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| 1. SUMMARY

I
This report, prepared for Dalryland Power' Cooperative (DPC) presents the results of

| the structural analysis performed by Nuclear Energy Services, Inc. (NES) to verify the

adequacy of the shutdown condenser during the Safe Shutdown Earthquake (SSE). The

dead load, live load, pressure, and seismic stresses were found using conventional
'

approximate methods. The main concern comes from local stresses placed on the
shutdown condenser during a seismic event.

I
There are two areas where these local stresses exist, at the. saddle supports and at the

nozzles. After evaluating th.e primary stresses on the snutdown condenser, local
stresses were evaluated. An in-depth study was made to find local bending stresses

generated by the saddle supports during the seismic event. Nozzle ' loads were also

checked with respect to local cffects.

I I .

This report presents the final results for all parts of the shutdown condenser with the

exception of the internals (tube bundle, baffles, tube bundle supports, etc.) and the 14-

inch vent line nozzle. These final results indicate that the major structural

components will maintain their integrity during.the SSE event.I __. ._ _

.- . ' '-

Preliminary analysts of the internals, using simphfied analytical methods, indicates
that stresses in the tube bundle may exceed their allowable during the SSE event.

Further investigation will be required before a conclusion can be made on the
internals.

The local stresses generated by the 14-inch diameter vent line will depend on the final

support configuration on that line. These stresses will be maintained below allowables

by suitable support modifications to the vent line, if required, The 14-inch vent line is

the subject of a separate report.

The validity of the results presented in this report is contingent upon completion of

| I the modifications recommended in Reference 4.

tuutut __ _

-
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2. INTRODUCTION

I
This report, prepared for Dairyland Power Cooperative (DPC) presents the results of a
stress and seismic analysis for the Lacrosse Boiling Water Reactor (LACBWR)

shutdown condenser. The LACBWR shutdown condenser was designed and

manufactured by the Struthers Wells Corporation of Warren, Pa. in 1964. The

condenser is located in the reactor containment building on a platform ten feet above

the main floor. Figure 1 shows the shutdown condenser and its location with respect

to the containment building.

At the LACBWR plant, the shutdown condenser system provides a backup heat sink for

the reactor in the event that the reactor is isolated from the main condenser. The
shutdown condenser is automatically started when the reactor building steam isolation .

valve or turbine building steam isolation valve is not fully open, or when the reactor

pressure exceeds 1,325 psig. These are emergency conditions that also provide a .

scram signal to the reactor safety system.

The shutdown condenser is a horizontal. U-tube heat exchanger with reactor steam

condensing inside the tubes. Reactor coolant sensible and latent heat is transferred to
hniline._ demineralized _ Water _ on_the shell side. The shell side vapor is vented directly .

- - m z~ w -t ;>7
_. > W t' c

-

e c
to' the outside atmosph.. _ere via7ne 14" vent line. ine heat' removal capacity.of the

-=.rshuu~~ mnenser is well in excess of reactor decay heat generation rate for all_
_ ,

~

times following reactor shutdown. The system provides adequate emergency shutdown
0cooling capability by cooling reactor water to 300 F at a rate of 50 F/ hour.

However, the normal mode of operation for reactor water cooling below is 470 F.is

the decay heat cooling system.

Natural circulation is the driving force behind the shutdown condenser system. Steam

flows from the main steam lines into the shutdown condenser located ten feet above
the main floor of the containment building. Condensate is collected in the lower
channel section and is returned to the feedwater lines by gravity flow.

The shutdown condenser is a safety related piece of equipment. Its ability to operate

during and af ter the SSE became an object of review of the LACBWR Safety Review

s

1* I I M C ON _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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| This analysis will also form a significant input to the Structural and
.

Committee.
Seismic Analysis portion of the NRC's Systematic Evaluation Program review of

LACBWR.

The LACBWR shutdown condenser was originally designed to ASME Code Section Vill,

Division I. Division I of Section VIII does not call for a detailed stress analysis but

merely sets the wall thickness necessary to keep the basic hoop stress below the
tabulated allowable stress. It does not require a detailed evaluation of the higher
more localized stresses which are known to exist, but instead allow for these by the

safety factor and a set of design rules. The analysis performed herein uses methods

described in the ASME Section VIII Division 2. This provides a means whereby one can

evaluate those vessels subject to severe service stresses.

'
.

_ G,= --- =. _ _
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3. DESCRIPTION

The shutdown condenter is a horizontal U-tube heat exchanger. The reactor steam'is

condensed in the tubes, and the cooling wa'ter is evaporated in the shell (see Figure 2).

It was designed in accordance with Section VIII, Division I of the ASME Code, as

| modified by Code Case 1270-N. The tube-side design pressure and temperature are
1415 psia (internal) at a temperature of 650 F. The shell-side design pressure and
temperature is 75 psi (Ext), 40 ps! (Int) at 275 F. The shutdown condenser was

designed to absorb without damage the thermal and physical shock of going from cold

shutdown to operation at design condition in five (5) seconds, for 50 cycles during a 20-
year uhit lifetime.

E
The basic configuration of the shutdown condenser is shown in Figures 2 and 3. Major -
dimensions are given and further information is available in Reference 1. The shell of

I

the condenser is made of 5/8-inch SA-285-C carbon steel. The heads at either end are
5/8 inch and 7/16 inch SA-285-C steel. The inlet channel is forged SA-105-2 steel 1- .

| 3/4 inch thick with a 15% monel cladding on the inside.

I
The internal U-tubes are Wolverine type S/T U-tubes 5/8 inch OD x 0.065 inch average

wall. They are constructed of 70-30 copper-nickel alloy. The shell is exposed to only

minor pr. essure;whereas the tubes and channel inlet are exposed to reactor , design . ,
--

7 nr'a"nea ofdgsia at 650 F.

The shutdown condenser is about 18 feet in length and is supported on two saddles.

These saddles are welded to the shell and bolted for support to wide flange beams.

