the deflector. Free boundary conditions were assigned at this node.
The defector is supported by the header at Node 310. Spring constants
at the support were obtained from the unit load analysis of deflector

j support shell model. These constants are given in Table 3.6.2.3-1.
i The beam model consists of 13 segments. The segments between
I

Nodes 307 and 309 represent the miter bends. To account for the

flexibility of the siter, stiffness at these segments were divided by
the calculated flexibility factor. Mode '04 represents a splice in
which the loads are required for the evaluation of flange joints. The

rest of the nodes were chosen to provide equal spaces.

| 3.7
VENT / VENT HEADER INTERSECTION - RESULTS OF ANALYSIS AND QUALIFICATION

i

!

The models used were:
|
| o 22
| Degree Beam Model for Dynamic Analysis

Half Shell Model No. 3 for Static Analysis7 o
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Applicable Loads:
'

Pool Swell Time History Loadso
i

Equivalent Static Pressure Loadso

3.7.1 Analysis and Results

The analysis followed the methodology described in Section
3.5.2 and is sunusarized below.

o Pool Swell Time History Analysis using 22ho Be.
Model. (Reference 3-13)

o Obtain Column Reactions from Above Analysis. (see
Table 3.7.1-1)

o Compute Equivalent Static Pool Swell Loads which
when Applied to Half Shell Model No. 3 will Yield
Same Reaction in Columns. (see Table 3.7.1-2)
Perform Static Analysiso

o Obtain Column Reactions, Column Displacements and

Maximum Principal Stresses in Support Ring (See
Figures 3.7.1-1 to 3.7.1-6)

. Obtain Stress Intensities by Post Processing
;
. o Sununary of Stresses, See Table 3.7.1-3 for
! Qualifying Elements (See Figures 3.7.1-7 to'

3.7.1-34)
3.7.2

Qualification of Main Vent / Vent Header Intersection For Pool
Swell Loads,

I

Qualification criteria are defined in Tables 3.4.1-1 and
j 3.4.1-2 and sununarized below.

1

I,
o Qualification Criteria: Service Stress Intensity

i

Limit A (Ref. Table -
3.7.2-1)

o At Discontinuities
PL< 1.5 S ( = 28.95 ksi)ac

PL+Pb + Q < 3.0 Set ( = 69.3 kai)

1+

3-40

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



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

'
,

'
I

:

O o At Continuities
!

P. < 1.0 Sac ( = 19.3 kei)
PL+Pb< 1.5 S ( = 28.95 kei)ac,

3.7.3 Qualification of Bellows
The bellows have been qualified based on their rated

i capacities in terms of axial and lateral growth. Counparison with the
actual growth at the vent node obtained from the 22%o beam model for
pool swell and thrust loads is shown in Table 3.7.3-1.

3.7.4 Qualification of Columns

The methodology for qualification of columns is summaarized
below:

o obtain column reactions from analysis of thrust
loads'(see Table 3.7.4-1)
Column reaction obtained from analysis of pool swello

loads (see Table 3.7.4-1) -

Compare with column capacity (see Table 3.7.4-1)o

3.7.5 Qualification of Support Ring
The support ring has been qualified

o Compare stresses from pool swell analysis to

4 allowables (Table 3.7.5-1)

3.7.6 SRVDL Penetration of Vent / Vent Header Intersection -Results of.

Analysis and Qualification

The SRVDL penetration of the vent / vent header intersection,
with its associated stiffening members, was subjected to a series of

static analyses. The results of the analyses were used to evaluate4

the penetration and penetration stiffening in compliance with the ASME
code. From the analyses, loading cases which were a result of LOCA

,

induced loads on the SRVDL were found to cause the highest stresses in

the components and connection details of the penentration region. The

O
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evaluation of the stress and force values io each component ' of the
penetration detail was required to insure-its proper functioning.

The maximum stress intensity calculated for any element in the
model for any load case was 23.6 ksi. This stress occured in the SRV
support cylinder and is a local secondary bending stress for which the
allowable is 69.3 kai. The maximum secondary bending stress intensity
calculated for the header for all load cases was 15.8 ksi. This value l

occured at the penetration line on the header itself. Its allowable I
,

i stress is also 69.3 ksi. Based on these two comparisons, the stresses
at the penetration are well below the allowable value. This low value

a

of stress is a result of the header stiffening and SRV clamp details, i

These details were chosen so as to together channel the loads on the
downstream SRVDL away from the penetration without inducing high

| stresses anywhere else at the penetration. The size of the particular

clamp and stiffening plate details used, effectively transfer the los.d
I with no stress concentrations.

All welds along the header / stiffening plate / ring interface and
clamp supports are sufficient to transfer the required forces. The

| bolts used ir; the clamp support angle / stiffening plate connection are
sufficient to permit the force transfer as a friction type connection.
Bolts used in the SRV clamp provide the necessary shear and tensile
resistance to insure the effectiveness of the ' clamp in transferring
the load from the SRVDL to the stiffening plates. The SRV clamp and
angle supports were also found to be sufficient to transfer the

applied loads without any overstress. Because of the relatively low

stress levels, fatigue usage factors are well below 1.0 and therefore,
fatigue does not present a problem in the SRVDL penetration region.

!

O-
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' 3.8
VENT HEADER /DOWNCOMER INTERSECTION-RESULTS OF ANALYSIS AND

QUALIFICATION

The models used weret

22h Degree Beam Model for Dynamic Analysiso

Shell Model No. I for Static Analysiso

The applicable loads used for this analysis are:
<

SRV time history for A3.2S (SBA) actuation (SRV actuationo

concurrent with a small break LOCA)
Condensation Oscillation Harmonic Loadso

; o Chugging RSEL's (Resultant Static Equivalent Loads)
.

3.8.1 SRV Time History Analysis and Results

The analysis followed the methodology described in section
3.5.5 and is summarized below.

o 22 Degree Beam Model-HQR Analysis

2x Water Mass as added Mass on Submerged Portion ofo

Downcomers (See Fig. 3.6.2.2-2)
o Obtain Natural Frequencies for - both x2 and x3

degrees of freedom using Symmetric Boundary
Conditions (See Table 3.8.1 -1)

s

o Obtain Natural. Frequencies for both x2 and x3
degrees of freedom using Asymmetric Boundary
conditions (See Table 3.8.1-2)

!
SRV Time Historyo

o Select the most critical time history (A3.2S (SBA))
; for evaluation of response (TEEQFOR03,
;

Reference 3-9)
o Determine frequency content of SRV time history

using Response Spectra Method (Program SAC 058) (See
Table 3.8.1-3)

Adjust frequenc'y of SRV time history (within a 10%o
4

Range) to resonate with structural frequencies.
( Figure 3.8.1-1 shows a typical input time history.
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1

o 22 Degree Beam Model - Time History Analysis
o Apply SRV time histories for x2 and x3 degrees of

freedom to submerged portion of downconers. (See
Figure 3.8.1-2)

o Obtain downconer tip. displacement response time

history nom peak responses in x2 and x3 degrees of
. freedom (See Figure 3.8.1-3 and Table 3.8.1-4)

Shell Model No. 1 - Static Analysiso

o Apply Unit Loads at tips of both downcomers (Nodes
1277 and 1346)

Obtain - response from static analysis for unit loads.o

Note downconer tip displacements and elemental
stresses (See Table 3.8.1-5)

o Factor tip displacements due to SRV load obtained
from 22hD Beam Model Response into Unit Load Tip
Displacements. Run " Post" to obtain stresses and

'

stress intensities. (See Table 3.8.1-6)

I .

3.8.2 CO Loads Analysis and Results

The analysis followed the methodology described in Section
3.5.4 and is summarized below:

22% Degree Beam hadel - HQR Analysiso
I

1x water mass as added mass on submerged portion ofo

downcomers

o Obtain natural frequencies using symmetric boundary
conditions. (See Table 3.8.2-1)

o Condensation Oscillation Harmonic Loads
Integrate unbalanced force at downcomer miter due too

AP and internal pressure (See Figure 3.8.2-1)
o Select lowest downcomer frequency in X2 direction

and compute amplitude and frequencies of three
harmonics ofAP and internal pressure for IBA and
DBA. (See Table 3.8.2-2 to Table 3.8.2-3)m
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O 22h Degree Beam Model - Harmonic Response Analysiso

i o Apply three sinuosidal harmonics for CO internal
pressure (IBA) on each downconer siter node and
three sinusoidal harmonics for AP (IBA) on one

idowncomer of. each downconer pair. (See Figures

3.8.2-2 and 3.8.2-3)
o Obtain downconer tip displacement response. (Table

.!

3.8.2-4)
o Repeat Dynre-2 analysis for DBA condition and obtain

downconer tip displacement response. (Table

3.8.2-5)
o Shell Model No. 1 - Static Analysis

Use tip displacements and stresses due to unit loadso
,

(See Table 3.8.1-5)
o Factor tip displacements due to CO loads from 22ho

beam model response into unit load tip

displacements. Run " Post" to obtain stress

intensities. (Table 3.8.2-6)
,

|

3.8.3 Chusging Loads Analysis and Results

The analysis followed the step by step procedure described in
Section 3.3.2.5.1 and is sumsarized below:

o 22h Beam Model - HQR Analysis

o 2X Water Mass as added mass on submerged portion of

downcomers

; o Obtain nr.tural frequencies using synsmetric boundary
conditions (See Table 3.6.2.2-2).

o Compute maximum resultant static equivalent loads due to
chugging to be applied statically to tips of downcomers

,

(Step 4 of Section 3.3.2.5.1)
Pmax (E-W) = 11.987 kips

Pmax (N-S) = 4.58 kips

O
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~

o Shell Model No. 1 - Static Analysis

i o Obtain Element Stresses due to Unit Loads applied at

downcomer tips (See Table 3.8.1-13)
;

o Factor Paax (E-W) and Paax (N-S) into unit downconer t

i,

stress to obtain maximum element stresses due to
4

chugging loads in X2 and X3 directions.

(Table 3.8.3-1)
o Run " Post" to compute maximum stress intensities- for

i each element.

I
'

3.8.4 Combining Responses Due to SRV, CO and Chugging Loads and

Qualification
Various load combinations have been described earlier in

Section 3.4. These load combination are based on event timings. The

SRV and chugging loads are random in nature and the peak reeponses
have phase lags. Based an Reference 3-6, Section 6.3b, SRSS method of

combining peak responses has been used. The load combination wk'
yield the most critical stresses / stress intensities are given below

; 3.8.4.1 CO + SRV

The responses due to CO (IBA) and CO (DBA) were combined with;

responses due to SRV using the absolute sum. method. Resulting

stresses in the maximum stressed elements are shown in Table

3.8.4.1-1.
,

t

!
3.8.4.2 Chumaing + SRV

It was determined that IBA Chugging and SRV A3.2S gave the

worst load combination. The stresses due to chugging IBA and SRV

loads were combined by SRSS method and the elements with the maximum
stress intessities were identified. The load factors for possible#

combinations are. shown in Tables 3.8.4.2-1 through 3.8.4.2-3. Maximum

stress intensities on selected elements due to eight SRSS load.

combination are shown in Tables 3.8.4.2-4 through 3. 8. 4 . 2-11. - Contour
.
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plots of maximum shear stress is shown in Figures 3.8.4-1 through
3.8.4.2-4 to identify stress intensity distribution over the entire

range of elements in the vicinity of the vent header /downcomer

intersection.

3.8.4.3 Qualification of Downcomer/ Vent header Intersection
'

For SRV, CO And Chugging Loads

From Table 3.4-1, the following structurali

acceptance criteria is applicable.