Slotted holes are supplied at one support to allow for thermal expansion upo'n heatup.
x- ~ ~

'

There are three nozzles of major interest; the l4-inch diameter vent nozzle, th'e 6-

inch diameter main steam inlet and the 6-inch condensate return line. All of the
above items are indicated in Figures 2 and 3. The 14-inch vent line is the topic of a
separate report.

|

FDAM n NF9 2n; 9/An
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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4. APPLICABLE CODES, STANDARDS AND SPECIFICATIONS

Tha following design specification, Regulatory Guides and Codes have been used in the

analysis of the shutdown condenser.
I
i

1. ASME Boiler and Pressure Vessel Code, Section VIII, Division 1

2. ASME Boller and Pressure Vesse! Code, Section VIII, Division 2

i

American Institute of Steel Construction, Manual of Steel Construction, 8th I
3.

-
-Edition -

4. USNRC Standard Review Plan, Section 3.8.4, Other Category I Structures

- .

A "*
* ,
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5. LOADING CONDITIONS

The loads that were evaluated with respect 'to the shutdown condenser are as discussed

below. The shutdown condenser was designed in accordance with Division 1 of Section
i

Vill of the ASME Pressure Vessel Code as modified by Code Case 1270-N. Secondary

stresses were assumed to have been addressed in the original analysis and are not

discussed in this report. Fatigue considerations have also been omitted from this
rcport as they have previously been addressed in Reference 2.

Primary stresses were evaluated using,the following load conditions; dead load, live

load, pressure load, and SSE seismic loads. These loads were combined to evaluate the |
stresses in the vessel as follows: |

1.5 k Sm = D.L. + L.L. + P + E

.

Where:

Sm = Stress intensity in tension

k = Factor for load combination

st ._ 4
, , .

;y _.y L, ,, ,

L.L. = Live Load stress

P = Pressure Load stress

E = Seismic stress due to SSE event

u

The OBE was not considered since the stresses with the SSE case were withih the OBE
>==c w

allowable (kSm = 1.0 x Sm)-

5.1 DEAD LOAD AND LIVE LOAD CONDITION

The following procedure was used to find the maximum dead load stress in the

shell or inlet channel. The operating weight of 28 kips was divided into a 22 kip

load and a 6 kip load as shown in Appendix A. The stresses were evaluated

,.
%
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L

assuming the tank acted as a simply supported beam. The maximum bending

L stress in the shell and inlet channel was found by dividing the maximum moment

by the appropriate section modulus. The stresses were small(below 1.0 ksi).
f
L

5.2 PRESSURE LOADING CONDITION
r
|

The internal pressure stresses were calculated using the fo!!owing formulas from

Reference 7.

For a cylindrical shell:

2 set
Longitudinal Stress S = P= R-0.4ti

set
Circumferential (hoop) Stress S =2 R+0.6t

'

The external pressure was also checked using criteria. presented in ASME -

Division 1 and 2.

5.3 SEISMIC LOADING CONDITION
.

| The seismic stresses were found using the dead load simple beam analysis % tic -

'

g-values were found using' stiffness calculations contained in RebrenNN . ~ ,'
' *

summary of the'se g-values are included in Appendix A. Seismic bending stresses.

are a small part of the total primary stress collection.

During a seismic event, the shutdown condenser saddles and nozzles would
transfer localized loads to the shell. It is these loads that produce the majority

of primary stresses generated in this analysis. These loads were evaluated using

more complex methods , described in Section 7.

.
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_ 6. STRUCTURAL ACCEPTANCE CRITERIA

-

-
The following criteria was used to evaluate' the structural acceptance of the shutdown

condenser. This is taken from ASME, Section VIII, Division 2, Appendix 4, Figure 4-
~

130-1.
.

w

*
-

stress P rima ry
Ca te go ry General Membrone Local Membrane Bending

Description Average primary Average stress Component of
(For ex- stress across across any primary stress
amples, solid section. solid section. proportional
see Excludes discon- Considers dis. to distance
Table tinuities and continuities frora centroid
4 120.1) concentrations, but not con- of solid

Produced only by centrations. section. Ex-
m echanical lo ads. Prodoced only clades discon-

by mechanical tinuities and
loads. concentrations,

Produced only
by mechanical *-

loads.

P PL Psm

Combination ! I' ! ! ! !
of stress |
components | p"-. and allow- - I "

*

able' limit,s
. . -

-
_

of stress
intensities.

|PL l.5kSm

.
__

1 -

'

PL + Ps I.5kSm

~
.

Figure 4-130.1, Stress Categories and Limits of Stress Intensity

i

FORM :NES 205 2/80 '
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The value of Sm is found for the material used in Section AM of Section Vllk, Division-

2 and are listed below:

For:

18.3 Ksi @ 2000FSA-285C Table ACS-1
Sm = 17.7 Ksl @ 3000F

S A-105-2 Sm = 17.4 Ksi @ 6500F Table ACS-1

1 The allowable stress intensity for the shell materials (SA-285-C) is:

1.5 kSm = 1.5 x 1.2 x 17.85 = 32.13 Ksi @ 2750F

The a!!owable stre;s intensity for the inlet channel material (SA-105-2)is:

| 1.5,kSm = 1.5 x 1.2 x 17.4 =-31.32 Ksi @ 6500F

The value of k is found from Table AD-150.1 (Reference 3, Division 2) reproduced
below.

TABLE AD-150-1
I STRESS INTENSITY k FACTORS FOR VARIOUS LOAD COMBINATIONS

Load Combination Calculated Stress

I Condition (See AD-Il0) k Factors Limit Basis

A. The design pressure, the ' dead 1.0 Based'on the
load of the vessel, the contents corroded thickness
fNqne-amg _ __ _ ;3p. ;gggueta( = 2

of the mechanical equipment, andu u _.2 ..:_ . temperature -
;

_ --.- _--

| external attachment loads

B. Condition A above plus wind 1.2 Based on the

g load corroded thickness

5
at design metal
temperature

| C. Condition A above plus earth- 1.2 Based on the ,

'

quake load corroded thickness
at design' metal
temperature-

D. Condition A above plus loads 1.2 Based on.the
resulting from wave action corroded thickness

I at design metal
_ temperature

I
Note: The condition of structural instability or buckling must be considered.

._,_
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7. METHOD OF ANALYSIS<

~7.1 SHUTDOWN CONDENSER VESSEL ANALYSIS

-

Analysis of the shutdown condenser included considerations of two basic stress
m

categories. Those two categories are defined as primary stresses and secondary

stresse:. A brief discussion of these stress categories and how they apply to the
~

vessel is given below. -

Secondary stresses are stresses that must satisfy an imposed strain pattern
rather than being in equilibrium with an external load.. The basic characteristic

~

of secondary stresses is that they are self-limiting. Local yielding and minor

distortions can satisfy the discontinuity conditions or thermal expansion which

cause the stress to occur. Secondary stresses will not cause catastrophic failure

unless fatigue conditions develop. The secondary stresses were evaluated during

the original design and will be assumed valid for the purposes of this analysis.
,

Primary stresses are those developed by the imposed loading which is necessary

to satisfy the laws of equilibrium .between external and internal forces and
moments. The basic characteristic of a primary stress is tha't it is not self-
limiting. If a primary stress exceeds the yield strength of material through the , ,

, - -

~~> w
entire thickness, the prevention of failure is entirely dependent on the strain-
hardening properties of the material. The primary stresses may cause
catastrophic failure or gross distortions to occur.

The primary stresses are further broken down into three sub-categories; general

primary membrane stress, local primary membrane stress and primary bending
stress.

The general primary membrane stress is one which is so distributed in the
structure that no re-distribution of load occurs as a result of yielding. The
gener'ai primary membrane stress in the shutdown condenser is due to the

internal pressures. The pressure will produce a stress completely across .the
cross-section of the shell.

'-
____ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - - . _ - -
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The se~nd sub-category is the local primary membrane stress. These are
y

L stresses produced in the vessel by external loads and moments at a permanent

support or at a nozzle connection.

The last sub-category of primary stress is the primary bending stress. These

{ stresses come from the bending of the vessel itself. Their magnitude is

proportional to the vessel stiffness properties, weights, and support conditions.
The bending that occurs will come from the dead load, live load and seismic load"

- bending moments.

r

- 7.2 SHELL STRUCTURAL ANALYSIS .

The shutdown condenser is supported by two saddles. During a seismic event

forces and moments would be generated to the shell by the saddles. Gross

( failure of the shutdown condenser shell or internal tubes would result in breach

of containment.
r

~

Static loads were used to evaluate the shutdown condenser shell and saddle
supports. These loads were found using stiffness values, frequency and g-values=

- from the analysis of the shutdown condenser platform (Reference 4). Therefore,

_ .
the . validity of the resul_ts of, this report is contingent upon completion of the , ,

,

modificathns recommended in Reference 4.

The areas around the saddle were investigated through the use of a finite

_

element analysis using the ANSYS computer code (Reference 6). The area of

concern is indicated on Figure 4 and 5. This area was broken down into a series
_

of finite elements as shown in Figures 6 and 7. The nodes about which the

5 elements were located are shown in Figures 8 and 9.
-

.

Static loads w'ere placed on the computer model of the saddle and reaction
forces and stresses found. These stresses were then added to dead load, live load

and internal pressure, and seismic stresses in the shell.r

-

*

FCoyMe h
__ ____ _ _ _ _ _ _ _
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7.3 CHANNEL OR SHELL INLET ANALYSIS
,

m

Calculations were done by hand except for nozzles. Evaluation'of nozzle
stresses was done using the compucer program WERCO (Reference 5). This

program uses formula developed by the welded research council and presented in
I

WRC Bulletin 107 (Reference 13). These stresses were then added to the dead
load, live load, pressure, ,and seismic stresses. Nozzle loads were derived from

Reference 10 and 11.
|

7.te SHUTDOWN CONDENSER SADDLES

The saddles were analyzed using the ANSYS model Described in Section 7.2 and

is shown in Figures 6 thru 9. The stresses were compared to the allowables of

the AISC Manual. The results are presented in Appendix A. The anchor bolts
,

were also checked for their structural integrity. Their st'resses are within the
~

allowables in Refercnce 12.
.

7.5 SHUTDOWN CONDENSER NOZZLES

The nozzles of the shutdown conen- =areavajuated using a computer program

L. called,"WERCO". The "_WERCO" program was written to perform the stress
, ,,

calculations as presented in the Welding Research Council (WRC) Bulletin No. -

107, entitled " Local Stresses in Spherical and Cylindrical Shells due to External
Loadings" (Reference 13). The Bulletin contains a series of non-dimensional

curves that are used to obtain the stresses at four locations in the shell around
the shell to attachment juncture. The WERCO Program then selects appropriate

factors from the non-dimensional curves presented in the Bulletin and calculates

the stresses at four locations aro6nd the attachment and on the interior and
exterior surfaces of the shell at those same locations. The typical model used
with the WERCO program is shown in Figure 10.

The loadings for nozzle evaluations were taken from References 10 and 11.

|

|
,

| . FORM : Nff@ $g@ @@@
__ - - - - - - - - - - -
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J
. ~ 7.6 SHUTDOWN CONDENSER INTERNALS

.

_
Some preliminary static, linear hand calculations were done to check the
integrity of the U-tubes. After completing these calculations, stresses were

found to be above the allowable for the material. It is felt at this time that the
application of such analysis would not be applicable due to the complexity of the

L

Individual U-tube configuration, existing water in shell and U-tube bundle
[ support configuration. Further studies would have to be done to assure the
' structural integrity of the shutdown condenser internals.

:

|

.