QUALIFYING',

LOAD SERVICE CODE ALLOWABLES (KSI),

COMBINATION LEVEL P PL P +ph POPh+QLa

C0(IBA) + SRV A 1.0 S 1.5x1.3 See 1.5x1.3 S 3.0 Salee ac
CHUGGING (IBA) + SRV A (19.3) (37.63) (37.63) (69.3)

C0(DBA) A 1.0 S c 1.5x1.3 S -1.5x1.3 Sac 3.0 SetO ac
CHUGGING (DEA) A (19.3) (37.63) (37.63) (69.3)

j C0(DBA)+SRV C 1.2 S 1.5 S 1.5 S N/Aac
; CHUGGING (DBA)+SRV C (23.16) (51.9b) (51.9b)

The above criteria was applied to CO (DBA) + SRV and
Chugging (IBA) + SRV Load Cases. The results are

presented in Table 3.8.4.3-1.

3.8.5 Fatigue Evaluation

Procedure for fatigue evaluation for SRV, CO and chugging
loads has been described in Section 3.5.7 under methods of analysis.

.

Step by step evaluation for each of the loads for the most critical

locations at the downcomer/ vent header intersection is given below.

!O
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3.8.5.1 Fatigue Evaluation for SRV Loads
Step 1. Compute maximum stress intensities.

(See Table 3.8.1-14)

Step 2. Compute maximum alternating stress S -a

S, = 1/2 x Peak S.I. range x b
E

where SCF = Stress Concentration Factor
for weld at intersection.

SCF = 2.0

E = 30.0 x 106c

E = 27.7 x 106

(Si-Sj) max = max. stress intensity
;i

|(S -S j)l MAX SQUAD # i -
-

j a
;

2503 18.92 20.43 KSI
36 38.89 42.12 KSI

Step 3. Determine number of stress cycles for
SRV, for 40 year plant life,

n = 2000 @ maximum Sa

Step 4. Compute maximum allowable stress cycles N;

from S-N curve (ASME Code Section III'

Division 1 Appendices)

N = 7 x 104

Step 5. Compute usage factor.

Usage Factor = n/N

n
QUAD n N N

i 2503 2000 7x104 .0286
36 2000 7x103 .286

|

Fatigue usage factors for SRV loads are shown
in Table 3.8.5-1.

|O
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3.8.5.2 Fatigue Evaluation For CO Loads

Step 1. Compute maximum stress intensities. (See

Table 3.8.2-6)
Step 2. Compute maximum alternating stress Sa'(See

Step 2 of SRV for procedure)
For CO DBA,

37.32 KSI (For QUAD 2503)Sa =

Compute Sa for all critical elements for

both DBA and IBA.

Step 3. Compute number of stress cycles.

Duration of event for CO DBA = 30 sec.

Fora P
NO. OF

HARMONIC FREQ. CYCLES

ist 6.642 199-

'O 2nd 13.284 399
3rd 19.926 598'

Step 4. Use Sa = 37.32 KSI for all harmonics.
(This is a conservative approximation)

Step 5. Compute maximum allowable stress cycles

for each harmonic from S-N curves.

Step 6. Compute usage factor n/N for all three
' harmonics and add.
l

HARMONIC Sa N N n/N

1st 37.32 kai 199 11000 .0181
2nd 37.32 kai 399 11000 .0363
3rd 37.32 kai 598 11090 .0544

I n/N 's 0.108

The usage factor for the most critical

elements for the CO DBA are shown in Table
O 3.8.5-2. For CO IBA the stress intensity
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is low and does not give any significant

usage factor.

3.8.5.3 M igue Evaluation for Chugging Loads

Step 1. Compute chugging RSEL's for fatigue for-

E-W and N-S direction using the procedure
described in section 3.3.2.5-1 'and in

section 3.5.7.2.-3

Paax (E-W) = 15.490 KIPS

Paax (N-S) = 5.918 KIPS

Step 2. Compute weighting factor for P (N-S)max

using the formula

weighting factor = Paax(N-S)/Paax(E-W)

P (E-W) in each of theStep 3. Apply P,ax = aax
eight sectors and compute components in

N-S and E-W direction. (See ' Figure

3.8.5.3-1)

Step 4. Scale N-S components to E-W components

using the weighting factor.,

Step 5. Compute stresses by factoring each sector

loads into unit load stresses obtained

from static analysis of Shell Model No. 1.

Step 6. Run Post to compute stress intensities for

each selected element for each sector

loads.

O
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.

Step 7. Use output from Post run to compute usage
factor using program FATIGUE

(Reference 3-14).

The usage factor for critical elements due
to chugging loads is shown in Table
3.8.5-3.

3.8.5.4 Qualification of Downcomer/ Vent header Intersection
for Fatigue

Commulative usage for both IBA and DBA cases is evaluated and
results are tabulated in Table 3.8.5.4-1.

It can be seen that the cumulative usage factor is less than
1.0.

,

3.9
DEFLECTOR AND SUPPORTS - RESULTS OF ANALYSIS AND QUALIFICATION

3.9.1 Structural Analysis

Structural analyses were performed in accordance with the
Plant Unique Analysis Application Guide (PUAAG) (Reference 3-6).)

; Finite element models for the vent system were analyzed using the
STARDYNE program (Reference 3-17). The computer analysis models and

results are documented in the calculation books listed in Reference
3-19.

The beam model was used to calculate bending moments, shear
loads and axial forces in each element and at the support. Beam

element loads were directly used for the evaluation of the deflector
while loads at the support were input in the shell model for
subsequent analyses. The shell model was used to calculate membrane
stresses, bending stresses and stress intensities for the evaluation
of the support.

m
~
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3.3.9.1 Beam Model Dynamic Analysis

Dynamic analysis was performed to determine the loads in the
deflector and supports due to pool swell impact and drag loads. In

applying the load to the deflector, NRC Criteria (Reference 3-15)
requires the inertia due to the added mass of water below the
deflector be accounted for. The added mass per unit length of

deflector was estimated by:

MH=Mv

where

MH = hydrodynamic mass per unit length (Iba/ge),
total impulse per unit length associated with theI =

transient (1b ft-sec/ft),

V = impact velocity (ft/sec),O 2V ge = gravitational constant (ft-lbm/lbf-sec )

Two percent of critical damping was used. T'e first 37 modes were

included in the analyse.s.
The load at each elements and reactions at the support were output as

functions of time. The maximum magnitudes were used to combine with

other loads for the structural evaluation.

3.9.1.2 Beam Model Static Analysis

Static analyses were performed for dead weight, LOCA thermal

and seismic loads. LOCA temperatures intermediate break accident and

large break accident were considered. Seismic loads were taken from

vent system 1800 beam model analysis. Earthquakes in three directions

were considered. The largest components in each direction were then
combined by the square root sum of the squares method and were used in

the evaluation.

O
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' 3.9.1.3 Shell Model Static Analysis
'

To facilitate the evaluation of deflector supports due to
combined loads, the following static analyses were performed for unit
load cases:
1. Horizontal force of 100 kips in the deflector
2. Vertical force of 100 kips in the deflector

; 3. Axial force of 100 kips in'the deflector
l 4. Moment of 100 in-kips about vertical axis in the deflector

5. Torque of 100 in-kips about axial axis in the deflector
6. Axial force of 100 kips at bottom of the header ring plate

i
Unit load cases 1 thru 5 were used to obtain all combined loads
resulting from beam model analysis. Case 3 and Case 6 were combined

to simulate relative movements of deflector and header due to a LOCA
thermal and earthquake in the axial direction or pool swell impact and
drag loads.

3.9.2 Structural Evaluetion
Structural evaluations were conducted according to load

combinations and service limits defined in the PUAAG '(Reference 3-6).
{ The load combination number and service level referred in this section

conform with Reference 3-6. For each structural component, the

allowable stresses used for the evaluation were based on the ASME code
(Reference 3-18).

3.9.2.1 Deflector and Supports

According to PUAAG (Reference 3-6), deflector and associated
'

hardware were considered to be internal structures. The design rules;

; of Subsection NF, ASME Code (Reference 3-18) were to be amt. Using
results from beam model analysis, the evaluation of deflector is shown
in Table 3.9.2.1-1. At deflector miters and the deflector flange
connections, stresses due to stress intensity factors were taken into4

t
>

account. Table 3.9.2.1-1 shows the deflector and its connections arei
; acceptable.

; 3-53
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The deflector support was evaluated using the results of shell
model analysis. For the support plate, cheek plates and ring plate,
the governing code is Subsection NF. Mes.brane stress (c 1) and
bending stress 47 2) in the principal axes were to be checked. As
shown in Table 3.9.2.1 -2, the support . hardware and connections. are
within acceptable limits. The deflector loads also induced stresses
'in the header where the deflector is attached. The allowables for the
header were governed by Subsection NE, ASME Code (Reference 3-18).

Membrane stress intensity (P.), local membrane stress intensity (P ),L
bending stress intensity (P ) and secondary . stress (Q) due tob

structure discontinuity were to be 'eva lua ted. As shown in
Table 3.9.2.1-3, the atress intensities induced by deflector loads
were far below the allowables. Adding the maximum stress intensity of
6.34 kai resulting from the overall ring header analysis, the combined
header stress intensities at the deflector support are acceptable.

3.10 SUMMARY AND CONCLUSIONS

It was intended to qualify the vent system structures for LOCA
and SRV hydrodynamic loads and all other applicable loads. The loads,
as defined in LDR (Reference 3-1) were applied in accordance with the
procedures described in the Application Guide 10 (Reference 3-8) and
Plant Unique Analysis Application Guide (Reference 3-6). The stress
analysis was done using appropriate mathematical models. Stresses due
to various loading conditions were combined based on the event times
of occurrence and the critical locations in the vent system structures
were identified. The Structural Acceptance Criteria based on ASME
Code and Mark I LTP were applied for qualification of each critical
component. The cummulative . fatigue damage was assessed based on forty
year plant life. It was identified that the following modifications
to the existing vent system structures are necessary in order to
ensure the intended margins of safety:

O
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f

; 1) All downcomers be reduced in length by 12" and tie
location accordingly adjusted

2) All- downconer/ vent header intersections be stiffened by
providing %" plate stiffeners as shown in Figure 3.6.11-2

3) Four additional columns be provided at each vent / vent
header intersection. These columns are to be attached to
the header by means of a 1" x 6" ring welded to the

| header. Figures 3.5-1 and 3.6.1.3-3-show the position of
ithe ring and the orientation of the columns.

The above modifications have been included in all the mathema-1

tical models used for this analysis. The modified vent system'

satisfies the required structural acceptance criteria.
1

H

I

O
'

;

7

|

.:

' O
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TABLE 3.3.1.4-1

INPUT RESPONSE SPECTRA CURVES
.

DESIGN RESPONSE SPECTRA NORMALIZED AS FOLLOWS WAS USED

DBE 0.16g (Horizontal)'
DBE 2/3 Horizontal = 0.107g (Vertical)

COMPOSITE VISCOUS MODAL DAMPING WAS USED WITH THE FOLLOWING
MATERIAL DAMPING VALUES

MATERIAL % DAMPING FOR DBE

Steel 5
Concrete 4
Vent System 2

.

4

|

|

I

:
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TABLE 3.3.2-1

STRUCTURAL LOADING DUE TO LOCA
LOADS ON VENT SYSTEM STRUCTURES

LOCA LOADS VENT SYSTEM STRUCTURES

MAIN VENT DOWN-
VENTS HEADER COMERS

1. Containment Pressure and
Temperature X X X

2. Vent System Thrust Loads X X X
3. Pool Swell X X X

3A. Impact and Drag X X X
3B. Froth Impingement X X X

4. Condensation Oscillation X X X
5. Chugging X X X

O TABLE 3.3.2-2

STRUCUTRAL LOADING DUE TO
NON-LOCA SRV LOADS,

i

NON-LOCA LOADS

| VENT SYSTEM STRUCTURES

|
MAIN VENT DOWN-
VENT HEADER COMERS

1. T-Quencher Loads

lA. Jet Loads on Submerged
Structures X,

| IB. Air Bubble Drag X

!
;

i

O
|

|

|
|
L
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i !
t TABLE 3.3.2.4-1

i

CO - ONSET h DURATION
,

; '

Onset Time Duration '

Break Size After Break After Onset
A.
j DBA 5 Sec. 30 Sec.,

j IBA 5 Sec. 900 Sec. (c0 + chugging)
i. SBA Not Applicable Not Applicable

4
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:
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TABLE 3.3.2.4-2'

! '
r

. .
'' j.

I MAIN VENT & VENT HEADER ' INTERNAL FKf:SSURE~-
A

Characteristics DBA IBA
, .

Amplitude j; 2.5 psi f;2.5 psi
Frequency Range @ frequency of @ frequency of

Max. Response Max. Response *

. in 4-8 Hz range .in 6-10 Hz range

Forcing Function Sinusoidal Sinusoidal Y/
'

. <f , -

-!.
f)' 'l ''

^

Spatial Distri- j

bution Uniform Uniform ,

,
.

'
Downcomer Internal Pressure (OHA) '

,.

Intern'al Pressure Frequency Range

Dominant Frequency j; 3.6 psi 4-8 Hz
Second Harmonic j; 1.3 psi 8-16 Hz
Third Harmonic f; 0.6 psi 12-24 Hz.

'

V. Downcomer. Dif ferential Pressure A P(DBA)

Differential 1 --

Pressure Frequency Range! ,, ;

< %
! Dominant Frequency j; 2.8 psi 4-8 Hz.

Second Harmonic j; 2.6 psi 8-16 Hz
,

Thirc4 Harmonic j; 1.3 psi 12-24 Hz

Downe rcomer Internal Pressure (IBA)
, ,

Intern &l Pressure. Fre quency . Range
,

Dominant Frequercy f; 1.1 psi 6-10 Hz
Second Harmonic + 0.8 psi 12-20 Hz

,
,

g- Third Harmonic j; 0.2 psi 18-30 Hz
:

l

Downlomer Dif ferential Pressure A P (IBA)
> c

I Differential '
'

| Pressure Frequency Range
'

?
, Dooinant Frequency j; 0.2 psi 6-10 Hz

- , - Second Harmonic f; 0.2 psi 12-20 Hz
'

' ''') Third Harmonic j; 0.2 psi 18-30 Hz
'

| ~-)
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I
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O TABLE 3.3.2.4-3

-DOWNCOMER CO

DUE TO DBA

'*

LOAD DEFINITION

o DYNAMIC LOAD

MODE AMPLITUDE FREQUENCYi

Dominant CO Freq. Internal P A single fundamental
+3.6 psi plus freq. in the range of
delta P 4-8 Hz simultaneously
+2.85 psi with its second and

third harmonics

Second Harmonic Internal P 2 x fundamental freq.
+1.3 psi plus simultaneously with
delta P fundamental and third
+2.6 psi harmonic4

.O Third Harmonic Internal P 3 X Fundamental freq.
+0.6 psi plus simultaneously with

! delta P fundamental and second
+1.2 psi harmonic

o APPLICATION

Eight load cases to be analyzed
Sum response from internal and differential pressure
Use the worst of eight cases.

.

O

h
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O TABLE 3.3.2.4-4

DOWNCOMER CO
i
'

DUE TO IBA
;

LOAD DEFINITION

! o DYNAMIC LOAD

MODE AMPLITUDE FREQUENCY

Dominant CO Freq. Internal P A single fundamental
+1.1 psi plus freq. in the range of
delta P 6-10 Hz simultaneously
10.2 psi with its second and

third harmonics,

Second Harmonic Internal P 2 x fundamental freq.
10.8 psi plus simultaneously with
delta P fundamental and third

j 10.2 pai harmonic
'

Third Harmonic Internal P 3 X fundamental freq.
10.2 psi plus s.imultaneously with>

delta P fundamental and second
10.2 psi harmonic

o APPLICATION

Eight load cases to be analyzed
Sum response from internal and differential pressure4

Use the worst of eight cas.ss.

O
.
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:

;

;

TABLE 3.3.2.4-5

. CHUGGING ONSET & DURATION

: Onset Time Duration
Break Size After Break After Onset

DBA 35 seconds 30 seconds
IBA 5 seconds' 900 seconds (C0 + Chugging)
SBA 300 seconds 900 seconds

i
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TABLE 3.4.1-1
CLASS MC COMPONENTS AND INTERNAL STRUCIURES (Page 1 of 3)

(Reference NEDO - 24583-1 Table 5-1)
|
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TABLE 3.4.1-1

CLASS MC COMPONENTS AND INTERNAL STRUCTURES (Page 2 of 3)
-

(1) Where drywell to vetwell pressure differential is normally utilized
as a load mitigator, an sdditional evaluation shall be performed
without SRV loadings but assuming loss of the pressure differential.
In the additional evaluation. Level D Service Limits shall apply
for all structural elements except Row 8 Internal Structures, which
need not be evaluated. If drywell to wetvell pressure differential
is not employed as a load mitigator, the listed Service Limits shall
be applicable.

(2) Normal loads (N) consist of the combination of dead loads (D),1

live loads (L), thermal effects during operation (T,), and pipe
reactions during operation (R,).

(3) Evaluation of primary-plus-secondary stress intensity range
(NE-3221.4) and of fatigue (NE-3221.5) are not required.

O
'

,

(4) 'Jhen considering the limits on local membrane stress intensity
. (NE-3221.2), and primary-membrane-plus-primary bending stress
intensity (NE-3221.3), the S value may be replaced by 1.3 S .

(NOTE: The modification to the limits does not affect the no'Imal
limita on primary-plus-secondary stress intensity range (NE-3221.4
or NE-3228.3) nor the normal limits on fatigue evaluation
(NE-3221.5(e) or Appendix II-1500) . The modification is that
the limits on local membrane stress intensity (NE-3221.2) and on
pr* ary-membrane-plus-primary bending stress intensity (NE-3221.3)
have been modified by using 1.3 S in place of the' normal S

.

This modification is a conservative approximation to results from
limit analysis testing as reported in Reference 3 and is consistent
with the requirements of NE-3228.2.)

O ~
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TABLE 3.4.1-1

C_ LASS MC COMPONENTS AND INTERNAL STRUC'IURES (Page 3 of 3)
v

(5) Service level Limits specified apply to the overan structural
response of the vent system. An additional evaluation shan be
performed to demonstrate that shell stresses due to the local pool
swen impingement pressures do not exceed Service Level C Limits.

. '

(NOTE: The ratio of the dynamic conapse load to the static couapse
load was established as permitted by Code Case N-197, and is reported
in Reference 4.)

(6) For the torus she n , the S value may be replaced by 1.0 S times
the dynamic load factor derived from the torus structural model.
As an alternative, the 1.0 multiplier may be replaced by the plant
unique racio of the torus dynamic failure pressure to the static
failure pressure.

.
,

_

. . . . . . . . . . . .
- - --

(NOTE: The ratio of the dynamic couapse load to, the static collapse
.

vaa established as permitted by Code Case N-197 and is reported in
Reference 5.) * ^*

.

i

O
.
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TABLE 3.4.2-1

SUMMARY OF STRESS INTENSITY LIMITS

(Reference Table NE-3221-1)

Loading Condition

Level C Smice Stress-

Intensity Umit Where the Level D Service
Structure Is Integral Level D Sernce Stress Intensity

Level B Service and Continuous and Stress Intensity Umit Where the
Level Stress Intensity Level D Service Stress Umit Where the Structure is.,

A umit and Level C Umit Where the Structure Is Integral and
Design Service Service Stress Structure Is Not Integral and Contim
Stress Stress umit where the Integral and continuous Continuous (Inelasue

Intensity Intensity Structure is Not and at Partial (Elastic Analysis) Analysis)

Symbol Umit Umit Integral and Continuous Penetrabon Welds (2) (4) (4)

P. 1.0 S., 1.0 S., 1.0 S., 1.2 S., or * 5, 5,
1.05,

)
j P, 1.5 S 1.5 S., 1.5 S 1.8 S., or * 1.5 S, 5,

1.5 S,

P + P. 1.5 S., 1.5 S., 1.5 S., 1.8 S or * 1.5 S, S,
1.5 S,

P + P. + Q N/A (1) 3.0 S., 3.0 S., (3) N/A (1) N/A (1) N/A (1)

P + P. + Q + f N/A i1) S, S.(3) N/A (1) N/A (1) N/A (1)

NOTES:
(1) N/A . No evaluation required.
(2) Umits identified by (*) indicam a choice of the larger of two limits.
(3) Evaluation not required for Level C Service.
(4) S,is 85% of the general primary membrane allowable permitted in Appendix F. In the application of the rules of Appendix F, S.,, if

applicable, shall be as specified in Tables I-1.0.

|
|

|

l

|

t
|

%

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



- - _ - -

A

~ ' ;
o v, a

( |kJ S h !
(

,
-

. r

n R i o
Ei -

= *

>- 1,> -

,
-

-.
* w O

hQ .

O6 0 rq
8
Q

g
M / o
{ cJ ,& ''

g
2 eN | A= ;

E

k[ d ~

p 5 -

m m w -

$ o

O! ! we ..

e 8
-

__ -L .

-

e I h-

g {* o *
px e .

B 8
e a

y-

.

e * ,
8 I 8

5 < 8 38 m -

9 8 o R,

8 : 88 x

A 8 | 9 et- go ,

O
=,,

*
a Q 0 |; og g ;

--- N g A j-

_ g ,

.

8 8
o

- o
-

1, r e
~) ''

_-

|
o n v c N m m v e u- -4 y

=-
8 8z



I

.

'

.

b

DOCUVIENT/
- .- -

' _
.

-

_-

,

P _ LED
~

.

',
.

I

L ANO.r- -
:

5'NO. OF PAGES
I

REASON

D PAGE ILLEGIB2

D HARD CCW FJLED AT. 7D4 Ci
OTHER --..-

'

O BETTER COP ( REQUESTED ON . / 1

h PAGE 100 LARGE TO FILM.
.

gHARDece miD at mR @
OTHER _

-

\\ M S-D\FILMED ON APERTURE CARD NO 'M
msneswos

= - - . _. __.

- - - - - - -
-



I

O
% -

Y/y, p t= 'li
/ % .4- ~! j

/

/ y
| R_ ., 7T/ - .

ts ./: t. '/3 N '
'

/ 7 N
/ 5 |44.811' ' ik '

I
'

s

/ Iw/g /.: t jr n
d /

'

b- 3odi ts 'lt \ *I I'

/ ' e

0% 1

00
b3 ' { I/o.. i

| l'Y0 e
|s W

/ \ p
V,

, *' |[/

a

m, t '/4 g38 c-
-

, r-
i

.,

. 9 1
_

2 e e< d A G9.. 4 8'' F 2.tse'
#

: ; i 7

l

|

Figure 3.6.1.1-2 Downcomer/ Vent Header Section A-A

_



' -
- - ~ ' ~ ~ ~ -

-,., , - L . _ -,. - -
. . - - . . - . . . .

.

4

O

e'

. DOCUMENT. .

.

E PAGE
~

-
.

PU _ LED
.