.
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- 8. RESULTS OF ANALYSIS

lr
:

L The results of the seismic, structural and' stress analysis on the shutdown condenser j

shell performed using the ANSYS computer code are contained in Reference 9.
|-

"

Appendix A contains detailed calculations of dead, live, pressure and seismic loads for
r use as input for the ANSYS program. It also contains input and results for the 6"
H mainsteam inlet and condensate outlet nozzle analyses.
-

Saddle stresses and bolt load calculations are included in Appendix A.

-

A summary of the maximum stresses and the appropriate allowables and channel inlet
are given in Table 1 of the report. Table 2 contains similar informaiton for the saddle
and bolts.

.

1
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9. CONCLUSIONS '

-

The LACBWR shutdown condenser was evaluated for the SSE seismic loading in
|

L combination with pressure, dead + live load with respect to primary stresses. The

results indicate that the shutdown condenser main structure will maintain its
-

-

structural integrity during the SSE event. This conclusion assumes that recommend

modifications are made to the platform (See Reference 4).

The U-tube bundle and internal.= could not be judged by the analysis done so far. The

stresses appear to be above the allowables using simplistic approximations. Further

studies or alterations may be required to make meaningful conclusior.s with regard to
the internals. '

L

The stresses placed on the shell due to the 14-inch vent line are being evaluated in a,

separate analysis. An acceptance criterion on the results of the vent line analysis will
be that the line will not place excessive stress on the condenser shell.

.

|

|

|
-- - -

. ,
; ,

|
1
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9. CONCLUSIONS
p
L

The LACBWR shutdown condenser was evaluated for the SSE seismic loading in

combination with pressure, dead + live load with respect to primary stresses. The

results indicate that the shutdown condenser main structure will maintain its

| structural integrity during the SSE event. This conclusion assumes that recommend
modifications are made to the platform (See Reference 4).

The U-tube bundle and internals could not be judged by the analysis done so far. The

stresses appear to be above the allowables using simplistic approximations. Further

studies or alterations may be required to make meaningful conclusions with regard to

I the internals. '

The stresses placed on the shell due to the 14-inch vent line are being evaluated in a

separate analysis. An acceptance criterion on the results of the vent line analysis will

be that the line will not place excessive stress on the condenser shell.
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TABLEI
MAXIMUM STRESSES FOR THE SHUTDOWN CONDENSER

(ps0

Shell Channel Inlet
Circumferential Longitudlal Circumferential Longitudinal

Internal Pressure 2288 1124 15389 6987

Dead Load Bending +
Seismic N/A 200 N/A 200

,

!
Local Bending Due |
to Saddle 6230* 6230* N/.A N/A,

,

r

Noszle Stresses }
6" Mainsteam N/A N/A 7322* 7322* I

6" Feedwater Condenser N/A N/A 5897 5897 - ;i

h

. o Use worst stress in both direction
|

Combined Maximum Stress In Shell = In ChannelInlet = '

2288 + 6230 = 8,518 psi 15389 + 7372 = 22,711 psi !:
. . Which is less the allowable Which is less the allowable. I

I
~ '

of 32,130 psi of 31,320 psi ~

:

i

!

.
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TABLE 2 i

SUMMARY OF RESULTS OF THE SADDLE AND BOLT ANALYSIS
(ksi)

Bending About Bending About Combined
Axial Stress Minor Axis Major Axis Stress Ratio

~

fa 1.6 Fa f 1.6 F I 1.6 Fbz bz bx bx

Saddle 0.372 33.15 8.44 34.56 0.497 34.56 0.248

4

| 4
i

i

Combined

! Tension Shear Stress Ratio
! f F I F

t t V y

Bolts 3.15 16.7 5.16 10.0 0.705 |

1

|

| .
,

'
.

.- . - . . . .

;

*
.

1
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DOCUMENT NO..

- mur
.

NUCLEAR ENERGY SERVICES, INC.

-

%

P

%

/

%

APPENDIX B

WERCO COMPUTER PROGRAM
~

OUTPUT FOR FEEDWATER
LINE N0ZZLE-

_

M

%

f

%

Y

-

@ g g g M

emip.

-

_

e

-

O

-

-

%

&

\

FORM n Ng2R(ogRggo)_________ ________ _ _ _ _ __



- _ _ _ _ _ _ _

1(.yD F'4.M ,.. %(LEE) 6 thu W ~ -

;,2a. =-

4. 4 r El T ER F C .-
.

- _ S ;w-553
s .

-- - -

1 53 q .. g . 3.s .: . Q , ~~.. .::- v-: pIF 1:0 MCRE CHA M ^.
.

. b u E r.E (EE1 UEN| DER CUEST e

[ Pre.P rei by --- n \ 4.- .-5
'-

(FT-LES) 1
|25-ENTER MCMENT LCAD M-X

P E -

hEt . CUESTJ.ON. 'UMEER-.(RETURN-IF-.NOL-MORE-CHA ES )- --

| 26
g jef3ofgg

j - - - - - - - - - - - - - - --- - -

2 6-ENT ER MCH EUT. LCA D M-Y--( FT-LBS ). / .. -- - - -

hC
E |T CUESTICN NUMBER (RETURN IF NO MORE CHAD.ES)

$ - - -
- = - - - - - -

?. 2.7 m
;;,

27-ENTER MCMENT LCAD M-7, (FT-LES) 3;

c_7 2 6 0 ._- -
- $ -

/- / g 8!.-.

Et.'TER CU,ESd ION NUMBER (RETUEN IF NO MCRE CHAl SMS)2L
. %.