0

I

ANO.36mme
\

NO. OF PAGES ,

REASON

O PAGE lu.EGS2

D wAno coPV FnED A1. PDR CF

oie -
l 3_

D BET 1ER COP (REQUESTED ON _

b eAstiootAnsttoau
% > - ,.. ,oR Cib

~

-

014R _
. -

N~D.
>

FEMED ON APERTORE CARD NO

-

|
.

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



sp ..

ds rm

Y-h/M \N %.mwoi 2 4 : c e : i : . . . . . i'w)

@ h h 6 6 h @ @ gg g
-

e

I i
.,

1.__ I 4,
.

: i i : i i a ; i : : : e i 3
.

;t,

9, @ @ @ @ @ @ @ @ $ @

I ? 4~

g .

'9 ~
e ii ; -[ \w,,*,

,

gyJ41J'

y

{ 8 J@"ua
%e sT%e.

: ,

i - - -

'

3 nr.J .J
-

:

u. a3x - -- ~o. e 1
%

i f@ i % f "@||
S gin .

. -1,,-@
g1',;x s

i y@$ n@ (g-@'p$ @A -

sm ,

IN
' N A

@ @ g 6 @ @ @ @ g 0- 8

^' "*' 0 0 @ l
=

pd
. i i i i i e s i i i i i

-
h h h h h h h h k
I 8

hi -
r i e

_ t i e 8e i i i , ,
.

. $
O

9 4 9 @ @ @ 0 0 i

ddJ 3 i i sa : e t e e e .
: i

.. _. 4

.-e
e

*

e

e O
l 2 1 1 i 1 ) ] l 5 2 a 3 E E Ep

g
4

$ h Y h h ,& ' '*
, i > t 0ii gaJ g'' m>g$1 tL9AW '.8i

hyJef 2ns s igtyk k .
.

ivy !*n x g
e ,

pp.*.u ; m -.3
-

g

npf :v 4 1 1 .

p 4

i ue<

um * w w ~ias s a s s u e,s r M J LO t

u
3 s. >

_ __ _



oC
k! $

, .s . , _ .
- 7L- A - m__ ~

iT
-

> ; 4 3 , a 1 3 : s a : e i !
<Q;-

e @ 0 0 0 0 0 0 0 @ .@ @ @ @ .

I
'

)
g.

8
; .

4 !< j I : s i e ! s i g
'

! i
'

i 4

0 0 -@ ~0-
g @ @ N-O @ g 0 0 @

s

8
i i

.

7 ')''
. . . . . .

. v;SJy

&.o J '_ _'~V @ .@,@.@,@ kN
N s a.

y@,
'Ma . sa ~-

. v. 7
._ .. _ . . _ y g g I. gdu/ N.

er
q@

-

.
0 0 g8N -- 1 g

h @lh
e M e trm 14

"' T ~,

~0e e ea
0 O s o e 8

, . e ,- - -m,
_

=.o ,

8V ,
.

! : e .e ) ; r , i s , , ,

8.
9'

0 0 0 @ 0 0 0 0 0 G 0 0 0 @ &'

I I r ) ?
~

5 5 |* *
p ,_

1 ? 1 TJ

I 2
0 o e o e e e o e e e e-

-

e .

'
J d. ;

-
.;o r , , s , , , ,,

._
.

.

i s

0 0 0 0 0 0 |I O O 9 '0- 0 8 asg C
'

, ; a i
- < s < ; s y c c t .. -

g 0 0 0 $2 0, @ @
,Q 3

-
,

i . : .

h k '
o

I h
. y, .,

i
"[(

-(
t .<sm a; e sm e i

R$%j p WeA,
,

d T $"s*a*n 1 :

i
-

t '

:i
-

l. j -
i i- n i i.#ft.n n

-- - - - -

O @W i - - ||||| id,-
.

v : ,# 3 m s s- w w eo'

[.N, N N k k bh b bb- ..
x s.



#6 |4

#,6

k
O

&p
s 3
$

# ,C3

* h
* g

- C

3583
3S89

3 25fg

h *N n9 N E

3589 358B 3587 3586 2514
0 f( 592IRQ.59(EN 359I 25133593

e - 3 5'. E9
3597 I g 3gh%i'

,

# 3 2510gGOO g g3
3GOI m3# 4 a (t'

God 23505 m,, 2 ,q
.,

3

EGt ? |}

n ,8e

(W

'S(f)/ -

: o ''~
g Figure 3.6.1.1-6 Left Stiffener-

0'

6 fg
28

l 9
L

- . _ . . _ _ . . --



\

SYc
R O o C, n

2$#0 0
.

8
V4e -

- t o y -e n ssr r -s 1 -

-

2 ,, ' ' ?so3 2502 go\ocme#2 9 ' " " I
go3

N& #7% 2506 2W g*ggag

Q &* 10''43 23<r, >>e 3

Q 355i ssss - 3%S p1 263339,

'

3s4 30*
Pa# 354s *g g,s#a, 3552 -

36 4 1913ss5

h#'> '

g$ asil33
,

N
,, 3ss3 3M $p3,3,

, 5s4t'D 2 3%'

2
e'v 3s59 asn 355o -3 ss4 3ssa 3s&2 3scr. gsgo 3574 35,3 3373 qg

Figure 3.6.1.1-7 Center Stiffener



.

hm "
-

/
)

.

$
0bg

-

e
N

9[' Oo

f ; 3 0

e

,se
03g0

.,pob
@

of/ ($ *
$ %

50g 3510 D6I \
HEAPgg

_.
'_ I T

253f 351f 51 SM
e - >G 3 6 3 25'39 351 3 S17

3518 3519
_

102 500
e: 4 2

-

d2s4r * 52 *. i

-e3.525$)352 523DOW % 3Ncoggg s , 4 3527$ S3 '*q #p
g

3

'V
s3,

*,,
a Os

3 ,S O

3636

3636
35349

Figure 3.6.1.1-8 Right Stiffener



~ ~ ~ ~

:.... ... - -- - . . . - . . . - - - . - .-

.

O

e

~

. DOCUMENT
E PAGE

~.

.
.

PULLED
.

. .

.

4

ANO.eem
b

NO. OF PAGES ,

REASON

O PAGE R1EGIB2

D enno corePiso AT. von er
own

J 3_
D BETER COP (REQUESTED ON _

$PA7E100 LARGE10 PLM.
.B anacoPVRfD Al PDR h)

~

.

OMR_ -. _

DM\~\DDNN.

FEMED ON APERTURE CARD NO

&
*

.

'

- - _ _ - - . -



. . .-.. -.. .. . .- . . . .- . .. . . . . . - . - - . . . - . . .. . . - - - . . . .. - - ..

i

1

!

J .

*

t
1

.I

TABLE 3.6.2.3-1<

l

SPRING CONSTANTS FOR DEFLECTOR SUPPORT
.

I

i Spring Constants (K/in or in-K/ rad)
i

NWe K1 K2 K3 P1 P2 P3

310 2,500 17.42 1,692 8,620 Rigid 0

,
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TABLE 3.7.1-1

i

COLUMN REACTIONS (KIPS)

COLUMN BEAM REACTION DUE TO REACTION DUE TO

LOCATION ELEM. NO. POOL SWELL LOAD . THRUST LOAD ,
,

(Header
'l Node No.) 29 18.66 14.47

| 30 12.44 9.64
114 32 25.99 15.95

-35 ~17.32 19.63
I 89 36.32 0.0

150 91 45.55 0.0
90 24.21 0.0

;. 92 30.36 0.0

!

!
4

LO
!
t

I

.
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J
I

J

i

f

i

l
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TABLE 3.7.1-2,

EQUIVALENT POOL SWELL LOADS APPLIED AS
PRESSURE LOAD. TOTAL LOAD = 164500 LBS,

ELEMENT ELEMENT PRESSURE
TYPE NUMBER (PSI)

FROM TO

1 TRIAB 990 1008 40.83204
TRIAB 1021 1024 40.83204,

TRIAB 903 916 40.83204
TRIAB 935. 937 40.83204
TRIAB 950 40.83204
TRIAB 508 510 40.83204
QUAD 951 989 40.83204
QUAD - 1009 1020 40.83204
QUAD 917 9 34 40.83204
QUAD 938 949 40.83204
QUAD 864 902 40.83204
QUAD 446 507 40.83204
QUAD 511 516 40.83204() QUAD 415 425 40.83204

1

!

I

!

: O

.

, _.. . . ,, ,,_ m .g_...,. ~ ._, , _._. _m_-,,.. . _ . . , , - , .m..,.. ..-_,.-_._,_m_, . ~ . , - . . _ , . - , - _ , . _ . . , _ _ _ , . . ~ _ . . . . . . _ --
.
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TABLE 3.7.1-3

VENT / VENT HEADER INTERSECTION
(HALF SHELL MODEL #3)

SUMMARY OF STRESS INTENSITIES (KSI)
DUE TO POOL SWELL LOADS

AREA ELEMENT Pr + Ph + Q P. OR Pr. Pr,+ Ph

Intersection -QUAD 801 41.14 16.20 N/A
QUAD 802 25.29 16.14 N/A

Main Vent QUAD 828 N/A 11.14 '22.82
QUAD 989 N/A 9.37 17.63

At Collar QUAD 403 21.60 12.00 N/A
Intersection QUAD 710 19.85 12.57 N/A

At Stiffener QUAD 405 22.46 ~

17.89 N/A
Ring QUAD /83 20.29 16.53 N/A

Vent Header QUAD 406 .N/A 17.23 19.52
QUAD 417 N/A 15.55 18.12

Conical Section QUAD 190 N/A 3.97 6.09
QUAD 203 N/A 4.42 4.62

Cone-Vent Header QUAD 161 17.38 11.82 N/A
Intersection QUAD 169 17.40 11.85 N/A

;- ,

t

I

|
!

|

|

I

|

O'
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O O O
TABLE 3.7.2-1

QUALIFICATION OF VENT / VENT HEADER INTERSECTION FOR POOL SWELL LOAD
QUALIFICATION CRITERIA: SERVICE LEVEL Ai

4

AREA ELEMENT STRESS INTENSITY VALUES (KSI) REMARKS

PL+PbNUMBER Py, + Pb+Q P or PLm
ALLOWABLE ACTUAL ALLOWABLE ACTUAL ALLOWABLE ACTUAL.,

QUAD 800 28.18 10.97
Vent Header QUAD 801 41.14 16.20
Intersection QUAD 802 69.3 25.29 28.95 16.14 N/A N/A
(Area :20 Discontinuity) QUAD 961 31.14 11.01

QUAD 962 34.72 12.75

QUAD 827 8.05 9.36 Critical Element

Main Vent *QUt.L 828 N/A N/A 19.3 11.14 28,95 22.82 Bending Stress
TRIAB 841 7.88 14.88

QUAD 989 9.37 17.63'

QUAD 403 21.60 12.00
.

Vent Header At QUAD 414 69.3 20.05 28.95 12.56 N/A N/A
Intersection Collar QUAD 710 19.85 12.57
(Area of Discontinuity) QUAD 711 19.10 12.09

j QUAD 864 15.18 14.31

QUAD 393 21.41 14.54
Vent Header At QUAD 405 69.3 22.46 28.95 17.89 N/A N/A
Stiffener Ring QUAD 782 18.31 15.74
(Area of Discontinuity) QUAD 783 20.29 16.53

QUAD 395 11.19 13.88- Critical Element

Vent Header QUAD 406 N/A N/A 19.3 17.23 28.95 19.52 Membrane Stress

QUAD 407 15.27 16.66

QUAD 417 15.55 18.12

QUAD 190 3.97 6.09
J

Conical Section QUAD 198 N/A N/A 19.3 3.63 28.95 5.42
QUAD 203 4.42 4.62
QUAD 161 17.38 11.82

Cone-Vent Header QUAD 162 69.3 7.38 28.95 6.68 N/A N/A'

; Intersection QUAD 169 17.40 11.85
(Area of Discontinuity) QUAD 170 6.71 6.13



TABLE 3.7.3-1

QUALIFICATION OF BELLOWS FOR POOL SWELL
AND THRUST LOADS

NODE 119 AXIAL DISPLACEMENT (IN) LATERAL DISPLACENENT (IN)
ACTUAL ALLOWABLE * ACTUAL ALLOWABLE *

Pool Swell 0.00418 0.375 0.0259 0.500
Thrust 0.00266 0.375 0.00166 0.500

*From Chicago Bridge & Iron Company Drawing # F.P. 9527-1085.

O
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TABLE 3.7.4-1

QUALIFICATION OF COLUMNS FOR POOL SWELL & THRUST LOADS

COLUMN NO. POOL SWELL (KSI) THRUST (KSI) SUMMATION COLUMN CAPACITY REMARKS
(KIPS)

(REF 14)

29 18.66 14.47 33.13 138.16 Acceptable
55.21

30 12.44 9.64 22.08
32 25.99 15.95 41,94

69.89 138.16 Acceptable35 17.32 10.63 27.95

TOTAL 74.41- 50.69 125.10

89 36.32 0.0 36.32
81.87 1?8.16 Acceptable91 45.55 0.0 45.55

90 24.21 0.0 24.21
54.56 138.16 Acceptalbe92 30.36 0.0 30.36

TOTAL 136.44 0.0 136.44
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TABLE 3.7.5-1

QUALIFICATION OF SUPPORT RING FOR POOL SWELL LOAD

Qualification of the support ring is sumanarized below:

o Fron Table 3.4-1 support ring is to qualify for
Level A Stress Intensities
Allowables for Level A from Table 3.4-2.o

!

PL< 1.5 S = 28.95ksiac

PL+Pb+Q< 3Sul = 69.3 kai

ELEMENT PL PL+Pb+Q REMARKS
ACTUAL ALLOWABLE ACTUAL ALLOWABLE<

TRIAB 2100 16.05 28.95 17.02 69.3 AcceptableTRIAB 2105 16.08 28.95 16.61 69.3 Acceptablef

6

s
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TABLE 3.8.1-1

22% Degree Beam Model
with 2x Water Mass

NATURAL FREQUENCY TABLE
(Syummetric Boundary Conditions)

MODE NATURAL FREQUENCY ASSOCIATED w
NO. (HZ.) NODE-D.O.F. REMARKS (

.c

1 10.465 25-3 First Mode In X3 Directio'd'

2 10.659 257-3 '

&'
3 10.788 217-3 '

'

4 10.866 258-3

5 10.945 254-3
s

6 11.019 259-3

7 11.274 255-2 First Mode In X7 Direction
,

8 14.330 122-3
g...

s

9 15.021 259-2'1 1
;- -

10 15.612 257-2
.

'\

11 16.234 259-2 s

,s ,

s_ _g

I

,

,

!

|

'

O:
.

.

,

~
~

|
i '

_-s
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TABLE 3.8.1-2

22 Beam Model With 2x Water Mass

NATURAL FREQUENCY TABLE
(Asymmetric Boundary Conditions)

MODE NATURAL FREQUENCY ASSOCIATED
NO. (HZ.) NODE-D.O.F. REMARKS

1 9.628 308-3 Deflector Mode '

2 10.433 254-3
i

I
'

10.741 234-33

4 10.806 257-3

?' 5 10.886 258-3
x -

6 10.929 256-3
'

7 11.118 259-3

O
.. s,

-

8 14.110 257-2
J

(9 14.333 122-3>

10 15.695 225-2
;--

,.

11 15.819 259-2
' ' ,; -

.,

12 - 24.830 123-3
i s

| 13 26.839 313-2
,

14 31.136 234-1,

f

., 15 31.187 251-1
,'

.i s

i :

: O
:

I i
f

?Ce
'- 1
m. g e

,

~ , _ . _ _ _
.1 L - . _ _ _ _ _ _ _ ,_ __
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' TABLE 3.8.1-3
?

o

FREQUENCY CONTENT OF SRV TIME-HISTORY
* ,e

'

SAC 058 RESPONSE SPECTRA 0F SRF TIME HISTORY
i -

m -

SEGMENT f1* SEGMENT #2*
SRV-T/H X2 X3 X2 X3

/.

A1.2S 9.3334 HZ. 9.3289 HZ. 9.32 HZ. 9.32 HZ. '

A3.2S 9.4606 HZ. 10.341 HZ. 9.18 HZ. 10.42 HZ.
-

#

STRUCTURAL FREQUENCY

j .,X3 : f(3) = 10.465 HZ.
{

X2: f(2) = 11.274 HZ.
e

, -

|

!
|

*

,

'
,

* See Figure 3.8.1-2 for identification of water segments I and 2.

|

|
:

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



TABLE 3.8.1-4

DOWNCOMER MAXIMUM PEAK TIP
DISPLACEMENT RESPONSES DUE TO SRV TIME HISTORY

INPUT DOWNCOMER DISPLACEMENT RESPONSE (IN)
SRV T/H TIP NODE X2 X3 REMARKS

SRV A3.2S - X2
Adjusted To 216 -0.1989 -0.0714299 at t = .225229 SEC
f = 11.274 HZ

SRV A3.2S - X3
Adjusted To 233 0.00761975 0. % 294 at t = .413047 SECf = 10.465 HZ

O

,

1
|

|

I

|

O
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O TABLE 3.8.1-5

i TIP DISPLACEMENT AND MAXIMUM STRESSES
'

FOR SHELL MODEL NO. 1 WITH UNIT LOADS
APPLIED TO DOWNC0KERS TIPS (NODES 1277, 1346)

4

DOWNCOMER TIP MAX

DISPLACEMENT STRESS

UNIT ELEMENT

LOAD 1 2 3 MAX NUMBER

.147 KSI QUAD #36: FX1 = 1,000 lbs. .001307 -- --

; .040 KSI QUAD #2508

1.848 KSI TRIAB #305,302.02864FX2 = 1,000 lbs. ----

4.230 KSI QUAD #2503,2519
.6974 KSI QUAD #36

,

'

.07456 9.42 KSI TRIAB #57,58FX3 = 1,000 lbs. -- --

9.597 KSI QUAD #36,312
,

.337 KSI QUAD #2503
.,

O>

|

|

!

'
,

,

O
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|

;

4

O TABLE 3.8.1-6

MAXIMUM STRESS
; INTENSITIES DUE TO SRV LOADS

ELEMENT RESONANCE MAXIMUM STRESS INTENSITY
NO FREQUENCY-D.O.F. (KSI)

QUAD 2503 11.274 - X2 18.92
i

QUAD 36 11.274 - X2 11.95,

QUAD 2503 10.465 - X3 15.42

QUAD 36 10.465 - X3 38.89

,

i

>

t

4

|

,

; O
:
+

|
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O TABLE 3.8.2-1

22ho BEAM MODEL WITH IX WATER MASS
NATURAL FREQUENCY TABLE

.i (Symmetric Boundary Conditions)

MOD 3 NATURAL FREQUENCY ASSOCIATED

NO. (HZ.) NODE-D.O.F.

I 13.284 255-2

. 2 13.493 26-3

3 13.898 217-3

1 4 13.972 29-3

5 14.112 256-3"

;

6 14.190 255-3 ,

7 14.331 122-3

8 14.437 259-3

9 15.965 300-2
f

10 17.878 300-1
,

11 19.828 257-2

12 20.228 259-2

i

i

|O

|
r

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



T
N
E

M M
U E 6 7 4 2 1 4
MPC 7 2 0 4 3 4
II A 0 3 1 1 3 0
XTL 0 0 0 0 0 0
A P
N' S

O I
D

C
I
N
O 7 5 1 6 6 6
M 9 1 1 0 1 0
R 0 3 0 1 3 0
A 0 0 0 0 0 0
H 0 0 0 0 0 0

O
T D

.

RE 3U
DS

C CSI ITN NNO O 9 3 6 4 5 7
EM M 3 7 7 7 7 0
MR k 4 2 6 8 2 2
EA A 0 2 0 0 2 0CH H 0 0 0 0 0 0A
LP DP NS A 2I
D
P' C

II NT O 7 5 7 8 9
0M 2 5 0 6 5

R 0 1 0 0 1

A A 0 0 0 0 0 0
B H 0 0 0 0 0
I

T
O S
C I

2 PO
- I T
2 T C

E I

RU N8
ED O 5 6 3 1 1 4

3 M M 2 2 0 2 2 0

O R 0 0 0 0 0 0 .OS S A 0 0 0 0 0 0
.

E CT C H 0 0 0 0 0 0L NN OIB WE TN DA OM O RT DE EMC 3URA DAL HP CT IS NE NI ERD MU O 2 5 7 1 5 8
M 0 8 2 4 8 0ES R 1 4 3 2 4 2

CS A 0 0 0 0 0 0AE H 0 0 0 0 0 0LR
PP DS NIL 2DA

N
PR CIE ITT NN O 1 4 9 9 9 8

I
. M 7 1 1 0 5 1

- R 0 0 0 1 0 0

- A 0 0 0 0 0 0
. H 0 0 0 0 0 0

T
.

S
I

-
.
.

.
- T

N- E'
. M ..
.

E F.C 1 2 3 I 2 3
.

A O. X X X X X X.
L-

PD-

- S
- I

D
-

O
.

R.

E
M.

- O E 8 6
CPD 0 1

- NI O 2 2
WTN
O.

.

D

-.
.

.

.

.

.



- - _ _ _ . . _ . _ _ _ _ _ . - - _ _ _ _ - _ . . _ _ _ . _ _ _ _ . _ _ _ _ _ . _ _ . . _. _ . . _ . ___3 . .._.__ _ ._. _ _. . . _
_ _ -

O O O
!

!

1

TABLE 3.8.2-3 f
I

DOWNCOMER TIP !

DISPLACEMENTS DUE TO CO DBA f

i.

TIP DISPLAC'. MENT DUE TO TIP DISPLACEMENTS DUE TO
LOWNCOMER INTERNAL PRESSURE HARMONICS A P HARMONICS MAXIMUM-

'

TIP DISPLACEMENT TIP
NODE D.O.F. IST HARMONIC 2ND HARMONIC 3RD HARMONIC IST HARMONIC 2ND HARMONIC 3RD HARMONIC . DISPLACEMENT

,

L

XI .00231 .00166 .00075 .003874 .057045 .005804 .0714466

208 X2 .00046 .00789 .00077 .022051' .29552 .0188945 .3455795
'

X3 .00061 .00531 .00009 .0009377 .087922 .0006529 .1031327

r

I

i

-

!
,

L =

| t

i ;

6

.. . -.
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l
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TABLE 3.8.2-4'

CO IBA LOAD HARMONICS

l (Pressure Amplitudes and Frequencies

INTERNAL FREQUENCY EXCITING

HARMONIC PRESSURE AP RANGE FREQUENCY'

NO (PSI) (PSI) (HZ) (HZ),

1
'

1st 1.10 0.20 6-10 6.642

2nd 0.80 0.20 12-20 13.284
3

3rd 0.20 0.20 18-30 19.926

;

h

{

1

!

!.

Y

|

|

!.
!

|

.

.

I

e

|

|

I

{
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TABLE 3.8.2-5'

CO DBA LOAD HARMONICS
(Pressure Amplitudes and Frequencies)

!
:

INTERNAL FREQUENCY EXCITING
liARMONIC PRESSURE AP RANCE FREQUENCY

NO. (PSI) (PSI) (HZ) (HZ)

Ist 2.85 3.6 4.8 6.642

2nd 2.6 1,3 8.16 13.284

3rd 1.2 0.6 12.24 19,926

i
j

I

!