- _. _ _ .
_

--- ---

.CUTPUT..WITH 80 CR-.1.32- CHARAC.TERS-PER--LINE?
? 60

- - __= ...- - -. . .......-.. ---- --

'

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

-

AAA TECHNCLOGY AND SPECIALTIES CC., INC.
- - - - - - - - - - - - - - - -

. UERCC PRCCRisti . RELEASE-6. 0. 6 J UN E --l -19 81 ----- --- ---- -

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

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

*** NOTICE ***
- . . . . - - .-. .

_

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

ALL INFCRMATION FRESENTED BY THE WERCQ PRCGRAM J

IS FCR REVIEW, INTE,FRETATICN, APPROVAL AND APPLICATICK
- EY A REGISTERED PFOFESSIONAL ENGINEER. -

.- .
. . .

. .

. - _ . . . . . . - . . - - . . . ...
|

-

, w~ ~ -- C.2d _ :- 2 ~ v. - g f~

;: w. ,c. .) .,. . .. , .;. .>. . m .c.- m g , ,,,2. .(. .. .,.g . , c._. y w: .-a -- -~-~ r
.. .

* * K ERCC * *

LCCAL STRESSES IN SHELLS EUE TG EXTERNAL LCACINGS
EASED CN WELDING RESEARCH CCUNCIL EULLETIN NO. 107 (MARCH 1979) --

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

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

.
.

. ,
.

- - - - - - - - - - - - "

. FEED . WATE R..LINE $T- T HE-S HGT-.DOWN--C ON DENW P -- --- ---- - -- - - - -

RUN E A 'l E 29 CCT 81

** MAXIMUM STFESS INTENSITY OPTION SELECTED **
- --- --

INPUT DATA
-

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

-

C ECM ETRY.
SFELL

TYPE CYLINERICAL
"N-- - S 7u M c n a n ic Eft s n



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

. . . . . . _ ..
.

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

. , . .,

7YPE RCUND,

GUTSIEE RADIUS 4. 62 50 (INCHES)
.

g
* *

... .. . . . , . .

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

B- ,

i

PLIED LOAES GIVEN IN X-Y-Z AXIS SYSTEM -- - - "-----

* CYLINDRICAL AXIS DIRECTION IS X - - -
- - - - - - --

* ATTACUMEET' DIRECTION IS +Y
.

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

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

' RADIAL LOAD (FY) -577.0(LBS)
.

-

. . . . . ... . .. ... ..- - S H E A R-- LO A D -- ( F X ) - -
- - - " - - 8 6 2 : 0 ( L B S ) --- --- --

---- --

.

- SHEAR LOAD (FZ) -793.0(LBS)
.. .. . ... . . . . . . . . . . . _

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

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

OVERTURNING MOMENT (MX) -6890.0(FT-LBS)

_ . .. _._. .. . .-- OVERTURNING $0M ENT ( MZ) --- - 7'2 6 0 . 0 ( FT-LB S )'--~~
--- -" "-- ' -- " -

'
'

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

STRESS CCNCENTRATION FACTORS
,

bub 7b kb)[BR.Ihb LGkDINh (KN) 1.50
DUE TO EENDING LOAD (KB) 1.00 J-.. ....- . - . . . - - - - -

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

INTERNAL PRESSURE 1415. 0 (PS IG) -*- - - -"-- - - "

. . . . . . . . . . . . . . . . . . .. .. ...

JOINT EFFICIENCY 1.00
_

. . . . .. - . 4
-.. .

.--. _ ...... -- --
1

.
. .. .. . . . . . . ..

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

..

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

|s. , , ,

. : .

' ** WERCO * *

LOCAL S7RESSES IN SFELLS EUE TO EXTERNAL LOADINGS
107 ( U RCli 1979)

{ASED ON MELDING RESEARCH CCUNCIL BULLETIN FC.
..

,

-

FEEE WA'lER LINE AT THE SHUT COWF CGNDENSEB
-

'
-- - -

,UH EATE 29 OC7 61 -- - TENSION = +
- CCMPRESSION = -

. ** MAXIMUM STRESS INTENSITY OPTION SELECTED ** . . . . - . . . . . . . - - . - . . - -
. . . . . . - . . . .

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

, OUTPUT DATA ( ALL STRE'SSES ARE GINEN IN (PSI) )
LOCATION'

- " -

AL - -EU - -- " B C "- "
'CIRCUMFERENTIAL TYPE --- - DUE TO - AU'- -

STRESSES-
~. M EMB RANE . (FY) -65. -65. -65. -65.,

. .. . .. B ENDING--- -- ( F Y ) -- -109.-" 109. - 1 0 9 .-" 109; --

- . .

MEMBRANE (1*.X ) 0. O. O. O.

BENDING (MX) 0. O. O. O..

,

MEMERANE (MZ) -1656. -1656. 1656;- 1656.-
" -

EENDING (MZ) -2417. 2417. 2417. -2117.

( MEVERANE STRESSES -1720. -1720. 1591. 1591.
-2526. 2526, 230R. -2306.

I EENDING STRESSES- - - - - - _ - - _ _ _ _ _ _ _ m, _ , _ ,



_ _ _ _ _ _ _ _ _

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

DENDJNG (FY) -152. -- 152. -152. - 152. - '

O.B3MIMERANE (MX) 0. O. O.. .

G 2
BENDING (MX) 0. O. O. O. 9< .

[ - " MEMDRINE ~ (MZ) -51i. -517. 517.- 517.
EENDING (MZ) -3872. 38,72. 3872. -3672.

MEMERANE STRESSES -570. -570. 463. 463.
( ""

B ENDINC STRESSES"- - - -4024.- 4024.- 2721." -3721.

TOTAL LCNCITUDINAL STRESSES -4595. 3454. 4184. -3257.
-

' - ' - ' - " - " - - " -- - - - - - - - - - - - - " - - - - - - " " "
HEAR STRESSES-- DUE-tor

TORSICNAL MCMENT (MY). 217. 217. 217. 217.
[
L SHEAR LOAD- (FZ) 37. 37.* -37. -37.' * " "'

.

SHEAR LCAD (FX) O. O. O. O.
253.- 253. 180. ISO.

(.. . . .. . .TCTAL S HEAR STRESSES - - ~ ~ - - - - - - - - - - - - - - - - -- - - - - - -- --
. . . . .