! !

O

.

.,

O

,
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TABLE 3.8.2-6

MAXIUMUM STRESS INTENSITIES;

1

I
DUE TO CO HARMONIC LOADS

!

MAX STRESS
'| ACCIDENT INTENSITY

CONDITION ELEMENT N0 (KSI)

IBA QUAD 2503 3.28
QUAD 36 1.19

j DBA QUAD 2503 34.46
; QUAD 36 13.36 !
i

5

1

1

)

i
.

i

I
1

I

|
:

E

,
,

>

r.y ,w mw,.g e w y --p n w-r e vs--~ w r w m w a w v "*' e r m w - - tw w w w w w-w' v w - w " ~ ~ ' " ' " " ' ~ ' " ~ ' * * " ' ' ' " ' " ' '^ '''



._ -- . . - . -

,

O
TABLE 3.8.3-1

STRUCTURAL EVALUATION DUE TO CHUGGING

RSEL: PMAX (N-S) = 4580.0 lbs.
PMAX (E-W) = 11987.0 lbs.

MAX = MAX DUE TO UNIT LOAD X RSEL

4

j UNIT ELEMENT UMAX
LOAD NO. (UNIT LOAD) MAX X RSEL

FX2 = 1000 lbs. TRIA #302 1.848 KSI = 22.152 KSI
305 1.848 KSI

QUAD #2503 4.23 KSI = 50.705 KSI
-

2519 4.23 KSI
1

FX3 = 1000 lbs. TRIA #57 9.42 KSI = 43.14 KSI
58 9.42 KSI

QUAD #36 9.597 KSI = 43.954 KSI'

( 312 9.597 KSI
.

,

i
i

,

O
:

i
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4

TABLE 3.8.4.1-1

MAXIMUM STRESS INTENSITIES,

DUE TO CO AND SRV LOAD COMBINATION

$ MAX S.I. MAX S.I. TOTAL
ELEMENT NO. CO (KSI) SRV (KSI) (KSI)

.i

j CO IBA QUAD 36 1.19 11.95 13.14
QUAD 2503 3.28 18.92 22.20

C0 DBA QUAD 36 13.36 38.89 52.25#

QUAD 2503 34.46 18.92 53.38
i

!

I

i

1

0
.

~

!

i
r

|

.

1

4
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i

i

I

4 *

,
,

r, TABLE 3.8.4.2-1

CHUGGING AND SRV INDIVIDUAL LOADS

LOAD I

CASE DESCRIPTION
i

1 CHUGGING-X2 (E-W)
:

2 CHUGGING-(-)X .(W-E) ;2

3 CHUGGING-X3 (N-S) '

4 CHUGGING-(-)X3 (S-N)

| 5 SRV-X2
.

; 6 SRV-X3

f

,:

i
.

4

f

4

4

4

t.

4

I

I
-

,.

|

'|

|

!
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'

l

i

O
TABLE 3.8.4.2-2

SRSS COMBINATION OF INDIVIDUAL CHUCCING
AND SRV LOADS FOR STRESS INTENSITIES

LOAD SRSS
COMBINATION COMBINATION

1 ((1)2 + (5)2)

2 ((2)2 + (5)2)

3 ((3)2 + (5)2)

4 (N)2 + (5)2)

5 ((1)2 + (6)2)\
6 ((2)2 + (6)2)

7 ((3)2 + (6)2)

8 ((4)2 + (6)2)

O

--
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.

O
TABLE 3.8.4.2-3

COMBINING STRESS INTENSITIES I

DUE TO SRV AND CHUGGING BY SRSS METHOD

|

FACTOR FACTOR
LOAD COMB. APPLIED FOR UNIT LOAD FOR UNIT LOAD

NO. FORCE CASE NO. 2 CASE NO. 3

1 CHUGGING-X2 11.987
(E-W)

2 CHUGGING-X2 -11.987
(W-E)

3 CHUGGING-X3
(N-S) 4.580

4 CHUGGING-X3
(S-N) 4.580-

5 SRV-X2 -6.948 x .6322 -0.958
-4.393=

6 SRV-X3 -0.266 x .6322 4.063
-0.168=

.

1

}

O:
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TABLE 3. 8.4. 2-4~

SRSS LOAD COMBINATION NO. 1 OF SRV AND CHUCCING LOADS

. . _

._ .. ... __ . _ _ . _ _ . . . . . . _ _ _ . . . . . . . , , . , _
i

.

.

.

TOP NAXIMUM 10 EttMENTS -IN M3 iACE
'

. - - - - - . .. .

I ELEM CRSE 1 CRSE 5 SRSS W +3 SRSS F +3
V2519 38730.000 14410.000 '41323.855 54124.583
Q2503 38730.000 14410.000 41323.855 54124.583
G2523 38730.000 13980.000 41175.883 53894.031
G2507 36730.000 13980.000 41175.883 53894.031p] C2520 38470,000 14150.000 40989.796 '45258.264
92504 38470.000 14150.000 40989.796 45258.264
S2524 38470.000 14050.000 40955.383 45210.075
.Q2508 38470.000 14050.000 40955.383 45210.075
;T 305 30950.000 . , 11550.000 33034.906 22228.580
J 302 30950.000 __ 11550.000.I.

33034.906 22238.647'

:
i

-TDP MAKIMurt 10 ELEMENTS Irf ;-3 FACC
'~ ~

'

. ELEM CRSE 1 CASE 5 SRSS OF +3 SRSS OF -3
G2519 50710.000 18920.000 41323.855 54124.583-
$2503 50710.000 18920.000 41323.855 5'4124.583
D2523 50710.000 18250.000 41175.883 53894.031
p2507 50710.000 18250.000 41175.883 53894.031
G2520 42470.000 15640.000 40989.796 45258.264
Q2504 42470.000 15640.000 ' 40989.796 45258.264
Q2524 42470.000 15500.000 40955.383 45210.075
G2508 42470.000 15500.000 40955.383 45210.075
7 302 20030.000 7789.000 33034.906 22238.647

{305 2 0820. 0 0 0_._ __-. 77s7 eco^ 33034J06 22228,.58n_

22238.647{
ir 305 30950.000 11550.000 33034.906- ??228.580
F 302 30950.000 11550.000 _ _ 33034.906



TABLE 3.8.4.2-5
es
~

SRSS LOAD COMBINATION NO. -2 -OF -SRSS AND CHUGGING LOADS
_

- . . . . . . -', _ _ _ _
_

t

.. TIIP MANIMUPt 10 ELEMENTS IM +3 N-
.

ELEPr CRSE 2 CRSE 5 SRSS OF +3 SRSS OF -3b2519 38730.000 14410.000 41323.855 54124.583
Q2503 38730.000 ,14410.000 41323.855 54124.583
G2523 3873C.000 13980.000 41175.883 53894.031
'G2507 38730.000 13980.000 41175.883 53894.031
G2520 38470.000 14150.000 40989.796 45258.264
p2504 38470.000 14150.000 40909.796 45258.264
'Q2524 38470.000 14050.000 40955.333 45210.075
Q2508 38470.000 14050.000 40955.383 45210.075

} ' TUP MR IMUM 10 ELEMENTS IN -3 FRCl ~~~"~ ~ **" ''Z Y ~'
'

| ELEM CASE 2 CASE 5 SRSS OF +3 SRSS OF -3-

| Q2519 50710.000 18920.000 41323.855 54124.583
i 02503 50710.000 18920.000 41323.855 54124.583

Q2523 50710.000 18250.000 41175.883 53894.031
Q2507 50710.000 18250.000 41175.883 53894.031
Q2520 42470.000 15640.000 40989.796 45258.264
Q2504 42470.000 15640.000 - 40989.796 45258.264
Q2524 42470.000 15500.000 40955.333 45210.075
Q2500 42470.000 15500.000 40955.383 45210.075
.T 302 20830.000 7789.000 33034.906 22238.647
T 305 20820.000 7787.000 33034.906 22228.580

S9
_



TABLE 3.8.4.2-6

kV .SRSS IDAD COMBINATION NO. 3 OF SRV AND CHUGGING LOADS

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

--
..- - -

1
i

.
.

I
~

~

-TOP MRXIMUM 10 ELEMENTS IN +3 FACE

ELEM CASE- 3 CRSE 5 SRSS OF +3 SRSS (F -3T 56 38930.000 12180.000 40790.897 44219.672T 15 38930.000 12180.000 40790.897 44207.375Q 312 37780.000 11550.000 39506.087 45535.967Q 36 37770.000 11550.000 39496.524 45545.636Y 16 38920.000 4758.000 39209.756 43074.214
.

Y 55 38920.000 4756.000 39209.513 43093.690Q 128 37770.000 6127.000 38263.730 44408.1294 220 37760.000 6127.000 38253.859 44418.0217 IS 36460.000 11030.000 38091.895 44420.448T 57 36440.000 11030,000 38072.753 44473.796g -TOP MAXIMurt 10 ELEMEMTS IM -3 FACE
.5

i

ELEM CRSE 3 CASE 5 SRSS OF +3 SRSO OF -3Q 36 43950.000 11950.004 39496.524 45545.636
,

l

Q 312 43940.000 11950.000 39506.087 45535.987.T 57 43160.000 10730.000 38072.753 44473.796|T IS 43110.000 10710.000 38091.895 44420.448!Q 220 43940.000 6499.000 38253.859 44418.021G 129 43930.000 6499.000 38263.730 44408.129T 56 42630.000 11750.000 40790.897 44219.672T 15 42620.000 11740.000 40790.897 44207.375iT 58 43150.000 7459.000 36999.656 43789.944T 17 43100.000 7458.000 37009.331 43740.505
- . . . . . .

!

\

_
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O
TABLE 3.8.4.2-7q

.Q
SRSS IDAD' COMBINATIOWND'.~ 4 CP SRV AND CHUGGING LOADS

. . . .. ._

.

.

!

TOP MRXIMUM 10 ELEMENTS IN +3 FRC:'

ELEM CASE 4 CASE 5 SRSS OF +8 SRSS OF -3
T 56 38930.000 12180.000 40790.897 44219.672
T 15 38930.000 12180.000 40790.897 44207.375
2 312 37780.000 11550.000 39506.087 45535.987'

2 '36 37770.000 11550.000 394 % .524 45545.636
T 16 38920.000 4758.000 39209.756 43074.214
7 55 38920.000 4756.000- 39209.513 43093.6983 128 37770.000 6127.000 38263.730 44408.129
3 220 37760.000 6127.000 33253.859 44413.021
T 18 36460.000 11030.000 38091.895 44420.448
[ 57 36440.000 '11030.000 38072.753 44473.796

'
-.

TOP MRXINUM 10 ELEMENTS IN -3 FACE
.

.

ELEM CRSE 4 CRSE 5 SRSS OF +3 SRSS OF -312 36 43950.000 11950.000 394 % .524 45545.6'36-Q 312 43940.000 11950.000 39506.087 45535.987T 57 43160.000 1'0730.000 38072.753 44473.796
T 18 43110.000 10710.000 38091.895 44420.448Q 220 43940.000 6499.000 38233.859 44418.021
0 128 43930.000 6499.000 38263.730 44408.129
T 56 42630.000 11750.000 40790.897 44219.672T 15 42620.000 11740.000 40790.897 44207.375T 58 43150.000 7459.000 36999.656 43789.944
T 17 43100.000 7458.000 37009.331 43740.505

.