COMBINED STRESS INTENSITY 4728. 3478. 4271. 3270.
- - - - - - - - - - - -* :--- - - -- - -

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

_ . _ __ __ __ _ __ __

- - - - - - .
= - . - - - - - - - =

.. . . . _ _ .
_-

* * WERCO * **

LOCAL STRESSES IN SHELLS DUE TO EXTERNAL LOADINGS
pSED CN WELDING-RESEARCH-CCUNCIL EULLETIN NO ~ 10T (MARCH' 19 79T--"-' ' ' ~" ~~ '-~"-"

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

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

,
._.

C.EED NtTER LINE AT THE SHUT DCWN CCNDENSER
_

IN TATE 29 CCT El TENSICN = +
- -'~" "

CCMFRESSION =
'

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

h,*MAXIMUMSTRESS INTENSITY OPTION SELECTED **

|UTPUT DAT A -- (-- ALD-STRESSES - ARE"GIVEN" IN~~ (PSI)--~~~
}

LOCATION
,IRCUMFERENTIAL TYPE DUE TO ~CU CL DU DL

STRESSES ' - " - " - ----"

f'- ~ M EME P.IJE ~ (FY) -54.- -54. - -54.. -54. . .

EENDING (FY) -151. .151. -151. 151.
MEFERTNE ~(FX) -497. ' -497. 497. 497.
EENDING (FX) -5163. 5163. 5163. -5163.

MEMERANE (NZ) 0. O. O. O.*

BENEING (MZ) 0. G. O. O.

MEMSRANE STRESSES -550. -5 5 0. - 443. 443.
EENEING STRESTES -5314. 5314. 5012. -5012.

-

' ICTAL CIRCCMFEREFTIF L STRESSES -5864. 4764. 5455. -4569.
-

f
LLCNGITUDINAL STRESSES- TYPE DUE TO

. . . . . - - - - -- .,

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

M EMB F.ANE (FY) -6 5. - -65. -65. -65..

EENDING (FY) -108. 108. -108. 108. ~ ~ " ~ ~.

. .. . . . MEME RANE---" (MX) ' - 8 31.' - -83). ~ 8 31~."" "" 8 31'. '-
.. .

BENDING (MX) -2868. .'2868. 2868. -2868.

MEMBRANE (MZ) 0. O. O. O.-
.

' EENDING (MZ) 0. C. O. 0.'

'EMERANE STRESSES -896. -696. 767. 767.
M

' 2976. 2976 2761. -2761.BEND:NG STRESSES -

- TOTAL LONGITUDINAL STRESSES -?n72. 2080. 3528. -1994.

!! EAR STRESSES EUE TO
- - - - - - - - - - - - - - - _ _ _



- _ _ _ - _ _ _ _ _

C'Q!'F INED STREF S ' !!: TENS ITY ~~
- 478P. 5471. ~45El.'_

t

I!:T. FREEE. E'IRESE (NOT INCLUCED IM CCME!N.ED STRESS. TNT.E. NSITY.)t\
. . . . . . . . . - . . . . .

. . .

'
. _.

LONGITUDINAL 7922. CIRCUMFERENTIAL 17258.
p

E
.. . - . . . . . . . . . . . . .

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

1

-- -- - -- -- -- - --

1 - - . . . . . _ . . . .

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

. . , . . _ - . . - _

* ** * WERCO
LOCAL STRESSES IN SHELLS DUE TO EXTERNAL LOADINGS -

~ ' ~ ~ " " ~ "

ED'ON WELDING RESEARCH CCUNCIL EULLETIN NOT 107 (MARCH 1979)
.........i

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

. . . .

. ._ . . . . . . . . . - . - - . . . . . *

'ED WATER LINE AT THE SHUT COWN CONDENSER. ....--....-...t
N CATE 29 OCT 81 . . . . . . . . . - . . - - . . . . . . - - - . . . - - - - . . . - - . .

-..
.

--. .._
.

.. ....

MPXIMUM STRESS INTENSITY OPTION SELECTED **
- . . . . - . . . - . - . . . . . -

. . . . . . - - . - . . - - . . - - - - - - - - - . . . . . . - . - . <

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

.METEliS AND FACTORS USED BY THE PROGRAM
THE SCLUTICN OF THE FROBLEM

. . . .. . .- - S H E LU TY P E i - ~~~" CYL IN DR IC A'L'
~",-- ~' ~ ~ " ~ - ~ ~ '" ~ ~ ~ ~

-. _.

ATTACHMENT TYPE: ROUN D . .. -. . . . ...... - -.....
. . . - . . - . . . .

.
-- .....

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

SHELL PARAMETER GAMMA = 12.097
. . . . . . . . ~ . -

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

.. . . . . . .

.225A'ITACHMENT PARAMETER BETA =

. - . . .. . . .

_ _ , . .

FAC'ICRS FROM CURVES FIGURE
..

(F 1)L = 1.9947 4C

(F 1)T = 1.f564 3C

(F 2) L = .0699 2C-1 .

(F 2)T = .0965 1C .
" - '

.4339 3A~ " (F 3) =
*

.0932 1A(F 4) =

1.3722 3B(F 5) ~ ~ ~ ~ ~ "--'= - ~ ~ ~ ' ~ ~ ~ ~ ~ ~

. , ( p. 6 ) ' ~~ -~"0414 " ~ ' 'le -1. . - - . . . . =
,

(F 7)L = 1.6564 3C

(F 7)T = 1.9947 4C
~ ~ ' - " ' '

.

(F 8)L' = .0970 1C-1
(F 8)T = .0688 2C

.7261 4A
' ~~ ~(F 9) '=

.0518 2A. . .

~(F10)~ =

.4285 4B
(Fll) ='

.0663 2B-1(F12) =

7!:CICATES THAT THIS FACTOR EAE EEED CE'IAINED+ '

"''mmva__uwe- surt scRWsms.
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LCCAL STRESSES IN SEELLS DUE TO EXTERNAL LOADINGS
.

. E ASED.ON. WELDING _RESEARCE_.COUUCIL.EULLET IN .NC..
10 7- (MARCH .197.9 ) -. .- . . ---.....;

.

LINE AT THE SEUTDOWN CONDENSERY
: - .. ...

'SIX TNCH MATN STEAM
jRUN CATE 29 GC'I 61
L . ._ INTEFS37Y'OFTION SELECTED ** . .

** !! A YIMUld 'S 'I RES S 1

_ _ - . _
. . . .

. . .-

INFUT EATA . . . . . _ . __. ... .

CECMETRY
SHELL

..
-

hUkE CYLINDRICAL
INSIDE RADIUS 17.250C(IUCHES) ,

EALL TEICENESS 1. 4 87 5 (INCHEE)
- - . . . . -

0. 0000 (INCHES)PAD '152CKNESS
.

. . . - - - - - - _ <. - - -

- ATT AC EM ENT-- .___. .. .... . . . . . - . . . . . . - - - - . - . . . _ . . .
. . . . . - . - . _ _ . ... .. _

.

ROUND /TYPE
- .._. . /. 6 2 50 (INCHES)

-

L. - . . . C UTS I_D_E_ RADIUS

i

-- <

APPLIED LOADS..-.GI.VEN. IN..X-Y-Z. AXIS SYSTEM ...
. . - . - .

t.

** CYLINERICAL AXIS DIPEC770N IS X
,

F T'I A CHMENT DIVEC'IICN IS +Y ..
**

. . . . . - . .
..

. . . - .

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

RADI AL LOAD (FY) -637.O(LES)'

s

-
- - - - _ _ _ _ _ _ . _ . _ _ _ __ _
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. . .. .. -. . 2CES ICNA L. MC!!ENT (MY). 3526.0(FT-LES) . - - . --.

~

C-

STRESS CCNCENTRATION FACTORS.. . . . , . . - - , . . . . . . - - - - - .... -. .. .. . - - - .

CUE TO MEMBRANE LOADING (KN) 1.50
h. .. -.---. = DUE TO BENDING .LCAD. (KB) -- l . 0 0 -- . - - . . - - .- . . - . .

[. . ... Ih TERNA L . PRES S URE-----...- --. ... . - . _ - -- . 1415. 0 (PS IG )-- - - - - - - .

JOINT EFFICIENCY 1.00

{
-- --. - . q- - _ - . . - _ . - - ... - . .- --....-. _ ---. _ __.-. .. .-- ---

- .- - h- .. .-
--.1

- - . . . - . . . . . ..........----nn-.-.-.-.
M. - i

- - - ------ d* * .W.E.-R.C.O * * - . - . - - - - - -

[ LOCAL STRESSES IN SHELLS DUE TO EXTERNT.L LOADINGS
l

BASED ON WELDING RESEARCH COUNCIL BULLETIN NO. 307 (MARCH 1979)
.

- .

SIX INCH MAIN STEAM. LINE . AT. THE..SHUTDCWN CONDENSER.. .---- ---- - - - - - - . . - - . - . - .

RUN DATE 29 OCT 81 TENSION = +
COMERESSION = -

** MAXIMUM STRESS INTENSITY OFTION ' SELECTED..* * . - - . - - . - - - . - - . - - - - - - . - - - - - - - . . -

- OUTFUT DATA ( ALL STRESSES ARE GIVEN IN (PSI) ) .
.

.. - . - . - - - . . - . . . . . . . . . - LOCATIOP
~ CIRCUMFERENTIAL ' TYPE EUE TO AU AL BU. EL.

- STRESSES-
MEMBRANE ..(FY) - -71. -71. . -71.-- -71. .

.. .. - . . - -

- - - EENCING (FY) -121. 121. -121. 121.
'

MEMBRAFE (Fy) 0. O. 6. O.
'

. . . BENEING-- (MX) . O. O. 0. O . --
-

MEMERANE (MZ) -352.. -352. 352. 352.

b EENDING (MZ) -514.~~ 514. 514. -514.

M EME RANE . STRESSES -423. -423. 281. 261.

BENDING STRESSES -634'. 234. 393. -393.

[ TOTAL CIRCUMFERENTIAL STRESSES -1057, 211'. 674. -112.
..... - - -..- _

..

LONGITUDINAL STRESSES- TYPE DUE TO

-. - - . - M EME.RANE . - - (FY) -- - 5 9 . - - 5 9 . - - - 5 9 .- -59..- .

BENDING (FY) - 16.7 . 167. -167. 167.
,

O.MEMERANE (MX) O. O. O. -

{- .

.. .. E EN C I N C - - - . (MX) 0. O. - 0 . -- O.-....-- -

MEMERT.NE (MZ) -110. . -110. 110. 110.
EENDING (MZ) -8 2 3. - 823. 823. -823.

[- MEMBRANE. STRESSES . -169. -169. 51. 51 . - . .-
EENDING STRESSES -991.. 991. 656. -656.-

TCTAL LCNCITUCINAL STRESSES -1160. 8,22. 706. -605.

SFEAR ETRESSES DUE TO

[ 7CRSICNitL !*CMEE7 (MY) 212. 212. 212. 212.
c N Ue Ucu _19o __ ' S o ___ _____-. 3 9_ . __ _ __-39.
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C-* * WERCC * *

b LOC A L STRESSES- IN- S HELLS- DUE TO EXTEENAL LOA DINGS -
- - - - - - - -

ASED ON MELDING RESEARCH CCUNCIL EULLETIN NO. 107 (MARCH 1979)

(._...-.- - - -

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

- - - - - - - - -~

INCH MA]N STEA.M LINE AT THE SHUTDCWN CCNDENSERSIX
hCN- DA'IE 2 9 OCT - 81 ------ - -- TENSION = + --- - --

CCMFRESSION = -

** MAXIMUM STRESS INTENSITY OPTION SELECTED **

FOUTFUT DATA ( A.LL STRESSES ARE GIVEN IN (PSI) )
LOCATION

[CIRCUMPE.kENTIAL
T-YPE =T)UE-TO CU - C L ---- DU D L -- - - -

STRESSES
MEMERANE (FY) -59. -59. -59. -59.

p- -- BENDINC ( F Y )-- - 16 7 .-- --- -16 72- 16-7. -167.,

L MEMBRANE (MX) -620. -620. 620. 620.
BENDING (MX) -6441. 6441. 6441. -6441.