_
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[ TABLE 3.8.4.2-8 i
i

d SRSS LOAD COMBINATION NO. 5 OF SRV AND CHUGGING LOADS -

'
- --_-.. --.~ ...__.___.___ ...... --

t

4

:

,

I
.

TOP MRXIMUM 10 ELEMENTS IN +3 FRCE

ELEM CRSE 1 CASE 6 SRSS OF +3 SRSS OF -3,

Q2523 33730.000 1539.000 33762.542 50758.965
Q2507 38730.000 1588.000 38762.542 50758.965
Q2519 33730.000 773.300 38737.729 50733.439
92503 38730.000 773.700 38737.727 50733.439a

92524 38470.000 984.300 38482.590 42488.776s

rJ' 92508 38470.000 984.300 38482.590 42488.776-
'Q2520 38470.000 722.100 38476.776 42485.730
02504 38470.000 722.000 38476.775 42485.730
T 27 24780.000 28220.000 37555.516 34538.848
T 73 24770.000 28210.000 37541.404 34555.927
-TOP MANIMUM 10 ELEMENTS Ilt -3 FACCg

'
ELEM CRSE 1 CRSE 6 SRSS OF +3 SRSS OF -3

Q2523 50710.000 2229.000 38762.542 50758.965

$2507 50710.000 2229.000 38762.542 50758.965
U2519 50710.000 .1542.000 38737.729 50733.439i

Q2503 50710.000 1542.000 38737.727 50733.439
Q2524 42470.000 1263.000 38482.590 42488.776

: Q2508 42470.000 1263.000 38482.590 d2488.776
! Q2520 42470.000 1156.000 38476.776 42485.730
| 92504 42470.000 1156.000 38476.775 42485.730

;Q220 8331.000 39090.000 35063.412 39967.908-' -

Q 128 8329.000 39080.000 35084.858 _ 39957.711

.

_
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(^)L, TABLE 3.8.4.2 9~b

SRSS IAAD COMBINATION NO. 6 OF SRV AND CIWCGING LOADS

.

!

-TDP MRXIMurt 10 ELEME?tTS Irt +3 FACE

ELEM CRSE 2 CRSE 6 SRSS OF +3 SRSS OF -3

Q2523 33730.000 1588.000 38762.542 50738. % 5

02507 38730.000 1588.000 38762.542 50758. % 5

b2519 38730.000 773.800 33737.729 50733.439

Q2503 38730.000 773.700 38737.727 50733.439,

Q2524 39470.000 984.300 38482.590 42488.776

Q2508 33470.000 984.300 38482.590 42488.776

Q2520 38470.000 722.100 38476.776 42485.730

Q2504 39470.000 722.000 3S476.775 42485.730

T 27 24790.000 28220.000 37555.516 34538.848

7 73 24770.000 28210.000 37541.404 34555.927'

.

I

.

-TDP MAX 1rSJM 10 ELEMENTS IN -3 FACE .

ELEM CASE 2 CASE 6 SRSS OF +3 SRSS OF -3

G2523 50710.000 2229.000 30762.542 50758. % 5

02507 50710.000 2229.000 38762.542 50758.965

Q2519 50710.000 1542.000 38737.729 50733.439

Q2503 50710.000 1542.000 38737.727 50733.439

Q2524 42470.000 1263.000 38482.590 42488.776

I Q2509 42470.000 1263.000 33482.590 42489.776

02520 42470.000 1156.000 39476.776 42485.730

| 22504 42470.000 1156.000 38476.775 42485.730

2 220 S331.000 39090.000 35063.412 39967.908

3 128 3329.000 39090.000 35084.858 39957.711

F

I

_

--- - - _ - ,,
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W TABLE 18,4. 2-10

SRSS LOAD COMBINATION NO, 7 0F SRV AND CHUGGING LOADS ,

1

i !
.

.

-T0* MRXIPUM 10 ELEMENTS IN +3 FRCC

ELEM CASE 3 CRSE 6 SRSS OF +3 SRSS OF -3
T 16 33920.000 34690.000 52129.347 57019.032
.T 55 33920.000 34670.000 52122.695 57040.621
T 15 33930.000 34390.000 51944.364 56901.269
T 56 33930.000 34390.000 51937.744 56922 ,

59,M7Q 129 37770.000 33650.0f>0 50585.526 .
588TI .153 i 586u. 53o 220 '1.10 37760.000 33630.000 50564.756

. NE '78 4'H 181*

Q 31? 3* 37790.000 33380.000 50413.816 .

59685.8980 36 37770.000 33360.000 50393.000
T 17 36450.000 32390.000 48755.173 57651.835

36440.000 32370.000 48741.056 57722.423 ,

*

L59 |

9 ', TCP MRXIMUM 10 ELEMENTS IM -3 FRCE
ELEM CRSE 3 CRSE 6 SRSS T3F +3 SRSS OF -3 i~

'

G 220 43940.000 39090.000 50564.756 58811.153
Q 128 43930.000 39030.000 50585.526 58797.035/ f

Q 36 43950.000 38390.000 50393.080 59685.898
4 312 43940.000 33880.000 50413.916 5S671.782
T 58 43150.000 38340.000 48741.056 57722.423
T 57 43160.000 38230.000 48681.331 57656.903
T 17 43100.000 38290.000 48755.173 57651.835

l T IS 43110.000 38180.000 48709.564 57586.322, -

| IT 55 42620.000 37910.000 52122.695 57040.621
. r 16 42600.000 37900.000 52129.347 57019.032

, M
!

i

.

-- - - - - Am 4 C'V '$ OL&
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TABLE 3.8.4.2-11

SRSS IDAD COMBINATION NO. 8 0F SRV AND CHUGGING LOADS

.

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

TOP MRX1 MUM 10 ELEMEftT1 IPt +3 FRCE

| ELEM CRSE 4 CASE 6 SRSS OF +3 SRSS OF -3T t6 38920.000 34680.000 52129.347 57019.032
>

(T 55 33920.000 34670.000 . 52122.695 57040.621T 15 38930.000 34390.000 51944.364 56901.269T 56 33930.000 34380.0.90 51937.744 56922.011
Q 12 8 113 37770.000 33650.000 50585.526 S 797.035

5pEII- 153 * iis6ti. 4
.

Q 220 2o 37760.000 33630.000 50564.756
. ,

Q jut 37780.000 33380.000 50413.816 5 % 71-787. 'yg pQ 36 37770.000 33360.000 50393.000 58685.8987 17 36450.000 32380.000 48755.173 57651.835T 58 36440.000 32370.000 48741.056 57722.423
.. . - - . ... .. . . ._ - . . . -

_

-TOP MAX 1 MUM 10 ELEMENTS IN -3 FRCE

Q
ELEW CRSE 4 CRSE 6 SRSS OF +3 SRSS OF_.-3o ago 21s 43940.000 39090.000 ~50564.756 -J81 t.163

IQ''TL!trT28 43930.000 39000.000 50585.526 58797.035' -gg i t.g
:Q 36 43950.000 38890.000 50393.080 58685.898Q 312 43940.000 38880.000 50413.816 58671.782T 58 43150.000 38340.000 48741.056 57722.423
T 57 43160.000 38230.000 48681.331 57656.903
7 17 43100.000 38290.000 48755.173 57651.835.

T 18 43110.000 38180.000 48709.564 57586.322
T 55 42620.000 37910.000 52122.695' 57040.621

16 42600.000 37900.000. 52129.347, 57019.032
., _ . . _

.

, , , _ . . . . =*-

4
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TABLE 3.8.4.3-1

QUALIFICATION OF DOWNCOMER/
VENT HEADER INTERSECTION

STRESS INTENSITY VALUES (KSI) '

LOAD ELEMENT
COMBINATION SO. ALLOW ACTUAL ALLOW ACTUAL ALLOW ACTUAL _ ALLOW ACTUAL REMARKS

TRIAB 55 69.3 57.04 37.63 - 24.74 N/A N/A N/A N/A Discontinuity
CHUGGING + QUAD 220 69.3 58.81 37.63 21.17 N/A N/A N/A N/A Discontinuity -

(IBA) QUAD 205 N/A N/A N/A N/A 37.63 19.81 19.3 16.53.
SRV QUAD 269 N/A N/A N/A N/A 37.63 25.08 19.3 14.57

,

QUAD 2503 N/A N/A 51.90 16.17 N/A N/A N/A N/A DiscontinuityCO (DBA) + QUAD 262 N/A N/A 51.90 29.51 N/A N/A N/A N/A' Discontinuity
SRV QUAD 275 N/A N/A N/A N/A 34.74 15.25 23.16 9.65

1

|

o PL = 1.5 Sac for areas of continuity I

|

[

l

--

_.
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4

O TABLE 3.8.5-1
'

;

EVALUATION OF FATIGUE USAGE FACTOR FOR SRV LOADS
i

! EQUIVALENT
MAXIMUM MAXIMUM MAXIMUM NUMBER OF FATIGUE
STRESS ALTERNATING STRESS ALLOWABLE USAGE

ELEMENT INTENSITY STRESS CYCLES CYCLES FACTOR
>

1

QUAD 2503 18.92 kai 20.43 kai 2000 7 x 104 0.0286

QUAD 36 38.89 kai 42.12 kai 2000 7 x 103 0.286

i
i

|

O
,
I

f

|

1

i

s

O.

._ _ - _ - - _ -__
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'

TABLE 3.8.5-2

EVALUATION OF FATIGUE USAGE FACTOR FOR CO LOADS
'

MAXIMUM MAXIMUM
3 STRESS ALTERNATING NUMBER NUMBER OF FATIGUE

ELEMENT INTENSITY STRESS OF ALLOWABLE USAGE
'

NUMBER HARMONIC (KSI) -(KSI) CYCLES CYCLES FACTOR TOTAL

QUAD let 34.46 37.32 199 11,000 0.0181
2503 2nd 34.46 37.32 399 11,000 0.0362 0.108

3rd 34.46 37.32 598 11,000 0.0544

QUAD 1st 13.36 14.47 199 300,000 0.0007
36 2nd 13.36 14.47 399 300,000 0.0013 0.004

3rd 13.36 14.47 598 300,000 0.00202

,

1

o

O: s

:

;

,

O

. . . . - -. _ _ . . .
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TABLE 3.8.5-3
.

EVALUATION OF FATIGUE USAGE FACTOR FOR IBA CHUGGING
,

b

ELEMENT NO. FATICUE USAGE FACTOR

QUAD 2503 0.09

QUAD 36 0.15 |.

QUAD 312 0.15-- ;-

j QUAD 128 0.14 '

.i
! QUAD 220 0.14

i

TRIAB 15 0.14 j

TRIAB 17 0.14 4

1

TRIAB 18 0.14 !

TRIAB 56 0.14
'

TRIAB 57 0.14
i

TRIAB 58 0.14 '

.

j Reference: Calculation Set 9527-E-SC-VS-1-F

i

i

o

1

U

! ,

i \ l

.

.
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; TABLE 3.8.5.4-1
i *

,. |

CUMULATIVE FATICUE USAGE FACTOR !
,

l v

1

ELEMENT -'"
|

C' ,3, EWNT _

'

NO. SRV , . ' CO CHUCCINC TOTAL|
, ,

C' '

QUAD 2503 0.0286 0.0 0.09 0.12 i; .
-.

! IbA QUAD 36 0.286 0.0 0.15 0.44s
,

. ,. .,

*

% '

{ QUAD 2503 O.0286 0.108 0.0 0.14
.: - DBA QUAD 36 0.286 0.004 0.0 0.29
k ', !

s
4

9

I $

,

;
,

%

t.
%'

(w

< ..

,s s
y

.