MEMBRANE (MZ)- 0 .-- - -- -- 0 . -- --- G r- - 0 . --- - -
- - - - - - . - - -

EENDING (1:2) .

O. O. O. O.

MEMERANE STRESSES -679. -679. 561. 561.',

BENDINC-STRES SEO '-6608. - 6608. -6275. 6 -2 7 5'.- ---- --*

TCTAL CIRCUMFERENTIAL STRESSES -7287. 5929. 6835. -5714. -
--

. . . - - . - - - -

.- - - - - -

LON GI TUDINA L--ST RES SES --T YPE- DU E--TO ------- - - - = -- -

' MEMBRANE .( FY) -71. -71. -71. -71.~

BENDINC ( F Y ) ---- - 119 .-----l 19 . = 1-l+. 119.
---

- = - --

MEMBRANE (FX) -1037. -1037. 3037. 1037.
EENDING (MX) -3579. 2579. 3579. -3579.

. . . .- . .._ . . . . .- . . . _ g. EM B R A N E - -- ( M Z ) - -0. O. -- ( 0. - 0. -

EEND2NG- (MZ) O. 0.. O. 0..
,

{~~ - '" -1108. -1108. 966. 966.
MEMBRANE STRESSES'

--3 6 9 7 .- 3697. 2460.- -3460. -

BENDING STRESSES-*

' ICTAL , LONGITUD!NA L STRESSES -4806. 2589. 4426. -2494.

--

S HE A R STRESS ES---- - EUE- TO - - - - -

TORSICPAL FOMEU'l ( t.Y ) 212, 232. ~.212. 212.
- - - - S H E A R LOA D'- (FZ) - O. G.

'

O. O. -

SHEAR LCAD (FX) C7. 87. -87. -87.

[ TOTAL SHEAR S'IRESSEE 298. 298. 125. 125.

i. - .3 22 . '; 5956. 6842. 5719.
M COMBINED 'STRE'SS . INTENSITY

.. ,

INT. -PRESS .-STRESS (NOT--INCLUDED IN CCME INED STRESS INTENS ITY) -- -
-

- - --

( LONGITUDINAL 7922. CI RCUMFEREFTI A L 17258.
_. .

. . . . _ .
.

-- _ -- -- -- -- -- -- - __

.. .. . .

* * MERC O * *

[ R#fdA ESU _FECRS_ IN_C1'T LLS__EU_E___ TC E X'I EF N A L LC A DINGS
'
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p.R;-::E7ERS 5ND Fl4C70RS USED BY THE FRCGRAM
r

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

N THE SOLUTION OF THE- PROB LEM-
- -- -

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

. . _ . . _ . . =
_

. . . _ . _

SHELL TYPE: CYLINDRICAL

[ --- - - - - -- ATTA C HM ENT TY PE E- ROUND------------
- - - - - - . . . . - .

SHELL PARAMETER . GAMMA = 12.097
f . . . - _ - - . . . . . . - . . . _ ..

- . . _ . . . - . . - -
. . . . - - . . - . . . . . . . . .L . . . . . . . . . . . . _

'

ATTACHMENT FARAMETER EETA = .225
- ..J

- FACTORS- FROM CURVES--- ---- FIGURE--
- ---

[._ . . . ... ---

s

-- - -e
... ..(p .1)9..=_. i.,9947 - . . 4 C - - -- - --

[ _..
. . .. . . . .

1.6564 3C(F 1)T = *

(F 2)L = . 0699 2C-1
- - - - - - - - - -

. ._ ( p . 2 ) T = - - - . 0 9 6 5 --- -- IC -- --

{
. .... ..__. _

.4339 3A(F 3) =*

.0932 1A(F 4) =
. . . . - . . . . . .

,

. . . .. (p.5y-- ,-.. 5;3y22 - .. 3 g - - . . . . . .-- _

. . . .

.0414 1B-1(F 6) =

(F 7)L = 1.6564 3C
- - - - - - - - -<

_ . - ( p . 7 ) T = 1. 9 9 4 7 - - - 4C -
.. . . . . .

(F 8)L'= .0970 3C-1*'

(F E)T = .0688 2C<

- - - - - - - -

...--.-...__.;. g p 9; . , .7261 - AV--
-..._ .0516 . 2A -(fl0) -

=

.4285 4B(F31) =

.0663 2E-1 -

(F12) =
._. . . . . . . - - -

[
-

INDICATES THA.T THIS FACTOR HAS BEEN OBTAINED~++
EY EX'IENDING KRC 107 CURVES.

.

{
. . . . . . . . .,. . . . .

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

h

DO YOU WISH 70 MAKE CHAF.C-ES AND RERUN THE PRCELEM (Y/N) - - - -
- - - - - - -

.
-

'

~?Y . .
.

_ ENTER CCESTION NUF,FER (RETURN IF KC MCRE CHANGES) . . - - .

72 . . . . . . . . . . . . . _ . ._. .
..

_
.

.

2-EUTER KERCO RUN TITLE:
-

?- feed wrter line ct- the chut down cor. denser
- -- --

- ENTER CUESTION HUMBER (RETURN IF NC MORE CHANGES) .
? 22 .

- ..-

22-ENTER FCRCE LCT.D FX (LES)
613E"TM__LMT_U_RN I F FC MCRE CHANGES )- _