!
+

1

,

.i

t

! -

I Q, i,

.A

0

!
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!
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TABLE 3.9.2.1-1
(Page 1 of 2)

EVALUATION OF RING HEADER DEFLECTOR,

>

Load. Stress (ksi Unless Noted)
Structure & Service Comb. Stress (1) (2) (1)/(2)' Component Level No. Type Computed Allowable Ratio Remarks

Deflector Flexure 13.413 42.0S 0.425 Linear
20" Sch. 120 D 18 Axial 0.13 j 21.8

'

Combination,

i SA106 Gr.B Shear 0.753 28.0 0.027
4

Wing Flexure 17.75 40.6 Liner
L8x8xh D 18 Axial 0.442 Combination,

i SA36 0.113 22.42

Deflector Miter Flexure 7.649't
.: 20" Sch 120 D 18 Axial 0.085s,

42.0 1 0.185 Linear
0.085f Combination

SA106 Gr.B Shear 0.113 28.0 0.027

Weld at Deflection - 18 Shear 6.075k 7.155k 0.849
to Wing

Clamp Bar 4 x 5/8 D 18 Flexure 30.866 51.04 0.605
SA36

. Weld at Clamp Bar - 18 Shear 10.792k 12.70k 0.85'

to Wing

i 1" Bolts - 18 Tension 14.072't 62.5 0.449 Square
i SA193 Gr.87 Shear 16.297[ 25.83 Combination

iFlange 20" D 18 Flexure 3577 n-k 5831 kin-k 0.613
4

1 5/8" Stud Bolts - 18 Tension 8.31 62.5 0.02 Square
i

SA193 Gr.B7 Shear 1.463 25.8 Combination

i
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i

!
4
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]
; TABLE 3.9.2.1-1
2 (Page 2 of 2)

; EVALUATION OF RING HEADER DEFLECTOR
$

i
j Load Stress (ksi Unless Noted) 'I
4 Structure & Service Comb. Stress (1) (2) (1)/(2)
| Component Level No. Type Computed Allowable Ratio Rerarks
4
a

: Deflector at D 18 Flexure 14 36 0.039
i Flange
?

5.87 /in 12.726 /in 0.461'] Weld at Deflector - 18 Shear k k
to Flange

f

i
!

,

s

4

i

!

1

!
,

d

.

1

|

i
!

|

|
i
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. TABLE 3.9.2.1-2
(Page 1 of 2)

EVALUATION OF DEFLECTOk SUPPORTS

Load Stress (ksi Unless Noted)r

! Structure & Service Comb. Stress (1) (2) (1)/(2)
Component Level No. Type Computed Allowable Ratio Remark s

,

cheek plate "B" o1 3.088 17.5 0.176
3/4 in. A 4 a 1+02 4.264 26.25 0.162
SA516 Gr. 70

o1 6.945 21.0 0.331
C 6 0 1+02 9.671 31.5 0.30i

o1 8.155 26.25 0.311
D 16 a 1+02 8.919 39.375 0.227

4

|

,
a1 10.30 26.25 0.392

D 18 a 1+c2 12.68 39.375 0.322

Support Hate "A" a1 1.06 17.5 0.061
1 in. A 4 o 1+02 3.967 26.25 0.151
SA516 Cr. 70

.

o1 2.137 21.0 0.102
! C 6 a 1+02 8.878 31.5 0.282

o1 4.705 26.25 0.179;

D 16 a 1+02 5.419 39.375 0.138

oI 4.930 26.25 0.188
D 18 a 1+02 9.237 39.375 0.235

14." Bolts Tension 0.259 62.5 Square
SA193 Gr.B7 - 18 Shear 12.318 '25.83 0.227 Combination

:
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TABLE 3.9.2.1-2

(Page 2 of 2)
i

EVALUATION OF DEFLECTOR SUPPORTS

|

Load Stress (ksi Unless Noted) .

'
; Structure & Service Comb. Stress (1) (2) (1)/(2)

Component Level No. Type Computed Allowable Ratio Remark s
'

Weld at cheek plate
2.4 /in 4.6 /in 0.522k kto support plate - 18 Shear

Weld at cheek plate
to ring plate

1/2 in. - 18 Shear 7. 095'k /in 7.42 /in 0,956k

| 9/16 in. - 18 Shear 3.578 /in 8.35 /in 0.429kk

| Trunnion Lug
; 3 x 2h x 11 D 18 Flexure 17.497 25.95 0.674
: SA516 Gr. 70 Shear 7.291 13.84 0.527

.

Weld at Trunnion :

2.90 /in 4.77 /in 0.608
'k k

. Lug to Deflector - 18 Shear

I Thermal Lug
, Bar 1 x 2 D 18 Bearing 14.865 41.52 0.358
j SA516 Gr. 70

Weld at Thermal,

i Lug to Deflector

3/8 in. - 18 Shear 4.955 /in 5.57 /in 0.889k k
! 3/16 in. - 18 Shear 1.573'k /in 2.78 /in 0.566k

3/4 Plate "C" Shear 11.98 27.68 0.433
SA516 Gr. 70 D 18 Bearing 10.484 41.52 0.253
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|

!

;

t

|
| TABLE 3.9.2.1-3

'

| (Page 1 of 2)
!

STRESSES IN THE DEFLECTOR SUPPORT AND THE HEADER AT THE DEFLECTOR ATTACHMENT

i,

Load
i Structure & Service Comb. Stress Stress (ksi)
| Component Level No. Type Computed Allowable

!

| Common to Pt 2.12 28.95
i Header and Ring A 4 P +P +Q 18.84 69.3L b
| Plate

| PL 5.88 28.95
: B 6 P +P +Q 48.14 69.3L b;

1
A 16 PL 7.234 28.95 '

I
B 18 PL 6.72 28.95

) P, 2.25 19.3 '

1 Header A 4 P +Pb 4.63 28.95L
!

! P. 5.28 19.3
*

} B 6 P +Pb 11.0 28.95L
:

P, 4.86 19.3
A 16 P +Pb 5.67 28.95L

'| P 6.56 19.3m

) B 18 P +P3 11.67 28.95L
4

i P, 0.47 19.3
i Ring Plate A 4 P +Pb 5.58 28.95L
I

! P 0.82- 19.3m
B 6 P +Pb 12.62 28.95L

;

4



___ _- _ ___ _ . _ _ _ , _ _ _ ._ _

O O O

TABLE 3.9.2.1-3
(Page 2 of 2)

STRESSES IN THE DEFLECTOR SUPPORT AND THE HEADER AT THE DEFLECTOR ATTACHMENT

Load
Structure & Service Comb. Stress Stress (ksi)

Component Level No. Type Computed Allowable

P. 7.54 ~19.3
A 16 P +Pb 10.20 28.95L

P 7.89 19.3m
Ring Plate B 18 P +Pb 17.46 28.95L

!
!

!

r'

|.

!
i

,
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Analysis For Chuaning Loads

NY

2 21s Beant Model Downcomer/ Vent Header
Shell Model

"USE 2 X WATER
Weight As Added Weight STATIC ANALYSIS

Apply Unit Loads
@ Downcomer Tips

'q
STATIC ANALYSIS
Apply Unit Loads 4

@ Downcomer Tips Compare Tip Displacement
With Beam Model

y
"Compare Tip Displace- -

ments With Shell Model Plot Displaced Shape to
'

3 Verify Downcomers are Rigid

(O
V

EXTRACT EIGENVALUES U

Use Star-HQR STARDYNE POST PROGRAM
Use RSEL's as Factors,
Compute Stress Intensities
For All Elements

_
1

Select Lowest Frequency
in N-S & E-W Directions

Select Maximum Stress
Intensities

4

COMPUTE MAXIMUM
Design RSEL's Using Procedura
of Section 3.3.2.5.1
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ANALYSIS FOR
CONDENSATION OSCILLATION LOADS

(~~3 ' 22 BEAM MODEL ASSIGN LOWEST DOWNCOMER DOWNCOMER/VE'TT-HEADER
,

() FREQUENCY IN E-W DIRECTION SHELL MODEL'

TO CO LOADING

SELECT HARMONIC ASSOCIATED

USE ONE TIME WATER WEIGHT WITH THIS FREQUENCY
AS ADDED WEIGHT STATIC ANALYSIS

ASSIGN FREQUENCIES TO OTHER APPLY UNIT LOADS @
TWO HARMONICS DOWNCOMER TIPS

NOTE TIP DISFLACEMENTS
<

n
_

EXTRACT EIGENVALUES
1USE H-QR METHOD "

(STARDYNE) FOR EACH ACCIDENT CONDITION
OBTAIN 3 HARMONICS FOR dP STARDYNE POST PROGRAM-

& 3 FOR INTERNAL PRESS. @
A***(CO)FREQUENCIES f . 2f , 3f1 USE

'*
l l

_ _ . _ . _ _
1,.__. . . _ . . - & CORRESPONDING INTEGRATED MUNIT LOAD)

SELECT LOWEST NATURAL _
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MAX DESIGN LOAD FOR FATIGUE EVALUATION

PMAX (E-W) = 15490.0 lbs.

PMAX (N-S) = 5918.0 lbs.

E-W"

WEIGHTING FACTOR = PMAX (N-S) = 5.918 = 0.382 %%
- -"

PMAX (E-W) 15.49 ,
I
I
I

.5>a6 1

$8 _

PW I4- S
'

cose

'

,

Figure 3.8.5.3-1 Chugging Load Evaluation for Fatigue
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SECTION 4 PHOTOGRAPHS AND DRAWINGS OF MODIFICATIONS

4.1 The photographs and drawings listed below depict the modifications
that- CP&L has installed or.is proposing to install as part of the
Mark I Program.

4.1.1 Listing of Drawings

9527-F-1322 Ring Vent Header Deflector - South Half

9527-F-1323 Ring Vent Header Deflector - North Half

9527-F-1325 SRV Quencher Support, Plan, South Half

9527-F-1326 SRV Quencher Support, Plan, North Half

9527-F-1352 Ring Vent Header Supports

9527-D-2792 Main Steam Relief Valve Discharge Piping,
Plan and Sections - Sheet No. 1 Unit 2

Z812041011 Pipe Support Details
.

Z820671008 Piping and Arrangement Unit 1 (RHR Test Line,
HPCI Turbine Exhaust Line, RCIC Barometric

[
- Condenser, HPCI Drain Pot, RCIC Turbine

Exhaust Line).

Z820671010 RHR Test Line Pipe Support Details

2812041013 Pipe Support Details Sheet 2
(Torus Spray Header Supports)

Sketch Support for HPCI Turbine Exhaust Sparger

Sketch Torus Section at Azimuth 3150
(Reinforcement of downcomers and downcomer
cut off)

Sketch Torus Section Near Vent Header Support and
Center SRV Quencher Support (Existing Header
Columns, New Header Columns , Deflector , SRV
Sparger and Support)

Sketch Torus Section at Azimuth 315
(New overhead columns at vent).

O

.- -
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*

,
i

,

; O
4.1.2 List of Photographs of CP&L, BSEP

Unit 2 Torus

1. HPCI Turbine Exhaust Anchor (1980)
,

2. HFCI Turbine Exhaust Anchor (1980)

3. Steam Relief Discharge Line Sparger and Support (1980)
.

4. Steam Relief Discharge Line Spargers and Supports (1980)
;

5. Steam Relief Discharge Line Sparger and Support (1980)
,

6. Steam Relief Discharge Line Sparger and Support (1980)
!

7. Steam Relief Discharge Line Support (1980)~
!

8. Vent Header Columns (1980)

9. Core Spray Test Line Supports (1982)

10. HPCI Drainpot Line Support (1982)

11. RHR Test Line Support 1982

1
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